Title: SUBSTITUTED PYRROLES AS ANTI PROLI FERATI VE AGENTS FOR THE TREATMENT
OF CANCER [err] Abstract: Disclosed are novel substituted Apyilaicm having
formula (1).wbwgewsonpounds and their pharmaceutically acg -te}}%ﬁﬁgal ts
are suitable for admnistration to patients as continuous ¥ |

solution and are useful in the treatnent and/or control of cell
proliferative disorders, in particular cancer. Also disclosed are

t s ul . .
lse for . the treatment  ancpratan Aol S LRGSO ™!

S - 5 , Brief Summary of the Invention

The present invention is directed to certain SU_bstituted pyrroles that are anti-
broliferative agents. These compounds and their phamaceutically acceptable
. salts are useful in the treatment or contro! of cell proliferative disdrders, in
10 particular cancer. The invention is also directed to pharmaceutical compositions
containing such compounds, and their use for the treatment and/or prevention of
cancer, particularly the treatment or control of solid tumors.

Background of _the Invention

fﬂ

Ur}ébntrblléd cell proliferation s the hal[mark of cancer. Cancerous tumor
cells typically have some form of damage to the-genes that directly or indirectly
regulate the cell-division cycle. Much research has been expended in the study of
~ antiproliferative agents. While many agents haying desired antiproliferéti\(e'
20 * activities have been identified, many of these agenté have various drawbacks,
including poor solubility, molecular complexity, etc., which may render them either
~ unsuitable or inconvenient for therapeutic use in human patients. There continues
" to be a rieed for smali molecule compounds that may be readily synthesized, are
effective as cancer therapeutic agents and are suitable for continuous infusion



WD 01/ 27106 PCT/ EPO0/ 09635 SUBSTI TUTED PYROLES AS ANTI PROLI FERAT] V.E ®]Cfl\ﬂ's
FOR THE TREATMENT OF CANCER Brief Summary of the Invention THE AL
invention is directed to certain substituted pyrroles that are anti -
proliferatMOM28geénts. These conpounds and their phar macewidmerobyessccept abl e
salts are useful in the treatment or controJ_ of cell proliferative

di sorders, in io particular cancer. The invention is also directed to

phar maceutic RRMP b GOMRI AN S PR ., use for
the treat rren?a%]nd/ o?%éﬁeéyg%t Fon of Emca. %%%%E)lgrt [ CHPQ?‘?{}?‘{%&%‘%% ment or
control of sofPEPPURET as Wel &R pharmaceitticaheompositionseoritsinigardr airpalinds! |
proliferation is the hallmark of cancer. Cancerous tunor cells typically
have sone form of danmage to the. genes that directly or indirectly

regul ate the cell-division cycle. Mich rRized@irich has been expended in the
study of aptiproliferative agents. \Wile many agents having desired
antiproliferative 20 activities have been identified, many of these agents
have various drawb&dksDavid eicdludiiMeyl. Bhem. 86117 7(11992) diszloses tempe@itRlewith v,

tc., which . i t.h It | [ ient f
Cher apeut s ¢ uperEBRRudNE B o but i5H SR R o MO, bt ipereasar
nol ecul e conpBuRIBEREIRA pbal. heAntibintics ¥8/8y8ah@90z)adlscidiee corfpbasdd wig a

' cancer therapguk ¢. nd . are suyitable for continuous infusion 12
April 2004 \NULT}@‘??%?WE%&’?% "@fﬁgewﬁ*ﬁ?)@ﬁy "it'('J”L{}?Qt"? gostion; s t hus
an object j1gf this invention to provide such conpounds as well as _

phar maceuti cal conpositions containing such conpounds. Prior Art 5 1.0
{\3 Definitions ‘

s

As used herein, the following terms shall have the following deﬁnitioﬁs. :

i5 "Alkyl" denotes a straight-chain or branched saturated aliphatic
hydrocarbon having 1 to 15, preferabiy 1 to 10, carbon atoms. Alkyl groups may
be substituted as specifically provided infra. In addition the alky! chain may include
one or more hetero atoms in lieu of one or more carbon atoms. “Lower alkyl”
groups having from 1 t0'6, preferably 1 to 4, carbon atoms are preferred. Typical
20 lower alkyi groups include methyl, ethyl, propyi, isopropyl, butyl, t-butyl, 2-butyl,
. penty[f hexyl, and the like.,

“Alkenyl” means a straight-chain or branched aliphatic unsaturated
hydrocarbon having 1 to 15 carbon atoms, preferably 1 to 10 carbon atoms, most
25 preferably 1 to 6 carbon atoms.

“Alkoxy” means an alky! group that is attached to the remainder of the
molecule by oxygen (e.g. RO-, such as methoxy, ethoxy, eic.).



P.D. David et at. J. Med. Chem 3511, 177(1992) discl oses congg nd, 44 with
NO2- substitution in 6-position but w thout substitution at th BV¥ A7
nitrogen, whereas E. R PEREIRA et at. J. Antibiotics 4818, 863 (1995)
di scl oses conmpounds with substitution 4;CH 20H) at the pyrrole nitrogen
W t hout substitution in 6-position. Definitions As used herein, the
followng terns shall have the followi ng definitions. 15 20 "Al kyl" denotes
a straight-chain or branched saturated aliphatic hydrocarbon having 1 to
15, preferably 1 to Mjreaicaes aﬁtzﬁﬂﬁatlﬂlﬁg haﬁh?%ﬁ% 1@%0!11@%@%’5!3%@@ efl1as
specifically provided |nfra In addition hain may include one
or nore heter & afi6gs, Whichijoptjouallygnay melq%r@eccerrrﬁ@rﬁ f@ﬂ@fﬁatoma_tsl@éareamw
groups havi ng 0 f rred.
Typi cal | ome?élggrkB; %Ifgé}gﬁtpspérﬁﬁfggﬁjﬁeé ﬁf‘ ﬁ‘,‘sﬁl f°l?' alPfgpy @9?5%6%%
butyl, t-butyPrefermsdigteroaiosma wludﬁ@ﬁsﬂgenaﬁdfwm axygen, singlk enifl anyreans a
stralght chai C ggﬁg 1to
15 carbon g?oﬁgﬁbw @r@ﬁ?@aﬁbto 1 <%ﬁH%?%ﬁ§nsnD %ﬁﬁ%&gﬁ%né% y lto
6 carbon at orrmthi‘r%iaﬂgfmltmaare phnengl, pyrhdlge LOopdazioky, pysolas ’mazuledfttran t he
remai nder of bpﬁ éecule by oxygen (e.g. RO, such as nethoxy, ethoxy,
etc.). 12 Apr 2a 5 "Aryl" nmeans an aronatlc ring having 5 to 10
atons and consisting of 1 or 2 rings, which optionally may include one or
nore heteroatons that are the sane or different. For the purposes of this
definition, aryl includes heteroaryl. Preferred heteroatons include
nitrogen, sulfur, or oxygen, singly or in any conbination, in place of one
gﬁ more of the carbons. Exanpl es of aryl groups wthin this definition are
enyl, pyridine, inmidazole, pyrrole, triazole, furan,

>



pyrimdine. WO 01/27106 3 12 April 2004 PCT/EP00/ 09635 "Cycl oal kyl " neans
a non-aromatic, partially or conpletely saturated cyclidZaPpphit?2@04

hydr ocar bon gigdipyentaining 3 to 8 atons. Exanpl es of. cycﬁgﬂ%@é L oups
i ncl ude cycl opropyl, cyclopentyl and cyclohexyl. 5 "Effecti means

an amount of at |east one conmpound of - FormA-a |I or a phar maceutlcally
acceptabl e salt thereof that significantly inhibits proliferation and/or
prevents differentiation of a human tunor cell, including human tunor- cell

lines. 10 "Hetero atonf cl:lmﬂ_ﬁ é&ﬁérh%hf%ﬁbﬁﬂtlérﬂﬁl ngdr%ﬁﬁbleél%édﬂura?é@
oxygen. Hetero at OEE?are |gy(§%g entl sel ect ed and repl’ace “one or nore

car bon at ons. §yc Iphgls RAIrgUBCORigining 3 Fﬁeﬁﬁéqfé%l mglesmait’i c,
partially or cayploaldl yrobgs eRidedyBrpraRadeRpergtand ﬁ&r}iai ns at |east
one hetero atom Suc qu ngé systemg t|)6ﬁcl ude09 p ﬁ ﬁ‘ngﬁ% ol i di ne,

pi peridine, pfperazine "1CO' refers to the concentratlon of a particular

conpound according to t#gfechil hMaRL 'n%hrfseeﬁﬁérhﬁgntté? a!t 'TQHSP bhe %g%bBLn@ of -

speci fic measured act|V|ty [ C5 can be neasured, Inter
described in Exdismelader § pharmaceyicaily-acesntakla sal t@@ree&absngnéuaamﬂy inkibis s

to conventional mReiteraf6sahéePp ﬁ:ﬁleh& diférehfsfrstd ﬁurﬁﬁn fthb o] in%ﬂ*cfﬁﬁur%ran

t he bi ol ogi cal effectiveness an properties of 25 e conmpounds o
| and are for nedUMPbesldiiegabl e non-toxic organic or inorganic acids or
organi ¢ or ipprganic bases. Sanple acid-addition salts include those

deri ved fromi norgam c acids such as hydrochloric acid, hydrobrom c acid,
“Hetero atom” means an atom selected from nitrogen, sulfur and

( } K - oxygen. Hetero atoms are independently selected and may replace one or more
~ carbon atoms.

15 “Heterocycle” means a 3- 1o 10- membered non-aromatic, partially or
completely saturated hydrocarbon group that contains at least one hetero atom.
Such ring systems include, fnorpholine, pyrrolidine, piperidine, piperazine

“I1Cso” refers to the concentration of a particular compound according to the
20 invention required to inhibit 50% of a specific measured activity. 1Csq can be
measured, inter alia, as is described in Examplé 26, infra.

SN o o | ' “Pharmaceutically acceptable salt” refers to @nventionai acid-addition salis
' or base-addition salts which retain the biological effectiveness and properties of
‘25 the c_ofnpounds of formula [ and are formed from suitable non-toxic organib or
- inorganic acids or organic or inorganic bases. Sample acid-addition salts include
those derived from inorganic acids such as hydrochloric acid, hydrobromic acid,
-hydromd:c acid, sulfuric acid, phosphonc acid and nitric acid, and those derived
from organic acids such as acetic acid, tartaric acid, sahcyllc acid,

30 methanesulfonic acid, succinic acid, citric acid, malic acid, lactic acid, fumaric
acid, and the like. Sample base-addition salts include those derived from
ammomum potassium, sodium and, quatemary ammonium hydroxides, such as
for example, tetramethylammomum hydroxide.



hydrol odi ¢ acid, sulfuric acid, phosphoric acid and nitric acid, and those
derived fromorganic acids such as acetic acid, tartari an@ptiisabegylic
acid, 30 net¥wamesubé onic acid, succinic acid, citric acid,. nalic acid,
lactic acid, fumaric acid, and the |ike. Sanple base-addi t FOH{ERISNT63S

I ncl ude those derived from ammonium potassiwi sodi um and, quaternary
ammoni um hydr oxi des, such as for exanple, tetranethyl amoni um hydroxi de.
WO 01/27106 -4 12 -April 2004 PCT/ EPOO/ 09535 "Pharnaceutically acceptable,”
such as pharnaceutically acceptable carrier, excipient, etc., neans

phar macol ogi cal | y accept‘wﬂa&naaétn%h?hééﬁﬂt%lg}" éq“%ﬁé‘?f?&ééﬁ#% g{:%@ %@%ﬁ@@ﬁet °

whi ch the particul ar conpound is adnm nistered. °
met abol i t e” meanSPHCHRXLINTNcClSH SRANS Pharmaceloginally dcasiptatle aud aubstahiially fen-

phar maceut i cal | yiaecemhabubjeat WhitB dhé ¥Sriculd &l Qo th T espect
to conpounds of fornula I rrjeans t he loﬁdelglrjaaglgtalﬁqgﬁ&?@e}éz%/d%&s?r%%d/or
non-enzymati cy of such conpound in human or rodent plasma at 37 C from 30
mnutes to 6 hours to give 3-(1-nethyl-3-indolyl)- -

4- (1-met hyl - 6- ni t r o-“PHantatstitically 60 heldolicd iR ma fically
active netabolite ofwﬁn{pounds %f | O[ﬂrir]ul a- 1,é2gé£m§ﬁm§§£gﬁé%§§§h¢fiaca| |y
active met abol i fUEPPYRA elfermue;lvhich isgharaacputiaallp aceeptsblgané effastiviche
percent degradation 15 over a specified tinme frane. "Polyethylene glycol"”
or "PEG' groups represent structures of the general fornula N
HOQ(CH2CH20) . R8, where ri is on average between 2 and 1500, preferably 15

to 150, with an average ulgﬁl ﬁfal:l ar V\ei[gl:;,ht. of 500 to 5000 Daltons, 20, and
gﬁ/er ein R8 is. carboxy or 3 TVRUFIOT gt EGSREFYIOFRTRPHNES olforpyla | pEgns the
roups may be rdegradation (Ehzyroaoander acs-endymetid)of biEPchhyERHd iﬁrhuh%ryéxe' d
pegyl at ed corrpouadst‘ all SO. 171;15} the scope of this invention. "Prodrug”
refers to a conp8tfid ‘?ﬁﬁ’?a% b& VAR PisYiasied heiry & give §-danethyl-3-indolyi)-
_4-( 1-methyl-6-nitro-3-indolyl)-1H-pyrrole-2,5-dione, a pharmaceutically active
metabolite of compounds of formula I, as well as pharmaceutically active

metabolites thereof. This conversion is typically given as the percent degradation
15 over a specified time frame.

“Polyethyiene glycol® or “PEG™ groups represent structures of the
general formula HO(CHZCH.QO),,RE‘, where n is on average between 2 and 1500,
'pfeferz;bly 15 to 150, with an average molecular weight of 500 to 5000 Dalions,
20 and wherein RB Is carboxy or lower alkyl, preferably methyl or ethyl. PEG groups
may be reacté_éi with compounds according to ihis invention to yiel.d pegy!atéd
compounds also within the scope of this invention.

e

‘-‘F_’rodngg" refers to a compound that may be converted under physiological
.25 conditions pf bﬁy‘solvolry'sis toa pharmaceutica_l activercompound. A prodrug may
be inactive when administered to a subject but is converted in vivo to an active
compound, '

| “Stability” is.an overall assessment of the ability of a compourid of formula }
.30 towithstand degradation in a typical solution used for the administration of drugs
- intravenously. Specifically, it refers to the ability of any given compound of



25 conditions or by. solvolysis to a pharmaceutical active conpound.
A. prodrug may be inactive. when adm nistered to a subjectizbapris zegwerted
in vivo to awcaahtie conpound. "Stability" is -an overall. assessnment of
the ability of a compound of formula | -30 to withstand delfrddO¥cin a
typical solution used for the adm nistration-®t drugs intravenously.
Specifically, it.refers to the ability of any given conpound of WD 01/27106
12 April 2004 Herneldde oelease 3tj1‘FmthldI'%tlfldpb’l)l“b(ka@ﬁ*nyl-G—mtro—S-mdo!yl) 1H-
3-(1- et hyl - 3-i I

NSiRtolé-b; édiﬁﬁe”ﬁ&é?% 75n8ld e‘?l'oa i Q%%eréo tonitrile and saline or

pyrrole25drone over our er|o Ina mx
sal i ne or’ dextdd@saaater. TFI%S‘!&:!-‘(‘W ofia gompdund of derprads diso fvelnp goud™sf the s

"ver ood" if t t
a( 1y I\/gt byl - 5 r!%% tl'h‘ﬁsl% f?ﬁ%éﬁlﬁ -3- éndoh(l)r-zi émetla\{)lb‘ nt}roP ﬂd89’ ) Yi-gyole-3,5-
di one i s detezt &10“6’ oistected, rm ifHess thab &%5% 3- (1-Methyl-3—mdolyl)—4 -(1-methyl-6-.

et Y o eb oyl A BRI 2 ciond RESILOA b Einss than 5% 5-(1-
Met hyl --3- i ndol y|Meﬂny%ambztlsri)yH&mathyles—aumrwmtiynyp)—m-pmo!e@ Bdibriz-ididenetés.
det ect ed. after ﬂé???‘ﬂéﬁ?s ;nggﬂg@a%q?%té&ggﬁtﬁnper ature. io "Substituted,"

as in substituted nmeans Gtion can occur at one or
nore positions and, unI ess otherw se indicated, that the substituents at
each substi tution si te are independently selected fromthe specified

options. "Substitut K 0-
substituted \?\?t h ang?lfluer !greguggq[ﬁ% ragﬁj Qﬁﬁygmﬁ%éﬂgmétﬁn? 3”%&?%%%'] ocEﬁur &l
gt\hyl ). .Det ai | e@NBeX EROretAAsHions andeunlaseoiheovis@hidBatad, thatdhé gubstiteents at

_ gvigt :A\SPI Ir e;gg%&:ﬁ %qﬁé’tﬁﬁﬁdﬁ éﬁeeéjreﬂxaéﬂnﬂanmél&qea Bl t?lferggjalegﬁued op e 27 106 |

- “Substituted amino™ means an amino group which is mono- or di-
15 substituted with another group, preferably tower alkyl {e.g. methyl, or ‘ethy!).

Detailed Desc_ription of the Invention

=

o 20 Speciﬁca_tlly, the invention relates to substituted pyrroles having the formula:




PCT/ EPO0/ 09635 and pharmaceutically acceptable salts of the foregoing
conpounds, wherein Ris selected fromthe group consisting of -CH2ZOPBR R2,
-CH20H, s -CH20COR3, -CH20002 R3, -CH20CONHR3, and - CONHRBprit 2984 R2.are

sel ect ed fr &¥®eM81agr oup consisting of H, Na and NH4 and ar :.ﬁ same
unless either R or R2Zis H in which case the other can bg #@@?@ﬁt or
alternatively, R and R2 together represent “®al cium 10 R3 is selected from

the group consistin i ch o ona may be substituted by one
or nore substltuentgs é ?@%’ée&u?% wsc% POYNS COMPOPRIE, WINBEERG,
pol yet hyl ene_ gkycol, is - OPOBR R2, hydroxy, al koxy and aryl; al kenyl which
optionally may be substituted by one or nore substituents selected from
the group consisting of -CO2R4 , - NR5R6, polyethyl ene-glycol, -OPGBR Rz,
hydroxy, al koxy and aryl;.cycloal kyt . whiich optionally may be
'substituted-by one or nore substituents selected fromthe gr oup

consi sting of - CO2R4! ‘Srﬁﬁmdfp@nyhegm@r@rglsﬁngbf-cmma hgggoKy. 20"
al koxy and aryl; cycloal kyl which optionally may be substituted by one or

nore substi ttsent@Hgyd;@R@ed;q 2 _giQ Cﬁ@géi stin £02R4, - NRSRG,
pol yet'hyl ene ‘gl'ycol, - OPO3R 2 edroxﬁée %g“fm ‘het er ocycl e,

whi ch when including N as a heteroatom the N optlonal ly may be
substituted with the group consist of |ower alkyl and -COR7, 25 . aryl
whi ch optionally nay be substituted by one or nore substituents sel ected

from the group consﬁi’sﬂncﬂg2 Qrfe Mfrhﬁﬁh@ @é&&)%m ' col ,

OPO3R R2, and %E% it gﬁ Lhe sub%l'f i fute gﬁ? WW@@E@%R&

car boxy 12 Apri GO¥ f/i=Ho iy Whish Sase the other can be dtfferent or
aftematively, Fl’ and R? together represent calcium,

10
R®is selected from the group consisting of

alkyi which opuonally may be substituted by one or more

: substltuents selected from the group conSIStmg of —COzF{4 -NR°R?, polyethylene
g1yc0{

15 -(.')PO;,F{1 R?, hydroxy, alkoxy and aryi; alkenyl which optionally may be substituted
| by one or more substituents selected from the group consisting of -COZR“
- '..'NRSRG polyethylene glycol, -OPO;R'R?, hydroxy, alkoxy and aryl; cycloalkyt
(- o -,whsch Optlonally may be subst(tuted by one or more substltuents selected from the
RS rgroup consisting of -CO;R*; -NR°R®, polyethylene glycol, -()PO;;R‘F!2 hydroxy,
- 20 alkoxy and aryl; cycloalkyl which optionally may be substituted by one or
more substituents selected from the group consisting of —CO,R?, - RR®,

. polyethylene glycol, -OPO;R'R?, hydroxy, alkoxy and aryl;

heterocycle, which when including N as a heteroatom, the N optionally

may be substituted with the group consist of lower alkyl and -COR’,

C 5 ' : aryl which optlonaﬂy may be substituted by one or more subst:tuents
selected from the group consisting of CO,R?, hydroxy, alkoxy, polyethylene giycol, .
.OP03R‘R2 and atkyl which itself may be substituted w:th hydroxy alkoxy, carboxy




and substituted am no, provided that when aryl represents pyrigi ne. ({1926
nitrogen my be substituted with lower alkyl; R4 is sel ected! rptﬂ’iqt? ¢
group consisting of H Na and lower alkyl; . 5 R5 and R6 are each

i ndependeq 8t284ksect ed from the group consisting of H =~ boywereodbésg! , and
-COW or alternatively, the group - NR5R6 E?Qether forma 5 or 6 nenbered
heterocyclic ring; and 10 R is |lower al kyl which optionally may be .

substituted w : ate] : I Lfit e ] The
compounds of TSl L el amifs pYSHI) FRE WK S RS Y UE i den e,
i nhi bit cel | raRybsisyhstitutecowith jomeselkyl; the cell cycle and are generally
referred to as 15 Q1M phase cell-cycle" inhibitors. These conpounds are
stabl e, soluble prodrugs of an anticancer therapeutic agent within U S
Patent 5,057,614 and are thus suitable for continuous infusion delivery.
The present invention . is further directed to, Fhar maceuti cal conpositions 20
conprising a phar nadeUs selgctad feamndbe praapaepaisting pf Hnlasng lowenaliad; of t he
above- described conpounds and a pharmaceutically acceptable carrier or
exci pient.s25 The present invention is also directed to the use of an
effective anount of a conpound of fornmula | and/or its pharmaceutically

Cunors i n par t ol 370 B &E EA0R MEISPBRISTY REIas SUEPBIIS BIoHP SOnSIREIo! #b0a
PCT/ EPO0/ 046 35weBalk{), hid a0TH% br Bligafively tRaBRfip @R HH 1ohBfhef IRP4 B sof

formula 1, R ang R2 are independently seleCted fromthé group consisting
of H and Na. Membered heterocyclic ring; and

O

10 R’ is lower alkyl which optionally may be substituted with carboxy,
polyethylene glycol and substituted amino.

The compounds of formula | have antiproliferative activity, specifically, they
inhibit cell division in G2/M phase of the cell cycle and are generally referred to as
15 "G2/M phase cell-cycle” inhibitors. These compounds are stable, soluble prodrugs
of an anticancer therapeutic agent within U.S. Patent 5,057,614 and are thus
suitable for continuous infusion delivery.

S

s

The present invention is further directed to pharmaceutical compositions
20 comprising a pharmaceutically effectiveé amount of any one or more of the above-
described compounds and a phamaceutically acceptable carrier or excipient.

The present invention is also directed fo the use of an effective amount of a
j:compound of formula [ and/or its pharmaceutically acceptable salts for the

25 :manufacture of medicaments for treating solid tumors, in particular breast or colon
tumors.



in another preferred enbodi ment of the conpounds of fornmula I, R3is -15
het erocycl e containing at | east one nitrogen atomthat opRiapeil 200y be
substituted WPOK2IEOW | n a preferred enbodi nent of the co%%ﬁpgs
formula 1, Ris selected from the group consisting of -

- CH2OCOR3, —CHZOOOZ R3, -CH2OCONHR3, and - CBNHR3, preferably - CH2OPOBR Rz,

- CH20COR3 and - BPrefdidld POPOBR R2 and - CH2OQCOR3. 3 in
anot her prefer&gd errbodr ment égir‘a% Eer%@'(t)ééfth Qﬂﬂﬂﬁaﬂf{%prgluial R isgelected from

- CH20CO pyri di e\ﬂﬁ%ﬂe‘F?ﬂﬁ'Sﬂ@QMfa-ﬁanﬁOngszﬂHmm@RP&mog Hted with

| ower al kyl, nost preferably nmethyl or ethyl, thereby creatrng a

guat er nary nrtr-@ggoccm;qmﬁ e edi

conmpounds of fornula 1, R3 %g-g?@gm%ﬁé?r slgls-gg‘eﬁfagpe@ '% -

and R* and R2 ab@é\'rﬁ tﬂentl el ect ed 1rom H or Na. In another
preferred enbodr Mot of "YHE BRAMIQROsR RAAM GHREOR aryl  which is
substituted by the group consisting of -CO2Na, polyethylene glycol and
- CH2CH2N( CH2CH2) 2. . 25. 12 April 2004 WD 01/27106 . PCT/ EPOO/ 09635 In-
anot her preferred enbodi nent of the conpounds of forrmula 1, R3 is |ower

al kyl which is sub | n anot her preferred enbodi nent of
t he conpounds of f ﬂ%%g%r&%@dﬁc%g?mmﬁ%fmmmds of frgrmailes!, 6?136
menber ed heterocyclic rin preferably piperidine or. pyrrolidine.

anot her pr ef er reHzE@8ayidne udnrererhme:urmamruiﬁr@fpﬁgmg% ?uﬁstﬁﬁgd%ﬂﬁl Igﬁrgr are

each i nde ende consrstrn
et hyl - P EH‘W RSt 5%5'%13 );'ﬂgihwgf &F’l ereby creatrng a quatemary nitrogen

( ) _ _-atom.

10 -

In another preferred_embodiment of the compounds of formuta I, R and /2
are independently selected from the group consisting of H and Na.

in another preferred embodrment of the compounds of formula I, F13 is

15  heterocycle contarmng at least one nrtrogen atorn that optionally may be
' substrtuted with —COR’,

o~
o

In another preferred embodrment of the compounds of formula I, R® is aryl

| whrch is substituted with -OP03R1F12 and R' and R2 are independently selected
S 20 from H or Na. ' - |

* In another preferred embodiment of the oompounds of formula I, R%is aryl
i whrch is substttuted by the group consisting of -COzNa, polyethylene glycol and

o -«CH_chaN(CchHZ_)z.



10 I n anot her preferred enbodi mrent of the conpounds of forrmula I, R7 is
ethyl which is substituted with polyethylene glycol. I|njanapbhet 15¢j(ﬂ'red
enbodi ment of the conmpounds of fornmula I, the 15 polyethylene gl ycol has a
mol ecul ar weW§H2#06f r om about 750 to about 5000 Daltons.’ PCTIERUQYAIST
preferred enbodi nent of the compounds of fornula 1, Ris CH2000R3, wherein
R3 is ethyl which is substituted with PEG having a nol ecul ar 20 wei ght of

f bout .750 t :
b of er red compounds Torqad Dot Rnodiifort 8 8 UaRboahEs S BRI 5" i lower
Hi ndol - 3-yl )~ 4ﬁ{|’~1’1w§t0hy$56b$i¢l!tﬁ6wth @sNa.ndol - 3-yl ) - 2, 5- di oxo- 2; o

5-di hydr oo-pyrrol-1-yl methyl jsodiumsalt, 12 April 2004 WO 01127106
PCT/ EPOO/ 09635 -10 O [ 2- [[2 5-di hydro-3-(1-nmethyl -1 Hindol-3-yl)-4-(1

met hyl -6-nitro-1 H i ndol -
yl)-2,5-di oxo-2,5-djh met hoxycar bonyl ] et hyl ] - O - met hyl pol ye
t hyl ene gl ycol ZOOB‘ &EHB%'B%S "@da?dv*al%ws { e compoungs af formula |, the group

H i ndol - 3-yl )s- 4f\ﬂ:{ERﬁlﬁ herGofthd &% or membered heterocycli ferabl
1H i ndoi --3-yl ) -2, 5-di odw 2, 5-di hydro-pyrrole-I|-car E\)’ohcyn?g zfr%er%? %Btpelngime

ester sodium SQTE’V"Q' hyl -3-[3- (1-methyl -1 W nd
-3-yl)-4-(1-methyl-6-nitro-1 Hindol-3-yl)-

2, 5-di oxo- 2, 5-di hydro- pyrrol - 1-yl net hoxycar bonyl ] - pyri di ni um

trifluoroacetate, 1-hydroxynethyl-3-(1-nmethyl-1 Hindol-3-yl)-4-(1

-met hyl -6-ni.tro-1 ole-2 5-dione; a .
0-[2-L[[2, 5-Di hydr gh‘i{}@' Ji%’%fﬁfreﬁ 9@?‘%&"&81“ %f%i‘ﬁ ?O'HP?‘i“dSrf%C}HWU'GInHT anh Ry
Hi ndol - 3-yl ) - @rebeatihdrdegdendently selected from the group consisting of H, methyl and ethyl
H”pyr rol -1-yl]net hoxy] carbonyl ] methyl ] - O - et hyI pol yet hyl ene gl ycol 2000.

10

_ In another preferred embodiment of the compounds of formula |, R’ is ethyl
which is substituted with polyethylene glycol.

In anothef preferred embodiment of the compounds of formula |, the
15 polyethylene glycot has a molecular weight of from about 750 to about 5000
Dalitons.

“in another ;Sreférréd embodiment of the compounds of formulal, Ris -

S -CH2000R3 wherem R®is ethyl which is substituted with PEG having a moiecular
- 20 welght of from about 750 to about 5000 Daltons.

* The following are exémple_s of preferred compounds of formuta I:

_phosphoric acid mono-{3-(1-methyl-1H-indol-3-yl)-4-(1-methyl-6-nitra-1H-
indol-3-yl)-2,5-dioxo-2 5-dihydro-pyrrol-1-ylmethyljsodium salt,

[3%]
w



1s The conpounds di scl osed herein and covered by the above fornul ae may
exhibit tautonerismor structural isomerism It is intendedapka e

i nvention e&ggg?ﬁﬁﬁses any. tautoneric or structural isomeric formof these
compounds, or Xtures of such fornms, and is not |imted tRCEERINOI6RS
tautorneric.or structural isonmeric formutidigzed within the forrul ae drawn
above. 20 Synt hesis of Conpounds According to the Invention The conpounds

of the i nvfent ion may (D@-ﬁﬂ;ﬁpﬁrh:hpdi'ok-B'-(pquﬂ-a@sinlﬁbpw_l)?lgt«h@thﬂre,giggqiH.ﬁh?cﬁ_g,_
processes for sy, h.Zi n se co n € _prqvi [ he exanpl es.
General I'y, thes e’r’]t'g%c'iﬂ’ﬁ‘ﬁg=5tﬁ%E5Y‘§'é*FM”E“3‘§Fﬂ%‘%@%&&&?ﬁ’wﬁ%‘h&ﬂéﬁ -meihyipRiveiviene
synt hesi s scheneglycal@dpounds of forrmula in which R signifies CH2000R3, and
in which R3.is as desgribed. aboye. ma yhe' ay . b epared as-indicated in
scheme I bel o, 30" BTSSRI T WA ECHTRRE FHERRH w241 g Ror
am no, am noalbkylki-indubBedh-X gidioroR,5-dihydrariyeid-1-cassdhyiliaHiRo}-bufil) 'ester

protected with a_c nven&'i onal WD 01/27206 -11 12 April 2004
PCT/ EPO0/.09635 p§ e group know to those skilled in the art. Schere |

is also useful to priepetel-8gsypustayloftirioraly®-4-( MRE)Ib-RidoS14-HdEy)-
Scheme | 10 As i gl atgg I schene H\ a Fnhl orgnet hyl ester prepared by
reacting a k’nové; E‘gc?’??' 914@%%-95"8- YirpethawicarenyRvadpwp dripregeataiewn
methods, with Cl CH2QSKRIdbxynethBtay] -ARenAIHINGEP3 ) 4-PRéREhyHeMitba HilrRgace
of a base such as, sodi u S.r bonat e and a phase transfer catalyst such as _
t et rabutyl amw‘.Bniﬁ)ﬁﬂXfEﬂl%'g]eﬁ% PR was reacted with :

3- (1- met hyl - 3-i ndol yIO-{ﬂﬁ[ei,&D_in'Ty_drcsrs_t(hMhetﬁymHnm&s’tﬁﬂ.@l{ylrﬂethy#bﬂwotﬁhﬁndol-
@;\}‘5:d| one [prepasr eﬁi ? _exeqw | Iei‘d I n EE
L , | -yl}-2,5-dioxo-1H-pyrrol-1-yljmethoxy]carbonyfjmethyl}-O*-methyipolyethylene
dlycol 2000. :

RE _ The compounds disclosed herein and covered-by the above formulae may
" exhibit tautomerism or structural isomerism. 1t is intended that the invention
encompasses any tautomeric or structural isomeric form of these compounds, or
‘ixtures of such forms, and is not limited to any one tautomeric or structural
isomeric form utilized within the formulae drawn above.

20

Synthesis of Compounds According to the invention

o The compounds of the invention may be prepared by processes known in the
art. Suitable processes for ‘synth‘__‘éis‘iizi__ng'these compounds are provided in the

.25 examples. Generally, these compounds may be prepared according to the
following syrthesis SChé‘m"es._ o |

~ Compounds of formulé i, in which R signifiss CH,OCOR?, and in which -
Riisas described-abové}, maybe prepared asindicated in scheme 1 below, '
730 provided that if R® contains a hyé_lrbxy, hydroxyalkyl, amino, aminoalkyl,
monoalkylamino, or carboxyi,'_-sulcf:h groub is first protected with a conventicnal



Patent 0 328 8026]. 12 April 2004 O A /27106 PCT/EPO0O/ 09635 -12

Al ternatively, 3-(1-nethyl-3-indolyl)-4-(1-methyl-6-nitra23apeinl 0941 H
pyrrol e-2, 5- dvofrskdar epared as exenplified in Davis US Patent 5,057,6141 is
treated with formal dehyde to yield the hydroxymethyl inter mBGTEPQI0983STh o

internediate is then esterified using known prldcedures. Typically, .the
hydroxy internmediate.2 is treated wwth a known carboxylic acid or a

carboxylic acid HPEFHYRENP kaewir theseeldied inthe ago|Sebamediis lsewsetul iy | ene
chloride in the mepsenvimpiunBber fRirghu mﬁ@héhﬁﬁ‘.i@gﬂ)(rdﬁi ne for several _
hours at room tenperature. Alternatively, the hy ro‘°Xy intermedi ate 2 may
be treated with a known acid chloride or an acid chloride prepared-from
known net hods. AO To prepare conpounds of structure 3 wherein R3 contains a
heteroaromatic_ring, the heteroatomsuch as N may be further nodified by
reaction with an alkyl iodide such as CH31 in a sol veSchemed as
acetonitrile. Alternatively conpounds of structure 3 \/\/nereica_I R3 contains a
suitably protected hydroxy, hydroxyal kyl, am no, 15 'am no yl, -
nonoal kyl am no, may be furn her nodified by first renmoving gghe protective
group by known net hodsCxfhesa4@ no or hydroxy group can- tken nodified to
t he desired am de or_est by net hods lbnown in the_axt. Qo f the
general - fornmul a | I ' (iesy” 20 "m‘ 7

R2 are as defi ned™g et ed by The X

01/ 27106 -13:i2 April

N

7

T ~ As indicated in scheme la, a ¢hldrofnéthy_l ester prepared by reacting a
' known carboxyiic acid or a carboxytic acid p'répﬂai"‘red‘by"kriqwn methods, with
CICH,0S0,Cl in methylene chloride and water, in‘the presence of a base such as
~ sodium carbonate é‘nd a phase ‘t_ra'hs_‘fer caialyst suchas
 tetrabutylammoniumhydrogen sutate, was feacted with 3-(1-methyl-3-indolyl}4~
15 (1-methyl-6-nitro-3-indolyi)-1 H4pyr;o!e'2,$;cf1i6ﬁé [prepared as exemplified in EP -
Patent 0 328 8026]. -



(OH N Typical Iy, hydroxymethyl internediate 2 is coupled with a suitably
prot ect ed phosphate by a m tsunobu reaction using tripheng gl sphﬁm and

di et hyl azodi wardamrikate to gi ve conpound of structure 4 in ’f%

represents a suitable protecting group. Removal of the prot ﬁ“ém’&?aups
may be achieved by any of.fhe standard meth¥ds to give the phosphoric acid

5. In particular, res rou the protective

gr oupsp'ar e renoved 5§P%TE?R‘§§Y’§@|‘WR§’WE§T'%¢@§E ﬁgwhﬁlt%ﬂﬁicbﬁ'lmﬂbhflas a
ronosodl Um Sal b st AR m'dpe'ed:m%ﬁ‘ﬂmﬁgg" Dy RN 05RO o, i
nonosodi um sa

|, in which: R~s'ir§%‘e$¥ﬂ@”% 6@86%3{2’ 35?1'8 fh%threxsom?@w 'R?“F@d@ée @edhis-bed
above, were pr eintereddite iy then@stapifisg h@ﬂ? l&rﬂobvnﬁﬁb%uré@ fpﬁ.b%g?i}%hy&xy

01/ 27106 PCT/ EPQQ/ 09 14, Schene |11 Typi.cal | y, hydroxy
i nt er medi at e”2 Bge 85?%6 W?ﬂgg wWilbaknewe gaibogylisrsaid er @lcaﬁ)qnvﬂl@a@ﬂorrrate

prepared using Mpmdmﬂmﬁféthdd@ ﬁzé@éw&ﬁts 8 tures
of 50 to 200 C,.in the fclj_é@ﬁen e of —dinethyl a%cng%h?éﬁylﬁgggﬂﬁ?nﬁ‘éqﬂ?ﬁ{ea

, 5- di ‘azabi cylefFﬁe%ceog E?S‘dd*\‘é‘q"@‘aéﬁ"f’elﬂd'déﬂﬁefoﬁé@V&féU‘lOLU’arabmmne i 0
Corrpounds of faempesatlre. Wltd!/ﬁaﬂfélﬁtﬁé Ej?drf)k}eﬁlterﬂé%%g 5'1‘5%&* @l@@'t%:l Yv‘ﬁ{i;v%\(:h R3

is as descri bed above mg{ repared as described In
Scheme |V nown acid chloride or an acid chlonde prepared from known methods.

10
To prepare compounds of structure 3 wherein R® contains a heteroaromatic
. 1ing, the heteroatom such as N may be further modified by reaction with an alkyl
fodide such as CHgl in a solvent such as acetonitrile. Alternatively compounds of
‘structure 3 wherein R® contains a suitably protected hydroxy, hydroxyalkyl, amino,
15 'éminoalkyl, monoalkylamino, may be further modified by first removing the
protective group by known methods. The amino or hydroxy group can then be
“modified to the desired amide or ester by methods known in the art.

-
‘\\

Compounds of the general formula | in which R signifies -
20 'CHOPO3R'R?, and wherein R and R? are as defined above, can be prepared by
the following scheme IL.



N"Np "™ -N =N p 121.1. 8 Typically, hydroxymethyl internediate 2
is' degrotonated using a strong base such as n- butyllltlmzunﬁrml imddﬂ um
bi s(t nmet hylygbloyhheym de in asolvent such as THE at 0 C. The a
generated is then treated in the same solvent with bis(p- PCT/PO000635

ni trophenyl )carbonate, followed by a knowil3am ne or an am ne prepared using
20 - known procedures. WD 01/27106 -15 12 April 2004 PCT/ EPO0O/ 09635
Conpounds of fornula 1, in which R signifies - CONHEchemedllin which R3 is
as defined above, may be prepared as indicated in schene V, provided that

if R3 contalns a hydroxy, hydroxyal kyl, ami no, am noal kyl, nonoal kyl am no,
or carboxyl, such group is protected mnth a conventi onal pPo&gctlve gr oup.
5 Scheme V Typlcally,

3- (1- Met hyl - 3-i ndol yI ) - -C(*l-rrethyl-a-mtro-&.ndo|y|) ||/H- oy

pyrrol e-2,5-di one [§re req%as exenplified in EP Pap 28 8026] is io
deprotonated in-an €-sol vent such as THE at 00 G I'ng a strong base
such as n-butyl i ggurting
anion is then
known am ne or 3 g v
conversi on of- an acidi c co?pound obfornmula | into g
accept abl e salt canlbe Zardied out by treatment with a Suitable base in a
known . manner. Suitable salts are those derived not only frominorganic
bases, for: exanple, sodium potassiumor calciumsalts, but also from
organi c bases such as ' :

o

'Typically, hydroxymethyl intermediate 2 is coupled with a suitably
protected phosphate by a mitsunobu reaction using tnphenylphosphme and
diethylazodicarboxylate to glve compound of structure 4 in which Y represents a
O .. suitable protecting group. Removal of the protecting groups may be achieved by
' . -any of the standard methods to give the phosphoti¢ acid 5. In partidular, whenY.
0 represents a benzyl group, the protective groups are removed by using
B cyclohexadlene and palladium on carbon as a catalyst. Compound 5can then he
FL converted to its salt suchasa monosodlum salt 6 by standard methods

s

w

Compounds of formula I, in which R signifies -CH20002R3 andin -
- 15 which R®is as descnbed above, were prepared accordmg fo scheme libelow.



et hyl enedi am ne, 'nonoet hanol am ne or di et hanol arni ne. The conversion of a
20 -basic conpound of fornula I into a pharmaceutically gecaptabl godplt can
be <carried gut by treatment with a suitable acid in a known manner.
Sui t abl e sal F@“‘ggg‘ﬁt hose described on page 3. Conpositi onskdoEroshedss ons 25
In an alternative enbodinent, the present_ijivention is directed to, :
pharmaceutical conpositions conprising at |east one conpound of fornmula I
or a pharmaceutically acceptable salt thereof. WO 01/2710§%&§ﬂ&g"ﬁpri
2004 PCT/ EPO0/ 09635 These pharnaceuti cal conpositions can i stered
orally, for exanple, in the formof tablets, coated tablets, dragees, hard
or soft gelatin capsules, solutions, enulsions or suspengionsg. They can
al so be adm nistered rectally, for 5 exanple, in the forn18T’sUﬁpositories.
In particular, however, conmpounds of the present inventpon are suitable
for parenteral adm nistjration, for exanple, in the form¢f injection
sol utions: The pharoagett ieal conpositions of the presentNinwgntion
conprisi'ng as conpoun pf forrmula I, prodrugs of such
sal ts 't her eof, @ 3 uredfin a manner tkF i

} ng | yQ

e.g. by neans d ‘ ﬁ/ng,—mmps-ul at

granul ating, e AN appi.ng, dragee- maki™g; Qph

processes. These phqirrmgeu?i cal pr%par ations can be fqlrrml at §'d W t

"therapeutically inert,“inorganic or organic 15 carriers7 Lactose, corn

starch or -derivati emres i i ' ' | t can be used
e A B Sl R B s eliod Wiy |

as such carriers for tablets, c gel atin
qapsul es. Sui SAlBraiomAte pea shiogelonmate pyepared ysiogfewheprocedures, in agrivai e

oirl s, waxes ahdh & alpgeq@ggh ature.of the active substance, no -
carriers are _geneﬂllslry requl rg%f%#ﬂg é@a?é"b?‘esrﬁﬁa?e%& %tin capsul es.
Sui t abl e car r fliethylaminopgridine and 1,5-diazabicyclo(4.3.0)non-5-ene to afford the desired

. carbonate.

10 Compounds of formula I, in which R signifies ~CH;OCONHR?, and in
which R? is as described above, were prepared as described in scheme IV below.

Scheme IV

Typically, hydroxymethyt intermediate 2 is deprotonated usirig a strong .~ o
.t_Jaée such a's'n-butyllitl':iuim or I'rthiurn'bis‘(t_ﬁrnethyisi-lyl)éh'lidé in .aso]vent suchas
THF at0° C. The anion generated is then treated in the same solvent with bis(p-
nitrophenyl)carbonate, followed by a known amine or an amine prepared using |
S0 known procedures. _ -



‘ i ' har ose
20 nmanufacture of solutions and syrups are water, .polyols, sacq ,
invert sugar and glucose. Suitable carriers for hl nj ﬁcf ! amda@elwat@M
al cohol s, poM@Mf7iggl ycerine, vegetable oils, p osphol i pi-dg 008
surfactants. Suitable carriers for suppos[Eorl es are natural "or. f%PYened
oils, waxes, fats and sem -liquid polyols. 25 The pharmaceuti cal

it i I i [ ns .oI_ L lj.zkng agents, .
St abi 1121 g agant o, vert g B BRRLE R GG Rionn LONUGe et Mpictbent s
col ori ng agenf¥ is &% dolinachabouge may, besprlepareiicas indicyietidn sbiterié W i dvidddaRaH" €,

buffers, coatj I Qx4 They can a) so contain ot her

t her apeuti cal ’f;eg V‘%?'Edg'tff%“é’ﬂ@%ﬁ’a@@gg%%%mﬁgmawaﬁh@r{aqm apaino, or

i ngredi ents otabexyl3suahignoup fopotedted vitmal conventidRaDp/dIRE SHUP' Dosages 12

April 2004 5 PCT/ EPO0/ 09635 As nentioned above, the conpounds of the present

i nventi on are useful in the treatnment or. control *of cell proliferative

di sorders, in particular ontol ogi cal dchetdevs. These conpounds and

formul ati ons contai ning said conpounds are .5 particularly useful in the

treatment or control of solid tumors, such as, for examjﬁ%ﬁ\ breast and

colon tunors. A therapgutically effective amount of a conpouifd -in

accordance wth thigs Quept i on neans an anount of cofy d phat is

\ eviate or is aneliorate s

hi ec?obei ng treate
wi-thtr—ke s

' ‘ : Mo 15
t herapeutically e S . 0S¢ ( G : 3 10
Mis invention can-yary. vvi]hin wd linmts and will bg adjusfed to tthe
indi vi dual requirenents in each particular case. In gener@l,'in the case of

oral or parenteral | agikal? bl aLBhyL SR 4 UIRIRERBYHBRRLR Tt el Y
70 Kg, a dai lgyrrdo?es-g%?digne [prepared as exemplified in EP Pétent 0328 8026] is
ioc deprotonated in an aprotic solvent such as THF at 0° C using a strong base such
* as n-butyliithiuim or lithium bis(trimethylsilyl)amide. The resulting anion is then
treated with bis(p-nitrophenyl)carbonate, followed by a known amine or an amine-
prepared by methods known in the art. ‘

15 ‘The conversion of an acidic compound of formuta | into a pharmaceutically
abc_e_ptable salt can be carried out by treatment with a suitable base in a known
mann_er. Suitable salts are those derived rioi only from inorg‘énic bases, for

: 'éxamble, sodium, potassium or calcium salts, but also from organic bases such as
X B éihylenediamine, monoethanolamine or diethanolamine. The conversion of & .
20 “basic compound of formula [ into a pharmaceutically acceptable salt can be
‘carried out by treatment with a suitable acid in a known manner. Suitable salts
"~ are those described on page 3. A

o

Compositions/Formidations

25 Inan alternative embodiment, the present invention is directed to
pharmaceutical compositions comprising at least one compound of formula | or a
- phamaceutically acceptable salt thereof. '



about 10 ngy to about 10,000 ng, preferably from about 200 ng to about 1,000
ng, shoul d be appropriate, although the upper limt rmay B& apcabdaddahen 26
i ndi cat ed. Thwodarige dosage can be adm nistered as a singl engra% or in
divided doses, or for parenteral administration, it may be giden’ses
continuous infusion. Exanples The conpound®-of the present invention may
be synthesized according . 25 . to known techni ques, such as, for exanple,

t he general schemes provi ded above. The follow ng exanples illustrate
preferred nmethods for synthesizing the conpounds and formnul ati ons of the.
present inventi onTheéseppamnareuttial spimpositions tah o adnlifsteled®ially, fol Bxdmgel - 3

yl)-4-(1-neth - itk Oz ]

H- i ndol - 3-yl) y‘{zf@-fﬁﬁgfy ,'%5@’?‘1]13\}%4 50IsIS Brgeesy hard Ry9figsiatin srnssas, wo

01/ 27106 - 18 selutipns,lera@sions BCSUIERABIONS 6 Fhep araRBdHRENFHPRISTEA Tostily) Joof
0.5 g (1.25% Of  3-(;1-n | - 31 ndolyl)-4-(1- -

met hyl - 6- ni't pggé Ir?ds) %f&ﬂm g‘%ﬂpélt%‘l% éﬁégﬁﬁﬁé'fa(féé%ﬂwﬂ the gommpundsief
5,057, 614) , - 418 plesefit iventiohdes pditatie forthapmtéRT Seimiridtrativh So? eRa !é?F]n Y er
was heated to Jr?r?oﬁ w’cgh %li tring and with a reflux condensed attached for
14 5 hours. Tham FAECHRN %9WH9MSe "was cool ed and diluted with water. The red
solid was filtered, washed with water and dried. The solid was purified by -

chromat ography using silica gel and a'm xture of EtOAc/Hexane as elutant to
afford 1 -hydroxynethyl-3-(1 -nmethyl-1 Hindol-3-yl)-4-(1-nethyl-6-nitro-1

(10°0) of TUF cont s pfamagellicl BolrBRSTiaRs frthe pidsent Rlicbetmédbocy | at e, |
705 (3 07 Orer e et aupcmpiyie & o penct ey
Step a abgveg}?éri%né‘%! %Héﬁ?%ﬂ@%ﬁ% ﬁg‘}q"“d'ﬁgé%%{}%ﬁo% S Rs added
dropwise 5  ¢conventional mixing, encapsulating, dissolving, granulating, emulsifying,
o ~ entrapping, dragee-making, or lyophilizing processes. These pharmaceutical
| preparations can be formulated with therapeutically inert, inorganic or organic
15 carriers. Lactose, com starch or derivatives thereof, talc, steric acid or its salis
can be used as such carriers for tablets, coated tablets, dragees and hard gelatin
capsules. Suitable carriers for soft gelatin capsules include vegetable oils, 'a;uaxés
and fats. Depending on the nature of the active substance, no carriers are
~ generally required in the case of soft gelatin capsules. Suitable carriers for the
.20 _manufacture of solutions and syrups are water, polyols, saccharose, invert sugar
and glucose. Suitable carriers for injection are water, alcbhéls, polyols, glycerine,
_vegetable oils, phospholipids and surfactants. Suitable carriers for suppositories
. are natura] or hardened oils, waxes, fats and semi-liquid palyols. | |

i\‘\v u/'"

A The pharmaceutical preparations cari also contain preserving agents,
sblubiiizing agents, stabilizing agents, wetting agents, ,ému’lsifying agenis, ,
- Sweetening agents, coloring agents, flavoring agents, salts for va'rying the osmotic
pressure, buffers, coating agents or antioxidants. 'They can also contain other
- therapeutically valuable substances, including additional active ingredients other
30 than those of formula I '



15 mM of a solution containing 0.128 g (0.49 mmle) of triphenyl phosphi ne.
The resulting mxture was stirred for 14 hours at 20 C jAl hpgghvm4vr/as
evapor at ed \989 ’%{Hgﬁ resi due was purified by chromat ography usi nﬁ Si | | ca gel
and eluting "Wt m xture of EtOAcl Hexanes to afford pho$fRGFIY

di benzyl ester 3-(1- methyl-1 Hindol-3-y19)~4-(1-nmethyl-6-nitro- 1 H-|ndoI'-3
yl)-2,5-di oxo-2,5-di hydro 20 pyrrol -1-ylnmethyl ester as a brick red solid
(mp=l 05-109 C).DgFagessol ution of 35 ng (0.051 mmol e) of phosphoric acid

di benzyl ester 3-(1- nethyl-1 Hindol-3-yl)-4-(1-nethyl-6-nitro-l H-indol-3
yl) -2, 5-di 0x0- 2, Rs fidntiSh&t atiWe! ﬂ{e'éorﬁb&ﬁ{d%yof tﬁéffﬁaf sehf NQBhEIrEAcuseRANE) N
THF (5 m) with 5 nl ethanol and 25 4- cycl ohexadi ene .was
treated wt htf%tf%"’@m aiepirg| ‘I’%ﬁﬂ“tﬂﬁ"&fﬁf%‘&ﬁ d'SOT‘F\%'SdPMW@ Lnplogical to 45 C
at which poi st_ofd%‘?é.eT ébn%dlﬁnﬁs a‘?&ﬁ%ﬁﬁu!ﬁhons’“&dtﬁémﬂs@ sﬁld‘corﬁboéﬂis(eret he

reaction was filtered hrough celite and was washed
with THE Al | padicvlafy usefyl ie\ﬂaetreemteﬁsomﬁ@ qfeeruémféneressuqheeﬁ donerxampley THF,

filtered thrg 1 &84k Ign?morgriturated wi t.h hexane to give 14 30 : ng of
phosphorlc ac -NoNo- met hyl -i Hindol-3-yl)-4-(1-nethyl-6-nitro- 1
H-i ndol - 3-yl ) -2, 5: di oxo-2, 5-di hydro-pyrrol -1-ylmethyl]. d) A solution of 14

mg (0.029 mol e) of phosphoric aci d rrono-(3-(1- nmet hyl-l H -
i ndol -3-yl)-4-(1-methyl-6-nitro-1 H-indol -

yl)-2,5-di oxo-2 ﬁthhrhﬁéiltﬁallweﬁeﬁtwe amicunfpf aboﬁﬂaénd\(ﬁ Qddo*ddr% with this
PCT/ EPOO/ 09635 .-19 yl neth ste bove in 15 of ter was
treated —wth'"dnel“tﬂ'b 8u% o ?f@? |tﬁ iR Sﬁ'ﬁtotﬁ{ev%r %"@ﬁe%s 7.1

;%Thl S Sojput hRRlivR% Iidwﬁteﬁed:fa&easé wpmréngmé supviedi foptik arbyécwmm acid
o[3(1 rrethl- i ndo) a,?é gg‘yl-G- itro-1 H|ndol ;? 1)

-2, 5- di oxo- 2trgaigd %{"b'}ﬁtPBIOfF‘t%??r thif’}“}f 8F“‘(f‘rﬁ’§°’éfétl'ﬁwnﬁi€h S&sz

Isonr cotini ctﬁtca;d 3-(1-nethyl-1 Hindol-3-yl)-4-(1-nethyl-6-nitro-

H i ndol - 3-yl ) -2, 5-di oxo- 2,5-di hydro-pyrrol -1 -yl nmethyl ester

The therapedtics!ly effective amount or dosage of a compound according to
15 this invention can vary within wide limits and will be adjusted to the individual
h requirements in each particular case. In general, in the case of oral or parenteral
* administration to adult humans weighing approximately 70 Kg, a daily dosage of
about 10 mg to about 10,000 mg, preferably from about 200 mg to about 1,000
mg, should be appropnate although the upper limnit may be exceeded when
- 20 indicated. The daily dosage can be administered as a single dose orin divided

- doses, or for parenteral administration, it may be given as continuous infusion.

_ Examples
o - The corripOUndsof the present invention may be synthesized according
9516 known techmques such as, for example, the general schemes provided above.
The following examples 1llustrate preferred methods for synthesrzmg the
o compounds and formulatxons of the present invention.

_ Example 1: Phosphonc acid mono-[s-(1-methyl-1 H-indol-3-yl}-4-(1 -methyl-B-
30 - nitro-1 H-mdol-3-yl)-2 5-d|oxo-2 5—dlhydro-pyrrol-1 -ylmethyl]sodlum salt



io To a solution of dinethylam nopyridine (1.5 equival ents) and

1-et hyl - 3-(3- di net hyl ani nopropyl ) carbodiim de hydrochl d2i 8eril 04

equi val ent) VRORHG 2 was added 4-picolinic acid (1.2 equip¢qs suk3sand the
reaction mxture was stirred a few mnutes. 1-Hydroxynethyl-3-(1-nmethyl-1
Hindol -3-yl)-4-(1-nmethyl-6-nitro-1 Hindol- 3-yl)-pyrrole-2,5-dione,

prepared as i) AXaXPkAsi é@%ga&qja t 00N CALXEURe  Was
stirred at -ro%’m tenpe??e{%ﬁ?g?f or Sevﬁgﬁ(ﬁ%&rﬁ@pbﬁ%@%&?g%@g %@0 Yl)d‘f'\leﬁ't ed
wi th di chi or orrefMtid-6-Riedeindolyhi HagykdleL, Hdioned Sea DanvisdUSHHEMR0.  wat er
dried over MySO4 &rds i Puri fie ol.um

chr omat ogr aphy O’f&’b af f@?’ggi@ggtr??&r{%%cﬁyg% isgfﬂrﬁor‘fv?:‘??}g\iv/wf, i 26 o Wller

3- (1- et hyl - i H Waddeatedyip)125° Cwitrestinihg afid mithroreflux condensed attached for 14

H i ndol - 3-yi ) -2, 5-di - - di hydro-pyrrol -1- hyl  ester ield -769%.
20 Exanpl e¥3) Uspﬁtéﬁa ﬁéisréﬁ%ﬁ'ogrrg%gﬁﬁF\g&/sa?obq‘i’laél\ga%tt%ywﬂ? H‘@tffrol(%l/hﬁ/ﬁeﬁﬁom
conmpounds wer e weefikered; wadhed wibh waker zed dlied- Wl purifi

bt ndol _3-yi )‘42;%‘ &gﬁ?ﬁ%-ni tra-l Hjndpl - 3- Gg)emzﬂhgwas purified by -

di oxo- 2, 5-di hydfo- B(/‘r*?r iY‘-’%}T‘%@ﬁ?BeL@Fg? "t"jt%i of EtOAcHjexanegs elutant to

O-i 2-[(2, 5- di hyalifard 3-fiykiromtethyld3-t+-rietei-1BriMtiolalyl-4=(TRh Bty - &kt d-Prlindol-

H i ndol - 3-yl) 3% ﬁ 5-djo g[gz S-di hydro-pyrrol -1 -

y1] net hoxycar bony ]pé(frﬂiﬁ‘%('- R W%%‘E{@{ ene glycol 2000 {yield - 88%:;
O pyridingg-yl acetic acid 3-(1-nethyl-1

H-indo‘l-3-y|)-.4-(1-,rret_hyl;6-ni'£ro-1 Hindol- 3 : '
yl ) - 2; 5- di ox® 2TGagralfiEion i PoT) of THReohizining0.42 o (WIS thmol@98H ; 12 Apri |

004 WA 01/ 27104 ; 3 LN .3 acetic acjd
301 mot hyl -1 re RSB B 20 (Ao Ritod 1 e RiRethit- £11 ety
3-yl)-2, 5-di ox oi*t,lrfsia!famv)&-b‘rmhw&ﬂim1m’ehﬁvﬂ-3~?8wrro(ey2,ﬁlldione @f’r? Stﬁé?i a L |
pyridin-2-yl a | ' 4 ndol, - 3-- -4- - e -6-nitro-
H-indol - 3-yl )(\"’g;d%’e)d%g‘g?‘gj éﬁr?%"g‘?(‘é[%?ﬁ%%@m%b%W%%?%‘?ecf‘i‘/%BW&e-S-
65% ; f) Bucci rmbofeq;sc__dutlon containing 0.128 g (0.49 mmole) of triphenylphosphine. The
mono- [ 3- (1- met ylkbs FdQle wad Srel for 17504 213509 c rﬁfs_oliténrtlcd‘%s_e?\’/}ﬂporated
: and the residue was purified by chromatography using silica gel and eluting
" with a mixture of EtOAc/Hexanes to afford phosphoric acid dibenzyl ester 3-(1-
methyl-1 H~indol-3-yi)-4—(1 -methyl-s-nitro-‘l H-indol-3-yl)-2,5-dioxo-2,5-dihydro-
20 pyrrol-1-yimethyl ester as a brick red solfid (mp=105-109°C).

c) A SOIUtion of 35 mg (0.051 mmole) of phosphoric acid dibénzyl ester 3-(1-
. "~ methyl-1 H-indol-3-yi)-4-(1 -methyl—BQnitro-1 Hfindol-3-y!)-2,5-dioxo—2,5—dihydro-
9, B . pymol-1-yimethyl ester (from step b above) in THF (5 mi) with 5 ml ethanol and
-2 | 0.5 g of 1,4-cyclohexadiene was treated with 35 mg of 10% Palladium/carboﬁ. |
The mixture was heated to 45° C at which point there was a slight exotherm. |
After 10 min. at 50°C, the reaction was filtered hot through celite and the filter
c'akefwas washed with'THFA. All solvent was evaporated and the residue was
S redisolved in THF, filtered.through celite and triturated with hexane fo give 14
.. 30 " mg of phosphoric acid mono-[3-(1-methyl-1 H-indol-3-y1)-4-(1-methyi-6-nitro-
| 1H-indol-3-yl)-2,5-dioxo-2,5-dihydro-pyrrol-1-yimethyl].

- d) A solution of 14 mg (0.029 mmole) of phosphoric acid mono-{3-(1-methyl-1H-
indol-3-yl)~4-(1-methyl-6-nitro-1H-indo!-3-yl)-2,5-dioxo-2,5-diydro-pyrrol-1-



yI ) -2, 5-di oxo-2, 5-di hydro-pyrrol -1 ylnmethyl) ester (used 3eq EDC and DVAP
"0 and 2.4 eq acid, purified by preparative TLC) (yield -12 8@#i}1 gdpo4
hexadec- 9- en0|c 3- Sl met hyl -1 Hindol-3-yl)-4-(1-nmethyl-6-nitro-|

H i ndol - 3- yI YOB28Y;i oxo0- 2, 5- di hydr o- pyrrol - 1yl met hyl ~ est érecfiyErobbsss 53% ;
15 h) [2-[2-(2- car boxyrtlet hoxy- et hoxy) - e§foxy] - et hoxy) acetic
acid-3-(1-nmethyl-1 H indol-3-yl)-4-(-1-nmethyl-6-nitro-1

H- i ndol - 3-yl ) - 2y|51e¢hyb]x(ffcan5teﬂ:¢hty&fe9hrpys Frit of Water%éﬁé&é%d%ﬁﬂﬁdﬂuté)%dﬂmed by

h h - 6108
2 enedi of ¢ aci YAASE SnRh Pt GIhY soificres 741 Tbia Sohufon was fitered and
met hyl - 6- ni t r o- l;(bpmnmi toifird phedphdhie §eidAndndlipaRRuBN bRy TRLAY ! ]

ester To a soluti

1-1-1ydr oxymet hR?PR‘XI %“"F%ﬂ Hyindah3-yihadr digxqrPy&-dihydtormurrH1-Wmethyllsodium

H-i ndol - 3-y1) - paattc ol e- 2, 5-di one, prepared as in exanple 1 a, in 1:4 CH2Cl 2:
25 benzene, were added a | arge excess of fumaryl.chloride and excess

di i sopropyl et hyl ami ne. The reaction was stirred at roomtenperature for’ 20

min. Acet one Exasthple e isoRicetAfsigsld 3T e I1'Hlfh ig% o L
Cl-12C12, - waskindohBiyl)-28tdibxoP8-ditfrlr f ﬁaﬂ g@fe an&‘ %ﬁ. €d over
Na2SO4. The resul ting but - 2- enédi 0| C aC| d m) - net hyl -

H-indol -3-yl)-4-(1-methyl-6-nitro .30 1
H-i ndol - 3;y! - di t fied
byI P I gsh c(yhrg_ atz%oglﬁtggp CB@ %y%ng dﬁ%rz(ﬁ%p‘?(ﬂ‘f"’%%tﬁ V@hﬂgﬁ%{)@ms purttre
PCT/ AEfP(()(i/ ogfgmetmamqpmw) darbdnbiiadde hpdrachidride (1.5 sgjutvalent) iHGHGY was
me
Lol 5.yl - BHkeda Bedioiacld (12 equivaients) and fhepeariin mixure was siEetbiaY aci d
(0. 2 ngI éH gmmjee) WEdeBMI—W(Emﬂ%qHFﬁﬂ@W)t& -ti-atéthyi oS-G and
e e _reaction
vi gor g_usl y aff Sg ig" ?Jér]2 O&ﬂ% fjr%??%'ﬁd PSENPYERBE 1 Yas a(d% ﬁ“dftbﬁ‘ r%aqglpg
Aqueous war klixtyreavaiestirgd atroomittayipdatuedat sevieyaldliotrs. 0PAG miktlire was
. 3- (1- Met hyl gﬁ.ﬁé@gﬂh ?ﬁ%ﬂol}'o&etha%t DESR ST i zrzaueousqqa_}/ Ldtiated NaHCOs,

H- pyrrol e-
E water dried over MgSO;, and evaporated. The residue was purified by column
chromatography to afford isonicotinic acid 3-(1-methyl-1H-indol-3-yl)-4-(1-methyl-
6-nitro-1H-indol-3-y1)-2,5-dioxo-2,5-dihydro-pyrrol-1-ylmethyl ester (vield —=76%). |

20

Example 3

9. Coo T : Using the same procedure as in example 2 the following compounds were
' " prepared: - |

- a) nic‘otinic; apid 3-(1-’methyl-1 H-indol~3-yl)-4-(;l -tnethyl-6-nitro-1H-indol-3-yl)-2,5-
dioxo-_2,5—dihyc;l_ro'—pyrrbl-‘1?-1ylmethyl ester'(y'ield - 76%);'

S 'b) 0—[ -[{2 5-duhydro—3-(1-meﬁ1yl 1H- |ndol-3-yl)—4-(1-methyl-e-mtro-1 H- lndol—3-yl)-
30 ¢ - 2,5-dioxo-2 5-d|hydro-pyrrol~ -yl]methoxycarbonyl]ethyl]-O’-methyipolyethylene
glycol 2000 (yleld 88%)

C) ‘pyﬁdin-4-yi- acetic acid 3-(1-methyl-1H-indol-3-yl)-4-(1-methyl-6-nitro-1H-indol-
3-y'l)-2,5-dioxo—2,5-dihydro—pyrr6l—1-yimethyl ester (yield — 39%);



.10 nmg, 0.05 nmol) (See EP Patent 0 328 8026) was dissolved in DVF and
treated with Cs2C33 (49 ng, 0.15 mmol) for a few m nut esl2t Aprihi200ret hyl
ester (33 ngwdeikai0snol ) prepared in step a) above was addeggg/ggotlh?
reaction was stirred at roomtenperature for 30 mnutes. Aqu W%f‘up, -
foll owed by. purification by flash chromat"c?ﬁraphy yi el ded decanoic acid 3-(1
15 nmethyl-1 Hindol-3-yl)-,4-(1-nmethyl-6-nitro-1

H-indol - 3-yl ) -2, 5-di oxo- 2, 5-di hydro- pyrrol-1-ylnmethyl ester (yield - 58%.
Exanpl e 6 20 dihpyfidinidyliavgtic acid@4(idmetini-eHAnGHB-7 L(nr,ﬁethyp{slrﬁfo.mﬂg?&t 0.

Srethyl -1 b nauPh Ao e SRR Fipay Sster Hidia Zsdens; ¢
H i ndol - 3-yl ) -2, 5-di oxo- 2, 5-di hydro-pyrrol -1-yl nethyl ester (the 25
starting chi o | &SLEF pr.epared fromthe corresponding acid as
descri bed |_nc%xgﬁry}%lz'sﬁ%cgﬁ?%&agﬁhﬂﬁek\ygbﬁ?'%qql“ ﬁ)rﬁtéj-"('%lﬁﬂr@rmt%dandql—
I%I: 2- gl lmeg hy: ) pzf 31311)6215?;03?0!-2615%?%@?%':&5!—1~§¢!methyl ester (yield ~ 65%);

i ndol -3-yl)-4-(1-nmet hyl -6-nitro-
rindol -3-yl)-2, 5-di oxo-2, 5-di hydro-pyrrol -1-yl methyl ester (the starting
ggbzr orret 2}/'2 ;)%wdcitﬁe agﬂsmgog%gg%ﬁ;@m-@bﬂgwm(1£meﬁ4yiis:ni%-°ﬂ+inﬁ%l-§9r H

p . d nple 7:

3- ani no- cycl oheﬁ%{ﬁgqpiﬁ%@gYQ@rwr @-’“(1132%#15{9 lester fispd 8eq EQC jand DMAP
4- (1- met h?{(} - 6- nand 2.41eq-h¢iﬂ,;1|:mﬁﬁadby)prapéaﬁkimm?(yfewﬂ-@é%o- pyrrol - 1-yl met hyl
ester. trifluoroacetate 5 a : ’
chl or omet hyl - N-t- but yl oxycar bonyl - 3- ani no- cycl ohexanecar boxyl at e was

| d i shexaket-gvamoie 8- .' - A l6thi | RioRa-
bty oxos Ho.af’- 32 EAO St e i R S R R
synt hesi zed byaé' 'éﬂ%% '(gl}‘ @”@%ng%"ﬂ’]'mﬁﬂséﬁfeéﬁl@nfta%):s- ani no-

cycl ohexanecar boxylic acid (Al drich).

Wn

h) [2-[2-(2-carboxyniethoxy—ethoxy)-ethoxy]-ethoxy] acetic acid-3-(1-methyl-1H-
| indol-3-yl)}-4-(1-methyl-6-nitro-1H-indol-3-y1}-2,5-d ioxo-2,5-dihydro-pyrrol-1-
yimethyl-ester, purified by reverse phase column chromatography (yield —

61%). ‘

) 1

-20  Example 4: But-2-enedioic acid mono-[3-(1-methyl-1 H-indoi-3-yi)-4-(1-
methyl-6-nitro-1H-indol-3-yl)-2,5-dioxo-2,5-dihydro-pyrrol-1 -yimethyl].ester

; '_‘To a solution of 1-'Hydroxymethy!-3-(1~methy|—1 H-indol-3-y1)-4-(1-methyi-6-nitro-
.- " 1H-indol-3-yl)-pyrrole-2,5-dione, prepared as in example 1a, in 1:4 CH.Cl..
c 25 benzene, were added a large excess of fumaryl.chloride and excess
o | 'diisopropylethylamige, 'Tbe reaction was stirred at_ room temperature for 20 min.
=z 'ACetdrie and water ere added. The reacﬁon_ mixture was diluted with CH,Cl,,
o ~ washed with _.water, _rjpld saturated NaHCO;, water and dried over NaSQ;4. The
. resulting bUt-ZTenedigit: acid mono-{3-(1-methyi-1 H—iridol¥3-y!)-4-(1 -methyl-6-nitro-
o 30 1H-indol-3-y1)-2,5-dioxo-2,5-dihydro-pyrrol-1-ylmethyl] ester was purified by flash
~~ chromatography (yield 60%).



10 b) 3-(1-Methyl-3-indolyl)-4-(1-nmethyl-6-nitro-3-indolyl)-iH pyrrole
2,5-dione (68 ng, 0.15 mol) (see EP Patent 0 328 8026) MWadpdiss2004d in
DMF and trealglo Mgkh Cs2C38 (0.15 g, 0.45 nmmol) for a few nminutes. The
chl oronethyl ester (0.13 gm 0.45 mvl) prepared in step afChEEP%¢as
added and the reaction 15 m xture was sti+2led at roomtenperature for 50
m nut es. Agueous wor ku foll owed by purification by flash chronmat ography
yi el ded [ N- a-ElSﬂ!!gL%ﬁ apicrsid B ﬁ@k‘&ﬂeﬂ&ﬂ@ﬁ’y@ﬂé‘*ﬂ'fﬂemyl'ﬁ‘“itm‘1w
aci d] - 3- ( 1- metrdal- wﬁmpxg-%ﬁ-ﬁ-wqmmnw “yinetfiylestar ,
H-|ndol 3-yl)-2,5-dioxo-2, 5-di hydro-pyrrol -1 -yl.neth ester (yield - 95%

. ¢) The tar Dasangicasid (Qr?o@r@ciﬁnyngvrl)ou@sdfeattmwgmwal-@oasodpeqa) above
vvas remaved by, t I 0
mnutes. The’ TEATIHERLant P edCACLAOSKER  Fr GRS LECL N eBoPlas, e
resi due was pusliffe@yigpiousiyiat 0° igr 36 mmahemm&mhemanedﬁﬁ’ﬁbiqda b:am d

3-(1 -nethyl - ﬂﬁg 3-yl)
2, 5-di'oxo- 2, 5- dﬁ%g?gé)ggﬁ%lyﬁéb-éyl gngérﬁ%tbyes?éeéaﬁqr%‘f%oroa) etate (yield --
57% 12 April 2004 WO 01/ 27106 PCT/ EPO0/ 09635 -23 . Exanple 8 The
foll owi ng co reg_ . efy glagall a.h and
c described a ov<rat€i ﬁ\g%glf.& f?{deg/g ‘FF‘ Héﬁ%?rlgy?a‘{ m%ggﬁ{cﬁ ggf@é}%ﬁﬁ:@?gﬁ(ﬁ
H i ndol - 3-91) - 4ﬂ(mﬂrﬂ5t m;nol)e e EB-Patent 0 328 8026) was dissolved in DMF and
i ndol - 3-yi)-2, 5 Y { uor etate
(prepared from t buta-1éS @d] (g%gnyg %ﬁghﬁoﬁt&%@@%ﬁ éﬁ%g ar 0@ enm)
(yield - 62%; Qatebﬁ&manﬁ) ﬂﬁmn&pMargd opsiepia) ahovel was(abidedtangd the
ki7i ndol - 3-yl) - 4 bR WAk stiffed bt Fdm temperature for 30 minutes. Aqueous workup,
followed by purification by flash chromatography yielded decanoic acid 3-(1-
15 ‘methyl- 1H~mdol-3-yl)-4~(1 ~-methyl-6-nitro-1 H-mdol-S—yl)-E 5-d|0x0-25 -dihydro-
' . pyrrol-1-yimethyi ester (yield — 58%).

-Ekamgle 8

20 The following compounds were prepared in a similar manner to example 5b
above:

.a) -"[2-(2-méthoxy—etho>(y)-ethoxy]~éc§etic acid 3-(1-methyi-1 H-_indol-_:-}-yi)-4-(1-
methyl-6-nitro-1H-indol-3-yl)-2,5-dioxo-2,5-dihydro-pyrrol-1-yimethyl ester (the
25 stamng chloromethyl ester was prepared from the corresponding acid as
' descnbed in example 5a; punﬁed by preparatwe TLC) (vield — 38%);

L b) 2 2—dlmethyl proptomc acld 3—(1-methyl 1H-indol-3-y1)-4-(1 -methyl—G-nttro-1 H-
‘. ' mdol-S-yl)—Z 5-dioxo-2 S-dlhydro—pyrrol 1-ylmethyl ester (the starting
30 . chloror_nethyi pivalate was purchased from (Aldrich) (yield — 91%).



Hin dol -3-yl)-2,5-di oxo-2, 5-di hydro-pyrrol -1-yl met hyl ester

| fl uoroacet ate (prepar ed from N-t-butyl oxycarbonyl - ar aznapsibuwtoo4i ¢ aci d
Bachem)) (y‘iv oflm ﬁ63 15 Exanpl e 9: Piperidine-4-carboxylic acid

(1- et hyl {H4% -3 yi)-4-(1- methyl-6-nitro-1 PCT/EP00/09635

i ndol - 3-yl) -2, 5-di oxo- 2, 5-di hydro- pyrrol221-yl methyl ester acetate salt
20 - Pi peridi ne- 4 carboxylic acid 3-(1l-nethyl-1

H i ndol - 3- y| )Examplen& framieortyalohexanecarboxylic acid 3-(1-methyi-1 H-indol-3-yl)-

i ndol -3-y1)- %ﬁﬂi@nﬂ-@n&r@1wmdmmﬁlwls-é.oxﬁL%Slélwd ghom ymethyl

trifluoroacet ed _,as in exanple 8a above,  was' di ssol

acetate. The %gg ﬁrﬁ é%‘%?ﬁﬁon was neutralized with. cold saturated
NaHCO3. The ethyl acetate |ayer was concentrated and slurried in H20 and
acidified with excess HOAc and | yophilized 25 ' to give the desired product
(yield - 97% 0: Piperidine-4-carboxylic acid 3-(1-nethyl 1

H i ndol - 3y} ) 8- %qumthxlr”é-b#& loxpycarhqnyhdrgminp-cyclohexanecarboxylate was

) -2, 5-di 0x0- 2 2
Aot 1 2004 O 0TBTon e NahAETeHIeTo e B8 R ML RR i pyt

3- (1- net hyl - rbqwaarcagbw})l&ammwmexenmamwc facid whithiSeng)as :

2, 5-di oxo- 2, 5- lm ,,;gwmg ared as in
exarrpl e 9 abovcejé was di ss%ﬁ}éé% I n er!taﬁ &gté’g at e.ﬁh#% o?fé]qaﬁﬁrg ate sol ution
was neutral i zeocmquéﬁq?%ﬂ@%ﬂpm%m, was concentrated, and was taken
up in 1:5 CH3CN. H2O The resulting solution was treated with

2. equival ents of 2N ag. HCl and purified by HPLC to give the desired
Poduct (yield - 86% . Exanple 11:- 2-anmino 2-nethyl-propionic acid

2 D BBty L Sl i o
mg, 0.15 mmol) (see EP Patent 0 328 8026) was dissolved in DMF and treated
with Cs2CO3 (0.15 g, 0.45 mmol) for a few minutes. The chloromethyl ester

| (0.13 gm, 0.45 mmol) prepared in step a) above was added and the reaction
15 * mixture was stirred at rbo_m temperature for 50 minutes. Aqueous workup,
‘ followed by Vpurificaﬁon by flash chromatography yielded [N-a-butlyloxy-3-
amino-cyclohexanecarboxylic acid]-3-(1-methyl-1H-indol-3-yl)-4-(1-methyi-6-
| nitro-1H-indol-3-y1)-2,5-dioxo-2,5-dihydro-pyrrol-1-yimethy! ester (yield - 95%)

1
tr
(
3-
H

SRR €) The'teft—buty]oky'protécting group of the compound of step b} above was
L S removed by treatrnent with TFA in CHxCl, at room temperature for 50 minutes.
' The TFA and CHgCIz were evaporate using a stream of nitrogen. The resv:iue
was purified by HPLC io glve 3—amano~cyclohexanecarboxyllc acid 3-(1-methyl-
e 1 H-mdol—s-yl)-4-(1 -methyl-s—mtro—1 H- |ndol-3-yl)-2 5-leX0-2 5- dlhydro-pyrrol 1-
) LB ) ylmethyl ester tr:fluoroacetate {vield - 57%).



Thi s conmpound was prepared from 2-am no-2-net hyl - propi onic acid
3-(1-nmethyl- 1 Hindol-3-yl)-4-(l-nmethyl-6-nitro-1 12 April 2004

H i ndol - 3-yl i 0x0-2, 5-di hydro-pyrrol -1- yl nmethyl ester

trifluor oace‘%atglefélgdr epared as in exanple 8b, using a sin | FCHERRSEedur e
as described in exanple 10 (yield - 71% .-2Bxanpl e 12:

1-Methyl -3-[3-(1-nethyl-1 Hindol-3-yl)-4-(1-methyl-6-nitro-1 H indol-3
yl)-2,5-di OX(,E_’E.'BMydro- pyrrol - 1-yl met hoxycar bonyl ] - pyri di ni um
trifluoroacetate 20 23 A solution of nicotinic acid

3-(1- rrethyl-ll—i-lndol 3-yl)-4-(1-methyl-6-nitro-1Hindol - 3 yl)-2,5-dioxo
2, 5- di hydr o- ﬁl}he*i@lle\&mglcrmﬁt;dndewefe prepaekB \a sipip aigthento eﬁ&ﬁgélﬁa@am
exanple 3a, vva n]gé gvvlth 2 eq NaBPh4 and 6 eq Mel. The reaction was
stirred at reﬁ 6F @7°KBurs. The sol vent was evaporated and the residue
was purified by HPLC to afford 1-nethyl-3-13-(1-rriethyl-1 Hindol-3-yl)-4-
(1-methyl-®-nitro-1

Hiridol-3-yl)-2,5-di oxo-2, 5-di hydro-pyrrol-1-yl net hoxycar bonyl j -

&1 (o (12 ﬁB"*‘ﬁﬁ'Q@%@ﬁnﬁ%ﬂ RS S g oy

nitro-1 Hindol mQOly YyhE, S-deSﬂlmqumprbH-yWchﬁ estentsiflucaroaomyte] -

T oY o AL ) MR RRBbNEIBEBRE 4ot 4 fbal eO}{ 27106

3- (1- Met hyl - 3- i fyirdd yI6R2%); ( 1- et hyl - 6-ni tro-3-indolyi)-1-(4- .
pi peridi necar boxynet hyl ) -1 H-pyrrole-2,5-dione trifluoroacetate, prepared
ﬁ in exgpple 8a, was dissolved in et hyI acetate. The resulting solution

s neutralized . 5 with cold saturated NaHCOB. The ethyl acetate |ayer was
concentrat ed ?nd the- residue was taken up in CH3CN. The sol ution was added
dropwi se to &) sHRMINQR-1Bethylpropicnic aeid e Hypethyled Hendahatdof emaiindrfenipy c ol
1000 aci d chl or{Mndarsappg &ddioxo-2,5-dihydro-pyrrol-1-yimethyl ester trifluoroacetate

(prepared from N-t-butyloxycarbonyl-aminoisobutyric acid (Bachem)) (yield —
~ 63%).

‘Example 9: Piperidine-4-carboxylic acid 3-(1-methyl-1 H-indol-3-yl}-4-(1-
methyl-6-nitro-1 H-mdol-3—yl)—2 5-dioxo-2 5-dxhydro-pyrrol-1 -ylmethyl ester
acetate salt

.20 -Pipeﬁdine-4-carboxylic acid 3- (1-inethyl 1H-iridol -3-yl)-4-(1-methyl-6-nitro-1H-
IR ‘lndol-S-yI)-2 5-dioxo-2,5- dlhydro-pyrrol 1-ylmethyl ester tﬂﬂuoroacetate prepared
" asin example 8a above was dxssolved in ethyl acetate, The resultmg solution
was neutralized with cold saturated NaHCOs The ethyl acetate layer was
conoentrated and sturried in Hz0 and acidified with excess HOAc and lyophu[xzed
" to give the desired product (yleld 97%)

il
Lk
e

kY
T

‘ Examgle 10: Plperldme-tl-carboxyhc acld 3-(1-methyl-1 H-mdol-3-yl)-4—(1-
methyl-6-nitro-1 H-mdol-3-yl)-2 5-d|oxo-2 S-dlhydrc-pyrrol-'l -ylmethy! ester
hydrochioride -

30 .



from O (2-carboxyet hyl)-O -net hyl pol yet hyl ene gl ycol 1000 acid using
standard procedure) in CH3CN..The reaction mxture was 3bti Apeth f2yo4l hour .
The sol vent i o0 was evaporated and the residue was purlfled by HPLC (yield
70% . Exanpl &Q8127406phosphonooxy- benzoi ¢ acid PCT/EP00/09635
3-(1-nethyl -1 Hindol-3-yl)-4-(1- nmethyl-6-gitro-1

H i hdol - 3-yl) -2, 5-di oxo- 2, 5-di hydro-pyrrol -1-yl nethyl ester nonosodi um
salt 15 a) t Bigaddine~Scaibo ictadiBl(1- :LmﬂtF \%34 to a
sol ution of. 4- htlgéfﬁﬁge'n xﬂzgﬁa]y é_l 1%{& o3 ﬁﬂqﬁhﬂﬁﬁmﬁﬁme
mixture was RIS M@ﬂ"ﬁylnﬂﬁmﬂiﬂ% fsgtate §5!t,(memreg B7

| THE ik Subdveddas 1
?12180%1_!) n THE Igdd :rrmls) veddesldisébived inlethyl atdath; Q?Sre 138 aliﬁéé’lpﬁﬁ?qrate

0 The . .reaction mxture was fil
was evapor at eff@® @W% aﬁfﬁésﬁmﬁtﬁg Naétq%waw@ncemtat@a angi ws 2e6Up10%

net hanol - Cb2Gh2t:5 GHASNI IO itid fosafting sBi r ster
(3.38-g, 989, Sod) um%dl h ro en hgspﬂ?g%g%@dﬁg’ﬁé%%ﬂv&?&ﬂ&ﬁ?@
mol) in wat % HCI Yrifigd & d‘(ﬂ%e@ q givg te desirashprotugi(piesho86%).aci d

di benzyl .ester 4 forrryl-phenyl ester (0.89 g, 2.32 nm) (fromstep a)
above) in MCN, (10 nL) at O Hydrogen peroxide (0.24 nL, 30%in water, 2.4
mmol ) was added, foIIovved by sodiumchlorite (315 ng, 3 5 mmol) in water :

2 nL Th t dat O f 1. th dt
Eoom %errperear(é}%iﬁ e %P@? :ire a § 1 -Tdegaagégﬂeﬁndot he
reaction mjxtyir&e 8 dndolF-yh: 19%XQ- Fmef"é’tHvHB‘eéhﬂétﬁtehd

the maturé was' ex rac{ d with EtQAc. The 12 Apl’l| 2004 WD 01t 27106 .

PCT/ EP00/ 09635 -26 organic extracts were washed with water, dried (MySO4),
i1tered and_concentrated to give phosphoric acid di benzyl ester

4- car boxyl - pHeEls ForaRewnd wes preppredirom ZemingpdinethgipropionixacicBi(i-nethyl- ) A

sol ution” of * pikpFAERSiyY-AEi-mMeyReHitr-1REMEb 855 DRI PN iS50 (205 .
. ylmethyl ester trifluoroacetate, prepared as in example 8b, using a similar
15 procedure as described in example 10 (yield - 71%).

Example 12: 1-Methyl-3-[3-(1 ~methyl-1H-indol-3-yl}4-(1-methyi-6-nitro-1H-
indol-3-yi)-2,5-dioxo-2 5-d|hydro-pyrrol-1 -ylmethoxycarbonyl]-pyrldmlum
trifiuoroacetate

2 .

=,
«

1 R o A solutlon of nicotinic acid 3-(1-methyl- 1H-|ndo!-3-yl)-4 -(1 -methyl-6-mtro—1 H-mdol-
' -yl)-2 S-dioxo-2 S-duhydro pyrrol 1-ylmethyl ester in GH;CN, prepared as
described in example 3a, was freated with 2 eq NaBPh4 and 6 eqMel. The
L :reactton was stirred at reﬂux for 7 hours. The solvent was evaporated and the
| 35 residue was purrfled by HPLC to afford 1-methyl-3-[3 (1 -methyl -1H- 1nd0!-3-yl)-4— .
7 (1-methyl-6-nitro-1H-indol-3-yl)-2,5-dioxo-2 S-dlhydro-pyrrol- -ylmethoxycarbonyl]
pyndlmum trifluoroacetate (yield 52%).

_ Examgle 13: 0-[2-[[4—H[Z,S-Dlhydro-3-(1-methyl-‘l H-mdol-3-y1)-4-(1-methyl—6—
30 - hitro-1H-indol-3-yl)-2,5-dioxo-1 H-pyrro!-‘l-yi]methoxy]carbonyl]-‘l -
plpertdmy!]carbonyl]ethyl]-o methylpolyethylene g!ycol 1000



0.5 mmol) (fromstep b) above) in CH2A 2 (2 nL) was added to a solution of
1- ethyl-3-(3-dinmethyl am nopropyl ) carbodii m de hydrochl odiazdaptiti2oms 0. 78
mrol ) (Al driwbliangs D net hyl am nopyridine (139 ng, 1.13 mc))mf 0 a2 (5
m). After 5 mn., 1-Hydroxynethyl-3-(1-nethyl-1Hindol -3 yI At et hyl -
10 nitro-1 H-|ndol 3-yi)-pyrrol e-2, 5-di one?3-215 ng, 0.5 mml ), prepared as
in exanple | a, in CH2C2 (2 nL), was added and the m xture was stirred at
room tenperature for 3 h. The resulting mxture was partitioned between
CH2C 2 "and water and the organic extracts were washed with water. The
aqueous | ayer wa3{tMettad-Bcddoll)d-@HAGHH- B'Jnﬂrceﬁg'adulyd) -eX44 acts were

conbi ned, dri entr 0 e residue
over ‘silica g etjitg‘g %@éﬁgﬂ%ﬁ/ﬁkq %5 -gIOQ? é‘rf ac%%aatg gr epar asin .
4- (bi s- benzyl exampib(&phzasyﬁsmmed in bmylacetaﬁcﬁ'ﬂe Ci;es(ulmﬁrebhﬁﬁtidwas iheutraltzeld
H- i ndol - h 2..5- di oxo- rpo-pyrro
yl met hyl e t e\ﬁr(‘ &9’5' ﬁ?&f‘"&?&eﬂaﬂg H-B?ﬁ\f@é apeials layey wgs ?LOQF&@)/@? @Pene (0
12 L 1 26 muesldueAlaly takbn upirs C&léo‘.l\ﬂ Tiee soltitidn was added éropwise to a solution of
‘ O-(2-carboxyethyl)-O-methyipolyethylene glycol 1000 acid chloride (prepared
from O-(2-carboxyethyl)-O'-tnethylpolyethylene glyco! 1000 acid using standard
~ procedure) in CH3CN. The reaction mixture was stirred for 1 hour. The solvent
‘10 was evaporated and the residue was purified by HPLC (yield 70%).

"‘-m.w*“ '

Example 14: 4-Phosphonooxy-benzoic acid 3-(1-methyl-1H-indol-3-yl)-4-(1-
- methyl-6-nitro-1H-indol-3-yl}-2, 5—d|oxo—2,5-d|hydro-pyrroI¢1 -ylmethyl ester
monosodium salt

15
a) +BuOK (2.6 mL, 9.6 mmol, 1M in THF) was added drop-wise 1o a solution of 4-
hydroxybenzaldehyde (1.10 g, 9 mmol) in THF (40 mL). The mixture was
heated at 70° C and tetrabenzyl pyrophosphate (5.05 g, 9.37 mmol) in THF (20 _
mL) was added. After 1 h, THF (100 mi) and hexanes (200mL) were added.
20 The reaction mixture was filtered and the filtrate was evaporated
S o ' Chromatography of the residue over silica using 2%-5%4 0% methanol-Cchlgl .
' . gave phosphoric acid dibenzyl ester 4-formyl-phen_yl ester (3.38-g, 98%).

b) Sodium d:hyrogenphosphate monohydrate (79 mg, 057 mmo!) in water (1 _

25 mL) was added to a solution of phosphonc aczd dtbenzyl ester 4-formyl-phenyl o

ester (0.89 g, 2.32 mmi) (from step a) above) in MeCN (10 miL) at 0° : _' |

Hydrogen peroxide (0.24 mt., 30% in water, 2 4 mmo!) was added, fo!lowed by L

sodium chlorite (315 mg, 3.5 mmol) in water (2 mL) The reactton mlxture was |

stirred at 0°C for 1.h, then warmed to room ternperature for2'h. Sodium . .

30 thiosulfate (100 mg) was added and the reaction mixture was vngorously stirred
for 15 min. Water was added and the mixiure was extracted with EtOAc The



a mx ure o 4-(bis-benzyl oxy-phosphoryoxy)-benzoic acid 3-(1,6-dinethyl-
Hiridol-3-yl)-4- (1-nmethyl-1 Hindol-3-yl)-2,5-di oxo- 2, 32daphyilr 2qdarr ol -
yl met hyl est gy [&&ngﬁng, 0.12 mol) (fromstep c) above) and Pd /C (37 ny
10/0) in a mxture of THE (6 mL) and ethanol (0.3 nl). The ¥EHERM@M3Hi xt ure
was warnmed to 550 C for 20 mnutes. The 428action m xture .was cooled to
roomtenperature and was filtered over celite, washed with .nethylene

chl ori de and coﬁ&ﬂﬂQ%@ﬁSWﬁ@Waﬁlﬁmm@rddwbw@onnﬂméﬂlandand wat er

at 0 C 1 N Sodpgme ﬂ&é&i‘ éh 2oty '6% n xture
was | yophilized. Thééﬁ resul &rﬂ%{lﬁrg Was ! % (4 ﬁ?WEB €€ wi th
5 to 50% MeCN .- (GGt i@g, 94%6) QSﬁna"leyellqmdwaxy]sql@p |za on y| e e *-p .

osp"onooxy-uenzoi c.acia 3-(l=nmethyl i-i..indol-L vyl)-4-(1-nmethyl-6-nitro-I

H i ndal - 3-yl ) -2, 5-di oxo- 2, 5- di hydr o- pyr roI -1-yimethyl ester nonosodi um
salt (60 nmg, 74% as an orange powder. . WO 01/27106 27 12 April 2004
PCT/ EPO0O/ 0953

[[3-(1- et hyl€ 3 ELX%O%W °§P§79§P'1Pﬂeecr€b@lﬁ§nzxéeﬁrer Aocarbexyhpbenyd egfer (205 mg, -

5- di oxo- 2, 5- di hg @frﬁnib!or(fr@h'rslery b) BESRYMHHINYE hiLfwBE 884k & a solution of 1-
et hyl pol yet hy| e hyl g (g %l%lwethylammopropyl)carbodumrde hydrochloride (149 mg, 0.78
mmol) (Aldrich) and Dimethylaminopyridine (139 mg, 1.13 mmol) in CH.Cl, (5
_ mL}. After 5 min., 1-Hydroxymethyl-3-(1-methyi-1 H-indol-3-yl)-4-(1-methyl-6-
10 _ nitro-1H-indol-3-yl)-pyrrole-2,5-dione (215 mg, 0.5 mmol), prepared as in
(? - - —example 1a, in CHxCl; (2 mL), was added and the mixture was stirred at room
temperature for 3 h. The resulting mixture was partitioned between CHxCl>
and water and the organic exiracts were washed with water. The aqueous
_ ~ layer was extracted with CH;Cl.The organic extracts were comblned dried
15 - . (MgSOy) and concentrated. Chromatography of the residue over silica gel
using 5%-10% EtOAc- CH,Cl, yielded 4-{bis-benzyloxy-phosphoryloxy)-
benzoic acid 3-(1,6-dimethyl-1H-indol-3-yl}-4-(1-methyl-1H-indol-3-yl)-2,5-
dioxo-2,5-dihydro-pyrrol-1-ylmethyl ester (179 mg, 44%) as an orange foam.

. 20 d) 1,4 Cyciohexadiene (0.12 mL, 1.26 mmol) (Aldrich) was arided {e a mixture of
F o 4-(brs-benzyloxy—phosphoryioxy)-benzorc acid 3-(1 s-drmethyl 1H-indol-3-y)-4-
| S (1 -methyl 1H-indol-3-yl)-2, 5-dlioxo-2 ,S-dihydro-pyrrol- 1-ylmethyl ester (1 00 mg,
0.12 mmol) (from step c) above) and Pd /C (37 mg 10%) ina mrxture of THF (6
- mi) and ethanol (0.3 mL). The reaction mixture was warmed to 55° C for 20
25 - minutes. The reaction mixture was cooled to room temperature and was
. flltered over celite, washed with methylene chioride and concentrated “The .
residue was dissolved in MeCN and water at 0°C, 1N. Sodrum hydroxrde (2 4 .
. mi, 2.4 mmol) was added and the mixture was lyOphrlrzed The resulttng
~* mixture was furiher purified by HPLG with 5 to 50% MeCN water o -
- 30 Lyophilization yielded 4-phosphonooxy—benzorc acid 3-(1 -methyH H;irldbl-s- L
yl)-4-(1-methyl-6-nitro-1 H-tndol-s-yl)-z 5-dioxo-2 s-dthydro—pyrrol- —ylmethyi
ester monosodium salt (60 mg, 74%) as an orange powder '



a) Dry PEG 500 nononethyl ether (18.36 g, 33 mml), ethyl-4-hydroxybenzoate
(5.0 g, 30 mmol) and triphenyl phosphine (17.34 g, 66 mmoll? feFéld? | ved
in dry THE W®0iavigs and cool ed to OC under argon. To this pegesjeRydsy added
di et hyl azodi carboxylate (12.95 nL, 83 mmol )._in dry THE (10 nL). The zo
resulting mxture was then warmed to 500 Cfor 16 h. The mixture was cool ed
to O C under argon and di et hyl azodi carboxylate (6 nL) in dry THE (5 nL) was
added. The 'm xture was heated at 50C for 24 h. Evaporation of the solvents
and chromat ography of the residue over silica gel using 1:1 CH2Cl 2-

19 el o ST IO et ey i Aot
P -8§B#%%8W5ofméﬁ§“ﬂ@g CE!'%C{{‘SH/A%iPi'}%Yﬁ%i el d) orange

nol e% triphe
oil (514 nol eviethylphiyefbylros ghyoodbP0 oduct). b) To a solution of the crude
et hyl - 4- 0- net hyl pol yet hyl ene gl ycol 500-benzoate 20 (4.90g, 514 nol e%

tri phenyl phesphi nel product) (fromstep a) above) in nethanol (10 niL) and
water (15 .nmL) was added 6N NaOH (13.8 nL, 83 nmmol), and the resulting

sol ution wgsbfm)am;d Pﬁ-sg% ?dnzm}meﬂiyi letTm (E086Ig| 8B nuadl), e:lﬁymeﬂih}tdr@b&ﬁénéﬁéile
partitione et 0 | t et gte ter. .The aguequs | ayer
was cooled to 0\(,)\?%8%%6 g Fﬂggﬂq%nﬂaﬁ?f 0 fﬁdqz\ﬁi %P@“Tﬁr@‘ﬂﬁéi\(ﬁ%‘%s
Ext ract ed vvnt][l CHgCraF'(awrrtuylandbaaedjtoemrmd SiﬁgghEWth}édvefd\él&%added
vaporation of the organj.c so n Y ude 4- ol yet ene

gl ycol 500- benzo @t%g@%%r@o’@,ﬁiﬁ&ig‘gg%@PTBWW@&&I"F}%QPOJBQ- -fg‘%trrpl e

2 0 g ai nﬁdl Z@l- 30%¢sulithig !ﬂF(ﬁﬁélﬁirvdE?ﬁbrgﬂQbmg@tb 50° dQAfcﬁC?‘IBlﬂ. | e Qﬁxtﬁr@?w@éé g&lﬂed

4--0- met hyl pol yet £he [of 0] -benzol c.. acl . rom step
by above) o dry EpBRstedSden A deiir AR b Staiads o 1o g L) Waso0q
PCT/ EP00/-09635 - 28dé&:NMNes rixture wae heatsd att508 T fof 24 h: @vapbratioh 3f HdBolvents '

ethyl a_m NOpro Pyl )ar(%g rcm?grlnla{gg?gphy of the residue over silica gel using 1:1 CH:Clo- hexanes

CH,Clz, 50% ethet/-CH,Cl,, and ether yielded 9 g crude ethyl-4-O-

15 nieﬂ1y1polyethylené glycol 500-bénzoate as an oil, 54 g orangé oil (3/2 mole%
triphenylphosphine/product}, and 4.9 g (~58 % overall yield) orange oil (5/4
mole% triphenylphosphine/product).

b

b) To a solution of the crude ethy!-4-0-methylpolyethylene glycol 500-benzoate |
20 . (4.20g, 5/4 mole% triphenylphosphine/product) (from steb a) above) in
| methanol (10 miL) and water (15 mL) was added 6N NaOH (13.8 mL, 83
-mmot), and the resulting solution was heated to 65° C for 2h. The solution was

£

concentrated and partitioned between 30% CHgCIzlethyl' acetate and water.
The aqueous layer was cooled to 0°C and acidified to bH 3.0 with 1N HCI.
25 The mixture was extracted with CH,Cl, and the organic extracts were dned S
. (MgSO4). Evaporation of the organic solvents gave crude 4-O- - R e e
| methylpolyethylene glycol 500-benzoic acid (2.3 g, 49%) as a yeliow waxy DR
Tesidue. (sample contained 20-30% molar ekcess'_P_EGSOO)_. L

30 ¢) Asolution of the crude 4-O-methyipoiyethylene glycol' 5'004benzbic_acid' (679
mg, 1 mmol) (from step b) above) in dry CH,Ci (5 mL) was added at room



hydrochl oride (300 ng, 1.56 nmmol) (Al drich) and di met hyl am nopyri di ne (279
ng, 2.28 mml) in dry CH2O 2 (5 nL). After 5 min., 1-HydroxdPethyd004 (1-
met hyl -1 H iwdaekbadeg/| )-4-(1-methyl -6-nitro-1 POO/ISES
Hindol -3-yl)-pyrrole-2,5-dione (430 5 ng 1 mol), preparec(f'r "R 3xarrp|e
| a, was -added. The mxture was stirred - 44" room tenperature for 4 h. Water
CH2Cl12. The organic extracts

dded and t t
%feawaghegnvvl t%m\ﬁ'ff@t’" %’rziL %‘3“ iRy (rEf '?%%%‘“QH@”WW@?H'P&Y‘&F’W‘H@'F’%& due
Lo ] o mELSIAISCR Y, | et iy ckrebytghiyios 7o
2, 5-di hydrg pyr?‘él %EW%%{%@W%W& 4A§?fye"lhb'l'“ oi- HV@(W"E%FXJ&‘HW ene
gl ycol 500 (490metjwl-zmqB(dol&yipm-(nmﬂfd—@mkro mm;@-ﬂﬁpyr@é%ltﬂbn@qusb al lyl
P ol - 351 - e: il Brepatod phin Stamie 1A wasadkiegh Tha miumsswas séred i on
of 200 ny (0 47atrrmh1et)empferdturehmdr nxwmbhwhs%dﬂéd FRHANG mixtlird WEObxiPadted -

4- (1- et hyl 6 ni dol - rro e-2,5-dione, prepared as In t he

ex((alrrpl e 1ya Jifu&t@@ﬁé@ S WeEe Hﬁﬁhﬁqﬁ-ﬁh@@t% dﬂe@g’@efrrg (2.5

mrml ) of 4- dl raha@buéen&lawa (ﬁmzduwwpénm WHPH ?”gcgﬁso added
c0o0

0.75 20. t Wi | t
(2. 22moi ) of @mrfoaeﬁ%ciby@ Ve R M (‘t‘ﬁkl)’l?fi*;ltll@rﬂdmd%ﬁsyl)added
dr opwi se. 1gThi s z\e&lzoﬁ;‘l Efdﬂ@df@ﬁyrﬂcﬂ-ﬁg]iﬁéth@kyc%%&iyl]m [Xgnt was

evaporated and t urit]ed chrommat ogr aphy using-silica Del
and el uting wi trﬁeﬁyﬁoﬁpﬁ}y&ngfg?@ (%@dﬁ@ 456(? fasran @@ﬂﬁ@m"c acid ally[
@er 3-(1-nethyl -1 Hindol-3-yl)-4-(1- methyl-6-nitro-| _

i ndol -3-yl)-2,5-di oxo-2,5-di hydro-pyrrol -1-yl methyl ester as a red solid
(mp. 191-194 C) Exanpl e 17: (2-D net hyI am no- et hyl ) - car bam ¢’ aci d ‘

£ B S R B e i
H i ndol - e yI ol Fﬁ'lyé tag. d| one (200
my, 0.47 m;"-\)solxﬂfoﬁ% 68 n‘?& (d API l%é?onéﬂlo‘? 1]hy%ro:}<’\y’an§etgxylsg ? -mthyH H-indol-3-yl)-
' 4-(1-methyl-6-nitro-1 H-indol-3-yl)-pyrrole-2,5-dione, prepared as in the example
. 1a, was dissolved in 90 mi of THE and treated with 300 mg (2.5 mmol} of 4- _
dimemyiaminopyridine {DMAP). To this solution at 5° C was added 90 mg (0.75
20 © mmole) of allyl chloroformate. While still cool, 300 mg (2.4 mmot) of 1,5-
diazabicyclo(4.3._0)non-5~ene {DBN) (Aldrich) was added dropwise. This was
stirred for 14 hours at 20°C. The solvent was_evapofated afid the mixture was
‘ . purified by chromatography using silica-gel and ,éluﬁng with a mixture of
" 'EtOAc/Hexane to afford carbonic acid allyl ester 3-(1-methyl-1H-indot-3-yl)-4-(1-
. "."methyl-s-nitro-‘lrH—indo!—3'-yl)-2,5-dioxo-2,5-dihydro~pyrr6l-1 -yimethyl ester as a red
solid (m.p. 191-194°C). '

I8
i

| Examgle 17 (2-D|methylammo-ethyl)-carbamlc acid 3-(1 ~methyl-1 H-mdo!-s- :
- 41 -methyl—s-mtro-'l H-mdol-3-yl)-2,5-d:oxo-2 5-d|hydro-pyrrol-1 -ylmethyl o
30 ester
-Hy‘droxymethyl—S-ﬁ -methyl—‘i H—indoI-S-yl)-4 (1 -methyl§6-nitr0h1 H-indol-'S-yI)-
pyrrole-2,5-dione (200 mg, 0.47 mmol), prepared asin example 1a, was dussolved
in THF (10 mL) The resultmg red solution was cooled in anice bath. Lithium
B bls(tnmethylsmyl)amlde (0.56 mlL, 0.56 mmol, 1 M in THF) was ad(_:led dropwise to
the solution to give a red suspension. After 10 min, biS(p-nitrophenyi)camonate _



in THE (10 nL). The resulting red solution was cooled in an ice bath.
Lithiumsa bis(trinethylsiliyl)amde (0.56 nmL, 0.56 mol 12| Aphrih 206E) was
added dropvviﬁ% % the solution. to give a red suspension. After 10 mn,
bi s(p-ni trop en‘f} f¥&rbonate. 12 April 2004 WD 01/27106 PCT/EROZOGSEIS - 29
, (200 ng, 0.66 mmol) was added. The resultipg-solution was stirred at 0C
for 200 min. Diethylam noethylamne (90 ng, 0.78 mmol) in THE (2 nL) was
added. - Sti-rri ggooam, Ommmme)dnrésoaddbdar'ﬂ'le ﬂélseltmy)sblummws stirag at 8@ fbrarv!

t he residue was rlfled b ash Qma
(22 i ot byt am NAPEB TR inRirvaEge o DI ARy frf¥ EnL) wes added.
H- i ndol - 3-yi)- Gtt(ringmamtbﬁtﬁrumdtfom hrd+Thedgiktude Wa‘ae%aﬁordtm&thé rasitye s

Fgr E (2)| |-||yd¥|o§§t E’i‘hﬂé@&f@?ﬂ%ffﬂfw ??2"33’ Eﬁgu@g@e flt{ncﬂlg)(lwmoletpyl)-carbamlc acid 3-

i ndol - 3- yI ) -#A- (1-memmyigH-irGiohBiyt)ot-{1 -methyl- 6—mtro—1H mdol-3-yl?}2 5-dioxo-2,5-dihydro~

H i ndol - 3-yl) 0 J - 10 yl net ester This
corrpound was pP353EL'Hi§??tﬁwlefg%{'R1¥g%"ﬂp%éﬁ xy- et hanol (Al dr| ch), using the
sanme .procedure as in exanple 17 (45 ng, 17% . 15 Exanple 19:
(2- Hydoxy-ethyl)-carbam c acid 3-(1-nethyl-1Hindol-3 yl)-4-(1- ..
met hyl -6-nitro-|1 Hindol--3 yi)-2,5-di oxo-2, 5-di hydro-pyrrol -1yl nethyl ester -
-BuLi (0.96 ~1.54 h d.d | t

20| 3»[ :‘oﬁl of Tﬁgg}ég‘l "ﬁ%ﬁ jf'@fd(g 2 ex?-f?i?\}l]-cm%bamlceacld r30(?-r¥1met5h§rl-1lql-a
Hi ndol -3-yl) - mc(dl-aﬁ!l)-ﬁym-rﬁethw-lﬁemlrd-ﬂHﬂddxbl-tﬁ-yw-a,s-ﬂdnwz,lﬁedilayar&psi&roh-e- (600
mg, 1.54 mp ) ln% g_. heas in exanple 1 a, in THE (30 rnL) at OC After

. m n bi s(p-n trop carbonate (600 nmg, 1.96 mmo'l) was added. The

ution was stlrred at OC for 20 min. A solution of 1- am noethanol (128
ng, 2.10 rrinol) was added. The resulting mxture was stirred at Cct for

30 min. A t th. 2

30, D haueouTs oo GAUSHORR I iR BRIl i
Evapor ati on of sahe pgotadune asandxa:tqnleriﬁt(é@n@h?’/&)f t he residue over silica
gel -

inal

15 Example 19: (2-Hydoxy-ethyl)-carbamic acid 3-(1-methyl-1H-indol-3-yl)-4-(1-
- .. methyl-6-nitro-1H-indol-3-yl}-2,5-dioxo-2,5-dihydro-pyrrol-1-ylmethyl ester

n-Buli (0.96 mL, 1.54 mmol, 1.6 M in hexanes) was added drop-wise to a solution
of 1-hydroxymethyi-3-(1 -methyl-1 H-indol—3-jr!)-4-(1 -methyl-6-nitro-1H-indol-3-yl)-
‘20" pyrrole-2,5-dione (600 mg, 1.54 mmol)' prepared as in exa‘rﬁple 1a, in THF (30
N . ml) at 0°C. After 10 min blS(p nitrophenyl)carbonate {600 mg, 1.96 mmo!) was
K o 0
- added. The solution was stirred at 0 °C for 20 min. A solution of 1<
aminoethanol(128 mg, 2.10 mmol) was added. The resulting mixture was stirred
at 0°C for 30 min. Aqueous NH,CI was added and the mixture was extracted with
2:» EtOAc. The organic extract was washed with brine and dried over MgSO4
o Evaporatlon of the solvents and chromatography of the residue over silica gel
k usmg 1132 EtOAc / hexanes gave (2-hydoxy—ethyi)-carbam|c acid 3-(1-methyl-
- 1H-indo}-3- yi)—4~(1-meﬁ1yl-6-mtro-1 H-mdol—s-yl)-z 5—d|oxo-2 5—dahydro—pyrro!—1-
-ylmethyl ester (339 mg, 47%).
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using 1:1 -3:2 EtOAc | hexanes gave'. (2-hydoxy-ethyl)-carbam c_acid
3-(1-nmethyl- 1 Hindol-3-yl)-4-(1-nmethyl-6-nitro-| 12 April 2004
H-i ndol - 3- yl woZA1@E 0X0- 2, 5-di hydro-pyrrol -1 - .ylnethyl ester (339 ng,
47% . 30 12 Apr il|"g%04 WD 01/ 27106 PCT/ EPO0/ 09635 -30 Exanple 2909635
(2- phosphonooxy- et hyl ) - car bam c aci d 3-(1-#@thyl -1 Hindol - 3-

yl)-4-(1-met hy - 6-ni H-|n 25d|ox025--d|hydro rroIIl
-yl methyl —es '] _ﬂ HE‘E%;E ?@“'%ﬁgd% n‘p
phosphat e (10! h25adie :ﬁtdltsvﬂr@rpyrrold-vlmethy!
(2- Hydoxy- et h?f‘“—carbamc aC|d 3- (1 net hyl - 1

H i ndol -3-yl) - 4(1 met hyl -6-nitro-1 Hindol -3

yl) -2, 5-di oxo- 2, 5-di hydro-pyrrol-1- ylmethyl ester, prepared as in exanple
19° (150 ng,5 0a2gHiphenyphosphine(95(reg, BB mmbk amdmmermymmpnateed oatmg,{m@

d d
e he eool | naraish ete 8ubl o Fondin by EEHIB) A ARG e i Bl °
The m xture was tfhmdoh&ﬂbek-at-mthyl-&nmmwmapﬁ-yl)fﬁ 5idiexorz5iditweirepgrroisi- i ca

[5- b1 o~ benzyl oxy BFELRSYY PEFRIEE s f¥Rrapis 18 USa e o2t mmaLp THF 6

i ndol - 3-y1) - 4- (Inln)eﬁ"hqmlﬂum wag cboled at —78°C. Diethyl azodicarboxlate (0t05? mL, :
dol - 1) = - ester ,
oL 38 ) - 2aSnish oSt B olcelvi. % MRy B Sl Fhmbidd
wer e added to eanddhs:lmnduredﬂias stlrredhovemlght The mtxturedwgs then evaporated
b I t carham c, aci
i ndol - oy 1) -4 RORERRGhyUe Beld oiRIRg ot feind 2t A heyanes
i-hydr o- pyr r ol - Gayt ifbisyenzgiory-phadfhorgoxd-dtifl]-camamic Acid 33(1thn!é I-9f- THE (5

rasul ting m xt ulSREEIHH LR AT aoF B0 5 i OIS

filtrate wmas . glragbylastat.(1Theng, 64P4ue was di ssolved in a m xture of EtCOH
(10 m=-) and :

b) Pd/ C (33 mg, 10%) and 1,4-cyclohexadiene (0.12 mL, 1.27 mmol) were
added to a solution of {2-bis-benzyloxy-phosphoryloxy)-ethyl]-carbamic acid 3-
(1-methyl-1H-indot-3-yl)-4-(1-methyl-6-nitro-1H-indol-3-y1)-2,5-dioxo-2,5-
20 dihydro-pyrrol-1-ylmethyi ester (115 mg, 0.148 mmol) in a mixture of THF (5
mL) and EtOH (0.25 mL). The mixture was heated to 50-55°Cior 30 min. The
| | resulting mixture was filtered through celite, washed with THF and the filtrate |
v 7. - wasevaporated. The residue was dissolved in a mixture of EtOH (10 mL) and
| .7 CHsCN (10 mL). 0.1 N NaOH was added and the pH was adjusted to 8.2.
25 Water (1 0mlL) was added to dissolve the precipitate. The organic solvents
were removed under vacuum and lyophilisation of the red solution gave (2-
phosphonooxy-ethyl)-carbamic acid 3- (1 -methyl-1H-indo!-3-y1)-4-(1-methyl-6-
nitro-1 H-mdoi-s-yl)-2 5-d:oxo-2 5-d1hydro-pyrrol 1- ylmethyl ester (59 mg, 62%)
as an orange powder

30

Examgle 21: ' 3-(1-Methyi-1 H-mdol-3-yl)~4—(1 -methyl-ﬁ—nrtrod H-indol-3-yl)-
- 2,5-dioxo-2 5-d1hydro—pyrrole-—1 -carboxyllc acid (2-d1ethylammo—ethyl)-amlde




CH3CN (10 nmL). 0.1 N NaOH was added and the pH was adjusted to 8.2. Water
(10 n) was added to dissolve the precipitate. The organi*é éB’FVerﬁ‘%“ wer e
renoved undewowacumem and | yophilisation of the red sol uti on.YoMGekesis
phosphonooxy- et hyl )-carbam c acid 3-(1-nmeth 1

Hindol -3-yl)-4-(1-nethyl-6- nitro-1 Hindot=3

yl) -2, 5- di oxo- %8%‘ (%(!B%g u‘ﬁo%{f 5°(|1 eth PR SE et 6o 8504 olyl?%l—lan

or ange powder.
3 ( 1- Met hyl - | Hpymidlet2, S;dic)neﬂf(E(OIngtmﬁ imBolh {saacER Patent da32838086) in THF (7 mL) -

(2- i ot hyl am neeS RTS8 ] SSER BBl (p.55 8ol BEERob sk as

To a col d sol uTHE) Fhe resulting red suspension was stirred for 15 min. Bis(p-

oyt ol o3 % UAOBRRIDEIEAR N o Ul b ha ooy s

n) was addedoE opvd.5 &, Diethylaminbéthflaminme(@9y? migl §.6) mniojdn TOIFR aso 55

B (p 5 ni L opHog PAE. B N® Bol el 865 HAT s P iitporden a8 | on

was stirred atrestiDd was Pufified bmasrmﬂrammgeamltargiml(ﬁawe?hmﬁ-ﬁdﬁl-wnld- in

THE (2 m-) wa S,. CO ol vent was
evapor at ed andﬁt Wgﬂl ?g 'f"ﬁﬁ‘d' W°Eﬁ"¥ B#@&“%‘?%#’ ﬁgwg Hﬁéﬁ“gg?%{gwﬁ? eigh (\t?e
3-(1- net hylwel diethylinhind-sthyl)-amidel 28angy10%).ni tro- 1
H-i ndol - 3-yl) -2, 5- di oxo- 2, 5- di hydro- pyrrol e-1-carboxylic acid (2 e}
di et hyl-am no- et hyI) am de (28 ng, 10% . Exanple 22: 3-(I-Methyl -

indo‘l 3-yl)=-4-(1- rrethyl 6nitrolH—indoI 3 yl)-2,5-

0xo0- 2, 5- di hy, ] I
i's Thi s compo %% et *Wﬁjn“‘ jekiofe) f’*‘"f' L R AR SNPES e
procedur e desc‘?ﬁ%@ P S Lﬁ‘bpg"? ‘6’?’ hexvlis agd ( Bdifstaylamino-hexyl)-amide
3-(l-Methyl-1Hindol -3-yl) 4-(1- rrethyl 6n|troIH-|ndoI 3-yl)-2,5-

di oxo- 2, 5-di hydro-pyrrol e-1-carboxylic acid (4-hydroxybutyl)-am de

\

15 This compound was prepared from’dimethylaminohexy!amine according to the
procedure described in example 21'(67 mg, 24%).

‘Example 23: 3-(1-Methyl-1H-indol-3-yl)-4-(1-methyl-6-nitro-1 H-indol-3-yl)-2,5-~
dioxo-2,5-dihydro-pyrrole-1-carboxylic acid (4-hydroxybutyl)-am1de :

.20

To a cold solution of 34(1-methyI-S-indolyI)—4-(1 -methyl-6-nitro-3-indolyi}-1H- _
. ~pyrr0|e-2,5-didne (500 mg, 1.25 mmol) (see EP Patent 0 328 8026) in THF {7 mL)
" was added dropwise n-butyllithium (0.86 mL, 1.375 mmol, 1.6 M in hexane ). The
resulting red suspension was stirred for 15 min. Bis(p- -nitrophenyl)carbonate (532
-2 mg, 1.75 mmol) was then added. The resulting solution was stirred at 0°C for 1 h.
B ‘4-aminobutanol (167 mg, 1.875 mmol) in THF (4 mL) was added, and stlrnng was
‘continued for 2 h. The solvent was evaporated and the residue was punfled by
flash chromatography to afford 3-(1-Methyl-1H-indol-3-y1)-4-(1-methyl-6-nitro-1H-
' indoI—S-yl)-z,5—dioxo-2,5—dihydro—pyrro!e-1-carboxylic acid (4_-hydr0xybutyl)-amide_
30 as an orange solid (280 mg, 43%).

N



20 To a col d sol ution of o

3-(1-methyl - 3-indol yl )-4-(1-nmet hyl -6-nitro-3-indolyl)-1 A2 gg;g)l 'ZOO%I'HE (7
rrol e-2,5-qj O ng, 1.25 mol) (see EP Patent 0 328 in

Pr{) vas addgg(gg@gg%ose n-butyl lithium (0.86 ni, 1.375 rnnoPCIErENEISH

hexane). The resulting red suspension was- 3% rrta;i for 1ﬁ m ndd -

Bi s(p-ni trophenyl )carbonate (532 25 ng, 1.75 mmo was then added. e

resul ting sol uEé@%ﬁj’sPhPﬁEBOHF ag@l o (4r{[3-(A-meathybil bt-nctoll-3cip4-(te,

1.875 mol ) i nmetiyk@mitre-JHipdob3wbd2, 5diaxet2, 5-dinydmepyrrolest-cadseshyipr 2 h.

The sol vent wed8MiRRiptDestersrdive saldi due was purified by flash |

, chromat ography to afford 3-(1-Methyl -1 Hindol-3- A)

-4- (1- net ﬁy[s? G_g)n iTfipaenyiphosphine (086 g, 3.29 mmol) and Dibenzyl phosphate (0.91 g, 3.29

[) 2 &0 2 TSN B il PR P

PCT/ EP00/ 09635 - Biroekkisiok-3a4)-2, Brtliexsha5-dihgdiochyrrome- (cartp@aic ant@y| - 1

i ndol - 3-yi ) - 4- 2l ke as | -
i ndol -3-y1) - 2, EYGICRE)-2RUR, Ghdoched as fp grample 23,141 9, a7t pobin JHF
ester sodi um sal {505m). Theimixiug Waiscopldie (T8°66 Djethyl 2bdivarboxyatd (DEbeny |
phosphate (.91 ?29311%%“ foE‘%adeWrSp\%Qg%e"g rinS e ding bathi s MEa Ve !
Hindol -3-yl)-4-(1T -nmethyl-6- nitro- o
H i ndol - 3-yl ) - 2, 8adipbR2IR tae ditkiyerwapevamiretet. Chirdroatpgiaphyif thd residue over

(0 ). The. m e CEIERTER EABACT HESBRB o Bt SR ongsphRyR AR dghey
£0,3.29 mol ) weestatiddid-(d rrogthyls tHdndol-Byl) (1 Fhethy beinitro- Didtindolesylpi2,5- 9 :
’ dioxo-2,5-dihydro-pyrrole-1-carbonyl}-amino}-butyl ester (1.76 g, 83%).
15 - :

b) Pd/C (0.5 g, 10%) and 1,4—cy¢lohexadiéne (1.84 mL, 19 mmol) were added to
a solution of phosphoric acid dibenzyl ester 4-{[3-(1-methyl-1 H—_indol-S—yl)-4—(1 -
methyl-6-nitro-1H-indol-3-yl)-2,5-dioxo-2,5-dihydro-pyrrole-1-carbonyl]-amino}-

. butyl ester (1.76 g, 2.27 mmol) (from step a) above) in a mixture of THF (75

200 ‘ml)and EtOH (3.8 mL). The resulting mixture was heated to 50-55°C for 30
min. TLC (EtOAc) showed only a trace of phosphoric acid dibenzyl ester 4-{[3-
(1 ~méthyl-1 H-indol-3-yi}-4-(1-methyl-6-nitro-1H-indol-3-y1)-2,5-dioxo-2,5-
dihydro-pyrrole-1-carbonyl]-amino}-butyl ester left. The rhixture was filtered
S | . through celite and the filtrate was evaporated. The residue was dissolved in a
'S .25 mixiure of EtOH (100 mL) and CH1CN (100mL) and basified with NaOH (6.2 N) |
. o PH=8.2. Water (50 mL) was added to dissolve the precipitaté_. The organic
- solvents were removed under vacuum and lyophilisation of the red solution
gave 'crude_product (1.2 g). Purification of the residue using HPLC (10%-90%
CH5CN-H;0}) gave phosphoric acid mono-(4-{[3-(1-methyl-1 H—indolfs-yl)-?t-(i -
50 methyl-6-nitro-1H-indol-8-yl)-2,5-dioxo-2,5-dihydro-pyrrote-1-carbonyl]-amina}-
| butyl) ester sodium salt (0.49 g, 34%) as a red powder.

Example25:  O-f2-{[[2,5-dlihydro-3-(1-methyl-1H-indo}-3-yl)-4-(1-
- methyl-6-nitro-tH-indol-3-yl)-2,5-dioxo-1H-pyrrol-1-
- Yyllmethoxy]carbonyllmethyl]-O’-methyipolyethylene glycol 2000

W
i




renove and after 2h, the mixture was evapor at ed. Chr omat ogr aphy of the
resi due over silica gel using 2:1 EtQAc / hexane t hen EROMRPRL 2004

phosphoric s e dideenzyl ester 4-{[3-(1-nethyl-

Hindol - 3-yl)-4-(1-methyl -6-nitro-1 Hindol - 3- yI) 2,5  PCTERO0N63S
di oxo- 2, 5- di hydro- pyrrol e-1-carbonyl ) -ami né}=but yl ester (1.76 g, 83%. 15
b) Pd/C (0.5 g, 10% and 1, 4-cycl ohexadi ene (1. 84 ml-, 19 nmol) were added

to a solution of phosphoric acid di t@nzy est -{631(1- et hyl -
Hi ndol -3-yl)-4-(1- nethyl- 6n|t|CIH{H- - I) #\
2, 5- di oxo- 2, 5-di hydr o- pyrrol e-1- carbony ] m no} PEBYLY! ester (1.76 g, 2.27

mml) (f_rom step a) above) in a mxture“of THE (75 20' ni) and EtOH (3.8
m.). The resulting m xture was heated to 50-55C for 30 min. TLC (EtOAc)

h d | of h d dib - hyl -
i ndol 5+ 1 Pabetfugnn YRR e ¥anavitade Mipe, 200 (e (s u. 25
]; d: [lydr 3 p%/ L r ﬁin@ol) mefrtam?dfbiurt mﬁ mlwwt}ab vegineH tb aﬁbuttéﬁwogp ] E@th\(rj@ﬁas
iltere oy e_Was evapor at e e resi due was
di ssol ved in 3 ?F% ?&pdlﬂgﬁ( { e '%?{Ha@i@‘@l\!"("i‘ﬁér\"ﬂ%s siceedAsi i ed
with NaOH (s0. Qdﬂﬂronélqmte% lW&W@rpcﬁ'@ﬁls”dvbrWn@@%ﬁ&tﬁ'ﬁ&ﬂo‘é@e&f@ﬂ 2

ts, were renoved under vacuum a

F;gﬁlhﬂ | Sat o ch2rHEl )ér@i%ﬁ%f{] i theuisiue? Has hoAlRdl A5 508 gy 4 ‘hours. The
Purificat] on ﬁrxthr@ewaeéb@iee 10! abam 3@9%13&9%&9" aﬂiggﬁ'(ﬂ?@m enrt%réﬁmﬁhm Ic

aci d nono- ( Li%ég yl-1 Hin -32yl) | -6-nitro-1
H i ndol - 3- yI ) thyo 'ur:%}st%az %rf lrﬁrcﬁaéfemasheri@a tets%rrmyrqn atheeroanisut yl )
gSt er sodium §@|l.réméQve48 rémodédby 84, &aﬁ&daﬂ@m&bsrdﬁé%ﬁmrﬁat%éraphed on silica
1 2- U[25d|h Hindol -3 yl)-4-(1- methyl =6-nitro-1
H i ndol - 3-¥f) )g I.H% &(geMeﬁegﬁmﬂaglgprepared (12.5 g) was treated with :
yl ] met hoxy] c aginaBidaoans Al ?@mLU%H&b’étiﬁ%H)&?&th CSHRp SO orBtRinkded0ri | 2004
WO 01/.27106 P 1 IPOQ/ OQP?\ ?
vaporation of the solution and crystallization from cold ethyl ether gave 9.0 gram

of methoxy PEG 2000 ethanorc acid.

15 - A solution of methoxy PEG 2000 ethanoic acid (9.0 g, 4.5 mmol) in
dichloromethane (50 mL) was treated with oxaly! chloride (10 mL), heated at
-gentle reflux for 15 minutes and followed by the addition of & trace of
_ . dimethylformamide (0.1 mL). Reflux was continued for an additional 15 minutes
- - . andtoluene (50 mL) was added and the volatiles Were‘rerﬁoved by evaporation. .
3 20 The residue was dissolved in dichloromethane (50 mL) and added to-a slurry of 1-
~ hydroxymethyl-3-(1-methyl-1H-indol-3-yl)4-(1-methy}-6-nitro-1H-indol-3-yl)-
pyrrole—_z,s—dione ( .93 g, 4.5 mmol) (prepér’ed'aé in 'Exampleja) and 4-
dimemylaminopyridine (1.1 g, 9 mmol} in dir:hlc:'rornethane (25 mL) at-50°C. The
| coollng bath was removed and the rmxture was stlrred at room ternperature { for 2
- hours and poured onto silica gel (200 g) in drchloromethane Purification by
.ch romatography and crystallization of the residue from tetrahyd rofuran-ethyl ether
_provrded O-{2-][2,5-dihydro-3-(1-methyl-1H-indol-3-y1)-4-(1-methyl-6-nitro-1H-
'indo[-s-'yl)-2,5-diexo-2,57dihydro~py‘rrole1-yi]metilpxycarbonyllmethwo%
methylpolyethylene glycol 2000 as a red solid (yield 63%).

S
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CH2 0~~0 0 PEG Pol yet hyl ene gl ycol ) met hyl ether average Mwv ca. 2000
(Aldrich) (4.4 g, 2.2. mol) in tetrahydrofuran (120 nLl12wsscidar2é®d to- -
about 35- 406 3p8hso this was added sodium hydride (0.6 g of 60% 15 nmmol)
and the mixture was stirred an s additional 15 minutes. | nRGIEPIYINIONS
over 5 mnutes, tent butyl bronpacetate ¢342 g, -6.2 mmol) was added and
the mixture was heated at 45-50C for 4 hours. The nixture was cooled to
about 30-C, diluted with ethyl ether (100 nmL), filtered warm through

celite and tlSeahdibSs: CAKGproRRdISHviAdlivigt F ahydrof uran. The organic

sol vents weré& 1enpbved by evaporation and”t he resi due chromatographed on
silica to gel. Purified tert-butyl ester simlarly prepared (12.5 §) was

treated with trifl 4 i ' d room.t enperature
for 90 m nutes. ‘Evggg‘?gtﬁ ﬁ%ﬁﬁgfﬁ'th g%%o@'w%ﬁgg?@bé%%%’ﬁh?i’é‘ﬁ”&ﬂ“i’ om col d
ethyl et her  ggiongtrategrbalow.of hess eftecs PERa2OTR! theheompourais ot the present

chr omat ogr ap | el t. Ldue.f.rom

t et r ahydr of u?ﬁﬁﬁgﬁlgfé@%‘ﬂg’r'h %%%@]%ae@e&’ﬁ%abﬁf%r&ow 4o suchas bigpst -

H i ndol - 3. yI pndcolpniumieys.- 6-nitro-1 H |

i ndol - 3-yl ) -2, 5-di oxo- 2, 5-di hydr o- pyrrol -1-yl ] met hoxycar bonyl ) net hyl - O -
met hyl pol yet hyl ene gl ycol 2000 as a red solid (yield 63%. 15 A solution of
met hoxy PEG 2000 et hanoic acid (9.0 g, 4.5 muol) in dichloronethane (50
m) was tyeated with oxalyl chloride (10 nL), heated at gentle reflux for

15 mnutes. and followed by the addition of a trace of dinethylformam de
(0.1- nm). Reflux was continued for an additional 15 mnutes and tol uene

sz m.) was added_ agﬁnh%_ﬁgéﬁ iltl_gs ﬁrg sl enoved by evaporation. 20 The
si due was di ssolv ] 0 nL) and added, to-a slurry of _
1- hydroxymet hyl - 3- (7-net hyl - 1H-i ndol -3 yl)-4-(1-nmethyl -6-nitro-1Hindol -3 -
1) ot o T b PR e RSO Se Sbpisabefrr  *
50C. The 15co8TCAYANzritandype Gal\Cuitune Collbetion) shd lwasv%?éwﬁtiﬂ: ElRstedd room
é?gﬁf;?g%fh@%@ ‘ é? ret girlarfi?lﬁcgé%n@yoﬂf &g %c}r%nsalyls{s_cc% 5 e a % vadus "
: compounds of formuta i on the growth of these celis, the cells were plated at a
concentration of 1500 cells/well in a 96 well fissue culture plate (“test plate™). The
day after the cells were plated, the compouﬁds to be analyzed were dissolved in |
20 100% DMSO (dimethy! sulioxide) to yield at 10mM stock solution. Each |
- compound was diluted in H,O to 1mM and was added to triplicate Wellé inthe first
row of a 96 well master plate containing medium to vield a final concentration of
~-40uM. The compounds were then ef.er_ial_ly diluted in medium in the “master plate”.
| The diluted cofnpotmd(s) were then transferred fo test plates containing cells. A
25 “row Qf vehicle “control cells” received DMSO. The final concentration of DMSO in
"~ ‘each well was 0.1%. 5 days post drug addition, the plate was analyzed as
- described below.

I4 m\“

o M'IT (3-(4-5 methyl thiazole-2-yi)-2,5-dipheny! tetrazolium bromide; thiazoly!
30 blue) was added fo each well to yield a final concentration of 1mg/ml. The plate
- wasthen incubated at 37°C for2 112_- 3 hours. The.MTT—_ containing medium was
then fenioved and 50p! of 100% ethanoi was added to éach well to dissolve the
formazan. The absorbences were then read Hsing an automated plate reader



30 12 April 2004 WD 01/27106 -34 Exanple 26: Antiproli#erative Activity
PCT/ EPOO/ 09635 The antiproliferatiave activity of the cobpodpmisl J00dhe
invention isygqdenpnstrated bel ow. These effects indicate.that the
conmpounds of the present invention are useful in treating CIAEaPPG5,
particular solid tunors such as breast a@®-colon tunors. 10 MDAMB-435

Cel | - Based Assa . The, egilt hel i al breast carcinoma cell |ine (MDAMB-435) was

pur chased f r dRIO-RK TRiFERPIRIE FRAMRR [Gap savarg (cpictiated aingdhe Beed @ny Muaschas
grown in cul tatuatibf, §@éimwaﬂy§ieﬁ@m@d%sbxgﬂ§% 1&8g. analysis of the
effect of various conpounds of fornmula I” on the growh of these cells, the
cells were plated at a concentration of 1500 cells/well in a 96 well
tissue culture plate ("test plate"). The day after the cells were plated,
t he conpounds to be anal yzed were dissolved in 20 100% DMSO (di net hyl

sul foxi de) to yield FherBodltssofdnd fredeing dnvitrbasberimenpoarsGenfsthdn MabRA i n
H2O to 1 nM gnd was added to triplicate wells in the first row of a 96

wel | mast er % cont ai ni ng mediumto yield a final concentration of “~40M
The conmpounds were then serially diluted in nmediumin the "master plate".
The di |l uted conpound(s) re then transferred to test plates containing
cells. A 25 row of v%ﬁ?ﬁ&%ﬁﬁﬁ?%“d@ﬂ [Fable ] dagianlespRScd0 #lNe i nal
concentration of DMBO in each well was 0.1% 5 days post drug addition,
the plate was anal yzed as described below. MT (3-(4-5 nethyl

t hi azol e-2-yl) -2, 5-di phenyl tetrazolium brom de; thiazolyl .30 blue) was
added - to each well to yield a final concentration of 1 ng/m . The plate was
E{h}en incubated at 37C-for 2112 - 3 hours. The. MIT- containing nedi um was



.then renoved and 501d of 100% et hanol

the formazan.
reader WO 01127106 12 Apri l
reader)..
J. Hygiene Vol. 27 pgs.

conpounds in Table |

was added to each well

to dissol ve

The absorbences were then read using an a@i2ohexield 2904t e

2004 PCT/ EPO0O/ 09635 -35 (Blo-tek mcroplate
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TABLE | RO Ib W 01/17106 Exanple 2 -37 R0 31 3g 4 3h 6a CHZ CHZ OH
Or(OHZ)BCH3 O cH20 ¢ OH 12 April 2004 PCT/ EPOO/ 09635 SdRefBTib 2404 b

WO 81/27106 PCTI/EP00/09635
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Plasma conversion measurements of representative compounds of
formula  indicate that these compounds in fact vield pharmaceutically active
metabolites within time frames appropriate fof therapeutic use. Moreover, stability
‘measurements also for certain representative. compounds of formula | showin

: ‘addrtuon that these compounds have fair to good stability in the types of solutlons
typicalty used to admlmster therapeutic drugs intravenously. The results of these ’

'-plasma converswn and stabitity measurements are set forth in Tab!e ] below _
Thus these compounds are suitable for administration to patients by contxnuous .




PCT/ EPOO 09635 -40 0 PEG 2000 -CH2QH |V | Pl asna conversi on. measurenments of
representative conpounds of formula | indicate that t hel# %‘Hfﬂﬂo 8§ I n
fact yield- Wmﬁgutlcally active 5 nmetabolites within tine frane

appropri ate erapeutic use. Moreoyer, stability neasﬁ?’é{ﬁﬁqqfogﬁ:’él so for
certain representative. conpounds of formula | showin addition that these

conmpounds have fair to good st abil | {rip B f he types of solutions typically
used to adm nister therapeutic drugs venously. The results of these
lity measurenents are set forth in Table il

pl asma c;
below. ip Thus, these corrpounds are ﬂu table for admnistration to patfients
by contipnuous Intusion. 12 Aprilp208 @ 01/ 27106 PCT/ EPO0/ 09635 -41 |TABLE
IfT ONPO--t 1//01 1 NO Exanpl g Stability Plasma Scheme Conver gi on
8a, 9, 1PNHGood30% @O0m n[ a //D
\
N N o}
I I
{ Example R Stability Plasma Scheme
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8a,9, 10 | NH Good 30% @30min la
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N’ﬂ,\/\o’("\/‘?‘)n\ ood N/D Ib
CH;’O PEG 100 '
o} ' :
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3a 7 Good | 70% @30min Ib
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0 3aGo0od70% @Omnlb 0 o Sf' Good20% @Ominlb "' ?f ~ 1ZHApekl 2004

WO 01127166 PCT/EP00/09635

Example- R Stability Piasma ‘Scheme
Conversion
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Example R Stability Plasma ‘Scheme
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. 24 | “/N\/\/\opo Na, Goqd 10% @6hrs Vv
$ _
H ' .
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* N/D = Not Done

- Eiafﬁg!é 27: Tablet Formulation

ltem | Ingredient_s | Mgfl' ablet
T Conljpound{\’ll'_‘-_ 5 [ 25 [ 700 25(5__ 500 ] 750
T [Amydes oo 05 [ T T 55
'3 | Crostameliose Sodum | 6 | 6 | 8 | 16 | 32 | 48
4 Poﬁidone K30 5. _ 5 6 12 24 36




: ' PEG soo O
| ~N Good70% @Orrun .lb O 750-~"aGo0od100% @hrslb G4 /O
?28‘% HNa Good5% @hrslb 3- o 17Good15% @ 6hr s Vo 20CH21 8 APrll 20004 :
NoPC3Na2Goo |V 1CH2OP3Na2, Good100% @30mn '|I | 21HFair100% @ hrV
oHzF

12 April

200 7106 -43 PCT/ EPO0/ 09635 Exanpl eRSt abetiieyil/@sisnE

Schene Conversion 22H I GoodwD*' | V r 044~

‘*Compound A represenfs a compound of the invention.

A

ltem 'Ingrediénts _ | . mg/Capsule
71 [CompoundA® 1T 5 | 2 100 | 250 | 500
7 TAnhydrous Lacioss |85 1% 148 - =
3| Comn 'S_tarch: BRI 3 ] 70
T s [T w0 | 2 =
5 -Magnesiiihs;éaraté i~ T T 3 6
.Tota.l;f-“tl'l Weight. 200 | 200 | 800 | 8006 | 600

- * Compound A répresents a compound of the invention.

5 Magnesium Stearate 1 1 1 3 6 9

Total Weight | 120 120 150 | 300 600 900 -

Manufacturing Procedure:

1. Mixitems 1, 2 and 3 in a suitable mixer for 15 minutes.

2. Granulate the powder mix from step 1 with 2d% Povidone K30 Solution (ltem
4).

Dry the grénulaﬁbn from step 2 at 50°C.
Pe;ss the granulation from step 3 through a suitable milling equipment.
Add the item 5 io thé: milied granulation step 4 and mix for 3 minutes.

- Compress the granutation from_ step 5 on a suitable press.

Example 28: Capsule Formulation




| H 24~-~~0PONayGo0d10% @hrsV O HC N Good INND* IVN O t v ~ 10 110
PEG 2000 * N D = Not Done Exanple 27: Tabl et Fornul ati onl2 April 2004

It em ngredi e‘gé%wg bl et. 1Conmpound A525100250500750 2Anhydrous Lact osel
038335193857 3..¢f 9 @ar mel | ose Sodi un668163248 4Povi done K3OHHRHENNABES 12

April 2004 WD 01121106 Magnesi um Stearate-4%-1

‘Manufacturing Procedure:

1. Mixitems 1, 2 and 3-in a suitable mixer for 15 minutes,

2. Additems 4 & 5 and mix for 3 minutes.

LV,

3. Fillinto a suitable capsute.

- Example 29: Injection Solution/Emuision Preparation

O
ltem Ingredient ' ‘ mg/mL
1 Compound A* 1 mg
3 PEGZ00 . 7680 mg
-3 Lecithin _ 20-50 mg
4 ‘Soy Oil ' - 1-5mg
5 Glycerol — [sizmg
{ 6 Watér gs. | 1mL

' " Compound A represents a compound of the invention.

10

- ‘Manufagﬁ':'tﬁring‘ Procedljre: :
1. Dissolve item'1 in item 2.
2. . Additems3, 4 and’s fo item 6 and mix untif dispersed, then homogenize.



| 1 3 PCT/EPOO/ 09635 9 Total Weight 1 120 120 150 300 600 900 *Conpound A
represents a corrpound of the invention. 'Mnufacturing Plackprik:20D4 M x
itens 1, 2 Wj |n a suitable mxer for 15 minutes. .2. Ganulate the
powder . m x f ke 1 with 20% Povi done K30 "Sol uti on (Itemp&X/EPedARyst he
granul ation from step 2 at 50C. 4. Pass thegggranulation fromstep 3.through
a suitable mlling equiprment. Add the item5 to the: mlled granul atian
step 4 and- ni )8.f oAdd the solutisn fbm &vﬁ)T esthelhikiuge FoM SlebTahd ABhRIGERIZE upilil 2

sui tabl'e press 8 rrul ation Item ngredients ."'ng/ Gapsul e
1Conpound A25100258'&{>g348I Bﬁéﬁ’ ggous bee. 150123148 . 3Corn -

St ar ch25' 35403 nesi um St ear at e226 Total Fill

4T 0. 510 224 5|va
Vi ght 20020036@ %@eﬁ% (e A@P@pﬁ"@%@ﬁf%n‘éﬂ&m%ﬁd of the invention. 12
April 2004 WO 01/27106 -45 Manuf acturing Procedure: Mx itens 1, 2 and 3 in
a suitable mxer for 15 m nutes.

s Example 30: Injection Solution/Emulsion Preparation

ltem ' ingredient mg/mL |
. 1 Codxpound A* 11 fng
- 2: ' Glycofdrol - . 10-50 mg
3 Lecithin | 20-50 mg
4 . |SoyoOit S - 1-5mg
5 Glycerol‘ - |812mg
6 Water . - lgs.1 le
- Compound A represents a compound of the invelntion.
S L Mghufacturinq Procedure:

10 1. Dissolve item 1 in item 2.
2. Add atems 3,4 and 5.to item 6 and mlx until dispersed, then homogenize.

S _.f 35 Add the solutlon from step 1 to the mixiure from step 2 and homogenize until
C the dlspersmn is translucent.

4. Sterile filter through a 0.2 pm ﬂlter and fill into vials.
‘While the ihvel_r;tion has been illustrated by reference to specific and
preferred embodiments, those skilled in the art will understand that variations and



Add itenms 4 &5 and mix for 3 minutes. 5S. Fill into a suitable capsule.
Exanpl e 29: Injection Sol ution/Enulsion Preparation PCT/ BR08poHE3IFN04
Iten1ngredi§9 / | Compound A*1 ng 2PEG 40010-50 ng 3Lecit hi n20-50 ng

4' Soy Q| 1- égygﬁkycerol8-12 ng, 6Water g.s.1 nL * ConpourRETERRPIBSents a
conmpound of- the invention. 10 Manufacturing Procedure: 1.. Dissolve iteml
initem2. Add itens 3, 4 and'5 to item6 and m x until dispersed, then
hompgeni ze: lmodificalioraGody Wnﬁhdezmm_@tﬂﬁﬁtlﬁé’@ﬂb&%éﬁtatléﬁaﬁd?a&%wé S th
represents a n e invent. o C rocedure: 3. Add the
sol ution fr omﬂg‘tgmg’%ldlihglfst h‘e 'ﬂ\’?& fonds 1y qﬁ'?rq%‘:[]@?ﬁ? 'gﬂﬁﬁt&i@ fPEeging|  the

di spersi on i sdescaptiondehto He delirsd bettd dppendebioligs sadthair REuivaldngs. and

fill into vials. Exanple 30: Injection Solution/Emlsion Preparation 10 1.
It em ngredi ent ngf rL 1Conpound A *1 ngy

10

15

s

. e



2. d ycofurol 10-50 ng 3Lecithin20-50 ng 4Soy G| 1-5 ng 50 ycerg)?é\'-pffyor?ﬁ
6Waterg.s. 1 nL Dissolve iteml1l initem?2. Add itens 3, 4 and 5.to item®6
and m x until dispersed, then honbgenize. Add the solution fromstep 1 to
the m xt uM® G12@86st ep. 2 and honogeni ze until the di spepeireprod/ds3s

translucent. Sterile filter through a 0,2 pmfilter and fill into vials.
Wil e the invention has been iIIustrateé by reference to specific and
preferred enbodi nents, those skilled in the art will understand that

variations and 12 April 2004 WO 01/27106 PCT/ EP0O0/ 09635 -47 nodifications
may be made through routine experinentation and practice of the invention.
Thus, the invention is intended not to @eAIMSited by the foregoing
description, but to be defined by the appended clains and their

equi valents. 5 10 15 12 April 2004 WO 01/27106 -48 CLAIMS 5 1. A conpound
having the forrmula 1o and pharmaceutically active salts of said conpounds, -
wher ei n: PCT/ EPOO/ 09635

1. A compound having the formula

£
AN
I
10 and phamaceutically active salts of said compounds, wherein:
N R is selected from the group consisting of -CH.OPO3R'R?, -CH,OH

- -CH20COR?, -CH,OCO-R®, -CH,OCONHR®, and -CONHR?,

15 R'and R? are selected from the group consisting of H, Na and NH, and are
the same unless either R’ or R? is H, in which case the other can be different, or
alternatively, R' and R® together represent calcium.

R? is selected from the group consisting of



| Ris selected fromthe group consisting of -CH2ZOPGBR R2, - CH2OH

- CH2OCOR3, -CH20C02R3, -CH2000NHR3, and -CONHR3; 15 R and R2 are sel ected
fromthe group consisting of H Na and NH4 and are the sanme upl g% 2804 her
Rl or R2vw§ethnbéd Which case the other can be different, pSfcpRlob&Enati vely,
R1 and R2 together represent calcium R3 is selected from tlﬁe gr oup
consisting of 12 April 2004 WD 01/2710% PCT/ EP00/ 09635 -49 al kyl which

optionally may be substituted h e or nore . substituents selected from
The o oup” consi ot i ngioH Wikl RTOoRNaRSY bR SLBRITRLONE R G6TE < OPOSR Fo.
hydroxy, ajupenucatdsabsttd ik eiygronpicehsienndg enadbRBNATR® ptpdthyiehed - by

one or nore substituents selected fromthe group consisting of -CO2R4, - .
NR5R6, poIQhéQCHyI ene glycol, -OPO3R R2, hydroxy, al koxy and aryl; cycloal kyl
whi ch optionally nmay be substituted by one or nore substituents sel ected

fromthe -QOROREINRYELIAGIExy PR, alkdRyREhich@plieadlly raag bglsybetituted

- OPO3R R2,, hydroxy, al &é)x% and %rill . 10 Eeteroc%/cl e,. Whi.c gn i ncl udi ng
N as a hetkdf 9as hiriors suRptients Salselsd fram Be SHRGaNStind i -Titae gr oup
consi sti ngNRPRY, padfetidliknd gigddl, -ORBIR'RE, Wydithy CAlkoBt andahyl;\yoBulidye o
substituted by one or nore substituents selected fromthe group consisting
of cooRd. Whighaplonalll Rax be SUBRYISG Ree SETERS Supot s ARSI Rm ANy

whi ch i t segrbupRibnBRtSy BEICOIRCANRPRY) paydtigiancdilieoty-OPOR IFEX My

substituted am no, provided that when aryl represents pyridine, t e
ni trogen ndlopEaRYBEEi tuted with lower aikyl; R4 is selected fromthe group
consisting of H Na and | ower al kyl; 20

N 10 heterocycle, which when including N as a heteroatom, the N

i

optionally may be substituted with the group consisting of lower alkyl and -COR’,

aryt which optionally may be substituted by one or more substituents
selected from the group consisting of COR* , hydroxy, alkoxy, polyethylene
15 glycol, OPO;R'R?, and alkyl which itself may be substituted with hydroxy alkoxy,
carboxy and substituted amino, provided that when aiyl represents pyridine, the
nitrogen may be substituted with lower alkyl;

R* is selected from the group consisting of H, Na and lower alkyt;
20

R® and R® are each independently selected from the group consisting of H,
lower alkyl, and -COR’, or alternatively, the group ~NR®R® together form a 5 or 6
membered heterocyclic ring; and

25 R’ is lower alkyl which optionally may be substituted with carboxy,
polyethylene glycol polyethylene glycol, and substituted amino.

2. A compound having the formuta



R5 and R6 are each independently selected fromthe group consisting of H,

| ower aI kyl, and -COB7, or alternatively, the group - NRERZ6APBHet2M form a
5 or n%g ed heterocycllc ring; and 25 R7 is |ower alkyl which

opti onal |y ‘é“lﬁg ®ubstituted with car boxy, pol yethyl ene grGRIKH00/09635

pol yet hyl ene glycol, and substituted am nos92. A conpound having the
formula 12 April 2004 WO 01/ 27106 -50 and pharmaceutically active salts of
sai d conpounds, wherein: -5 PCT/ EP00/ 09635 R is selected fromthe group
consi stiing of -CH20PBR R2, '-CH20COR3, -CH20CO2' R3, - CH2OCONHR3, and )
-CONHR3; R1 and R2 are sel ected fromtheﬁogroup consisting of H Na and NH4
and are 10 ..the sane unless either R2 is H in which case the other
can be different, or alternativelyy t oget her represent cal cium
R3 is selected fromthe group consis al kyl which optionally nmay be
substituted by one or nore is sulstitugntgd selected fromthe group

consi sting of -CO2R4, -NR5R6, /pol et by OPgBR R2, hydroxy,

al koxy and aryl; al kenyl whi ch op}/l ong #Htuted by one or
more substituents' sel ected froM

3 ng" of_ - CO2R4, - NR5RG,
pol yet hyl ene glycol, -OPBR R2, hy roxy, koxy and, Oaryl .cycl oal kyl 20
whi ch- optionally may be substituted!by one or nore subst tuents sel ected
fromthe group consisting of -CO2R4, -NR5R6, polyethylene glycol,

-OPBR R2, hydroxy, alkoxy and aryl; 12 April 2004 WO 01/27106 -51-

PCT/ EPOO/ 09635 ‘

. and pharmaceutically active salts of said compounds, wherein:
S

,.—"

R is selected from the group oonszstlng of -CHOPO3R'R?,

'-CH.OCOR3, -CH20C02R3 -CH2000NHF{3 and -CONHR3

R'and R? are selected from the group consisting of H, Na and NH; and are
10 the same unless either R' or R? is H, in which case the other can be different, or
alternatively, R and R? together represent caicium.

R® is selected from the group consisting of

/em:’\
i

. | alkyl which optionally may be substituted by one or more
15 substituents selected from the group consnstmg of -CO.R*, -NR°R®, polyethylene
' glycol,

A-OPQ:,’R‘.H*, hydroxy, alkoxy and aryl; atkenyl which optionally may be substituted
. by one ormore substituents selected from the group consisting of -COzR?, -
NR°R®, polyethylene glycol, -OPOsRR?, hydroxy, alkexy and aryl; cycloalkyl |
20 . which optionally may be substituted by one or more substituents selected from the
- group consisting of -COR?*, :NR®R?, polyethylene glycol, -OPO,R’ F{2 hydroxy,
- alkoxy and aryl; |



cycl oal kyl which optionally may be substituted by one or nore substituents
sel ected fromthe group consisting of -CO02R4, -NR5R6, polyethylene glycol,
-OPBR R2, hydroxy, alkoxy and aryl; 5 heterocycle, which when including N
as a heteroaton1 the N optionally nmay be substituted wi th th2Agriolpo4
consi st of M&WER7WFkyl and - CON aryl whi'th optionally may B@I/ERAS&43S ut ed
by one or nore substituents selected fromthe group c onS|st|ng of C 02R4,

h ydroxy, a |kox t n c PO al whi ch itself
may be substitut }eg%ICIBQlH/F ‘%rcgle/a phgpgloiy%aé’a% g@gﬁﬁtegu%gt ﬂnét &4 TH'fio,
provi ded t halibstiiedhilr ¥éieb@H" ST She p)g&d) n@@nstlé'tﬁl%‘“éf ogen,Ry BerR®
substituted with lower alkyl; R4 is selected fromthe group conS|st|r’|g of

H, Na and | pobethgilénd glytsl, RBP@}RRE}@rdeO)eﬁ(aﬂkoﬂ}dﬂﬂfmhntly sel ected from
the group consisting of H, |lower alkyl, and -CON or alternatively, the

group NRS5R6 together to form a 5 or 6 nenbered heterocyclic ring; and 20
R is lqg ralky whi ch aII bstituted wt
pol yet hy ene gl y%%tF cb':gp %’1 WE%‘PD% ag GHEEE?TPG 'gﬁclﬁ(?pﬁ:?%alfﬁe

conmpound of Pc ,C\ﬁgm sting of

- CH2OPGBR Rgﬁgﬁdgr@ ﬁ%%mgghg%rﬁe‘?%ﬁ%é{ﬂ%# C gfrn?# fein Ris

CH2OCO- pyri di ne, wherein the N atomon the pyridine is substituted with

| ower al kyl. 30 12 April 2004 WO 01/ 27106 PCT/ EPO0/ 09635 -52 5. The

conmpound of cl ai anyd witiehetntianallym ay dre substitated ybryi dive e ri mores abbdtitoerited wi t h
t hyl t

rethyt or esqucted from the group c onsisting of C O,R*, hydroxy, alkoxy, polyethylene

{ 3 10 glycol, OPO;R'R?, and alkyl which itself may be substituted with hydroxy

alkoxy, carboxy and substituted amino, provided that when aryl represents

pyridine, the nitrogen may be substituted with lower alkyl,

R? is selected from the group consisting of H, Na and lower alkyl;
15

R’ and R® are each independently selected from the group consisting of
H, lower alkyl, and —COR’, or alternatively, the group —-NR’ RS together to form

a 5 or 6 membered heterocyclic ring; and

20 R is lower alkyl which optionally may be substituted with carboxy,

£
M

polyethylene glycol polyethylene glycol, and substituted amino.

3. The compound of claim 2 wherein R is selected from the group
consisting of -CH,OPO,R'R? and CH,OCOR?.
25
4. The compound of claim 2 wherein R is CH,OCO-pyridine, wherein
the N atom on the pyridine is substituted with lower alkyl.

30



5 6. The conpound of claim2 wherein RL and R2 are i ndependent |y sel ect ed

fromthe group consisting of Hand Na. 10 7. The. conpound18f 28F &t P %herei n
R3 i s heter oayoireneontai ning at | east one nitrogen atomthat o t| onal |y
maybe substituted with -COR . 8. The conpound of claim2 wh EhFop8 % aryl
which'is substituted with 15 -OPBR R2, a#d R and R2 are mdependently

sel ected fromH and Na. 9. The conmpound of claim2 wherein R3 is aryl which
is.substituted by the group consisting of -CO2Na,  pol yet hyl ene gI ycol and

\-mCHZﬁHZN( CHZCHZ)25.20héo@nﬁw2$mmrgdtwge;@hmml@p§8¥)mﬁs\gﬂge ndh@ spwer aI kyl
ich 'is su ' W th -CO 5 12 Apri 4 X71

PCT/ EPOO/ 096 ?Bl‘ititm%’t@%}?g%ﬁﬁeg& ‘claim 2 wherein the group NR5R6 toget her
forms a5 or 6 nmenbered heterocyclic ring.”.12. The conpound of claim 11
wherein the group NRSR6 is selected from piperidine or pyrrolidine. 13.
The compoynd of claim2 wherein RS and R6 are each i ndependently 10

sel ected fromthe group consisting of H methyl and ethyl. 14-The conpound

of claim 2 wherei n H7 is etr&/ which is substituted with polyethyl ene
gl ycol . -1515. ThE.T¢ Ofcﬂlatmﬂ #hetein &' mni R%re%dmnﬂyléel%teus

et hyl. whi chfromglgtﬁ}ﬁhgggﬁggn o B@b%ﬁé hyl ene gl ycol having a nol ecul ar

wei ght of froma Dal t ons.

Io © - 7.The compound of claim 2 wherein R%is heterocycle containing at least one
nitrogen atom that optionally may be substituted with ~-COR’.

8.The compound of claim 2 wherein R® is aryl which is substituted .with

15 —OPO;R'R? and R' and R? are independently selected from H and Na.

9 The compound of claim 2 wherem R3 is aryl Wthh is substltuted by the
‘ group consisting of -CO,Na, polyethylene glycol and -CHQCHQN(CHonz)g

20

10.The compound of claim 2 wherein R® is lower alkyl wh|ch is substltuted
- with —002Na

25



20 16. The conpound of claim 2 wherein the polyethylene glycol has a

mol ecul ar wei ght of from about 750 to about 5000 Dalton: 1252p21p2104 2004
WO 6127106 @Eﬁﬁg 09635 - 54 17- A conpound sel ected fromthe group
consisting o osphoric acid nmono-[3-(1 -nethyl - PCT/EP00/09635

H i ndol - 3-yl) - 4(1 met hyl -6-vitro- 1 -53-

H-i ndol -3-yl) -2, 5-di oxo- 2, 5-di hydro-pyrrol -1-yl net hyl ] sodiumsalt, 5

1- hydr oxynf et hyI 31tIhﬁ@pmnoundwfpmmwhqne)nﬂ:e(grouwruﬂ?ﬁ%@gaﬂnerﬁonﬂsais i
ndol - 3-yl) - pyf,fglneé,gbé.—egﬂe%}% é,@ cotl nic acid 3-(1-nethyl - i
H-indol -3yl )-4- (1. methyl ~6oni1ro- 1 H i ndol - 3- yl _

) - 2, 5-di oxo- 2, 5-di hydro-pyrrol -1 -yl nethyl ester, But-2-enedioic acid
nono-[S-(l-rrethyI-l Hindol-3 yl)-4-(1-methyl-6-nitro- io i

H i ndol -3-yl) -2, 5-di oxo- 2, 5-di hydro-pyrrol -1-yl nmethyl] ester, Decanoic acid
3-(1-nmethyl-1 Hindol-3-yl)-4-(1-nmethyl-6-nitro-1 Hindol-3-yl)-

2, 5-di oxo-‘2,.5-di hydr o- pyrrol - 1-yl met hyl ester,

3- am no-cyg¢l ohexa boxylic gcid 3-(1-nethyl-1 Hindo 1rrethy|
6-nitro-1 I(éFI ndol n??f‘? c?*‘?—"&f'@)%"'?“@%i%?%‘-tﬂ?IQFQHP g%n@ﬁ%ﬂ

trifl uor oacet piperiding or pRirpiidingi ne- 4- car boxylic acid 3-(1-nethyl -

Hindol -3-yl)-4-(1-nmethyl-6-nitro i )
H-i ndol - 3-yl) - 2, 5- di oxo- 2, 5=di hydr o- pyrrol-i -ylnmethyl ester acetate salt,
Pi peri di ne- 4- carboxyl ic acid 3 (1-met hyl -i Hindol 3
yl)-4-(1-methyl-6-nitro- 1

H i ndol - 3-yl ) -2, 5-di oxo- 2, 5-di hydro-pyrrol -1-yl net hyl ester hydrochl ori de,
%am no- 2- rrethyl propionic acid 3-(1 -nethyl-1 Hindol-3-yl)-4-(1-

methyl - 6- 20- ni4d phd chinpBAAk ofetln 22~r%r8‘h¢f%ﬂ% ﬁegfefqaf&ﬁn@éﬁenaénﬂy

-yl et hyI est.er. hydr ochl ori de

H- i ndol - 3-4) )Sele¢ied frophife.group ppesustm 9frid.dne®yw)d ethy .

. 2, 5-di oxo- 2, 5-di hydro- pyrrol -i -yl met hoxycar bonyl ] - pyri di ni um
trifluoroacetate and O (2-[[4-[[[2,5-Dihydro-3-(1 -nmethyl -
H-i ndol - 3-yl ) - 4(1 met hyl -6-nitro-1 H ,

14.The compound of claim 2 wherein R is ethyl which is substituted with
polyethylene glycol.

15

)

15.The compound of claim 2 wherein R is -CH;OCOR® and R® is ethyl which
~ is substituted with polyethylene glycol having a molecular weight of from about
750 to about 5000 Daltons. -

20

. 16.The compound of claim 2 wherein the polyethyiene glycol has a molecular' o
'welght of from about 750 to about 5000 Dattons ' ' '



i ndol -3-yl)-2,5-di oxo-1Hpyrrol -1 )
yl ] met hoxy] car bonyl j - .| - pi peri di nyl ] carbonyl Jet hyl J- 25 12 April 2004

O - net hyl polwetelydigne gl ycol 1000. 18. A conpound sel ected f,  t he roUp
consisting of: 30 4-Phosphonooxy-benzoic acid 3-(1-nethyl - 11]:(&-?&&%?63’%

yl)-4-(1.-nmethyl-6- nitro-1 Hindol-3 yl)=2+5-di oxo-2, 5-di hydro-pyrrol -1
-yl methyl . ester nmopgspdi um salt, WO .Ql/ 27106 -55 12 April 2004

PCT/ EPO0/ 09635 [[ 3! (-ff‘) FRPROP S@P‘F‘ﬁﬂ?ﬁ"—@-‘@ﬁ §romp ConsighRGOf:- 6- ni t r o- 1

H i ndol-3 yl)-2, 5-di oxo-

2, 5-di hydro-pyrrol -1-yl ] met hoxycar bonil-l ] - 4- phenyl - O- et hyl pol yet hyl ene -
gl ycol 500, Car boReseherig agid menesEi-E-metiyl-Tirkiniol-3-y1)-4-(1-methyl-6-nitro-

H-i ndol - 3- Y1) 1A-ikdot Byl |s-Giokd-brRdibyhh I-1- i
i ndol - 3-y1) -2, 5-di oxo g 5-di hydr o-'pyr r05 _r_gLo_ y1| %g]teﬁw]sgcshturenr §alt,

(2- Di met hylsam no- et-hydidoxgmetigh¢1-acettyBH-IndsrBhy)-4-11 Jmétnﬁ%-nﬁroy1 p- 4- (1-

nmet hyl - 6-nitro- 1# ndol - 3 Ic} 2, 5-di oxo-2, 5-di hydro-pyrrol -1 yl nmethyl

ester, [2-(2"A9 'Xbipyérpf?é%\é) digf%y 1 |- carbamic acid 3-(1-methyl-1 Hindol -3
1Y-4=(1 e e . . . ' e

et hyl <6 ni ¢ o- | SNaptinie apid (tzmethyl sHoindol 24041 methyl-niig kipdghd-

ester, — 10 (¥)-Rpdinyo-8ithginydiospyeokiieylaettyl 8siet,- net hyl - 1 H-i ndol -3

yl)-4-(1-methyl-6-_nitro-1Hindol -3 .

yi ) - 2, 5- di oxo- 2, 5-BiitriyaReAdiie ackl meng{ 31 -mathiddibindol-3-y1)-4-(1-methyl-6-nitro-

(2- phos phogo oxblRidmELyIy-8 BLde¥E-8,538ihard-rhykrdig L jpdol - 3-yl)-4-(1
nmet hyl - 6-ni t ro-1 H i n)z:lz)l -3 yl)-2; Shg? ox’é@ﬁ-@*lﬁ%p%ﬁéﬁ rol -1-yl met hyl

ester, . 3-(1-Met hyDedankid amid)B-'(B-nyét_)'nymi(l-jndthBt-ghM«(ﬁ-nﬁ‘éth%lCB—ﬂiitr_oJ H-indal-3-yl}-
(2 0 ot nyt 7SR PF Uy gy er° o1 corbor e Betd

Hi ndol - 3-yl ) -4- (. stk hdks " . i OX0z 21 5;

di Ih;d_cr)o- py%/ r__z)l e- I( %ﬁ%‘l’ I.C a%{]_g E 6%“?7%? l%%gﬁhﬁéﬁﬂaﬁh%gﬁﬁ%g'e4'(1§m€Tyl'

- Met hyl - 1" H i Gristo- Bindal-g-yIh2.5rdiexn R, SedinvdropytroHt ivirdothyBeste) tifluSrodicetate, 2, 5-

di hydro-pyrrole-I-gcarboxylic aci 4- _erox butyl)-am de, .and 20 Phosphoric
aci d m)no-l%ll- {[3- (ﬁf?%‘é@ﬂ%l“:%“ﬂ’ﬁyﬁ‘a %_F'-dgii 1|“5"?ﬁ‘¥k{1¥':’ﬁ€?'r§rvlmrﬁrmet&wi-fi-mtro—
-+ 1H-indol-3-yl)-2,5-dioxo-2,5-dihydro-pyrrol-1-yimethyl ester acetate salt,
‘ Piperidine-4-carboxylic acid 3-(1-methyl-1H-indol-3-yl)-4-(1 -methyl-6-nitro-
1H-indol-3-yl)-2,5-dioxo-2,5-dihydro-pyrrol-1-ylmethy! ester hydrochloride,
* 2-amino-2-methyl-propionic acid 3-(1 -methyl-1H-indol-3-yl)}-4-(1-methyl-6-
20 nitro-1H-indo!-3-yl)-2,5-dioxo-2,5-dihydro-pyrrol-1-ylmethyt ester hydrochloride,
' | 1-Metbyl—s-[s-ﬂ-méthyl—'l H—indol-s-yl)v4-(1 -methyl-GQnitro‘1 H-indol-3-yl)-
. ’.'2,5-dioxo-2,5-dih_ydro-pyrrot-1 -y!methoxycarbonyl]~pyridiniur'n} trifluoroac_;etate, and
| O-2-([4-[[{2,5-Dihydro-3-(1-methyl-1H-indo}-3-yl)-4-(1-methyl-6-nitro-1H-
. indol-3-yl)-2,5-dioxo-1H-pyrrol-1-yljmethoxy]carbonyl]-1 -piperidinytjcarbonyljethyl]-
- 25 O™-methylpolyethylene glycol 1000. . | ‘

- 18. A compound selected from the group corisistirig‘of: .

30 ' 4-Phosphonooxy-benzoic acid 3-(1 -methyl-1H-indol-3-yl)-4-(1-methyl-6- . .
nitro-1H-indol-3-yl)-2,5-dioxo-2,5-dihydro-pyrrol-1-ylmethyl ester monosodium salt,



1 Hindol -3-yl)-2, 5-di oxo- 2, 5- di hydr o- pyrr ol e- 1- car bonyl ] - ani no} - but yl )
ester sodiumsalt. 25 19. A conpound sel ected fromthe dRoflprtbridfltking
of : phosphoryg epgiiek nono-[3-(1-nmethyl-i Hindol-3 yl)-4-(i .
-methyl-6-nitro-1 H indol-3-yl)-2.,5-di oxo-2, 5-di hydro- pyFFE’F?‘]“’”“S

yl met hyl ] sodiumsalt, O[2-[[2,5-di hydro-§5(1 met hyl -1 H-indol -3-yl)-4-(l

e bony AR Ry ik RS BA S

2004 VIO 01/ 272 66dihyfiopGiroERgf ﬁ@w@ﬁwmph@nﬁ@-mmgowm&bae(glyd&t hyl -
Hindol -3-yl):4- (1-nmethyl -6-nitro-

H- i ndol - yt) - 25 ~di oxo- 2, 5- di hydr o- pyrrol e-|-carbonyl ]-am no}-butyl) ester

e S e it s bl TR Rl s 4 A SRR R it 0~ 2
2, 5- di oxo- 2, 5ndolH3il)-&;Ppylioxot2, &-dyiyde}-pwqudaylbmﬁwl gstpyri di ni um
trlfluoroacetate and O[2-[[[2,5-D hydro-3-(1-nmethyl -1

Hindol - 3-yl)-4-(1 %E’!rﬁ%hy@rmn@-emyl)mrbam@acwtﬁﬂ memmw moLayl}Mpwrm

-yl th il ¥ 10 15 20

A phar maceut et S mn | Ehihdol gl B dioRs VB VB Rethsbeler,

ef fective anmount of2-2-HedoayHethaxi)- eiml]m?ﬂ)aaﬂd a&d@@tﬂﬁi@ﬂﬂlﬂ]—[ﬁﬁ?dﬂ;ﬁ e(a;ablhe

carrier or-exci eu a OSi claim ic

is suitable fBP VE@‘P&F&%‘F‘&P@@%? &'81‘?‘%%“”515‘%%3’"8@@‘)’ EQY'(%?%Ipeut ically
ff f

medi camnta Tor tr Gy aoORaly o a8 4 fomEl L Biidds J - (FRhS- @ ©

o nitro-1H- mdol-3-yl)—2 5—d|oxo~2 S-dihydro-pyrrol-1-yimethy! ester,

{(2-phosphonooxy-ethyl)-carbamic acid 3-(1-methyl-1 H«lndol-3-yl)-4-(1 -

methyl-6-nitro-1 H-mdol-S-yl)-z 5-dioxo-2,5-dthydro-pyrrol-1-yimethyl ester,
3-(1 -Methyl-1 H-indol-3-yl)-4-(1 -methyl-G-mtro—‘t H-indol-3-yl)-2,5-dioxo-2,5-
15 dihydfo—pyrroie-‘l-carboxylic acid (2-diethylamino-ethyl)}-amide, '
3-(1-Methyi-1 H-indoi#s-yi)-4-(1 -methyl-6-nitro-1H-indol-3-yl)-2,5-dioxo-2,5-
~dihydro-pyrrole-1-carboxylic acid ( 6-dimethylamino-hexyl)-amide, ,
3-(1-Methyl-1H-indol-3-yl)-4-(1-methyl-6-nitro- 1H-indol-3-y})-2,5-dioxo-2,5-
dihydro-pyrrole-1-carboxylic acid (4-hydroxybutyl)-amide, and
20 . Phosphoric acid mono-{4-{{3-(1-methyl-1H-indo!-3-yl)-4-(1 -methyl-e-nitro-
1 H-mdol-s-yl)-z 5-dioxo-2,5-dihydro-pyrrole-1 -carbonyl]-amlno}-butyl) ester
N soduum salt,

o

5 19.A compound selected from the group consisting of:

phosphonc acid mono-{3-(1 -methyl 1H-:ndol-3-yl)-4 (1-methyl-6-mtfo-1 H—
~ indol-3-yl)-2,5-dioxo-2 ,5-dihydro-pyrrol- 1-y!methyl]sodlum salt,
O-[2-[{2,5-dihydro-3-(1-methyl-1H-indol-3-yl)-4-(1 -methy[~6 mtro-1 H—mdoI-B—
30 yi)-2,5-dioxo-2 S-dlhydro-pyrrol 1-y|]methoxycarbonyl]ethyl] O’-methylpolyethylene
glycol 2000,



A,

23. The use of claim 22 wherein the cell proliferative di sordq:r2 i s.I rhcer.
25 24. The use of claim 23 wherein the cancer is a solid tunor?”8y .* The
use of claim 23 wherein the cancer is breast, colon, or |ung cancer.

WO 01/27106 " PCT/EP00/69635
- 56 -
phosphoric acid mono-(4-{[3-(1-methyl-1H-indol-3-yl}-4-(1-methyl-6-nitro-
1H-indol-yl)-2,5-dioxo-2,5-dihydro-pyrrole-1-carbonyl}-amino}-butyl) ester sodium
salt,
1-methyl-3-[3-(1-methyl-1H-indol-3-yl}-4-(1-methyl-6-nitro-1H-indol-3-yl)-
5  2,5-dioxo-2,5-dihydro-pyrrol-1-yimethoxycarbonyl}-pyridinium trifluoroacetate, and
O-[2-[[[2,5-Dihydro-3-(1-methyl-1H-indol-3-yl}-4-(1-methyi-6-nitro-1H-indol-
- 3-yl)-2,5-dioxo-1H-pyrrol-1-yljmethoxy]carbonyljmethyi]-O-methylpolyethylene
glycol 2000.

10
£y 20. A pharmaceutical composition comprising as an active ingredient an

effective amount of a compound of claim 1 and a pharmaceutically acceptable
carrier or excipient.

" 21. The pharmaceutical composition of claim 20 which is suitable for

parenteral administration.

20 22. Use of a therapeutically effective amount of a compound according to
claim 1 for the manufacture of medicaments for treating a cell proliferative disorder.

23. The use of claim 22 wherein the cell proliferative disorder is cancer.
25

24. The use of claim 23 wherein the cancer is a solid tumor.

30 25. The use of claim 23 wherein the cancer is breast, colon, or lung cancer.





