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(54) Title: SUBSTITUTED PYRROLES AS ANTIPROLIFERATIVE AGENTS FOR THE TREATMENT OF CANCER

(57) Abstract:  Disclosed are novel substitated
pyrroles having formula (I). These compounds and
their pharmaceutically acceptable salts are suitable
for administration to patients as continuous infusion
solution and are useful in the reatment and/or control
of cell proliferative disorders, in particular cancer.
Also disclosed are pharmaceutical compositions .
containing the foregoing compounds and their use for
the treatment and/or contro! of cancer.



of cell proliferative disorders, in particular cancer. Al so disclosed are
pharmaceutical conpositions containing the foregoing cofgo §“a)ﬂ80 hei r
use for they %@B@nt and/ or control of cancer. 12 April ggg 1% 271 06
PCT/ EPOO/ 09535 | TUTED PYROLES AS ANTI PROLI FERATI VE AGERTBERDRSS3FHE
TREATMENT OF CANCER Brief Summary of the Invention The present invention is
directed to certain substituted pyrrolés that are anti- proliferative

agents. The qu% 9g$ tical acceptable salts are
useful in the treat msﬂ in?:ﬁ eﬁr‘%q; Aﬁﬁ:ﬁ D?é GENTSFOR 10
particul ar cancer. The inveh A&MEHTI@Ft@AN@EHIar maceut i cal
conpositions containing such conpounds and their use for the treat.nent
and/ or prevention of cancer, particularly the treatnent or control of
solid tunors. Background of the Invention 15 Uncontrolled cel
proliferation is the hallmrk of cancer. Cancerous tunor cells typically
have sonme form of damage to the genes that directly or indirectly regulate
the cell-division cycle. Mich research has been expended in the study of
antiproliferative agents. Wiile nany agents having desired
antiproliferative 20 activities have been identified, many of these agents
have various drawbacks, including poor solubility, nolecular conplexity,
etc., which nmay render themeither unsuitable or inconvenient for

t herapeutic use in human patients. There continues to be a need for snal
nol ecul e conpounds that may be readily synthesized, are effective as
cancer therapeutic agents and are suitable for continuous infusion 12 Apri
2004 WD 01/ 27106 PCT/ EPOO/ 09635 Brief Summary of the Invention

The present invention is directed to certain substituted pyrroles that are anti-
prohferatlve agents. These compounds and their pharmaceut:caﬂy acceptable
. salts are uselul in the treatment or control of cell proliferative drsorders in
10 particular cancer. The invention is also directed to pharmaceuticat compositions
containing such compounds, and their use for the treatment and/or prevention of
cancer, particulgriy the treatment or control of solid tumors.

Background of the invention |

15

Unébntrolléd cell proliferation is the hallmark 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
antlprollferatlve agents. While many agents havmg des:red anttprohferatlve
20 aclivities have been identified, many of these agents have various drawbacks,
including poor solubiity, molecutar complexity, etc., which may render them either
_ unsuitable or inconvenient for therapeutic use in human patients. There continues
" to be a need for small molecule compounds that may be readily synthesized, are
effective as cancer therapeutlc agents and are suitable for continuous infusion



-2- delivery to patients. It is thus an object of this invention to provide
such conpounds as well as pharnmaceutical conpositions contai ARApris2ek
conpounds. Prior Art 5 P.D. David et al. J. Med. Chem 3511, 177(1992)

di scl oseswoonpowsd 44 with NO2-substitution in 6-posit :Q%Qﬂ%ﬂ;" Iwﬁ%gmut
substitution at. the pyrrole nitrogen, V\,hereas E R ?

Anti biotics 4818 863 (1995) di scl oses compounds Wi th subst itution (-CH

20H) at the pyrrole, nitrogen w thout substitution in position. 10 Def
initions As uéé'a’el%F%P#e elti% U&\ﬂ'}@)]?%trqfrih‘§ﬂf&‘fﬂ”t'ﬁ%\?‘épfw&q Hahowi ng

definitions. éompolings as defeisqmhammatedticabéornpasifiod cottamaReslicheddin Fidis.
al i phatic hydrocarbon havi ngqj:sL] to 15, pref elraabl y 1 to 10, carbon Fg% om?

Al kyl groups may be substituted as specifically provided infra. In
addition the al kyl chain may include ong{V 1§id? AriTOr € hetero atons in |ieu of
one or nore carbon atons. "Lower al kyl" —groups having from1l to 6,
preferablyfl to 4, carbon atons are preferred. Typical 20 |ower alkyl

G oups i nc ude met b, DRKDK al, PR bhehﬁ@@ﬁoli’ﬁ(a?@étd}’éh Josks Bbh¥bundt Ol | -

pentyl, hexyl . and the |ik K arn-or
al i phat ic uns&'ﬁﬂ%’?ﬁf&“t'wa ﬁdl@ftm puhwithouy substitutih %mehmrc& uitragerpméEesagbl y

1 to 10 carbos. R PEREIRRSH al 2 AniBlRECERR! Yaal( 1685 QCHNRNALARds wifll kOXY"

means an al kyl grou that 1s attached e re cul e by
oxygen -(e.g. Répst 'ttg'ﬁelﬁ%2Qfé)ta1c§i%3/pyf€1|¢m&fygerewdh9ut smtzstmilonlln pqO4itida 5 "Aryl "
means an alrd)matlc ring having 5 to 10 atons and consisting of 1

Definitions

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

15 “Alkyl” denotes a straight-chain or branched saturated aliphatic
hydrocarbon having 1 to 15, preferably 1 to 10, carbon atoms. Alkyl groups may
be substituted as specifically provided infra. In addition the alkyl chain may include
one or more hetero atoms in lieu of one or more carbon atoms. “Lower atkyl”
groups having from 1 to'6, preferably 1 to 4, carbon atoms are preferred. Typical
fower alkyl groups include methyl, ethyl, propyl, isopropyl, butyl, t-butyl, 2-butyl,
pentyl, hexyl, and the like.

20

“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 alkyl group that is attached to the remainder of the
molecule by oxygen {(e.g. RO-, such as methoxy, ethoxy, etc.).



or 2 rings, which optionally may include one or nore heteroatons that are
the sanme or different. For the purposes of this definition, dRWpril2@ldudes
heteroaryl. Preferred heteroatons include nitrogen, sulfur, or oxygen
singly or in any conbination, in place of one or nore of the carbons.
Exanpl es of aryl groups wthin this d&inition are phenyl, pyridine,

i m dazol e, pyrrole, triazole, furan, pyrimdine. WO 01127106 3 12 Apri
2004 PCT/ EPO0/ 09635 "Cycl oal kyl " means a non-aronati-c, Partially or

conpl etely saturated glic aliphat ocar r taini 3,10 8
atons. Exanpl es of CM I means aﬁ'r%ﬁ‘ﬁég? Hﬁg E}aﬁmeggf’dg 58?)'5'? an f@lnéﬁﬁ'gﬂ 911 and
c%/cl ohgxyl . 501’|" Efrifngstwﬁleh aptionally rﬁléyafﬂﬁ:ltﬁi@ oiﬁmmho:@frie&éroﬁmﬁ tp@ﬂﬁmﬁ&pound

of . ormul a or a ar ica ac e.salt thereof that

ol ani 11 cant1 sty ol S eithe Bhrokea R SoliGingn ey PR BRI e Mbn of a
human t unmor CPkéferrbﬂﬁe&&bﬁﬂarﬂf&nﬁ@l@detrﬁl’ﬁ?jenceuifur|cbr"tﬁ@gerl%md@bﬁnoar@t on means
an atom sel ected from njtroge sul fur and r?/%u:l%Ezstero atons ‘are

n
i ndependent y Combination, Brpia 9f9'19p‘PrdB@rec9féh%Pa MBS o eareroups
"Heterocycl e uEdRBths defiifon e JRADE E?ﬁhlﬁé’ NerficRBRLE Rgrrolgatrnb!z&le' HardH,

conpl etely saturated hydrocarbon gioup t hat contal | east’ one hetero
atom Such rPMEMidBe.ens i ncl ude, norpholine, pyrrolidine, piperidine,

pi perazine "I C50" refers to the concentration of a particular conpound
according to the 20 invention required to inhibit 50% of a specific
measured activity. 1C50 can be neasured, inter alia, as is described in
Exanpl e 26, infra.



"Pharmaceutically acceptable salt' refers to conventional acid-addition
salts  or base-addition salts which retain the biol ogi calizebecii ¥emess and
properties Ou'(?ant/ﬂ% conpounds of formula | and are forned from suitable
non-toxi c organi’'¢c Or inorganic acids or organi c or inorganP€I/Be8%35 Sanpl e
acid-addition salts include those derived frpminorganic acids such as
hydrochl oric acid, hydrobrom c acid, hydroiodic: acid, sulfuric acid,
phosphoric.acid "and nitric acid, and those derived fromorganic acids

such as acetic acid, taktali i licylic Acid, 30 nethanesulfonic
aci d, succinic acid, ci t‘tr”?%éag@?ﬁ,"gﬁa*fs56‘085’8?‘aﬁ%&4%§1&afd20m%tﬁm saturgiady
and the |ike. Saypliealipméc hydiocabongabas containirdes td8 seorier Exashpldsan’
anmoni um pot ass| ' an uat er nary anmmoni um hydr oxi des, such as
for exanpl e, tet%@é@@&&%mcﬂﬁeﬂv&%ﬁ% o OB?W'Q'};@%XYC&C’HWAWH 2004
PCT/ EPOO/ 0963% "Pharmaceutically acceptable,” such as pharmaceutically

et c neans phar macol ogi cal |y accept abl e

acceptable carrier, exgipient .

and substantially non- %%Cﬁv‘% BMPHAL Mpansan g’B"b\?ﬁQf@H@?ét gBe cregPdpd of -
conmpound i s adniffdrsi lesta Siaaceetivally estdpiatie sait herebebat sibRiticAmA IShiBits
met abol i ¢ product Iﬁf a cogl‘pound O%Oéi%w{'a' I Q\%m ch i s pharmaceutically
accept abl e and dTPERENQRandsf Rigygn egfigion ofig humrag paner ¢l inslsinerargman
formul a | neans tumer cdilindegr adati on (enzymati c and/ or non-enzymatic) of
such conmpound in human or rodent plasma at 370 C from 30 m nutes to 6 hours
to give 3-(1*hethyl -3-indolyl)- 4-(1-nethyl-6-nitro-3-indolyl)-1

H-pyrrol e-2, 5-di one, a frhasiagemt imeahkunatém\Ried® AR ikSgd, saRmmaNds of
formula I, as.well. as pharmaceutically actiye netabolites thereof. This
conversion is typVedl Iget&[qr;&qngsarpwéd%:gng@ﬂqy Riestad and shay replageaneor more
specified tine icadion atomel yet hyl ene glycol "™ or "PEG' groups represent
structures of the

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

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

| ' “Pharme;_ceutically acceptable salt” refers to conventional acid-addition salts
_ or base-addition salts which retain the biological effectiveness and properties of
25 the corhpounds of formula | and are formed from suitable non-toxic organib or
- inorganic acids or organic or inorganic bases. Sample acid-addition salts include
thos_e derived from inorganic acids such as hydrochloric acid, hydrobromic acid,
hydroiodic acid, sulfuric acid, phosphoﬁc acid and nitric acid; and those derived
from organic acids such as acetic acid, tartaric acid, saliéylic acid,

30 methanesulfonic acid, succiniclacid, citric acid, malic acid, lactic acid, fuméﬁc
acid, and the like. Sample base-addition salts include those derived from
émimbnium, potassium, sodium and, quatemary ammonium hydroxides, such as
for example, tetramethylammonium hydroxide.



general formula HO(CH2CH2O) nR8, where n is on average between 2 and 1500,
preferably 15 to 150, with an average nol ecul ar wei ght Oflfgr%rt%? 596) ol
Dal t ons, ZO’WBW/:WQErei n R8 is carboxy or lower alkyl, preferabl'y nethyl or
ethyl. -PEG groups ~may be reacted with conpounds accor di ngrCTERNMISS3S
invention to yield pegylated conpounds also._yithin the scope of this

i nventi-on. "Prodrug" refers to a conpound that may be converted under
physi ol ogi cal 25 .conditions or by solvolysis to a pharnaceutical active
conpound. A prodrug nmay be inactive. when admi ni stered to a subject but s

. . : c oo ¥
converted in vivo to an onpound. tability" is. art overa .
assessment of the abili t?‘%gf}%‘gﬁn&ﬁﬁc?ﬂt §8r rﬁ&'Pﬁ?F .Ph?UB@%CMth&mﬁahble
degradati on in acawyipr,caicipaitueicomeerpiamacbRgRAN H&@ﬁlé QRd Slib AL noo:
[ | I Speci ficall |1 refers to the ability of any glven conpou
o 15 5t SoosP0E 569 tel il bkl SSmvei e tenass

3-(1- et hyl - 35 ndol yl ) - 4- (1- et hyl - 6-nitro-3-indolyl)-1H o

pyrrol e-2,5-di one, over a 72 hour period in a mxture of acetonitrile and

[ ) ility" d of formula | is
fSL'r . ggg q die?t { ﬁze ‘ﬁ%@?ﬁ%ﬁﬁfl@é@tﬁé z'11te¥abo?|1fe" %eca%rsrgonggt%bglic product of a

3- (| Ywet hyl - 3- i newhpoyrdiefformelat wihich [ phapmackally bdcehtdbi® %Al 8H8atRed-
dione is detected, "good" if less than 2.5% _

3-(1-Methyl -3-indolyl)-4-(1-nmethyl-6-. nitro-3-indolyl )-1O |
H-pyrrole-2,5-dione is detected, and "fair" if l'ess than 5% 3-(1- _

Met hyl - 3-i ndol yl') - 4- (1- et hyl - 6-ni t r_o-”3-_| ndol yl ) - 1H-pyrrol e- 2',' 5-dione is )
detected. after 72 hourBlasmatavesiontwittomspeetipeoaipousds dioirmuh s mdansafe

' bsti tyyt : : i.tution can occur .a one or
o e postti one. aegredition @RAfIRatc bl o shunAt) f BucthEordgBt B e o
each substituti oadentplasma at Bdfdrua B0l ‘W.“ﬂtémt@'@bt{;f] er%ﬁ,@g-(?mnﬁ%hp%?ggmmﬁ

' . "Substi gleNy m no u ichis 10- di - :
oPbsti tut ed v ¢ H-bEReice BERRB AR B D0, Srcfontyp hesmagediioalActiver
ethyl). metabolite of compounds of formula [, as well as pharmaceutically active

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

“Polyethylene glycol® or “PEG” groups represent structures of the
general formula HO(CHZCHzo)nRB, where nis on average between 2 and 1500,
preferably 15 to 150, with an average molecular weight of 500 to 5000 Daltons,
20 and wherein R® is carboxy or lower alky], preferably methyl or ethyl. PEG groups
may be reactéd with compounds according to ihis invention to vield pegy!atéd
compounds aléo, within the scope of this invention.

“Prodrug” refers to a compound that may be converted under physiological
.25 condit_iéns or by'solvoiy's.is toca pharmaceutic'al active'compound. A prodmug may
be inactive when administered to a subject but is oonvérted in vivo to an active
compound. '

~ “Stability” is an overall assessment of the ability of a compourid of formula |
30 o withstand degradationin a typical solution used for the administration of drugs
~ intravenously. Specifically, it refers to the ability of any given compound of



Det ai | ed Description of the Invention 20 Specificall y, t he invention
relates to substituted pyrroles having the formul a: WO 91 E 962(%1‘% Apri |
2004 PCT/ EP %635 -6- and pharnaceutical |y accept abI e sa

foregoing co oUrdee wherein Ris selected fromthe group CRIBEEI0H09635 Of
-CH20PBR R2, -CH2OH, © - CH2OCOR3, - CH20CO2 R3s _ - CH2OCONHR3, and - CONHR3; R1
and R2.are sel ected fromthe group consisti ng of H Na and NH4 and are the

same unl ess eit Hermﬁia ias r&@ase%}(ﬂ -rhéthyita- E\Ho%&ﬁptll?@tfﬂﬂ b@{m&gn@&@'m erent,
or, alternati ve to et her repreésent cal ¢i um sel ect ed

from the group 9'%?r5§€‘°8f3 QYSEA /< holyri Reriod A GhEiurs ofrsetenritrite Bed salineedr by

one or. nore Suhﬁxttbuéma&ersetmtgggbm 4 SRR n
“NR5R6, pol yet hy l‘ib' Wﬁ'ﬁ.‘ii Is gfgﬁ%go@%%e

| yd
al kenyl whi oh od?f?%ﬁﬁng{/ﬁﬂab-M@tfyh%ﬁcﬂquw Migihylinie-Sripdely Bt pyiroler,5-

sel ected fromt hfiogs RUBIEEBE] S§ddaD ifdé 51958845%3 -
gl ycol, -OPGBRLR2 %drox s“;Loxy ansd aryl; cyc(l1oa HSWCMLE%?‘F% %ﬁ;y

may be 'substi ¢ ikEer 3y ?]H 16"(‘P¥Eﬁ|% %ﬂ@?t‘%@?ﬁ?@tegea@t alff’ if lesathdre5%. 3 bup
consi sting of - GRBRYL3-MIHAR.(RAles ﬁl@h@rﬂ%-ﬂnbﬁ%ﬁ"! PSR onid R £0-

al koxy and aryl; _cycloal kyl which optionall y one
mor e subst i t uentadies pdop '"PPB@HOLﬂrﬂifg@f@d@me@W@irgu ng of -CO2R4, - NRSRS,
pol yet hyl ene gl ycol, -OPO3R R2, hydroxy, al koxy and aryl; heterocycle,
whi ch when including N as a het eroatom the N optionally nay be

substituted with th I ol nsi.st of |ower alkyl and -COR7,
= 10 ngbs%%)tegg as in substituted alkyl, me}éns that the substitution can occur at

~one or more positions and, unless otherwise indicated, that the substituents at
each substitution site are independently selected from the specified options.

- “Substituted amino™ means an amino group which is mono- or di-
15 substituted with another group, preferably lower alkyl (e.g. methyl, or 'ethyl).

Detailed Desc;iption of the Invention

S0 ~ Specifically, the invention relates to substituted pyrroles having the formula:




25 aryl which optionally may be substituted by one or nore substituents

sel ected fromthe group consisting of CO2R4, hydroxy, al koxy, polyethylene
glycol,, OPGBR R2, and al kyl which itself may be subst i uigseiwiziggahydr oxy
al koxy, car bexyybaeApril 2004 WO 0127106 FCTI E[ 00/ 09635 -7 and substituted
amno, provided that when aryl represents pyridine, the mrtmg@nmmy be
substituted with lower alkyl; R4 is selectedef-romthe group consisting of
H, Na and | ower al k%/ll 5 R5 and R6 are each i ndependently selected fromthe
group consi sting of 20 PhagRseuticaliyl accaptableGelE of tie frégai ﬁ@bbfhﬁbdndst Wﬂ-a&reﬂ',lp
- NR5R6 "t oget her - forma 5 or 6 nenbered heterocyclic ring; and

| ower al kyl whi ch optionally may be substituted wi th carboxy, poI yet hyI ene
gl ycol and substituted am no. The conpounds of forrmula | have
antiproliferative activity, specifically, they inhibit cell divi si on in
&/ M phase of. t-he cell cycle and are generally referred to as 15 "&Q/ M

phase cel |l -cycle” i niR Biseficted fIY@I8e ng,q}HL?}q 2ub odr ugs
of an anticancer therapeutic agent ngt hi'n %uﬁé’%{ent Qéﬁ%ﬁ E’ﬁ'ﬁhar e
thus -suitable f BN sion deliver The present | nvent ion is
further direct eﬁ%@ﬁgﬁﬁm% s cohle@SANR %W'SQWR%I ng a ,
pharmaceutically effective anount of any one or nore of the above- :

descri bed conpounds and a pharnmaceutically acceptable carrier or excipient.-
25 The present invention is also directed to the use of an effective anount

of a _conpound of fr har maceutically acceptable salts

for the manufacture %)fa ne%ﬁecaﬂéﬁ?%h?@r £ G5 Frpsiding @f HalNsrand NH. and are

part i CU| ar - br ea@? semeciless eithembt'sor R2 is H, in which case the other can be diferent, or
' altematively, R* and R? together represent calcium.

10

R®is selected from the group consisting of

alkyl which optlonal!y may be substituted by one or more

: subsutuents selected from the group conS|stlng of -Cozl=l‘1 -NR°R®, polyethylene
glycol, '

15 -OF’O;;F{’R2 hydroxy, alkoxy and aryl; alkenyl which optionally may be substituted
| by one or more substituents selected from the group conSIStlng of —002R4
NFISR6 polyethylene glycol, -OPO;R'R?, hydroxy, alkoxy and aryl; cycloalkyl
e wh:ch optlonally may be subst[tuted by one or more subshtuents selected from the
“group consisting of -COzF{“ -NRR®, polyethyiene glycol, -OPO.-;FI‘R2 hydroxy,
. 200 alkoxy and aryl; cycloalkyl which optionally may be substituted by one or
more substituents selected from the group consisting of ~CO,R*, -NR°RS,

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’,

S5 ) : aryl which ophona]ly may be substituted by one or more substliuents
selected from the group consisting of CO,R?, hydroxy, atkoxy, polyethylene giycol, .
.OPO:,R‘RZ and alkyl which itself may be substituted with hydroxy alkoxy, carboxy



WO 01/27106 -8 12 April 2004 ECT/EP00109635 In a preferred enbodi nent of
the conpounds of fornmula 1, Ris selected from the group congg@prinzpodf
-CH2OPBR R2, -CH2000R3, -CH20CO2 R3, -CH2OCONHR3, and - CONHR3, preferably

- CH2OPOBR@i2p127{662OCOR3 -and - CONHR3, nost preferably - Cg%%’g}%ﬁ'@ and
-CH20COR3. 5 I'n another preferred embodi ment of the conp $93F or mul a 1,

Ris -CH2OCO pyridine wherein the N atomdn the pyridine is substituted
with [ower alkyl, nost preferably nethyl or ethyl, thereby creating a
quat ernary ni& titulechaming DrevidedbiabWhen and reresens puridpat thefniregen

conpounds of rﬁgygglsgbgmugd@ﬂplbﬁ%r g(?f,\ i ndependently sel ected fromthe
group consisting of Hand Na: I'n anofher preferred enbodi nent of the

conpounds of formula I, R3 is 15 heterocycle containing at |east one
nitrogen atomthat optionally may be substituted with --COR7. |In another:
preferred enbodi nent of the compounds of fornula 1, R3 is aryl whichis

substituted with 0W?aﬁébl%cte@rfﬁbrmhélgn%u%oﬂ&@hhg?Q?HGNQ%U[dwéleél ted 20
fromH or Na. In another preferred enbodi nent t he conpounds of formul a

I, R3is aryl which is substituted by the group consisting of -CO2Na,
pol yet hyl ehe glycol and -CH2CH2N(CH2CH2)2. 25 12 April 2004 WO 01/27106 .
PCT/ EPOO/ 09635

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

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 stablé, 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 pharmaceutical compositions
20 comprising a pharmaceutically effective amount of any one or more of the above-
described compounds and a pharmaceutically acceptable carrier or excipient.

The present invention is also directed to the use of an effective amount of a
;compound of formula | and/or its pharmaceuticaily acceptable salts for the

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



-9 In anot her preferred enbodi mrent of the conmpounds of formula 1, R3 is

| ower al kyl which is substituted with -CO2Na. In anothﬁé2 %&Eﬁ” Q4

enbodi ment okobhengonmpounds of formula |I. the group 5 % oget her forns
a 5 or 6 nenbered heterocyclic ring, preferably piperidi ne PGVERIYPI63S i di ne.
I n another preferred éenbodi mrent of the conpegnds of formula 1, R5 and R6
are each independegtly s_&rect ed fromthe group consisting of H nethyl and
ethyl. 10 I n anot hé? dfiefesedamigdimenhetthe sompoands optonmtt DR i eeRet@ fomR7

is ethyl whichthegroubsdrsidin d)fw??% ylgn gol nat her
preferred enbodi nent of the gorrpour? S o*;f‘:?ﬁg‘r r@?&@bﬁtﬁg—%gﬁfﬁﬂ ‘%et hyl ene

gl ycol has a no kght, of from about 750 to about 5000 Dalteons. :lIn
anot her prefer r*ég@@@ﬁ%ﬁe%ﬂ%%qwﬂ%@fmw -6HO8MBINR?, -CHROCOR? and

- CH2000R3, wherein R3 is ethyl which is substituted with PEG having a

mol ecul ar 20 weCGMNHIBT, riosiprefbriiy -d@bp@sm‘lwtgh&_@% gons_ The fol | owing
are exanples of preferred conpounds of forrmula 1. phosphoric acid :

mono- 13- (1-ngthyl -1 H-indol -3-y1)-4-(1-nethyl-6-nitro-1 H 25 :

i ndol - 3-yl) -2, 5-di oxo-2; 5-di hydro- pyrrol-1 ylmethyl)sodiumsalt, 12 April
2004 WD 01127106 -10 PCTI EPOQ 09635 O [2-[[ 2, 5-di hydro-3-(1-nethyl -1

H- i ndol - 3=yl ) - 4- ( 1im@ngiher mefertadeembtiodifientof tha-coMpounds of formuta | R is
2, 5-di oxo- 2, 5-di hydro-pyrrol -1 -yl ] net hoxycarbonyl Jethyl]-0O - meat h?l pol yet hyl

ene | ycol 200@H.0mes i ' -(A-[[3-(1-methyl-1
o dgl ¥3- Vi -4t ioe Egtl‘?&l}éémtglr'%n FOR bl d et pyndineis sibstituted with lower
T .alkyl, most preferably methyl or ethyl, thereby creating a quaternary nitrogen

) 'atom.
10 -

In another preferred embodiment of the compounds of formula I, R' and R?
are independently selected from the group consisting of H and Na.

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

15 heterocycle contéining at least one nitrogen atom that optionally may be
‘substituted with ~COR’. ' '

. In a'notl*aer'preferred embodiment of the compounds of formula 1, RPis aryl

- Whichis substituted with ~OPOsR'R?, and R" and R? are independently selected
20 from Hor Na. : \ - - _

- Inanother prefeired embodiment of the compounds of formula I, R® is aryl
- which is substituted by the group consisting of -COzNa, polyethylene glycol and

“CHCHN(CHZCHy)z.



5 1 Hindol-3-yl)-2,5-di oxo-2, 5-di hydro-pyrroie-1 -carbonyl]-am no}-butyl)
ester sodiumsalt, 1-nethyl-3-[3-(1-nethyl- .

Hindol -3-yl)-4-(1-nethyl-6-nitro-1. Hindol -3-yl)- 12 April 2004

2, 5- di oxo- 2, wodizAy@dE o- pyrrol - 1-yl met hoxycar bonyl ] - pyri di ni-
trifluoroacetate, 1 -hydroxynethyl-3- (1 -nethyl- Fermroosess

Hindol -3-y1)-4-(1-nmethyl-6-nitro-1 H i ndol --:9—- io yI) pyrrole-2, 5 di one;
and O‘[2-[[[2,5-Dihé1dr03(1 metk&yl-l H i ndol - él nmet hyl - gltro-l
Hindol - 3-yi)-2,5 riher preferred embodiment of the compoun s of formula [, R° is lower

Hpyrrol -1-yl] namgowﬂcﬁaé%mdtaswl-)c@m@et hyl pol yet hyl ene gl ycol 2000.
is The conmpounds di scl osed herein-and covered by the above fornml ae.may

exhibit tautonmerismor structural isonerism It is intended that t he
i nvention enconpasses any tautoneric or structural isoneric formof these
conmpounds, or mxtures of such forms, and is not limted to any one

tautomeric or struchuaradther memedceml@didmuht bﬂtﬂ@do bhnds sterhaRMURRGEHEWN
above. 20 Synt hgﬁ E\/g %gm%ound fccirdlpg% nvention 25 The
conpounds of *th RGNS Breps %(i/)h?}femﬁg@e@g«m&er@w piperidie

Sui t abl e pr oceseepyralidirry nt he5| zi ng these conpounds are provided in the
exanpl es. Generally, these conmpounds nay, be pr epar ed according to the
foll owi ng synthesis schenmes. Conpounds of fornula"!, in which R signifies
CH20OCOR3, and in which R3 is as described. above, maybe prepared
as-indicated in schenme | below, 30 provided that if R3 contains a hydroxy,
hydroxyal kyl', ani nolp am‘thmaxr«fyrrgd embmhmmﬂcﬁminmoompmuucmdﬁdmrhuiaﬂiﬁarw nbép

is first prot ecéfédeé(ﬂht:ndéb&ﬂé}‘nﬁyngélg% i %’&Z&S goné‘lghng o#ﬁ) § thy? S ethyl.

10

In another prefetred embodiment of the compounds of formula f, R’ is ethyl
which is substituted with polyethylene glycol.

in anothef preferred embodiment of the compounds of formula I, the

15 polyethylene glycol has a molecular weight of from about 750 to about 5000
Dalions.

in another preferred embodiment of the compounds of formula I, Ris

o -CHZOCOFP,_whérein R? is ethyl which is substituted with PEG having a molecular
20 weight 6f from about 750 to about 5000 Daltons.

* The following are examples of preferred compounds of formula l:

- phosphoric ggid mono-{3-(1 ~m_eihyl-1H_-indol-3—yl)-4f(1-methyl~6-nitro-1 H-
indol-3-y1)-2,5-dioxo-2,5-dihydro-pyrrol-1-ylmethyljsodium salt,

tJ
w



PCTI EPOQ' 09635. protective group know to those skilled in the art. Schene |
is also useful to prepare conpounds of formula I wherei R |s %&ﬂ*
Scheme | r OH .10 As indicated in schene |la, a chloronet hyI Esf‘er prepar ed
by reacting WOOkPmWh carboxylic acid or a carboxylic acid- W(ﬁp@gugﬁ%py known
met hods, with d CH20SQ2d in methyl ene chlorjde and water In t

presence of a base such as sodi um carbonate 4 a phase transfer catal yst

. ey 5 e TP B AR O 48815 FRS B e o tH-ndor .
H pyrrole- 2, a=di Yhe, %ompaﬁaﬂhwowmw’r)ﬂmhmeCEmOﬂ?Eétﬁﬂﬂ'@'fﬁémY@e%hyléf%

April 2004 WO O PGT/ EPOO/ 09635 -12 Alternatively,
3- (1- net hyl - 3- m@g%] 89, (1-nethyl-6-nitro-3-indolyl)-1 H

pyrrol e-2, 5-di one [ prmpaplmﬂim:@mml-(nf{[w -'rrretlﬂti—xﬂil—lsanSI -Bat)ep(1- &eﬁ@?-»sﬁdi_r&&; i's
treated with foryaldel terne hi s
internediate i's hén sc?e{éf%ug ‘!ﬁﬁ%ﬁ af?'BPghﬁ'W@ esige
hydr oxy s internmﬂitaneaﬂ. |s treated with a knovvn carboxyl ic acid or ﬁ I—
carboxylic acid prepar ) N 't yl ene
chloride in the regewgg'y%'[%%r%‘ﬂge' %%bé’% ﬁ 63('“ ‘"'?"8‘ ﬁié‘@ -3y}
hours at room t&Bﬂmmmﬁeﬂhyﬂrcb-pynat-:jdyﬁheﬁhokﬁtﬁrﬂwﬂvl]épyﬁdlﬂ(’jﬁrﬁftﬁiﬁﬂjr@écabt?tenﬁy
be treated with a known, aci d e or ride are rom
known methods. .10 T W%B’&’Fé tﬁ@%&tmhyaﬂgwﬁa@yﬁé- ’W‘?@? @‘ Eodglds
a het er oar omati cyl)—pyrrcgeﬂsqelohe{md)atom such as N may be further nodi fied by
reaction with an al k¥ o 5 Dihydro-3-(1-methyl-1H-indol-3-yi)4-(1-methyl-6-nitro-1H-indol-
3-yh)-2,5-dioxo- 1 H-pyrrot-1-yljmethoxy]carbonyljmethyl}-O*-methylpolyethylene
glycol 2000. :

15 The compounds disclosed herein and covered by the above formulae may
. exhibit tautomerism or structural isometism. {tis intended that the invention
encompasses any fautomeric or structural isomeric form of these compounds, or
‘mixtures of such forms, and is not limited to any one tautomeric or structural
isomeric form utilized within the formuliae drawn above.

20

Svnthesis of Combounds According to the Invention

o The compounds of the invention may be prepared by processes known in the
art. Suitable processes for synthestzmg these compounds are provided in the

: z;. examples. Generally, these compounds may be prepared according to the
fo!lowmg synthes:s schemes :

Compounds of formula I,-in which R signifies CHgOCC)F%3 and in whlch
R® is as described. above may be prepared as‘indicated in scheme | below,
. 30 provided that if R® contams a hydroxy, hydroxyalkyl amino, aminoalky!,
monoalkylamino, or carboxyL_ sueh group is first protected with a conventional



i odi de such as CH3lI in a solvent such as acetonitrile. Alternatively
conpounds of structure 3 wherein R3 contains a suitabl yt}grgt ec%eﬁ) ydr oxy,

hydroxyal kyl , amino is aminoal kyl, nonoal kyl ani no, BFthe dified
by first re 14e protective group by known net hods Thermaroongsior
hydroxy group can then be nodified to the desijred am de or ester by

met hods known in the art. Conpounds of the general formula | in which R
signifies 20 CHZ}‘E@@CBFé ﬁiﬁupa@dwoeh@seﬁsmecﬁndh&rtars%hér%ecl&'hiés%séﬂf?@ can
be prepared by foll owi n F l‘?e WO 01127106 -13 (OH.0 o-
OH 0 5 Typical y,p P SOTIRSH foraulavhTeinR is-Claed with a suitably

prot ect ed phosphate by a nltsunobu reaction using triphenyl phosphi ne and

di et hyl azodi car boxyl ate to give conpound of structure 4 in whichY
represents a suitable protecting group. Renoval of the protecting groups
may be achieved by .any of.fhe standard nethods to giggytfe phosphoric
acid 5. In partlcular when Y. 10 represents a benzyl @group, the protective
groups are renoved by using cycle hexadi ene and paIIadlun1 Fearbon as .a
catal yst. Conpound 5 can then be converted to its salt, ch as a

nonosodi um salt 6, by & 4 met hods. 12 April 2004 O N

Scheme 11 Conpounds of i ignifi

15 which R3 is as g

bel ow.

©10 As indicated in scheme Ia, a ch!orornethyl ester prepared by reacting a
' known carboxylic acid or a carboxyllc acid prepared by known methods with
'CICH?_OSOZCI in methylené chlonde and water rn the presence of a base such as
-~ sodium carbonate and a phase transfer catalyst such as -
tetrabutylammomumhydrogen sulfate, was reacted with 3-(1 -methyl~3-lndolyi)-4-

15 {1 -methyl-B-nrtro—S«mdolw) 1H-pyrrole-2 5 dlone [prepared as exemplified in EP -
Patent 0 328 8026].



12 April 2004 WO 01/27106 PCT/EPO0/09635 -14 (OH Scheme 1l \H-"' %- t NO
2 .1 171 Typically, hydroxynethyl internediate 2 is t?ja%ed_vmt 2 known
5 chloroforngte or a chloroformate prepared using known pfo %ﬁ’t}re@, in a
solvent sucHO44?HBE at tenperatures of 5 to 200 C, in the ROTAERINEISIDS

di met hyl ar ni nopyridine and |, 5-di azabi cycl a(#4.-3. 0) non-5-ene to afford the
desired carbonate. .10 Conpounds of formula I, in which R signifies

- CH2OQONHR3, and i n Altewnativelg 3-d-rasthitbS-diddbAd-ehmethyl\EEhigol8-RRBIEH BS

oot s S g PARRTE Gkt Bave s BEERE S MM ¢ i
or |ithium bi g (tredtewwiiplfeirhaitidydeds yisld méwwalmnahﬂ\f/i\?t?ﬁn%?}édi(e;?.atl‘h@- C. The
T\ ootionyt 5 conmBTmbRRT bFhEebed SRR RS rcl, Bebbalb e s ng
20 - known ps oda@umediaté/@i@&rﬁﬂéﬁ@ﬁtrgailﬁﬁﬁ g@bb !@%%gd oriﬁér{%?%c?&?ﬁ@5m -
s et ned aboulePHay tyk il inpledsshii el sich pe suieviens chigngeinibe ¢ hat
presence of EDC and dimethylaminopyridine for several hours at room
temperature. Altematively, the hydroxy intermediate 2 may be treated witha
known acid chioride or an acid chloride prepared from known methods.
10 ' '
To prepare compounds of structure 3 wherein R® contains a heteroaromatic
. fing, the heteroatom such as N may be further modified by reaction with an atkyl
iodide such as CHjsl in a solvent such as acetoriitrile. Alternatively compounds of
'structuré 3 wherein R® contains a suitably protected hydroxy, hydroxyalkyl, amino,
15 ‘aminoalkyl, 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 I in which R signifies -
20 CH,OPO3R'R?, and wherein R' and R? are as defined above, can be prepared by
the following scheme Il



if R3 contains a hydroxy, hydroxyal kyl, am no, am noal kyl, nonoal kyl am no,
or carboxyl, such group is protected vmth a conventi onal zpfxB}leftzio\ﬁ% group.
5 Scheme V 9 Typl cally,

3- (1- Met hyl ‘%‘OPHUb‘r yi)-4-(1-methyl-6-nitro-3-indolyl)-1 H pgrERdoes@s6- di one
[prepared as exenplified in EP Patent O 338_8026] is 1o deprotonated in an
aprotic solvent such as THE at 00 C using a strong base such as
n-butyllithiuimor lithiumbis(trinmethylsilyl)am dgchdhresulting anion is
then treated wth bis(p-nitrophenyl)carbonate, folTowed by a known am ne
or an am ne prepared by nethods known in the art. 15 The conversion of an

acidi c compound of formula | into a pharnaceutically acceptgbl e salt can be
carried out by treatment with a suitable base .in a known o1 Yer. Suitable
salts are those derived only frominorganic bases, for ‘w&xanple,

c bases such as

sodi um potassiumor catciumsalts, but also from o[e_)ga
etRaidl am ne or di et hanol am ne:

carried out by

salts are those de 8. Conposi 10 ' , N'n an
alternative enb0| wrt, thp<préseny-i nvention is di fected o o}

phar maceuti cal conpgsi t;_r on$ conprising at |east one ’cor’rﬂou d of formula I
or a pharnmaceutically acceptable salt thereof. WD 01/2%106 - 16 12 April
2004

w

'Typically, hydroxymethyl intermediate 2 is coupled with a suitably
protected phosphate by a mitsunobu reaction using tripheny[;jhosphine and
- diethylazodicarboxylate to give compound of structure 4 in which Y represents a
' suitable protecting group. Removal of the protecting groups may be achieved by
--any of the standard methods to give the phosphori¢ acid 5. In partieular, when Y,
L10 represents a benzyl group, the proteciive groups are removed by using
B cyciohexadrene and palladium on carbon as a catalyst. Compound 5 canthen be
: . - converted to its salt, such as a monosodlum salt 6 by standard methods
. 4 :
Compounds of formula l in which R signifies -CH20002Fl3 and in -
13 which R%is as descnbed above, were prepared accordmg fo scheme il befow.



PCT/ EPOQ' 09635 These pharmaceuti cal conpositions can be adm ni stered
orally, for exanple, in the formof tablets, coated tablets, Q{a ees, hard
or soft gelatin capsules, solutions, enulsions or suspeﬁgiBHE? f% can

al so be adm wicsdierre rectally, for s exanple, in the fornrqj Q@fgéories.
In particular, however, the conpounds of the present inventio 4
suitable for parenteral administration, fol¥exanple, in the .form of

i njection solutions. The pharnaceutical conpositions of the present

i nvention conprising io conpounds of fornmula 1, prodrugs 6ig§ﬂﬁﬂﬂ
conpounds, or .the salts thereof, may be manufactured in a manner that is
known in the art, e.g. by nmeans of conventional m xing, encapsul ati ng,

di ssol ving,. granul ating, enulsifying, entrapping, drageéQ g, or

| yophi I'i zi ng processes. These pharmaceutical preparations n be formul at ed
with therapeutically ingrt, inorganic or organic 15 carryérs. Lactose,
corn starch or deriyatines thereof, talc, steric acid_or l:s salts can be
used as such carriers ' dr S5 sittl hard gelatin
capsul.es. Suitap [ de veget ablg
oils, waxes a ) angé, no
carriers are : a ‘ ¢d"Nn the case of sv CRpSHT s .
Suitable carriers f?r t he 0 manufaict ure of - sol uti onsNand syRups areowater,
pol yol s, saccharose! inRert sugar and gl ucose. Suitaﬁle yarJiers for
injection are watey, .alcohols, palyols, glycerine, vegetable oils,

phosphol i pi ds and Wﬁ&t%%@h!’#ﬂiﬁ@“@@ﬁﬁﬁ%ﬁséfﬁa@d wilbpdeiovay i es  are
nat ural or shagKieRfsnRité br a WANRSor@b prépiled %gﬂf? &B%F?)r@@édéﬂ%% in 2%olvel®

pharmaceuti cal preparations can also contain p erving age
sol ubi | i zi ng 8é@rassTHF at tamperatures olfefrio £0° Weint thegresgnuesf emul si fyi ng

varyi ng the oomaianfdelidne Sy fieJeA30MA S ORE A RIS S They

can also. cont @&Rodataer therapeutical |y val uabl e substances, including
addi tional active ingredients other 30 than those of fornula I".

abl ets, coated tablets,
Qr sofg gelatin caps

g of the natyre of

10 Compounds of foqnula 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, hydroxymethy! intermediate 2 is deprotonated using a strong .
base such a's'n-butyllithiuim or lithium bis'(trimethyisilyll)a.imide in a solvent such as
THF at 0° C. The anion generated is theri treated in the éame' solvent with’bis(p—
nitrophenyl)carboniate, followed by a known amine or an amine prepared using |
© 20 - known procedures. '



WO 01/ 27106 - 17 Dosages 12 April 2004 PGIl EPO0/ 09635 As nentioned above,
the conpounds of the present invention are useful ||n th‘izt§§9{ 040"
control of c i ferative disorders, in particular oncologica

di sorders. TﬁJedsoele@lrsrpounds and fornul ations containing sai FAGFPRMYs are
.5 particularly useful in the treatment oriscontrol of solid tunmors, such
as, for exanple, breast and colon tunors. A therapeutically effective
anount of a conpound GQT"B@W@@W&HHMEII@RBM%IEGQ l_,g:tg:n%wg?un: o(r)rfs
conpound t hat RE & &f f&fidd\hde At . e ! _
of rrgi sease or.'.qB%ol ong t h\é&sur'\/%giﬁ%g#re?%g_ %}éﬁ'ﬁ%%tggé! %%!%rqer{éagrgﬁx_ e h _
Det er ni nat i onif & cantains a prdrorxy.divdyoemiiyt timiro, aminoalkyls rmm’]fcolalkmaﬂrﬂ‘h@o,35;1j Il in
the art. The edich : L ve. : sage .of a conpo
according to ééfgbﬁﬁ’i S | rcgg#%(f nf{)%%ét%’/\gg@%%ﬂ f’]‘?’ﬁ{"\ﬂngffé’??ﬁcﬂ}’? 9O%Rd wil |
adjusted t@ the individual requirenents |_£ eg‘;h_ part [ C;J| ar fasedu:[\ A
general, in the case of oral or parent & a mnistration to a

wei ghi ng approximtely 70 Kg, a daily %m%]g—of about 10 ng to about_ .
10, 000 ng, preferably from about 200 ng to about 1,000 i shoul d be
appropriate, although the upper limt nay be exceeded vﬁﬁ-rr 2f° i ndi cat ed.
The daily. dosage can bﬁ adm nistered as a single dose or g n divided doses, -
or for parenteral adwfni sfPation, it may be given as CH(ItI
Exanpl es The campoungs t he present invention ne
according 25 t

be

synt hesi zing the df)npq’uncﬁs and f@™ul ations of th . pll'clesent lil nvent i g.
. Typically, 3-(1-Methyi-3-indolyl)-4-(1 -methyl-6-nitro-3-indolyl)-1H-
pyrroie—é,s-dione fprepared as exemplified in EP Patent 0 328 8026] is
10 deprotonated in an aprotic solvent such as THF at 0° C using a strong base such
" as n-butyllithivim or lithium bis(trimethylsilyl)amide. The resulting anion is then
treated with bis{p-nitrophenyl)carbonate, foliowed by a known amine or an amine
prepared by methods known in the art.

15 The conversion of an acidic compound of formula | into a pharmaceutically
aé:ce_ptab!e salt can be carried out by treatment with a suitable base in a known
manner. Suitable salts are those derived not only from inorgénic bases, for

_ "exam'ple, sodium, potassium or calcium salts, but also from organic bases such as
L __ethylenediamine, monoethanolamine or diethanolamine. The conversion of a
20 basic compound of formula | into a pharmaceutically aéceptable salt can be
“tarried out by treatment with a suitable acid in a known manner. Suitable salts
. are those described on page 3. -

Compositions/Formulations

25 . Inan alternative embodiment, the present invention is directed to
' p_harmacéutica! compositions comprising at least one compound of formuta | or a
. phammaceutically acceptable salt thereof. ‘



. Exanpl e 1: Phosphoric acid nono-13-(1-nethyl -
Hindol-3-yl)-4-(1-methyl-6- 30 . nitro-1Hindol-3-yl) 12 aprii 2

2, 5-di oxo- 2, {;,di pyrrol-..1-yl methyl ] sodi umsalt WO 01/ 7106 - 1$ 12
April 2004 3@)’%09635 a) A suspensi on consi sting of 0. BCYELW®@ESMDI €)

of 3-(1-nethyl-3-indolyl)-4-(i- methyl-6-nigdsro-3-indolyl)-i

H pyrrol e-2,5-dione (See Davis US Pat: No. 5,057,614), 4.0 nl  of

f or mal dehyde solution (37% ww), and 2.0 mMl of water was heated to 125 C
with stirring and with a reflux condensed attached for 14 5 hours The

reaction m xture b 0

filtered, washed - \;\A‘bﬁ?ﬁ&&a&t‘@%cgggcag éggiﬁlﬁd(‘aé %)’Y\Bé gagng;{%gﬁqﬁraﬁy 69r eTampIe t
chr omat ogr aph¥d ﬁ@lfﬁgnﬁfia%%t&gmat%ﬂabwsndmgﬂe@ bérdEir@adl/gdtatimneapasles] ut ant to
ety ot e Uehherisibds B Sdbbendioht! BHB) ¢t b 1k Abwnitered regtatty oty 7o
a cooly sol Wt | 6¥ampl, @) thefformtpf suppositariesy 10 patiZutar,(liovidrenTthe epnplounds of

o et 220, S BRAbA oo b2 st 0PI Re il aamipistgon dor pcare. nthe
I—l-lxdol )?: yl )¥q3mmfan;ecﬁorssmium (from Step a above), and 0.40 g (1.43

nmol e) of di benzyl phosphate was added dropwise 5 15 m of a solution
containing 0.128 g (0.49 nmol e) of triphenyl phosphine. The resulting

m xture was stirred for 14 hours at 20 C. Al solvent was evaporated and

the resi.due was purlfled by chromatography using silica gel and eluting
with a mxture of |9 BRRIMAsRHtical compasitionsofithe przrent invertiah chrbpisiyg est er

E{_ I( ﬁdolmeghg/é! ;boﬁgbgilﬁhgxgﬁoh‘ﬁﬁlaf' ﬁfr %gyl%gcﬁirégrﬁﬁdhnﬁﬁh%ﬁtne salts thereof, may, . .\

red solid { npbEGAnhrtped Irw marer that sknsirgin thga(toe%hy mmhe)ofof
TR oy o ST lecpslben BB, srymupn i, o, o
entrapping, dragee-makmg, or lyophilizing processes. These pharmaceutlcal
preparations can be formulated with therapeutically inert, inorganic or organic
15 catriers. Lactose, com starch or derivatives thereof, talc, steric acid or its salts
| can be used as such carriers for tablets, coated tablets, dragees and hard gelatin
capsules. Suitable carriers for soft gelatin capsules include vegetable oils, waxes
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
. 5.0 manufacture of solutions and syrups are water, polyols, saccharose, invert sugar
and glucose. Suitable carriers for injection are water, alcbhbls, polyols, glycerine,
) végetable oils, phospholipids and surfactants. Suitable carriers for suppositories
. are natural or hardened oils, waxes, fats and semi-liquid polyols. |

%5 | The pharmaceutical preparatlons cari also contain preserving agents,
| soiubahzmg agents, stabilizing agents, wetting agents, emuls&fymg agents, _
: _sweetenlng agents, coloring agents, flavoring agents, salts for varying the osmotic
pressure, buffers, coating agents or antioxidants. They can also contain other
- therapeutically valuable substances, including addltlonal aclive ingredients other
30 thanthose of formulal.



pyrrol -1 -ylnmethyl ester (fromstep b above) in THF (5 nl) with 5 ni

ethanol and 25 .0.5 g of-i, 4-cycl ohexadi ene was treated th 35 of 10%
Pal | adi um carbon. The m xture was heated to 45 C at whic p%?’ﬁ’flt He was a
slight exotheemnr7iodter 10 min. at 50 C, the reaction was PCt/ER®gsROt
through celite and the filter cake was wgshed with THE All solvent was -
evaporated and the residue was redisolved in THF, filtered-through celite

and triturated whbd, ane to give 14 30 ng of phosphori c acid
nono- [ 3- (1-‘nethmﬁdo’l 3 yl)- 4 (i-methyl-6-nitro-

H i ndol - 3-yl ) - 2, 5=di 0x0- 2, 5- di hyd rroj rreth A-solu on of 14
ng (0.029 ‘mol e) %meaﬁ%eﬁﬁhqv , n%}p@ ijf Q% |11yerpion are usegu\

i ndol - 3-yl) - ﬂTe(tﬂedTi@leVérc@nﬂbe%el!Qarohferatlve d|sorders in partlcular oncological
H i ndol - 3-yl ) -2, 5-di ox0- 2, 5-di hydro-pyrrol -1 %I‘H 2004 WO 01/ 27106

PCT/ EP00/ 0969i50iHeRet Fsse qqﬁwéf éﬁdéO@BB%*&"Sﬁ?“i Nipg sgid GRRRAUNGES'S 1 eat ed
wi th dilute B%b&lﬁhy DyEtLON H@lﬂ?tré‘é‘?ﬂéntbh@orﬂ%l@f sblRPuAra 4R dﬁaﬁ)réxémp-@“ s

solution was filtered and |yaphiilized to afford phosphorlc acid
nono-j 3- (1- n@fﬁ@ﬂafldFPIP'hB@FQfg—yl) 4-(1 - rethyl-6-nitro-1

H i ndol - 3-yl) -2, 5-di oxo- 2, 5- di hydr o- pyrrol 1-yl met hyl ] sodium 5 - sal t.
Exanpl e 2: Isonlcotlnlc aC|d 3-(1- nethyl

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

H i ndol - 3-yl) - d| 0X0 r est

ol Ut Lon of . o m& HATRRRIGAD tAcHs probnt et bamefiid adidherfitdng,

di et hyl ami nmémmﬁ heaRy @Qdmbtmdﬁ daml:fdomhlthatl ldeffédm!é tequévemt calleyiaterolCH2Cl 2
was added 4- | n| c CI d SE! equi val enttiz3 and ﬁthr ea%teC?B m Xt ure was
stirred a%e BRITRPRpTCleNY esu en

Hi ndol - 3-yl ireéteﬁ.l D&ét’ﬁiﬁatﬁn if atvedapkbiicaile leﬁe&twel Imeyntiohithid, the dk{ﬂ ire,
prepared as | exarrpl e 1 a, Was added and the reaction 15 -m xture was
stirréd at r errperature for several hours. The m xture was .diluted

W th di chl_ororret hane, washed w th aqueous HCL, saturated NaHCO3, water,
dried over MJSO4 and evaporated. The residue was purified by colum

The therapeﬂticélly effective amount or dosage of a compound accdrding to
15 this invention can vary within wide fimits and will be adjusted to the individual
. 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 appropriate, although the upper firnit may be eiceeded when
- 20 indicated. The daily dosagé can be administered as a single dose or in divided
- doses, or for parentér_é! administration, it may be given as continuous infusion.

Examples
- The compounds of the present invention may be synthesized accordlng

", 25 toknown technzques such as, for exampie, the general schemes provided above.
The following examples |!Iustrate preferred methods for synthesuzmg the
" compounds and formuilations of the present invention.

Examgie 1: Phosphonc acid mono-[3-(1-methyl- -1H-indol-3-yl)-4-(1 -methyl-B-
30 . nitro-1 H-mdol-3~yl)-2 5-dlox0-2 S-dlhydro-pyrrol 1-ylmethyl]sodlum salt



chr omat ography to afford isonicotinic acid 3-(1-nethyl -

H i ndol - 3-yl ) -4-(1-net hyi - 4 hvd 1ol t?lprll 2t004( o d
6-nitro-1 Hiw ') -2, 5-di oxo- 2, 5-di hydro-pyrro yl me ester (yie
-76% . 20 Exardrgllféﬁgélwl ng the same procedure. as in exanpl 8C§’EFW6’9'F3§I | owi ng

conpounds were prepared: 25 a) nicotinieldeid 3-(1-nethyl-1 Hindol-3

! b, ool (AP SeD co R0 S 6425 melelof 31Emethsr-indol-4-(1

0 f2-1(2, 5 . di g Bereo BBy byl Shcnbhd (dab ballB (¥ b .1 70 1

E: Lllnﬂ%rg gl)/z roP q575ﬁ1ﬂ}ré&@18ﬂ?émlqﬂﬁvé@ RYfiorD(37¥e wiy), Baldy2 Iy loéwaterg| ycol
)2”05) 0 4( %’ilelmg . hy? § #etﬁgeg% r1a_g"’ a8 Jﬁfhygtgﬁﬁfﬁh& with aGeftinf bordBRs 0y hitkertéd 29943

yl ) -2, 5- di x0- 2heurdi Apeneagipniroixtiute yasetooled st diluted\vieh dats?9 %Fhe rd@sofld 27106

2 ﬁ?ﬁ;: || £ R e iR o el Tt st Bias e py
2, 5- di oxo- 2, 5- détrpthatogrgpmolising yﬂlmgbydnmhﬁﬁur@wfﬁtQAcﬁ%%ea%e‘h)tant tot onl
P ndor - %,y'yl) Gt 1ok s é’ghwwraéms- s indorga0g

f) succinic aci8ylypyrofsdr 64ismes {ip=Sodpindyl - 3-yl)-4- (1 -methyl -6-nitro-1
I—zl ndol - 3- vyl ) -2, 5-di oxo- 2, 5- dlﬁgdro pyrrol 1-y| met hyl] ester (used Seq EDC

and ove 787 and 2. 4 eq acid, purified by preparative TLO (yield - 89%: g)
hexadec- 9- enQ;l)CT@a%%of%lrh’t)dné%"?{/@@ﬁ'ﬁ%obﬁa?nzrfb_6%%ﬁ% er) C?yl eld --

H i ndol - 3-yl) di oxo dro-pyrro
53%: is h) [2-fiethylaz @@p@@@yﬂ@@h6@@(%&yyncﬂemaymyckomugthymﬂ-mmyi-
aci d--3- (1- met hy{i1dndd1-3-yi)-4- -(1-methyl-6-nitro-1H-indol-3-yl)-pyrrole-2,5-dione (from Step a

. above), and 0.40 g (1.43 mmole) of dibenzylphosphate was added dropwise 5
15 ml of a solution cbntaining 0.128¢g .(0.49 mmole} of triphenylphosphine. The
resulting mixture was stirred for 14 hours at 20°C. All solvent was evaporated
and the residue was pur‘rfied'by chromatography using sifica gel and eluting
© with a mixiure of EtOAc/Hexanes to afford phosphoric acid dibenzyl ester 3-(1-
methyl-1H-indol-3-yl)-4-(1 -methyl-6-nitro-1H-indol-3-y1)-2,5-dioxo-2,5-dihydro-
20 pyrrol-1-ylmethyl ester as a brick red solid (mp=105-109° C).

c) A solutnon of 35 mg (0. 051 mmole) of phosphonc acid dlbenzyl ester 3-(1-
' methyl -1H-indol- 3-yl)—4 {(1-methyl-6- -nitro-1H- -indol-3-yl)-2,5-dioxo-2,5-dihydro-
‘ _ pyrrol-1-yimethyl ester (from step b above) in THF (5mi) with 5 ml ethanol and
.25 05 g of1,4-cyclohexadiene was treated with 35 mg of 10% Palladium/carbon.
The mixture was heated to 4550 at which point there was a slight exotherm. |

__After 10 min. at 50°C, the reaction was flltered hot through celite and the filter
cake was washed with THF. All solvent was evaporated and the residue -vas
- redzsol\_red in THF, filiered through celite and triturated with hexane fo give 14
om0 " mg of phosphoric acid mono-[3-(1-methyl-1H-indol-3-yl)-4-(1-methyl-6-nitro-
| 1H-indol-3-y1)-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-1 H-indol-S-yl)-2,5-di0xo—2,5-dihydro-pyrrol-1 -



i ndol -3-yl)-4-(1 -nmethyl-6-nitro-| _

H i ndol - 3-yl ) -2, 5-di oxo- 2, 5-di hydro-pyrrol -1- ylnethyl este ryfied by
reverse phase colum chromatography (yield - 61%. 20 Exajfrzrr%P]énEg:ﬁdf

But - 2- enedi owo cag16s mono-[ 3- (1. - net hyl -1 H-i ndol - 3-yl ) -4- (1- B
met hyl = 6-ni tro- 1Hi ndol - 3 PCT/EP00/09635
yi) -2, 5-di oxo-2, 5-di hydro-pyrrol -i -yl neth}?i-ester To a solution of

1- Hyd thyl - cl-methyl =i Hindol-3 yi):4-(1-methyl-6-nitro- i
ol 3yt ) pYPiPMA Bl g e el it b weler B raated wih dikiesagiueroc o

25 benzene, werhyducideel untilltae pbl shtikesslutidn wwaswry| Toiblseltes v eSS -
di i sopropyl et hyl roomtenperature .for 20

l.he., . The reaction._ was, stirred at i
e P e one a5 Kol Bnrhond B raona o ekt B-naa b dad v t h
CH2Cl 2,  washedmeathyh6itte H-inddiS-gp B dibasioNad o—;%Wcﬁ—f‘i- L ver
Na2SO4. The resulting but-2-ened)ia§i c acid _mnﬁ'& 1- mtyﬁ@xﬁftﬁ;ﬂb@é’uﬁ
H i ndol - 3-31) - £44- nethyl -6-nitro 30 ' 1
H i ndol - 3-yl ) -2, 5-di oxo- 2, 5-di hydro-pyrrol -1 -ylnethyl] ester was purif.i ed
by flash chr tograp '(%l «fal d GQW%) 12 April 2004 WO 01/27106
PCT/ EPCD/ 09555ampie otipic-acid Sa(1methyk-1HrindolByy!)#-(1-methyl-6-nitro-
H- i ndol - 3- yI Y HzinAek-Fl)5e.5-doxe235dihydro-pyrrol-i-yimethyl ester
i ndol -3-yl)-2,5-di oxo- 2, 5-di hydro-pyrrol -7 ylnethyl ester a) Decanoic acid
(0.2 gm 1.2 mmol) was treated with 4 eq NaHCG3, 0.1 eq’ 5 Bu4NHSO4 and.
1.2 eq C BRdscwlutian af dmekgianinemadinel(d.5 equivalemtshasd 1sdthylae@- vi gor ousl y

Ji el dod onl onearARPLAR R bsbeionge L5 sobion n U RBEYAS 4 (i

- et hyl - 6- ni eddedd-pinpnigiacidi(1k2 pyuivalbmtsParid thearac@Dmixidhi@ was strede fp! )

o orts il e et R AR LR Sl s

mol ) pr epar 8¥l)iyroleg,5adiont @repamd aadulextrapie 1) e/as added and the reaction
.15 -mixture was stirred at room temperature for several hours. The mixture was
' diluted with dichloromethane, washed with aqueous HCL, saturated NaHCOg,
water, dried over MgSO4 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-d ihydro—pyrrol-‘i -yimethyl ester (yie!d ~76%).

20

Example 3

o _, Using the same procedure as in example 2 the folldwing compounds were
~_prepared: ‘ '

a) nicotinic acid 3-(1-methyl-1 H-indol—S-yl)—4—(i -methyl-6-nitro-1H-indol-3-yi)-2,5-
dioxo-2,5-dihydro‘-pyrrbl-‘_1—4ylmethyl ester (yield — 76%);

o 'B) 04 -Hé,SﬁihYdrqS-ﬁ -methyl-1H-indol-3-y)-4~(1-methyi-6-nitro-1H-indol-3-yl)-
30 ~2,5-diqxo-2_,-5l-dihyqr_o-pyr'rof—‘l ~yljmethoxycarbonyljethyi]-O’-methyipolyethylene
' glycol 2000 (yield — 88%);

c) pyridin-4-yl acefic acid 3-(1-methyl-1H-indol-3-yl}-4-(1-methyl-6-nitro-1H-indol-
3-yl)-2,5-dioxo-2,5-dinydro-pyrrol-1-yimethyl ester (yield — 39%);



reaction was stirred at roomtenperature for 30 m nutes. Agqueous workup,
foll owed by purification by flash chlromat pgraprlw yi el dedlge&&pﬂ Gl d 3-(1
15 thyl -1 ' | -3 yl)-4-(1l-nmethyl-6-nitro- . _
H i ggoi ¥3-yl )%iﬁgq’cﬂﬁoxg)z 5-di hydro- pyrrol-1-yl methyl estePCT/RPloge3s-
58% . Exanple 6 20 The followi ng conmpoundgowere. prepared in a simlar
manner .t o exanpl e 5b above: a) [2-(2-nethoxy. -ethoxy)-ethoxylJ-acetic acid
3-(1-nmethyl -1 Hindoi-3-yi)-4-(1- nethyl -G-Qitro-lt I Cor (the 25

' -3-vI )an2.5-.di O-DRUrrol,~1,- € A
; ;P? i0|nchKI Z) oprgrtl i}-:@s@sﬁ%grc %gg%g@é'ﬁ'g%é’!iwr_i?'B%'T%ﬁgﬁég?{?'@%tﬁﬂﬁ%“%@ﬂ@r'ﬂd@s
descri bed i n ex@nbta53koxqpRibidibtioipyripk tybneathyMestarl Gleld i ®id);- 38% ; b)
2,2-dimethyl propionic acid 3-(1-nethyl-1 :
Hindoi-3yl)-4-(1-nmethyl-6-nitro-1 Hindoi-3 _
yl ) -2, 5- di dx®)2pBidinyd eceliyacio 3-(1-mythybt Hﬁﬂldd&)ﬂﬁﬂ(ﬂﬁﬁftgﬂ%‘—gi{@% H-iri%O"Ap .
2004 W0 01/ 27159 B R AR Do Ry gster Gible™ sy 0 2
3-am no-cycl ohexanecar boxylic acid 3-(1-nethyl -5| d!—l—i gdoi - 3-yi I)-I | et hyt
M 1- et hyl - 64i =Lbindol -3yl -2 5-di pxao- 2, 5 | ydro-pyrrol -1-y %

chl or onet hyl - Nyi}-ﬁ&@ibmﬁ@ﬂihMpﬁmAﬂMegwg leatee x 2866 864 Y aha rggﬁﬂ om
F

repared in a simtar. manper (87%yield). . a scribed in exanple
Rl-t-Io buty;lgxycaérgﬂo%%qc@gﬂ 'W&‘SQQV&H%&‘H%\%% %’%‘&@v’d: whi ch itself was
synt hesized by the known procedure of BOC protecti-on of 3-am no-
cycl ohexanec | i cid drigh)..,10 . o _
37 (1Nt hy' < 80 (HRRE e S L g AA oS 30 s tfomptty6-nikpyii Horleb 238 i one
(68 ng, 0.15 nbidioXses-difydraipenbl-DyRasthd@e6r Hasd diszsgl ved in. DVF and .
treated : |
h) [2-[2—(2-carboxymeth0xy~ethoxy)—ethoxy]—ethoxy] acetic acid-3-(1-methyl-1H-

indol-3-yl)}-4-(1-methyl-6-nitro-1H-indol-3-yl)-2,5-dioxo-2,5-d ihydro-pyrrol-1-
' yimethyl-ester, purified by reverse phase column chromatography (yietd —
- 61%). '

P
wy

26 Example 4: But-2-enedioic acid mono-{3-(1-methyl-1 H-indol-3-yl)-4-(1-
methyl-6-nitro-1H-indol-3-y1)-2,5-dioxo-2,5-dihyd ro-pyrrol-1-yImethylj ester

_ " To a solution of 1-‘Hydroxymethyl-3~(1 -methyl-1H-indol-3-yl}-4-(1-methyl-6-nitro-
' ‘-1H—indol-S-’yl)-pyrrole—Z,5-dione, prepared as in example 12, in 1:4 CH.Cl,.
. 25 benzene, were added a large excess of fumaryl.chloride and excess
o diisopropylethylamihe. 'The reaction was stirred at room temperature for 20 min.
: Acetdne and water WQre added. The reacﬁon_ mixture was diluted with CH,Cl,,

: - washed with water, giold saturatéd NaHCOs, water and dried over Na,SQ4. The
' resuliing but-2-enedioic acid mono-{3-(1-methyl-1 H-indol-3-yl)~4-(1-methyl-6-nitro-
» 30 1H7in’dol-.3-yl)—2,5—di6xo~2,5—dihydro-pyrrol—1 -ylmethyl] ester was purified by flash

E ‘chromatography (yield 60%).



with Cs2CO3 (0.15 g, 0.45 nmmol) for a few m nutes. The chl oronethyl ester
(0.13 gm 0.45 mmol) prepared in step a) above was addedgng Lhe Japaction
15 m xture was stirred at roomtenperature for 50 m nutes. ueous wor kup,
fol |l owed by P@2¢ati on by flash chronatography yiel ded [ Neerbedoloyizoxy- 3-
anm no- cycl ohexanecar boxyl i ¢ acid] - 3- (1-netfyl -1
Hindol-3-yl)-4-(1-methyl-6- nitro-1 ‘
H-i ndol - 3-y1 ) ERamptl §X Pedafoid! d81d BOIRABEINI-TH-H B @I&;ﬁtﬁﬂa lgzhflrg-1A2"
20 - c). The tfidolBUHD SXdioR6 2 RAiH Vo _p_é,,ﬁ,gﬁy;y nd ggwstep CE) above
was renoved by-treatnent wth TFA1n Cl2 at rodmtenperature for 50 -

m nut es. Thea)TB%can&c.b%%gg% ! P.2HARD Bl tn‘é%iébgTJ% atercﬁﬁahefosnbtﬁ en. The

resi due was purified by : 8| ve 3-am no-cycl ohexahecarbokylic acid
3-(1-nethyb- 1 BuNHESQ:2ng|1)2 aq CICHe®R@-Chinnt:§ ((d4:L12: H;0. The reaction was

H i ndol - 3=yl ) - 2 cBe gl 7 -figh L Qlsd: £st

trifluoroacet at gﬁr(r %’ gnpgro?ls@?#@'o' %Pigﬁ'f‘qé%%ﬁc’%%%ﬁ@% @@F) E]S&p r89635
-23 . Exanpl e 8ATHeogWpdwp Yipldasheldarametiddecaianate (deldii9086)si mi | ar manner
to exanple 7a,b and c¢ described above: 5 .a) piperidine-4-carboxylic acid
3-(1-nethyl -1 Hindol-3-yl)-4-(1-nmethyl-6-nitro-i H indol-3-yi)

2, 5- di oxo- 2, Pty diethghd-ingplyl)-4-(1-methyHe-aitro&--indelyt b pyaclet 2 belionfe@Bpar ed

f N-t -yt vl ' NPl 98y EFipRa 4 i\ ield -
SR gg ! ORKE MOl Sgﬁ%ng;ﬁoag?@ F8588Y0) WadisSol BRI BMP dnd (V' ©

3- (1-net hyl - 1H- treated-vath/05.C05((49 meg,HY IS 63midl) fas-a few minutes, the chloromethy!
i 11 or oabel at 5 Krongr Saorrady RFediol 0 sop) FREI el ked andite ¢ aci o
(Bachem)) (yi el feaction was stirred at room temperature for 30 minutes. Agueous workup,
followed by purification by flash chromatography yielded decanoic acid 3-(1-
15 ‘methyl-1H-indol-3-yi}-4-(1-methyl-6-nitro-1 H-indol-3-yl) -2,5-dioxo-2,5-dihydro-
' . pyrrol-1-ylmethyl ester (vield — 58%). | '

-Eiamg{e 4]

20 The foliowing compounds were. prepared in a similar manner to example 5b
above;

- a) ‘[2-(2-methoxy-ethoxy)-ethoxy]-acetic acid 3-(1-methyl-1 H-indol-3-yi)-4-(1-
methyl-_s-nitro-i H-indol-3-yl)-2,5-dioxo-2,5-dihydro-pyrrol-1-yimethyl ester (the
- 25 starting chloromethy! ester was prepared from the corresponding acid as
' dgsc_iribed in example 5a; purified by preparative TLC) (vield — 38%);

.. b) 2,2-dimethyl propionic acid 3-(1-methyl-1H-indol-8-yl)-4-(1-methyl-6-nitro-1H-
' indol-3-yl}-2,5-dioxo-2,5-dihydro-pyrrol-1-yimethyl ester (the starting
' 30 . chloromethyl pivalate was purchased from (Aldrich) (yield — 91%).



63% . 15 Exanple 9: Piperidine-4-carboxylic acid

3-(1-nethyl -1 Hindol-3-yi)-4-(1- 20

met hyl -s-nitro-I Hindol -3-yl)-2,5-di oxo- 2, 5-di hydro pyrro% I_’Lpll tPlyI ester
acet at e sal twa@i2#¢eri di ne-4-carboxylic acid 3-(1-nethyl - ]PCTIEP00109635 '
Hindol -3-yl)-4-(1-nethyl-6-nitro-1 H

i ndol - 3-y1)- 2, 5-di oxo- 2, 5-di hydr o-pyrrol - ylnethyl ester trifluoroacetate,

pr epar ed | . Q’;H méx
resul ting soIEjﬂ?1rﬁ 4 %aﬁ‘ﬁﬂ?r ze%faﬁ-'e% ?Tdaé' "@W‘Wﬁﬁﬁét hyl
acetate | ayerrils@eth Fﬁ:Bﬁf‘P‘aﬁe’(ﬂ'd&'ﬁ ﬂ}‘aﬁr‘i"eﬁor%sﬁz'@)’%ﬁ‘idpﬂifpmfvl@eﬂwlt h
excess HOAc ae:alerlly'ﬂhjurbazthS to give the desired product (yield -.97%.
Exanpl e .10: Piperidine-4-carbodic acid 3-(1-methyl-1 Hindol-3- vyl )-4( 1-
met hyl -6-nitro-1 Hindol-3-yl)-2,5-d ioxo-2,5-di hydro-pyrrol -1 yl et hyl
ester hydrochloride 30 12 April 2004 WO 01127106 PCT/ EPOO/ 09635 - 24-

Pi peri di nes 4-&9 aém@mﬁétﬁyim-@uﬁdd@cﬁmohw-s -mino-cyclohexanecarboxylate was
H-i ndol - 3-yl) él nmet hyl - 6-ni'tro- |

i ndol - 3-yl ) - 2, SPTEPB%ES-i asﬂmﬂﬁymaanﬁyﬁ?dr vipld) paslesgiibaskineaxample 5aérosaNtt,-
prepared as i nyRRRIRbShyR AN B rﬂ&é@fﬁ@%ﬁﬂﬁ%@%g@%&ﬁ%ﬁhe et hyl

acetate solution “was neutralized wth col
concent rat ed, atvdtheizadipethefmownprocedureietROG-potectivn of Ssamiriaag sol uti on

was treated w't C@y@gﬁﬁg@,—g@gﬁw@‘m@% ? HCl and purified by HPLC to gi ve
t he desired product (yield - e 11 2-am no-2-net hyl - propionic

acid 3-(2-pethyl-1 Hindol-3- y{) 4- (1- rrethyl 6-nitro-1 Hindol-3

yl)-2,5- di®bxo- 2, 5- di hydro-pyrrol--1 ylmethyl ester .1o hydrochloride This

corrpound was prepared from 2-am no- 2- net hyl - propi oni ¢ acid 3-(1-nethyl -
b) 3-(1-Methyl-3-indolyl)-4-(1-methyi-6-nitro-3-indolyl)-1 H-pyrrole-2,5-dione (68

mg, 0.15 mmol) (see EP Patent 0 328 8026) was dissolved in DMF and treated
with Cs2CO; (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 reo_m temperature for 50 minutes. Aqueous workup,
' followed by purification by fiash chromatography yielded [N-a-buttyioxy-3-
amino-cyclohexanecarboxylic acid)-3-(1-methyl-1H-indol-3-yl)-4-(1-methyl-6-
| nitro-1H-indol-3-y})-2,5-diox0-2,5-dihydro-pyrrol-1-yimethyl ester (yield - 95%)

©.20 . C) The'ter'l butyloXy protecting group of the compound of step b) above was
removed by treatment with TFA in CH,Cl, at room temperature for 50 minutes.
The TFA and CH;;CIZ were evaporate using a stream of nitrogen. The res:due
was purified by HPLC to give 3-amino-cyclohexanecarboxylic acid 3-(1-methyl-
| , 1 H-rndol—3 y!)~4—(1 -methyl—s-mtro 1H-indol- 3—yl)—2 5- droxo~2 5-dthydro~pyrrol 1-
.,_:7_5 . ylmethyl ester trzﬂuoroacetate (yield — 57%).



1 Hindol-3-yl)-4-(1-nethyl-6-nitro-1 -
Hindol - 3-yl) - 2, 5- di oxo- 2, 5-di hydro-pyrrol -1- yl net hyl €§bChpril 2004
trifluoroacetate, prepar ed as in exanpl e-8b, using a sim I ar i s procedure

as descri bedWﬁl/EMrrpl e 10 (yield - 719% . Exanple 12: PCT/EP00/09635
1-Methyl -3-[3-(1-methyl -1 Hindol-3-yl)-4-51-methyl-6-nitro-1 H

i ndol - 3-yl) -2, 5-di oxo- 2, 5-di hydro-pyrrol -" 1-yl net hoxycar bonyl ] - pyri di ni um
trifluoroacet@fngd g sol ution of nicotinic acid 3-(1-nethyl-

H i ndol - 3-yi )‘T‘(%ethyl 6-nitro-1 Hindol -

3-yl)-2,5-di oxo-2, 5-di hydro-pyrrol -1-yl met hyl ester in CH3CN, prepared as

descrlbedln reated with, 2 e BPh4 and 6 e | ..-Th
dosor ! bed. | R ind Borl R S € PP SR BB AP ST A o
t he 25 resi duedewsibpdiabdved by HPLC to afford

1- net hyl -3-[3-(1-r’rethy| -1Hindol -3-yl)-4- (1-nmethyl-6-nitro-1

Hindol - 3-yl) -2, 5-di oxo- 2, 5-di hydro- pyrrol - 1-yl net hoxycar bonyl ] -
pyridiniuny tri fI uor oacet at e (yield 529% . Exanpl e 13:

O 12-[[4-[[[2,5-Di hydro- 3%1 met hyl - I Hi ndol - % 4- (1-nmethyl -6- 30 -
Nitro-1 H i ndi plaetﬁtpeﬂi-@ pwl@acmi Byt meathyl- 19'1 lpdg By (cflamedws}m:c»m-

pi per i di nyl ] car pagpd L gthulle.o BRHHYH-E A (Wil Yol i H0ahe 01/ 27106

-25 12 April

3- (1- Met'hyl - 3- i tpaepareyl fupn( N-iHwitgloky@rponyl-piperitingdi-garpotylicsacid (Bachem))

pi peri di necarbo t?ﬁh 1 Hpyrrole-2,5-dione triluoroacetate, prepared as
in exanple 8a,. vvas s)bl ved in.ethyl acetate. The resulting solution was
neutralized .5 with cold saturated NaHCO3. The ethyl acetate |ayer was
concentrat®d and the - residue was taken up in CH3CN. The solution was added
dropwi se to a solution of O (2-carboxyethyl)-0O -nethyl pol yet hyl ene gl ycol

1006 acid chlbqrz-amuﬁcpmﬁ@ah?dprobrm &2ifl 2=(3 ahbpyyal-do- 3% MetRtlastby | ene
gl ycoI 1000 amﬂ_l é % ndard
-indol -y!)—2 5 loxo—2,5-d1hydro~pyrrol 1-ylmethyl ester trifluoroacetate
(prepared from N-t-butyloxycarbonyl-aminoisobutyric acid (Bachem)) {yield —
- 63%).

‘Example 9: Piperidine-4-carboxylic acid 3-(1-methyl-1H-indol-3-yi)-4-(1-
methyl-6-nitro-1H-indol-3-yl)-2,5-dioxc-2 S-dlhydro-pyrrol-1 -ylmethyl ester
acetate salt

20 Piperidine-4-carboxylic acid 3-(1-methyl-1H-indol-3-y!)-4-(1-methyl-6-nitro-1H-
- ‘in’doi-3-yl)-2_,'S-did'xo;z,s-dihydro—pyrrol-‘l -yimethyl ester trifluoroacetate, prepared
" asin example 8a above, was dis_Sbived in ethyl acetate, The resulting' solution
was neutralized with'cold saturated NaHCO;. The ethyl acetate layer was
concerltrated and slurried in HO and acidified with excess HOAc and lyophlllzed
" to give the deswed product (yleld 97%)

[ R
TA

Examgle 10: Plpendme-4-carboxy||c acid 3-(1-methyl-1 H-mdol«3-yl)—4-(1-
- methyl-6-nitro-1 H-mdol-3-yl)-2 5-d|oxo-2 S—dlhydro-pyrrol-‘l -ylmethyl ester
hydrochloride

30 .



procedure) in CH3CN. The reaction mxture was stirred for 1 hour The

sol vent to was evaporated and the residue was purlfled b¥ Elg)_ |d 709 _
Exanpl e 14: 4-Phosphonooxy-benzoic acid 3-(1-nethyl - f é]ﬁ’% (1-
met hyl - 6- ni t ®v@a didhd¢ndol - 3 yl ) -2, 5-di oxo- 2, 5-di hydr o- pyrrol -|_vylneth

ester nonosodiumsalt 15 a) f-BuOK (9.6 ni, 9.6 mmol, 1 M FRIAFR§ees s
added drop-wise to a sol ution of.4- hydroxd#renzal dehyde (1.10 g, 9 mmol) in

THE (40 nt tetrab | h hat
g T e e A R e
filtrace ﬁggm’v’m?&mm&“’f%@?@pmw T SR deBtets SHE IRPRAR 10
2% 5% 10% net ﬁ‘ eﬁ% P@ééﬁ’?" 'ﬁﬁ%§%‘£6¥‘?tgwﬁﬁe@tﬁl BB shy! asetate solution

4- foeryél -Phe?yhs asummavﬂﬁcc@ds&&%t?dblhm% ﬁLﬁs by r@&?édd H)d'é?@%ﬁf( R
nmonohydr a er was added to a solution o
phosp%orl cgac (?Jl %Eﬁé&?@?‘ 5;?@9 r@sp PgpPl ﬂ%H‘S@ISt@@@%qW(tEQ%IUyaI@tSQfM )
(from step a)aqtitCiand puriie@y(HPLO1d givb 1 dedibdf HBBACIRGERX! 8’63\3))(10 24 m, 30%

in water, 2.4 mmvol) was added, followed by sodiumchlorite {( ng, 3.5
mmol) in water (2 nL). The reaction m xture was stirred at 00 C for 1.h,
then warned to roomtenperature for 2'h. Sodium 30 . thiosulate (100 ny)
was added and the reaction mxture was vigorously stirred for 15 mn.

Water was addExample the2-aminarmetisylqropbartie doid 8/(1-RiéMgl-1HhAGIR3HPL4. 2004
WD 01/ 27106 RETneryd-6046851 H-idalk3pqh)i5-eie xR E5d gt eo-PRABEd -plinklh idistén
dried (M®D)hydrothloriel® and concentrated to give phosphoric aci d di benzyl
ester 4-carboxyl - phenyl ester

This compound was prepared from 2-amino-2-methyl-propionic acid 3-(1-methyi-
1H-indol-3-yl)-4-(1 -methyl-6-nitro-1 H-indol-3-yl)-2,5-dioxo-2,5-dihydro-pyrrol-1-
yimethyl ester trifiuoroacetate, prepared as in example 8b, using a similar

15 procedure as described in example 10 (yield - 71%).

Example 12: 1 -Methy!-3-[3- (1 -methyl-1H-indol-3-yl}-4-(1-methyl-6-nitro-1H-
indol-3-yl)-2,5-dioxo-2 S-dlhydro~pyrrol-1 —ylmethoxycarbonyi]-pynd:nlum
trifluoroacetate

20 .

A solution of nicotinic acid 3-(1-methyi-1 H-indol-3-yi)-4-(1 -methyI-S-nltro-1 H—mdot- '
L3 yl)-2 5- d:oxo-2 5~d:hydro-pyrrot— -yimethyl ester in CHsCN, prepared as
described in example 3a, was treated with 2 eq NaBPh, and 6 eq Mel. The
L reaction was stirred at reflux for 7 hours. The solvent was evaporated and the
' 2 Tesidue was punﬂed by HPLC to afford 1-methyl—3-[3 (1-methyl-1H-tndo!-3-yl)-4-
) (1 -methyl-s-mtro-1 H- mdoi—3—yl)-2 5-dioxo-2,5- d:hydro-pyrrol— -ylmethoxycarbonyl]-
pyndmlum trifluoroacetate (yield 52%).

- Example 13: O-[2{[4-[[2,5-Dihydro-3-(1-methyl-1H-indol-3-yl)-4-(1-methyl-6-
- 30 - nitro-1H-indol-3-y1)-2,5-dioxo-1 H-pyrrol-1-yl]methoxy]Carbonw]-1- .
plpendlnyl]carbonyl]ethyl]-o methylpolyethylene glycol 1000



(880 ng, 94% as a pale yellow waxy solid. 5 c¢) A solution of phosphoric
acid di benzyl ester 4-carboxyl-phenyl ester (205 ng, O. ( m st ep
b) above) in CH2CI2 (2 nmL.) was added to a solution of 1- 52”HB1|:31 2003

et hyl - 3- ( 3- dVAUAYPani nopr opy! ) car bodi i ni de hydr ochl ori de’ #CAEPINIEB. 78
mrcl) (Aldrich) and Di nethyl am nopyridine2139 ng, 1.13 nmol) in CH2CI 2 (5
m.). After 5 mn., 1-Hydroxynethyl3-(1-methyl-1 Hindol-3-yl)-4-(1-nethyl-
10 nitro-1 H-|ndoI 3-yi)-pyrrole-2,5-dione (215 ng, 0.5 mMmmol), prepared as
in exanple la, in CH2CI2 (2 nL), was added and the mixture was stirred at

t t I tit d between
22 “and wat er® bR a AL e Bt BRI RE | aer . The
aqueous | ayepipaadinesarbaxyrazthyi}-i H-pGird-2, SFdlen@trghmrdaoetate,antapaMra in -

nmbi ned, d e nat o h t
Fesi due over SRS el aEba o SB5FBARE: oo S BTG QR Was nolifizes
f—ll- (bijsl bgnzs%/l)mt!ycpldmpjrateﬂll‘daéwos B‘Bam15¢aeeiatda Iayéﬂwaﬁecbnwhh*aged]and the g

i ndo ro-Rpy.Lro
yl net hyt e>s/t erreétc%% tg}%ﬁg}ﬁ) E@ngﬁ 35% Ollﬁgg]rwaiﬁé%qzqmﬂw tP(ﬂ%%tHﬂ e?fe
0.12 ni, 1.26-E@va Athyt) @ o&,@dﬁdb lycahil @00 aeidathiorid d -
El- (bi.s-benzyl Péf%y- TZOW%WQ&&;N 2{@? zlo&c ne(?ﬁs 33&1 %@ nec%nhej(?rlepare
i ndol - 3yl ) T Q2 Eaee iR meifiBoyedivisne Siyo) 100 acid kg st of -
yi)rret hyl est epro(.:éﬂtﬁrfem CH@&Z:T'Lhemea?;:iohfn;mrlsWegstir)re@tm\tlel)cnﬁnd' hedsolvent 37 ng

% in m xture o nd et han . reaction ,
Tt ure vl Wi Eutoraes st g R wat ARG EvEBLEdib 1% i ur e vas
cooled to roomtenperature and was filtered over celite, washed with
.methyl ene chloride and concentrated. The residue was dissolved in

I\/tCN and water at 0 C. 1 N Sodium hydroxide (2.4 nlL, 2.4 rrrml) was added
and the m xture wa ophi.lized. The resu|tin m Xt ure was

S 1 e by HEKaafa 1R Hsasg e eRs-haRzale ok S umsiAREnsie B i

4- phosphono oxmelie,rl-mmtro-ﬂdudd&—:‘{-yi)mgﬂ-)dleako-Etsi-dlﬂydfci’vpyrrold -yimethyl ester

yl)-4-(1-net H i ndol - 3-yl ) -2, 5-di oxo- 2, 5-di hydro-pyrrol -
yl met hyl es?ﬁélfn%ﬁgfsd;nglséﬁq sal t (60 ng; 74% as an orange powder .

15

a) +BuOK (9.6 mL, 9.6 mmol, 1M in THF) was added drop-wise to a solution of 4-
hydroxybenzaldehyde (1.10 g, @ mmol) in THF (40 mL). The mixiure 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 mL) and hexanes (200mL) were added.
20 The reaction mixture was filtered and the filtrate was evaf:;orated.
s Chromatography of the residue over silica using 2%-5%-10% methanol-CHCl, .
gave phospheric acid dibenzyl ester 4-formyl-pheny! ester (3.38g, 98%).

b) Sodium dlhyrogenphosphate rnonohydrate (79 mg, 0.57 mmol) in water (1 _

25 ml) was added to a solution of phosphonc ac:d dibenzyl estezr 4—fonnyl-phenyl -

ester (0.89 g, 2.32 mmi) (from step a) above) in MeCN (10 mL) at0°C o

Hydrogen peroxide (0.24 mL, 30% in water, 2 4 mmol) was added, followed by |

sodium chiorite (315 mg, 3.5 mmol) in water (2 mL) The reactlon mlxture was o

stirred at 0° C for 1.h, then warmed o room temperature 1for 2h.Sodium "

30 thiosulfate (100 mg) was added and the reaction mixture was v:gorously stlrred
for 15 min. Water was added and the mixture was extracted with EtOAc. The



WO 01127106 -27 12 April 2004 PCT/EPOQ 09635 Exanpl e 15:
[[3-(i-nmethyl-iHindol-3-yl)-4-(1-nethyl-6-nitro-i Hindg-3- W o2

5- di oxo- 2, 5-di hydro- pyrrol - 1-yl j met hoxycar bonyl )-4-pheny?- Cgprﬁ o0

met hyl pol yetWﬂﬂéﬁ‘ewglycol 500 a) Dry PEG 500 nonornet hyl et hefrdpbdess®s 9, 33
mrol ), ethyl -4-hydroxybenzoate (5.0 g, 3Q.mol) and triphenyl phosphi ne
(17.34.g, 66 nmol) were di ssol ved in dry“THE (100 nL) and cooled to OC

under argon. Tog Eﬁ?‘:n&: M 2FeCit Y, r?ezoo(ﬁt 12.95 nmi,
83 mmol) in dry. 10 rrL) The 10 resrgiﬂsféggémx L# :a’aomg e%"é/ar med to 50
C for 16 h. TheCH ated lg oiveophasphotio agid dibenay! esteofrcarimxyl-phenyl ester
di et hyl azodi car hg! $1%Padh a|é‘yé1|b¥vw§§r digt) was added. The m xture

was heated at 50 C for 24 h. Evaporation o% the solvents and

chr omat ogr aphy of the resi due over silica gel using 1:1 CH2Cl 2- hexanes,
CH2Cl 2, 50% et her/-CH2Cl 2, and ether yielded 9 g crude ethyl-4-0 13 _
nethylpolyethylene gl ycol 500-benzoate as an oil, 5.4 g orange oil (312

mol e% trlphei)yhrﬁmﬂi@hldﬂ h@ﬁrﬂﬂ#ﬁefa):ld @iBEnA 8stlr b- - B/ ONR 1lestérfid§] grange

oil (5/4. nol e0 ri B ne/ roduct). - b) To a“solution o crude

et hyl - 4- O et hy %JPM%P&F&GFS i/ %d@%@ rel) was eddebip a solution bbis

tri phenyl phosphétagl-Bi@dissthylaii a&)odﬁ@%ydr@cﬁi@ﬁ ab hd b 7)) and
TuT e i g

wat er (15.nL) was ggwhﬁ n., 83 nmol),
sol uti on was he en Y‘aFWEO@fﬂdﬁﬁ @RS weg 1. 'b%m!@@ﬂ H‘e@ﬁzﬁiafﬁll

partitioned betNﬁPrAf?é?%rﬁdZQL%@rbhymeﬁ@ﬂBﬁlt%étﬁﬂ ﬂ@%@gﬂ 3g-l5tfgﬁﬂ-w | ayer

was cooled to 0C andg. aci with T m xt’ure was

extract ed i t h @O '"&’F?g é)YHP%‘aﬁﬁcd‘@&% (St g b enmpl) rrepatgg@s) in
Evaporation of &hengledan wosed:mete_)geée aeayaienétr% ARSIV MRl AiGB6m
gl ycol  500- benztcelmcpe?gtlure f%r 3h. gI‘he resultrng m:xture wag \ovar\',\u%éned between CH,Ci
. 2wz
and water and the organic extracts were washed with water. The aqueous
~ layer was extracted with CHzCl,.The organic extracts were combrned dried
15 - . {(MgSQ.) 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 “yimethyl ester (179 mg, 44%) as an orange foam.,

20 d)} 1,4 Cyclohexadiene {(0.12 mL, 1.26 mmof) (Aldrich) was atjded 10 a mixture of
L 4-(bis-benzyloxy-phosphoryioxy)-benzoic acid 3-(1 ,G-dimetttyl-t H~i_ndo|—3-yl)-4-
~ {1-methyl-1 H-ihdo!-s-yt)-2,5-dioxo-2,5-dihydro—pyrrol—‘l -yimethyl éster (1 (_J'O mg,
0.12_mr‘nol) (from step ¢) above) and Pd /C (37 mg 10%) in a mbcture of THF 6
~ ml) and ethano! (0.3 mL). The reaction mixiure was warmed to 55°C for 20
25 ~ minutes. The reaction mixture was cooled to room temperature and was
o flltered over celxte washed with methylene chloride and concentrated ‘The
residue was dissolved in MeCN and water at 0°C. 1N. Sodlurn hydroxade (2 4
. mi, 2.4 mmol) was added and the mixture was Iyophlllzed The resultzng
" mixture was further purified by HPLC with 5 to 50% MeCN - water .
30 Lyophilization yielded 4-phosphonooxy—benzoxc acid 3- -(1 -methyl-1 H-mdol-s- .
yl)~4-(1-methyl-6-nitro-1H-indol-3-y})-2,5-dioxo-2 5—d|hydro-pyrrot- -ytmethyl
ester monosodium salt (60 mg; 74%) as an orange powder.



resi due. (sanple contained 20-30% nol ar excess PEG 500). .30 c) A solution
of the crude 4-O nethyl pol yethyl ene gl ycol 500-benzoic aggdmg,,@l?ﬁ 200@, 1
nmol ) (from ?@@,ﬁﬁabove) in dry CH2Cl2 (5 nml) was added at room 12 April
2004 WO 01/271 / EPOQ/ 09635 -28 tenperature to a sol utifr/EH00/09635

1- et hyl - 3- (3-di net hyl am nopropyl ) car bodi i ri2de hydrochl oride (300 ngy, 1.56
mml ) (Al drich) and di net hyl am nopyridine (279 ng, 2.28 nmmol) in dry
CH2Cl 2 (5 nmL). After 5 min., 1-Hydroxymethyl-3-(1 nethyl-
Hindol-3-yl)-4-(1-methyl-6-nitro-1 Hindol-3-yl)-pyrrol e-2,5-dione (430 5
ng, 1 mmol ), prepared a ded. The m xture was stirred
at room tenper JJEM H3R1 9@85”%&”&%&5&‘&&1@#%%%{%? B-indel-gtll-act ed
w th CH2Cl 2. ThS-dioga+?,B-dintdraqiysroldrdimetiveycarbdnyijd-phengi-0Oed over
(MgS™) and c was purified by HPLC with MeCN |
water to gi veqﬁ%wqa%ﬂwgnggf-{éndo -3-yl)-4-(1-net hyl -6-nitro-|
Hindol-3-yl) io

.2, 5-di oxo- 2, 5-di hydr o- pyrr.ol - 1- yl ) met hoxycar bonyl | - 4- phenyl - 0- -

t hyl pol yet h 4 % |
To " Carbomi ¢ 2 e PESTSha Fsmoneiy e (16.48 Fs Al BifeBionmerigrate”
6I nitro-|I ]Ic-l-l ndol5.8 gy BDambh dndqu}hénﬁpﬂodp}'nhmﬂm&trg;Ismmmomwt(]érféldlmwd ihS A
ti 200 1 t hyl -

EE) oy a1 s PR B o B L R s sy
\;I)Mrteﬁag 88 as |( 2 t5 UEttwl@zudﬁofc&ifo%:ate\aQ %ﬂaﬁ;&ps&aﬂmmmﬁlﬁymmﬂo E f\lr']tlfést; eat te?on‘
a2 il st wis e N R RIS S e e Whmrae Lt | 1)
cool , - 300 ng (2. tbmmlu)\deifanl}oﬁadddiea’fylmioa(‘léb@la@ (Bams_ﬁrremwmm(_ﬁhd@ ch)

\é\eng?gf g dd;ggvvlt %@deﬁ hlb’ﬁrrgl was hreggd aﬁrso% fglo 24 8. %tvapora?on oP &ness%ll\ye%rt]é nas:

and chromatography of the residue over silica ge! using 1:1 CH,Clx- hexanes,
CHzC[z, 50% ether/-CH2Cl;, and ether yielded 9 g crude ethyl-4-O-
15 - nietl*nylpolyethylené glycol 500-benzoate as an oil, 5.4 g orange oil (3/2 mole%
triphenylphasphine/product), and 4.9 g (~58 % overall yield) orange oil (5/4
mole% friphenylphosphine/product).

. b) To a solution of the crude ethyl-4-0-methylpolyethylene glycol 500-benzoate |
20 . (4.90g, 5/4 mole% triphenylphosphine/product) (from stép a) above) in
| methanol (10 miL) and water (15 mL) was added 6N NaOH (13.8 mL, 83
-mmol), and the resulting solution was heated to 65° C for 2h. The solution was
concentrated and partitioned between 30% CHngp_/ethyl' acetate and water.
The aqueous layer was cooled to 0°C and acidified to oH 3.0 with TN HCI.
25 The mixture was extracted with CH,Cl, and the organic extracts were dned
. (MgSOy). Evaporatlon of the organic solvents gave crude 4-O-
| methylpolyethylene glycol 500-benzoic acid (2.3 g. 49%) as a yeliow waxy
tesidue. (sample contained 20-30% molar excess PEG 500)

30 c) A solution of the crude 4- O-methylpolyethylene egcoI 500-benzo:c aCid (679
mg, 1 mmo[) (from step b) above) in dry CH.Cl, (5 mL) was added at room



purified by chromatography using silica gel and eluting with a m xture of
Et OAc/ Hexane to afford carbonic acid ally( ester 3-(1-neihyAprlil 2004
I—I—indol-3-ylrbéi[%?]I 5 .:methyl-6-nitro-1 )

Hi ndol - 3-yl ) -2,'5-di oxo- 2, 5- di hydr o-pyrrol - 1-yl net hyl est ePCHEP/MEBd sol id
(mp. 191-194C). Exanple 17: (2-D nethyl apgno-ethyl)-carbamc'acid

3-(1-net hyl -1 H4ndol - 3- : .

yl ) - 4- (1- et hy| teapsiratuce tora soltizin-&-tyethy23-53-diroatbyRnfinahroyg)caripyikmte 1

| methyl 30 - 1 S
Vi odol - 3-yl) ei“*f(‘{%@ﬁ%@?ﬁﬁ@[ Hgéﬁ g’ﬂg@n@i‘ﬁﬁ% Fhst dimethyigminopuiding 229 200
%, 0. 47'I {n.ml ) ,mpr%-ﬁ&n?moam diny Cﬁd@@mlseni 1). a&ﬂqva'sénﬂi.sﬁﬁyfmkymi sk 'emﬂlgi(ﬂ 10 nl).

e resu I N r . \
e L ET it ht's | TR Hih R M el R-A P Td s-oifale- WA 2 4400
o e o B e g
oo 0 RaC TSl RaPRl A foPh WARY e 5003 3 e (UG s exraded e | or

2 31 n. Di et-hwwancm@tzhwmmgmzju@araoﬁs were/rastes ith waREdéd Bie was
added. Stirrin tinue Q rs., The m xtur vapor.ated an
the residue ms&gﬁfﬁ)%ﬁgﬁoﬂéﬁf&% : r(?ﬁ‘é?"(?g‘?%ﬁ)ﬂWi%’%’YﬁéLS with MecN/
SN S Sty i S S AV e o

i ndol -3:yi)-4;£1-ne =6-ni'tro- i ndol - 3- - 2: 5-di 0x0- 2, 5- di'hydr o-
pyrrol.-1- ﬁrret #'dé%&eﬁg(di'y_ﬂr%ﬁyr %@}?-{!ﬁr%}gmcgrq%%yu-&phenyl-o- ‘
[ 2- (2- Hydr oxy - ehéihyipplyetiyldne-ghaohs00 (198ahg, 87 o) -aseidwianbétoil.
i ndol =3-yl)-4-(1-methyl -6-nitro-1Hindol -3
yl)-2; 5-di oxo- 2, 5-di hydro-pyrrol -1- 1o ylnmethyl ester This conpound was
prepared from 1-am no- 2- et hoxy-ethanol (Aldri.ch), using the sane procedure
as in exanple 17 (45 ng, 17% . 1s Exanple 19: (2-Hydoxy-ethyl)-carbamc

aci d -3- (1- neExgmole 6} (asbowicyacid allylester 3-(1-methyl-1H-indol-3-yI)-4-(1-methyl-
o _6-nitro-1H-indol-3-yl)-2,5-dioxo-2,5-dihydro-pyrrol-1-yimethyl ester

-

15

- A solution of 200 mg (0.47 mmole) of 1—hydroxymethyl-s-(1-'methyd-fi.H—indo!-S-yl)-
‘4-(1-methyl-6-nitro—1 H-indol-3-y|j-pyrrole—2,5—dione, prepared as in ihe example
- 1a, was dissolved in 90 ml of THF and treated with 300 mg (2.5 mmol) of 4-
dimethylaminopyridine (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 mmol) of 1,5-
diazahicycl0(4.3.p)non—5-ene (DBN) (Aldrich) was added dropwise. This was
stirred for 14 hours at 20°C. The solvent was.evaporéted and the mixture was
puritied by chromatography usirig silica gel and eluting with a mixture of
o | 'EtOAc/Hexane to afford carbonic acid aliyl ester 3-(1-methyl-1H-indol-3-yf)-4-(1-
25 ".-"methyl—G-nitro-‘l_H-indol-Séyl)-z,S-dioxo-z,S-dihydro—pyrrbl-‘l -ylmethy! ester as a red
sofid (m.p. 191-194°C). |

Example 17: (2-Dimethyiamino—ethyl)—cérbamic'aci_d 3-(1-methyl-1 H-indblgs- :
. Yl)-4-(t-methyl-6-nitro-1H-indol-3-yl)-2,5-dioxo-2,5-dihydro-pyrrol-1-yimethyl
30 ester - - - ' -
1-Hydroxymethyi-3-(1-methyl-1 H}inddl-S—yl)A-U -methyl-6-nitro-1 H-indol-’S—yi)"f
pyrrole-2,5-dione (200 mg, 0.47 mmol), prepared as in example 1a, was disspIVéd
in THF (10 mL). The resulting red solution was cooled in an ice bath. Lithium
35 bis(trimethylsiliyl)amide (0.56 mL, 0.56 mmol, 1 M in THF) was added dropwise to
the solution to give a red suspension. After 10 min, bis'(p-nitrophenyl)carbqnate ,



met hyl - 6-ni tro-1 Hindol -3 yl)-2,5-di oxo- 2, 5-di hydro-pyrrol - 1-yl net hyl
ester n-BuLi (0.96 nL, 1.54 mmol, 1.6 Min hexanes) vvas dﬁg r se to
a solution of 1-hydroxynethyl-3-(1-nethyl-1 Hindol- 4 £ Fol
yl)-4-(1-nmetwploiB7mstro-1 H-indoi-3-yl) 20 pyrrole-2, 5 di oner/etihep 1. 54
mol ), prepared as in.exanple 1 a, in THE (30 i) at 0C. After 10 mn
bi s(p-ni trophenyl)carbonate (600 ng, 1.96 n??o'l) was added. The sol ution

t d at th 10
ol ) s adaed0orE 088 MRrBn A Gd, Thedesting BOGTGE rd aho’tHror o
Aqueous NHACI  ywis. Dﬂﬂwdhramdemljﬂannme((anmgy\aﬂ%wmwm'éEIF\(EIrﬂiL)REasI:'adHM The -

i c ext h d t f
the ol vent s aRd ik WREpalsbos hER IP BuRltE et EFond Fieg g FEgi as ©
I%I:- I1n dgl 23 _Et BAC pbniimhmﬂasmmen(aﬁaglapiw(tp-md1@-dlﬁmmo—emylﬂc&bé&nﬂ‘@cb;dj)ﬂ
1 ndol - 3. y17 - S Bt S hcAl emet Sitre-1ipgetiy-2 8 ipq 3t hroarsy.
30 12 April ZOWWMIG-QMQﬁﬁJ%ter(PBFh’@WAD%SS -30 Exanpl e 20:

(2- phosphonooxy-ethyl)-carbam c acid 3-(1-nethyl-1 Hindol-3-
|)-4-(1-methyl-6-nitro-1 :

I¥|-|) ndol(-3fr§I )}/.2, 53: o>r<g-2, 5-di hydro-pyrrol -1-ylnmethyl ester ' s a) o
Tri phenyl phosphine (95 ng, 0.36 nmol) and di benzyl phosphate (101 ng, 0.36
mmol ) were addEgatipie 180|[242-lydedxy-Btidxipethyd]-batbantio Eeed B (1-aeettyB1KL

-methyl - 1- g T

H i ndol- -3- yl) - !P c{of Sn%lt) rgethy[l-ﬁ mir 1H' ‘f‘i'é”-y'l) 2-52',d§’-x(§)| d?oqlaygtodﬁj%y r])- pyrr
ol - 1- yl et Kyl Yisetayl f‘-ﬁé&pared as in exarrpl e 19 (150 ng, 0.289 mol) in THE
(6 mL). The m xture-was cooled at 78C. Diethyl azodicarboxiate (0.057 ni,
10 0.36 mmol ) was added dropwi se over 5 mn. The cooling bath was renoved
and the .mi xture was stirred overnight. The ni xture was then evaporat ed.

Chr omat ogr ap hyTbi'S Qohmquedlwrepﬁiedsﬁdﬂh daarrged) -2eathoxy-ethand: (Aldathi)\usingtee anes

same procedure as in example 17 {45 mg, 17%).

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-hydroxymethyl-3-(1 -methyl-1 H-indoI-S-yl)-4-(1 -methyl-6-nitro-1H-indol-3-yl)-
‘20" pyrmrole-2,5-dione (600 mg, 1.54 mmo})’, prepared as in exarﬁple 1a, in THF (30
" 'ml) at 0°C. After 10 min bis(p-nitrophenyl)carbonate (606 mg, 1.96 mmol) was
_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
“25 EtOAc. The organic extract was Wéshéd with brine and dried over MgSO..
o E\iaporation of the solvents and chromatogfaphy of the residue over silica gel
~ using 1:1 -3:2 EtOAc/ hexanes gave '(é-hyéioxy-ethyi)-carbarnic acid 3-(1-methyl-
_1H-indol-3- yl)-4-(1-methyl-6-mtro—1 H-lndoi- -yi)-2, 5-d10x0-2 5-d|hydro-pyrrol -1-
-ylmethyl ester (339 mg, 47%).
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gave [ 2-bi s-benzyl oxy- phosphoryl oxy)-ethyl]-carbamc acid 3-(1 -nmethyl-1 H
i ndol -3-yl)-4-(1-methyl -6-nitro-1Hindol -3-yl)-2, 5-di oxolgﬁ,ﬂllhydb@ pyrr ol
-1-- 15 y[nethyl ester (121 ng, 54% . b) Pd / C(33 ng, 10%

1, 4- cycl ohex¥Ri0?E0{ 0. 12 L, 1.27 mmi) were added to a 'sm'lcm.lEiPunmmfs

[ 2- bi s-benzyl oxy- phosphory[oxy)-ethyl]-carfpm c acid '3- (1-nmethyl-
Hindol -3-yl)-4-(1-nmethyl-6-nitro-i Hindol-3-yl)-2,5-dioxo-2,5 20

di hydr o- pyr r oExampllere0:hy2-phebphohiddiy-ethylPeirbanifidticid BY(1amBthyidHeindbl-3HE (5
m-) and Et %M@ﬁnétﬁyl-&ﬂi&dﬁﬂhﬂﬂgfsag- gadiego205-dth gmsgiﬂs-pidibth]}he

resul ting m Xxégtee was filtered through celite, washed W|th THE and the
filtrate was .evaporated. The residue was dissolved in a mxture of EtCH
(10 nmL) and CH3CN (10 mb). 0.1 N NaOH was added and the pH was adjusted to

8.2. 25 Watg | r o
ol vents yerd rapReajptearAlies ie, GuBRahd ahd B oS McsBhe JOEELBSY S,
gave (2- phosphanolkywese agdgd toa B@Jn‘h@n at{2Hgdpa-atbylvghrbbmic acid 3-(1-methyi-

H i ndol - 3-yl 4

H i ndol - 3. A) - ); 2 M%ggg}%bﬁg 'ﬂb%&gf’;‘tf% "‘fd°f'(3n¥'? T I0PES PRy Py W

an orange povvde mayiestarpprepated as e{xammehgl 180 mg, 0.288 mmol) in THF (6

';: g?g?l)xg gl ) - 45 n&llgl) dfﬁé- mﬁhu%\n %&%)%{% -—??‘a ﬁ%’thgfl azodicarboxlate (0.057 mL,

(2- di et hyl@am noOe'i&'Yll’l)Ol)aM&Sieddw MpWMermnmz Ther ¢doliB§ ®ath WET (drRE¥d09635

(5 ety -1 RABI{H odre;as PR evamiopt 106 Mg yesg tan evaporated

pyrrol e-2, 5-di omerawgl@hy@:fmemic)ue(m stiPa Bat umnga B2 B02@)/ HexardsE (7

m - adde [ am (0.

i T M ngﬁ%%’%%%m‘ &%PH&A’%&%"‘@%@@ Bg A B BtV s i
Bi s(p s ni t rophémid-Bodrbihratethyl-Birdtrog H-Dddl-Bayt)t2), 5 disxoaz|Batthydfbpysol 1t | on
was St_' rrelg at yimethyl ester (121 mg, 54%).

b) Pd/C (33 mg, 10%) and 1,4-cyclohexadiene (0.12 mL, 1.27 mmol) were
added to & solution of [2-bis-benzyloxy-phosphoryloxy)-ethyl]-carbamic acid 3-
(1-methyl-1H-indol-3-yl)-4-(1-methyl-6-nitro-1H-indol-3-yi}-2,5-dioxo-2,5-

.20 dihydro-pyrrol-1-yimethyl 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°Cfor 30 min. The
resulting mixture was filtered through celite, washed with THF and the fiftrate

:  was evapbratgd. The residue was dissolved in a mixture of EtOH (10 mL) and

" CH4CN (10 mL). 0.1 N NaOH was added and the pH was adjusted to 8.2.

25 Water (10 mL) 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-indol-3-yl)-4-(1-methyl-6-
nitro-1 H—mdol—3-yl)-2 5—d|oxo-2 5-d1hydro~pyrroi-1 ylrnethyl ester (59 mg, 62%)
as an orange powder

Example 21: - 3-(1-Methyl-1H-indol-3-yl)-4(1-methyl-6-nitro-1H-indol-3-yl)-
- 2,5-dioxo-2,5-dihydro-pyrrole-1-carboxylic acid (2-diethylamino-ethyl)-amide



OC for 0.5 h. D ethyl am noethylamne (69.7 ng, 0.6 mml) in THE (2 m-) was
added, and stirring was continued for 2 h. The sol vent was za;v:applzaned and
the residu ified by flash chromat ography to give.3-(1-nmethyl-1

H-i ndol - 3- yﬁv /2?1?5 met hyl - 6-nitro-1 Hindol-3-yl)-2,5-di o>¥’€ /EP00/09635

2, 5-di hydro-pyrrole-1 -carboxylic acid (2 i31di et hyl am no-ethyl)-am de (28
ng, 10% . Exanple 22: 3-(1-Methyl-1 Hindol-3-yl)-4-(1-nmethyl-6-nitro-1

H i ndoi - 3 yl) - Pom-cald eglotion of ai(hmtbylp%fhdolyﬁ-‘ﬂ-ﬁdaﬁwriitw-admdblyl) -1H-

6- di net hyl am f
<(1Ii rrelt hyl a)r/n' no-hgﬁy@%)r%%?cg{cgc@gﬁ @%ﬁrﬁ& rocedur npgg%grl %sgfnl n egamg'l)
21- (67 ng, 24%vas ExidﬁﬂH@MSeﬂﬁblmMsmhethleﬂyi)mwe .55 mmol, 0.55 mL, T Min
|)-4-(1-meth .
él z)xo (2 5m§| hg;ic]i-ro g%ég?éedﬁdd;gégfb J.‘%“ﬁ‘é’gé S?ﬁe%/ocﬁgg’xr{/l%t%ﬁ(f: am de .20 To a
col d sol utién oﬂrosheay!}mttbgﬂ&te{zmngym Y -dmol} was taldied 6 The tsobuitiBn wad atipe)l -t H-

) e aasecdas sreren biatv IR artEe% h8: G nBol friR Eanar = 7

hexane). The addad,@ndgtirgd was pentiived foch sTha savkeritavaslévaporated and the

Bi s(p-nitrophe 7 h d

resul ting sol u{@%ﬁ%\%&%@@ﬁ{n’f cé%?ﬁ?s%b%wlgz?l]cp %hmgv%vﬁ-ﬁb-heg}%q‘ﬁ(ﬁ%q-ﬁ? -4-
1.875 mmol.) i n(1TletrM—6Frhﬁ'oms-lrﬂdel) -2frdiosbiX 5-dihgdiBgyrraleqitdanbmglic acid42h.
The sol vent wag, ﬁ_lzqoorat @l resi was purified by flash
chrorratogra%Bhy RGP Y? Mg ndol 3- A)-4-(1-methyl-6-nitro-1
H indoi-3 yl)-2,5-di oxo-2, 5- d| hydr o- pyrrol e-1 -carboxylic acid

(4- hydr oxybutyl )-am de 30 as an orange solid (280 ng, 43% 12 April 2004
WO 01/ 27106 -32 PCT/ EPO0/ 09635 Exa 24. Phosphoric aci

nono- (4-{[ 3- (1_6@&;&&2. 1rMethkaglp 'Pd°1t3'(YD-‘4‘(f%mﬁ}hYlﬁﬁ“ﬁlt!'(P'aﬂilnd°|'3'Yl}'2 5-
H-i ndol - 3yt ) - Zdﬁxdkz),EQilﬁy&rdipDMdreg‘iM?ﬁ@lﬁcﬁc@c&( badiffiethylamino-hexyl)-amide

15 This compound was prepared from dimethylaminohexylamine 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-1H-indol-3-yl)-2,5-
dioxo-2,5-dihydro-pyrrole-1-carboxylic acid (4-hydroxybutyl)-amide :

.20
To a cold solution of 3- (1 ~-methyl-3-indolyl)-4-(1-methyl-6-nitro- S-mdolyl) -1H-
~ pyrrole-2,5-dione (500 mg, 1.25 mmol) (see EP Patent 0 328 8028) inTHF (7 mL)
Y was added dropwise n-butyliithium (0.86 mL, 1.375 mmol, 1.6 M in hexane ). The
resulting red suspension was stirred for 15 min. _Bis(p-nitrophenyl)carbonate (632
- 25 Vmg, 1.75 mmol) was then added. The resulting solution was stirred at 0°C for 1 h.
B 4-aminobutano! (167 mg, 1.875 mmol} in THF (4 mL) was added, and stirring was
‘continued for 2 h. The solvent was evaporated and the residue was pdﬁfied by
flash chromatography to afford 3-(1-Methyl-1H-indol-3-yi)-4-(1-methyl-6-nitro-1H-
' indol-3-yl)-2,5-dioxo-2,5-dihydro-pyrrole-1-carboxylic acid (4-hydroxybutyl)-amide
30 as an orange sofid (280 mg, 43%).



am no}-butyl) -ester sodiumsalt 5 a) Triphenyl phosphine (0.86 g, 3.29 mmuol)
and D benzyl phosphate (0.91 g, 3.29 mml) were added t @2aag@i vtdgda of
3-(1-methyl -1 Hindol-3-yl) -4-(1-nethyl-6- nitro-1

H i ndol - 3yl ) ¥O &Adkgxo- 2, 5- di hydr o- pyrrol e 1- carboxylic aci pcfhpoo/ssss

hydr oxybut yl ) - am de (prepared as in exanpl ,23, 1.41 g, 2.74 nmol) in THE
(50 mL). The mixture was cooled to -78C. Di'éthyl azodi car boxyl ate (0.52 ni,

10 3.29 mml ) pRsmprdes Phre no- ¥ . moved
and after 2h, angg%%ﬁ"é ?fz{[ﬂﬁ shettiyl Q.Fl fdue

over silica %Jm estdfitaNiu gmgane then Et ave phospho c acid
di benzyl ester i 2 -nmethyl -1 Hindol-3-yl)- 4(1 nmet hyl -6-nitro-1

(Hl ' ndol - 38§§/3 ?a)igﬂ%l%g/lﬁoé ﬁhhex@rs@ Pngg)hﬁoiy&e% ybﬁqw@ fﬁ@b@ﬂétet@tgéip g;géé%rlg
mol ) \gN’er e added'Tt"éP WEER thiﬁ ao?rohptmsseﬂfoﬁrmemld I“Hinﬂek&-yl)ﬂeﬁt-methyl-&

hyl -
TS 3[T§|t)y A'trgﬂo%gﬁd gaias éﬁéf%@?f%ﬁydq 3’%?) foxlicasd Eutyi ester
(1.76 g, 2.27 mTBquowbttBYH-%mé{@ yenased ay in ﬁxmm%&&ﬁeﬁog AREn{raal) rmTHﬁL)
and ELOH (3.8 miso g fnesﬁ.kwr@&agaabw&ﬁ%f’@eﬁ %ﬂ&f%ﬁé%aﬁ?gg{agé (038%

TLC (Et GAc) sho a trace of phosphoric aci enz
(1-nethyl - 10 H | n@@ﬁmm?l)ma(dﬁeﬁ‘eir@gwtsemetﬁmm The cooling bath was removed

H i ndol - 3- 2 0

eslt gr OI eft. V! 2I'he ?nncg?ﬁéfgzr\?/\é@e ?'m{iiu ter e %{o&%’ﬂeﬁ Jggf&{'QBQ%hLY%gh% 'l}etsgig?év%s
evapor ated. The $iies gelaisings2:4iE408LV bexame tilenrﬁtﬂmr gﬁ\@fph‘dsﬁhbr@d?ﬂd nlib)e)nayld
CH3CN (100mL 'W was
added Eo di s?so?\r)%ttgﬂé-{%, @m pI E"ﬁ %%Mé%lr%&hg'?ﬁgét%@és @n% ed under
vacuum and | yophdlDX@-atﬁ‘dlhydm-RW@!e-wa@mrwl]rmnoghutyl estedd .78 9B8%).(1. 2 g).
Purificati of the residue using HPLC (10% 90% CH3CN-H20) gave phosphoric

aci d nono- éd/mathl-l Hindol-3 yl)-4-(1 30 nethyl-6-nitro-1
H-i ndol - 3-yl )bQ 6 921 Bopanm trccysloheshdietie ¢ aBdanly, 19-ranialjoyerelzddet Yo

ester sodium salf s4ti4? oBphapidricid ditihz)PUHE! 4-(3-(1-methyl-1H-indol-3-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
20 '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-methyl-1H-indol-3-yl)-4-(1-methyl-6-nitro-1H-indol-3-y1)-2,5-dioxo-2,5-
| dihydro-pyrrole-1-carbonyl}-amino}-butyl ester left. The mixture was filtered
. - through celite and theﬂltrate was evaporated. The residue was dissolved ina
.25 mixture of E1OH (100 mL) and CH3CN (100mL) and basified w:th NaOH (0.2 Nj) |
- toPH=8.2. Water (50 mL) was added to dissolve the prec;pltate 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 (1 0%-90%
CH3CN-H,0) gave phosphoric acid mono-(4-{[3-(1 -methy-1H-indo!-3 -y|)~4~(1 -
- .?'30 “methyl-6-nitro-1H-indo}-3-y1)-2,5- dloxo-2,5-d|hydro-pyrrole-1 -carbonyl]—ammo}-
: butyl) ester sodium salt (0.49 g, 34%) as'a red powder.

Example 25: O-{2-{{{2,5-dihydro-3-(1-methyl-tH-indol-3-yl)-4-(1-
' methyl-6-nitro-1H-indol-3-yl})-2,5-dioxo-1H-pyrrol-1-
- -ylJmethoxy]carbonyl]methyl]-O-methylpolyethylene glycol 2000

w
U



Example 25: 0-[2-[[[2,5-di hydro-3-(1-nethyl-1 Hindol-3 yl)-4-(1-

met hyl -6-nitro-1. Hindof-3-yl}-2,5-dioxo-1 Hpyrrol-1 352 april 2004

yl ] met hoxy] car bonyl ] net hyl ] -0 - et hyl pol y6t hyl ene gl ycol 2000 WD 01/27106
-33 CH2 12 Kﬁ?‘?’ﬁ’é’ém PCTI EP00109635 PEG __ Pol y( et hyl enePgrEeeopénst hy|

et her average Mwv ca. 2000 (Aldrich) (4.4 gz32.2. mmol) in tetrahydrofuran
(120 m-) was warned to about 35-402C and to this was added sodi um hydri de

(0.6 g of 60% 15 mmol) and the m xture was stirred an 5 additional 15
mnutes. In two portions over 5 W Mwﬁnwg acetate (.1.2 g,
-6.2 mmol ) was added and the m xture hedt e ?E 45-50C for 4 hours. The
m xture was cool ed to about 309C, dilut@d with e 9F°°°et her (100 ni),
filtered warm through celite and the filter cake washed with
tetrahydrofuran. The organic solvents were renoved by evaporation and the

resi ;:iueI chr Ong@'QEEtﬁjd?ﬂd g@n&oatnle'ﬂqﬂiethet@(\jfgm!gegﬁwrcbf ?@mb {Adrictya vl g, Qsz?r? 5 m)
Similar repar . . was ea W t tLri uor.oa C Cl Q.
ond st 1 eh shMdtin ehaReuR (2oL §at Maftoeh o pURIIFL Snd s s
sol Et:i onPaEgd ngm abdidlmawdﬁdef(m.ehrg g%@ﬁﬁ1$ﬁlmcﬂé&lﬁil ﬂﬁ&ﬁi&tt{?e W Aitfedein
net hox .et ol C Cl q. Io net -a- - et -
i nael - o1 gl 3BpiuB, T a8 Dot et & gingtes et bromoassite (142 o3
?,1 ?5 rrgvl ) ,pr@.aagmdgla@asj aucﬁmamlt 12;9 Stﬂixﬁl)'e aag hé%tdgidi%htsdgw]bﬁﬂmuisgi?ﬁe

. , - Mmoo I N | C rqQne ane m - a - . e alln a was
omoved and ¢ RbSaras odad T pbecar™Gy A it el aiiar HtRmLS BHTMAEN ang
pour ed ont o Sirrbagh siite GAA it bads HsREA Tith hemehy R, CPid Sraakit

chr omat ogr_aphé and crystallization of the residue
o o {

 fro .
t et r ahydr of ur SHVRRRWER FfHIPve, by Gvareyahon an ,esrﬁa'ﬂﬁw%r@ateg%ﬁﬁmsﬂwa

H-i ndol - 3-yl ) géi: (Furiiethyit-bbtydebtep sinildrly prepared (12.5 g) was treated with
| trifluoroacetic acid (75 mL) and stirred at room temperature for 90 minutes.
-Evaporation of the solution and crystallization from cold ethyl ether gave 9.0 gram
‘of methoxy PEG 2000-ethanoic acid. '

15 - A solution of methoxy PEG 2000 ethanoic acid (9.0 g, 4.5 mmol) in
dichloromethane (50 mL) was treated with oxalyl chioride (10 mL), heated at
-gentle reflux for 15 minutes and followed by the addition of a trace of
_dimethylformamide (0.1 mL). Reflux was continued for an additional 15 minutes
and toluene (50 mL) was added and the volatiles were‘removed by evaporation. . |
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-methyl-6-nitro-1H-indol-3-yi)-
pyrrole-_2,5—dione (1.93 g, 4.5 mmaol) (prepa’red‘as' in 'Examp!eja) and 4-
 dimethylarninopyfidine (1.1 g, 9 mmol) in dichloromethane (25 mL) at-50°C. The
i cooling bath was removed and the mixture was stirred at room temperature for 2
i 25 _hours and poired onto silica gel (200 g) in diphioro_rhémarie. Purification by
- chfomatography and crystaliization of the residue from fetrahydrofuran-eihyl ether
provided 0O-f2-[f2,5-dihydro-3-{1-methyl-1H-indol-3-yl)-4-(1-methyl-6-nitro-1H-
'indol-3-'yl)-2,5-didxo-2,5_-dihydro-py‘rrol-1 -yl]meti]oxycarbonyl]methyl-O’-
methylpolyethylene glyco! 2000 as a red solid (yield 63%).
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I ndol - 3-yl )-2,5-di oxo- 2, 5-di hydro-pyrrol -1-yi ] met hoxycar bonyl ] net hyl - O -
nmet hyl pol yet hyl ene gl ycol 2000 as a red solid (yield 630/% A;pﬁ.—ﬁ %%Ht i on of
met hoxy PEG 2000 ethanoic acid (9.0 g, 4.5 mol) in dic %o onet hane (50
m.) was tred¥@dlEiash oxalyl chloride (10 ni), heated at gepileodibdsux for
15 mnutes and followed by the addition 9%%1? trace of dinmethylformamn de
(0.1 -.n). Reflux was continued for an additional 15 m nutes and toluene
(50 mL) was added and the volatiles were renoved by evaporation. . .20 The
resi due was di ssolved in dichloromethane (50 nL) and added, to a slurry of
1 30 12 Apri Example@b: cAntipreliferative Aclinjlye 26: Antiproliferative Activity
PCT1EP00109635 The antiproliferatiave activity of the conpounds of the
invention'is s denonstrated bel ow. These effects indicate that the
conpounds- of the pr e antipralferatinvnaativity wf #iaitompoundsatfithg imentien is i n

particul ars; sgki : _ rs.. 10 VDANVB- 435

Col | - Based AconSHFRHDCRIE TROGCUREL pallle FRl BB cllfifFidse! MipABEHRs) vs
pur chased fr &ivention aAreasqiulie tresting danwer,Ge pparticular solid Eohore cluich s bregstwas
grown in cul. ' I4m as reconmmended by ATCC. For analysis of the

ef fect of’ va%ﬁgg:gbﬂégﬁrr%%nds of formula | on the growth 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 foxide) to yield at 10mM st ock sol ution. Each conpound was diluted in
H20to 1 mM and was added to triplicate wells in the first ' '

MDAMB-435 Cell-Based Assay

.The epithelial breast carcinoma cell line (MDAMB-435) was purchased from
15 * ATCC (American Typé Cell Culture Collection) and was grown in culture in
.medium as recommended by ATCC. For analysis of the effect of various
compounds of formula | on the growth of these cells, the cells were plated ata
concentration of 1500 cells/welf in a 96 well tissue culture piate (“test plate™. The
day after the cells were plated, the compouﬁds to be analyzed were dissolved in |
20 100% DMSO (di_methyl suffoxide) to yield at 10mM stock solution. Each
compound was diluted in H2O to 1mM and was added to triplicate wellé in the first
row of a 96 well master plate éontaining medium to vield a final concentration of
-40pM. The compounds were then s;erial_ly diluted in medium in the “master plate”.
| The diluted cotnpo‘und(s) were then transférred to test plates containing cells. A
25 oW qf vehicle “control cells” received DMSO. The final concentration of DMSQO in
' ‘ ‘each well was 0.1%. 5 days post .dfu_g addition, the plate was anélyzed as
- _describgd_below.

- Mﬁ‘.(a-@-s methyl thiazole-2-yl}-2,5-diphenyl tetrazolium bromide; thiazoly!
30 blue)was added to each well to yield a final concentration of 1mg/ml. The plate
3 Was'r then incubated at 37°C for 2 1/2_'- 3 hours. The. MTT- containing medium was
then femoved and 50p of 100% ethanol was added to éach well to dissolve the
formazan. The absorbences were 'fhen read using an automated b!ate reader



row of a 96 well master plate containing mediumto yield a final
concentrati on of 401M The conpounds were then serially, ?IAIIH:( 3§ 2hBg Medi UM
in the "master plate"” The diluted conpound(s) were then t sferred to
test pl ates ¥ORZIM ng cells. A 25 row of vehicle "control roxigredossscei ved
DVBO. The final concentration of DMSO in_ggach well was 0.1 % 5 days post
drug addition, the plate was anal yzed as described below. MT (3-(4-5

met hyl thi azq%&mhbr@tétedeaa&pylosygweaé@hlcuméu 98hg e REbééﬁh)l\huns%ﬁ bl ue)

was added to each well I nal concentration of 1 rng/

pl ate was the‘?ﬂanEGb%ﬁeeﬁF“atj ém%‘!%%ms ABAB0r t938rhe. MIT cont a| n| ng -
medi um was then renoved and. 501l of 100% et hanol was added to each well
to dissolve the formazan. The absorbences were then read using an
automated pl ate reader WO 01127X06 12 April 2004 PCT/EPOQ 09635 35

onoch " equat ron. scdRafEds dRPiResRhs i HHoHE Hatald R e dB0T 1

results of;tftmlcmregm ng in vitro experinents are set forth in Table |- Each
of the conpounds in Table | had an !'C$0 _< 1.00 M 12 April 2004 WO
01/ 27106 Exanple 6b . 7 -36 TABLE | C '

Each of the compounds in Table [ had an 1Csy < 1.00 pM.
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Plasma conversion measurements of representative compounds of
formula | indicate that these compounds in fact yield pharmaceutically active
metaboiites within time frames appropriate for therapeutic use. Moreover, stability
-measurements also for certain representétive compounds of' formulal showin

- addition that these compounds have fair to good stability in the types of solutions

| typically used to admlnlster therapeutic drugs intravenously. The results of these :

plasma coriversion and stability measurements are set forth in Table il below.

Thus, these compounds are suitable for admlmstrat[on to patients by contmuous
infusion. ’ T



formulla | indicate that these conmpounds in fact yield pharmaceutically
active 5 netabolites within tinme frames appropriate for ihexm@gauzioo4use.
Moreover, stability measurenments also for certain representative conpounds
of fornula WOHBHn addition that these conpounds have friTEROgESHd
stability i.n the types of solutions t4lpically used to adm nister
therapeutic drugs intravenously. The results of these plasna conversion
and stability measurements are set f8BLE!N n Table 11 below. 10 Thus, these
conpounds_are suitable for adm nistration to patients by continuous
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- 'Example 27: Tablet anﬁulatfon
ftem Ingredients Mg/Tablet
T [Compound A~ 5 | 25 [100 | 250 | 500 | 750
2 | Anhydrous Lactose  -|103 | 83 | 35 | 10 1 88 | &7
3 Croscarmeliose Sodium 6 | 6 8 16 32 48
4 Povidone K30 o 5 5 6 12 24 36
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22GoodN D*V WO @271860d10% @hrsv OP8Na$ H "

Done PEG 2000
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~~0 JoGoodN D*V. &EPMID

.5

Magnesium Stearate

1

Total Weight

120

120

150 | 800

600

900 -

‘*Compound A representé a compound of the invention.

‘Manufacturing Procedure:

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

2. Granulate the powder mix from step 1 with 26% Povidone K30 Solution (item

A

Example 28: Capsule Formulation

Dry the grénulation from step 2 at 50°C.

Compress the granutation from step & on a suitable press.

Peiss the granulation from step 3 through a suitable milling equipment.

Add the item 5 o the milled granulation step 4 and mix for 3 m:nutes

ltém 'Ingrediénts mg/Capsule

"1 |Compound A® BG 25 | 100 | 250 | 500

2| Anhydrous Lactose 159 123 148 = =

3| Com Starch' 25 | 40 3% 70

'4__ Tl 30 | 15 10 12 54

5 | Magnesium Stearae T3 2 3 6
“Total Fill Weight_ 200 | 200 | 800 | 800 | &00

~ “Compound A represents a compound of the invention.



Exan ple 27: Tablet Fornulation Iten ngredi entsMy/ Tabl et Conpound
A525100250500750 2 . Anhydrous Lact 0sel038335193857 3Crosga %H]p%o‘!

Sodi UNB68163248 4Povi done K30556122436 12 April 2004 WO 01127106 44 5
Magnesi um St W@0arded ot al V‘él ght 1 120 1 120 1 150 *ConpouncecAnrmposaents a
conpound of the invention. *Mnufactu-ring,Procedure: 3 300 PCT/EP00109635
600 9 900 1. Mx items 1, 2 and 3 in a suitable mxer for 15 mnutes. 2.
Granul ate the powder mx fromstep 1 with 20% Povi done K30 Solution (item

'Manufacturing Procedure:

1. Mixitems 1, 2 and 3 in a suitable inixer for 15 minutes.
2. Additems 4 & 5 and mix for 3 minutes.

5 3. Fillinto a suitable capsule.

Examgle 29: Injection SolutnonlEmu!suon Preparation

ltem Ingredient I mg/mL
1 Compound A* 1 mg
2 PEG400 . 10-50 mg
3 Lecithin _ 20-50 mg
4 ‘Soy Qil ' 1-5mg
5 Glycerol. 7 | 812mg
6 Wa_tér qs. | 1 mbL

' 1 * Compound A represents a compound of the invention.

10

. 'Manufat_ftdrin'g‘ Procedure: :
1. - Dissolve item'1 in item 2.
2. Add items 3, 4 and 5 to item 6 and mix until diépersed, then homogenize.



4). Dry the granulation fromstep 2 at 50C. 4. Pass the granulation from
step 3 through a suitable mlling equipnent. 5. Add thejptgei t@olshe
mlled granulation step 4 and mx for 3 mnutes. 6. Conpress the

granul ati on wWooimzgteep 5 on a suitable press. .Exanpl e 28: Cagég)gg 9635
Forrmul ation Itemingredients . ng/ Capsul e 1Conpound A 25100 %9
2Anhydr ous Lactose. 159123148 . 3Corn St ar ch2835403570 Tal c10. 15101224

oo w3 ot Ao T8l bn e ol 018 G HRARR0 P20 480 7 a8 FRpg o Lt
PCT/ EP00/ 09635 | t etAthdiERefsion ifdramslucepound A *1 ng 2PEG 40010-50 ng . -

3Lecithiin20-50 ng 4Soy G 11-5 ng 53 ycerol 8-12 ng 6Water g.s.1 nmL 1:.
Di ssol ve itemd.1 Bteril¢ Stterzhrough a 0.2 pm filter and fill into vials.

s Example 30: Injection Solution/Emulsion Preparation

ltem | Ingredient mg/mL
1 Corﬁpound A* . 11mg
2 [Giycoturol - - . 10-50 mg
3 Lecithin 20-50 mg
4 . |SoyOit o - i-5mg
5 Glycerol ' 8-12 mg
6 ‘Water o |gs.1mbL

* Compound A represents a compound of the invention.

Manufacturing Procedure:

10 1. Dissolve item 1 in item 2.
2. Additems 3, 4 and 5 to item 6 and mix until dispersed, then homogenize.

o .3, Add the s'oluﬁdn from step 1 to the mixiure from step. 2 and homogenize until
"~ the dispersion is translucent. ' ' '

4. Sterile filter through a 0.2 pm filter and fill into vials.
15
| While the ihvent_ion has been illustrated by reference to specific and
preferred embodiments, those skilled in the art will understand that variations and



Add itenms 3,4-and t to item6 and m x until dispersed, then honogeni ze.
Manuf acturing Procedure: 1. Mx itens 1, 2 and 3 in a suibagheiimroyg for 15
mnutes. 2. Add itens 4 & 5 and mix for 3 mnutes. 5 3. Fill into a

sui t abl e capsabm7idéxanpl e 29: Injection Sol ution/Emul sion- Bgpaoabdes
Compound A represents a conmpound of the invention. 10 Manufacturing
Procedure: 12 April 2004 WO 01/ 27106 PGT/#P¥00109635 -46 3. Add the sol ution

|71t ansl ucentiodfEatimeFor B RRich Blnc BB RRioiond peaciee or i o "

}/i alms. .- Exarianth; Thats ethei ioverBiohs immmcahditobemhrtfdr!glaﬂh@ﬁoggoing b 120 '50
tem ngredi e 3. *e , of urol 1Q- 3Leci t hi n20-
ng 4Soy O 11- nﬁ%%gﬁﬁ%&i@e%b}é\ﬂg?@%&ngggfrqlmsan WBrﬁTa'df"ﬂeP resents

a conpound of -the invention. Manufacturing Procedure: 10 1. Dissolve item1
initem2. :

10

15

20 7



2. Add itenms 3, 4 and 5 to item6 and mx until dispersed, th&hApd@S§dni ze.
3. Add the solution fromstep 1 to the mxture fromstep. 2 and honobgeni ze
until the dispersion is translucent. 4. Sterile filter through a 0.2 pm
filter an i knto vials. Wiile the invention has been_illustrated by
referenceq?%hggggific and preferred enbodi nents, those EEbFP%HEFﬁ the art
wi |l understand that variations and 12-#pril 2004 WO 0127106 PCT/ EPOO/ 09635
-47 nodifications may be nade through routine experinmentation and practice
of the invention. Thus, the invention is intended not to be limted by the
foregoi ng description, but to be defined by the appended clains and their
equi valents. 5 10 15 20 12 April 2004 ) L7106 PCT/ EPQCO/ 09635 -48
CLAIMS 5 1. A conpound having the formul'a Io and pharmaceutically active
salts of said compounds, wherein: Ris selected fromthe group consisting
of -CH2O0PBR R2, -CH2OH -CH20COR3, -CH2OCO2R3, - CH2OCONHR3, and - CONHR3;
15 R and R2 are selected fromthe group consisting of H Na and NH4 and
are the sane unless either R or R2is H in which case the other can be
different, or alternatively, RL and R2 together represent cal cium

5

1. A compound having the formula

10 and pharmaceutically active salts of said compounds, wherein:

R is selected from the group consisting of -CH,OPO;R'R?, -CH,OH

~-CH;0COR?®, -CHOCO,R?, -CH,OCONHR?, and -CONHR?;

15 R1 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



R3 is selected fromthe group consisting of 12 April 2004 WO 01/27106 -49
PCT/ EPOO/ 09635 al kyl which optionally may be substitutedipyagrer @oodor e
substi t uent %Véﬁ{!ﬁg&ed fromthe group consisting of -CO2R4, -NR5RG,

pol yet hyl ene ~gt'y 8, OPO3R R2, hydr oxy, al koxy and aryl; HGIEERAP/OWBI ch
optionally may be substituted 5 by one or4onore substituents selected from
the group consisting of -CO2R4, - NR5R6, polyethylene glycol, -0OPO3R R2,
hydroxy, al koxy and ar-ylkyl syiuttoaplionally wycie spltstitutet by omayordirogubst i t ut ed
by one or nor, .t ected fromt.he r gonslLsti ng of - CO2R4,
"XrSRe, pol ySboluahi Rs5a ASEkEen’ B S Lokl B B pee
het er ocycl e, giyabh when including N as a heteroatom the N optionally may
be substituted with the group consist of |lower alkyl and -COR , aryl which

optionally ng i ) fr. ' s _sel ected. frgm
the group cong)iﬁst?eilzﬁgib ’gﬁs}oﬁ%éﬁgl@%%ﬂrﬂo h g@?‘%%m%%’f’ﬁ}%ﬂ gbﬁgu%%%tgg,
OPO3RIR2, andy=ene/or maresubistititsints selgctod fronbiites grotp donsistindwid FORYRE! koxy,
carboxy and sybsdd ) r Py ' | represent yridi ne,
the -nitrogen my’gg&gﬁg@ﬁe{% ed m‘%%fi?bm@dé%?‘"‘%% Eﬁng agé'r m%%@r omthe
group consi stwhigh optionalixamaynbe sebwlitutat! bylone29 ireauhsMbieatsesatetdd from the
I ndependent | : 1 4Q| 6C LS , ~eol | kyl , and -
| CON o al t Sra EGaCtind DA N R HE ol hOECEHER By iartper ca
het er ocycl i c alfaxy;angratylR7 is | ower al kyl which optionally may be
substituted wi th carboxy, polyethylene glycol polyethylene glycol, and

substitutegd am no. heterocycle, which when including N as a heteroatom, the N
optionally may be substituted with the group consist of lower alkyl and ~COR’,

aryl which optionally may be substituted by one or more substituents
- selected from the group consistjng of CO,R*, hydroxy, alkoxy, polyéthylene
glycol, OPOsR'R?, and alkyl whict itself may be substituted with hydroxy atkoxy,
carboxy and substituted amino, provided that when a'ryl. representé pyridine, the
_ nitrogen may be substituted with lower atky!;

— .
w

 R*is selected from the group consisting of H, Na af]d lower alky!;

S0

R® and R® are each independently selected from the group consisting of H,
tower alkyl, and -COR?, or alternatively, the group —-NR°R® together form a 5 or 6
- :membered heterocyclic fing; and |
35 - - Rislower alkyl which optionally may be substituted with carboxy,

polyethylene giycol polyethylene glycol, and substituted amino.

2. A compound having- the formula



2. A conpound-having the formula 12 April 2004 WO 01/27106 -50 and
pharmaceutical ly active salts of said conpounds, whereinj;5axRGH B/ 09535
Ris selected fromthe group consisting of -CH2OPO3R R2, OCOR3,
- CH2Q002R3, wahH220eNHR3, and - CONHR3; Wand R2 are sel ected d%%%é@ﬁmﬁrOUp
consisting of H Na and NH4 and are 10 the sanme unless either or R2 is
H, in which case the other can be differenf%-or alternatively, R and R2
together represent calcium R3 is selected fromthe group consisting of
al kyl which optionally may be substituted by one or nore is substituents
selected fromthe group consisting of -CO2R4, -NR5R6, polyethylene glycol,
OPBR R2, hydroxy, al koxy and aryl; alkéhyl which optionally may be-
substituted by one or nore substituentﬂlselected fromthe group

- we=@l ycol , -OPOBR R2, hydroxy,
al koxy and aryl;.cycloal kyl 20 which optignally may be substituted by one
or nore substituents sel ected up eensi sting of -CO2R4, - NRS5RO
pol yet hyl ene- gl ycol, -OPO3R RR kg d q?yl; 12 April 2004
WO 01/ 27106 -51- PCT/ EPOQ 0963%_c¥ whilkh./6ptY onal |y may be
substituted by one or nore substifiN Fcted fropthe group consisting
of -CO2R4, -NRSR6, polyethylene gI}coI, -CHO3R1R2, hydr oxy, al koxy and
aryl; 5 heterocycle, which when including N as a heteroatom the N
optionally :

and pharmaceutically active salts of said compounds, wherein:

R is selected from the group consisting of -CHOPOsR'R?,

“CH.0COR?, -CH,OCO,R?, -CH;OCONHR?, and -CONHR®;

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
alteatively, R' and R? together represent calcium.

R? is selected from the group consisting of

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

'-OPO_sFl‘Ra, hydroxy, alkoxy and aryl; alkenyl which optionally may be substituted
. by one or more substituents selected from the group consisting of -COsR?, -
NR°R®, palyethylene glycol, -OPO3R'R?, hydroxy, alkoxy and aryl; cycloalkyl |
20 . which optionally may be substituted by one or more substituents selected from the
~ group consisting of -CO,R*, -NR®R?, polysthylene glycol, -OPOsR'R?, hydroxy,
- alkoxyandaryl; = ' |



may be substituted with the group consist of |ower alkyl and -COR7, aryl
whi ch optionally may be substituted by o ne o r nore substituents

selected fromthe group ¢ onsisting of C 02R4, h ydroxy, al koxy,

pol yethyl ene 10 glycol, OPGBR1R2, and al kyl which itself may, g ﬁ%@ql tuted
w t h hydr oxwo @ah¥@xy, carboxy and substigquted am no, provi 963\@

aryl represents pyridine, the nitrogen nay be substituted vmth I ower
alkyl; R4 is selected fromthe group consisting of H Na and |ower alKkyl;

15 R5 and R6 ar ecﬁdoﬂkwhd‘@bmhd@rpubyaﬂjelmab/e(bef smbﬁttthf@dgbgupnconmmomg of

H, lower alkyl,. and - or,alternatively, the, grou R5R§toe; er to
form a5 oF ééﬁﬁgflerfmm ¢ EIOHP ~ SPRFISIIER7ON o &I hsWm ch

optionally t Ql ene gl ycoI

pol yet hyl enggléle (%‘l%ébgl&éa @g & u]?égl%frg?@%.angg( Tzﬁje&%%l‘fpound of claim 2
wherein Ris selected fromthe group consisting of -CH2ZOPGBR R2 and
CH2OCOR3. 25 4. The conpound of claim2 wherein Ris CH2OCO pyri di ne,
wherein 5the N ahewranycid)evlyh iwtiemeinchiding N s atteteroatolm,| theey optisihily 30 12
April 2004 WO Q1/27106 PCT/ EPO0/ 09635 -52 5. The corrpound of, claim4

wher ei n t heTRYdeotabstituterd with thaigreun eonsigitod lower diylpnd-GORYy| or ethyl. 5
6. The conmpound of claim2 wherein RL and R2 are independently sel ected
fromthe group consisting of H and Na.

aryl which optionally may be substituted by one or more substituents

selected from the group c onsisting of CO,R*, hydroxy, alkoxy, polyethylene

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’R® together to form

a 5 or 6 membered heterocyclic ring; and

20 R is lower alkyl which optionally may be substituted with carboxy,
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,0CO-pyridine, wherein
the N atom on the pyridine is substituted with lower alkyl.

30



10 7. The. conpound of claim 2 wherein R3 is heterocycle containing at |east
one nitrogen atomthat optionally may be substituted W ih aAp&fRA003. The
conmpound of |m2 wherein R3 is aryl which is substituted with 15

-- OPBR R2 ¢ and R2 are independently sel ected frombdmrdodiass 9. The
conpound of. cl a| m 2 wherein R3 is aryl whisgh is.substituted by the group
consi sting of -CO2Na, polyethylene glycol and -CHZCHZN( CH2CH2)2. 20 I O The
conmpound of claim2 wherein R3 is |ower alkyl vvhi ch '"is substituted wth

-CO2Na.. 25 12 Apr 1/.2 6 -53 PCT/ /09635 11 . The conpound of
claim2 wherein t~hse 33%%8%@&% IS%&Fﬁ’e‘?’h?rS §°"bP"§"EhEYﬂ§B@%t$
het er ocycl i ¢ subsigutes with fiethyd onpthyhd of cl ai m 11 wherein the group NRSR6 is
sel ected from piperidine or pyrrolidine. 13. The conpound of claim2
wherein R5 and R6 are each independently 'O selected fromthe group
consisting of H nethyl and ethyl. 14. The conmpound of claim2 wherein R7 is
ethyl whidh is substituted with polyethylene glycol. 15 15. The conpound of
claim2 wherein Ris -CH2000R3 and R3 is ethyl, which is substituted with

ol yet hyl ene gl ef'a){-h f bout 50 to about
EOO% Da?/tons 92)66?6? The corr‘g‘oétJTlr?lz'Jld&ﬁlfLﬂ %S glhv%ﬁ' 24{8 pﬁléfj%'zwlﬁ?f‘édgl ;col

has a nol ecuf@m the group consisting of H and Na.

10 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 ~OPOsR'R?, and R" and R? are independently selected from H and Na.

9 The compound of claim 2 wherein Fl3 is aryl whlch is. substltuted by the
' group consisting of -CO;Na, polyethylene glycol and -CHchzN(CHacHz)g

20

10.The compound of claim 2 wherein R is lower alkyl whichis substltuted
. With—COzNa. | |

25



wei ght of from about 750 to about 5000. Dalton: 25 WO 01/27106 -54 12 April
2004 PCTI EPOQO 09635 17. A conpound sel ected fromthe gngpAﬁlepﬁl;_ﬁjmng of :
Phosphoric acid nmono-(3-(1 -methyl-1 Hindol-3-yl)-4-(1-nmethyl-6-nitro-
1H- i ndol - 3- yWP922H0¢i oxo- 2, 5- di hydr o- pyrrol - 1- yl et hyl ] sodi p/B@bisszd

1- hydr oxynet hyl - 3- (1- net hyI -1 Hindol-3-yl }s4-(1-methyl-6-nitro-1 H

i ndol -3-yl)-pyrrole-2,5-dione, Isonicotinic acid 3-(1-nethyl-1

H-indol -3-yl) - 4- (hﬂlfhb)donﬁ:d&har&cw'ﬁn@ﬁﬁémﬁnhe roup NR®R® t
yl)-2, 5- di 0x0 dr.o-pyrrol - 1-yl net hyl estegrouPBut eor?ee eorlf%rr%sc?

mono-[ 3- ( 1- ne?h?ﬂ’wgrﬁg&ei%'DW‘)‘@mi met hyl - 6-ni tro- 10 1
H i ndol - 3-yl ) 2, 5-di oxo- 2, 5-di hydro-pyrrol -1-yl nethyl] ester, Decanoirc acid
3-(1-methyl -1 Hindol-3-yl)-4-(1-methyl-6-nitro-1 Hindol -3-y| ) -

2, 5-di oxo- 2, 5-di hydro-pyrrol - 1-yl met hyl ester,.

3- am no- cycl ohexanecar boxylic acid 3-(1-nethyl-1Hindol-3-yl)-4-(1-nethyl-
6-nitro-1Hindol -3yl ) - 2, 5- di oxo- 2, 5-di hydro-pyrrol -1-yl nethyl ester
trifluoroacetate, 15 Piperidine-4-carboxylic acid ‘
3=(1- net hyb- 1H-i natg. TBeycb;snpdmOdoireIaimH16vharémdhéghbupNBFR%rswe)ected from

2, 5- di oxo- 2, 5 -yl methyl ester acetate salt,
P| peridi ne- 4 gbﬁ%ﬁéﬁr éré{?dn -(1-methyl -1 Hindol-3-yl)-4-(l

-nmethyl -6-nitro- 1 Hindol-3-yl)-2,5-di oxo- 2, 5-di hydro- pyrrol - 1- yl net hyl
ester hydrochl oride, 2-am no-2-nethyl-propionic acid 3-(1-nethyl -
Hindol-3-yl)-4-(1 -nmethyl-6- 20- nitro-1

H i ndol - 3-yl ) -2, 5-di oxo- 2, 5-di hydro- pyrroi -1-yl met hyl ester hydrochl ori de,
1-Methyl -3-[3-(1-methyl -1 Hindol-3-yl) -4-(1-nethyl-6-nitro-1 Hindol-3-yl

. 2, 5-di oxo-2, 5-di o rrol t hoxycar hony| ridiniu
trifluoroacetate, {aa/ﬂ"éle leound of dal 2 whefein Rtgo 6 F]' 55 each mdergendently
O[2- [4 [1b[ kae&ehmﬁotr&gréuﬁebhyikmﬂgwmdﬁéﬁ@raﬂd ethy( 1- net hyl - 6-ni tro- 1H

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

15

15.The compound of claim 2 wherein R is ¥CHZOCOR3 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 polyethylene glyco! has a molecular L
‘weight of from about 750 to about 5000 Daltons | |

25



I ndol - 3-yl ) -2,5-di oxo- 1H pyrroi-1-yl ] net hoxy] car bonyl ] - 1- pi peri di nyl ] car bon
yljethylj- 25 O -nethyl pol yethyl ene gl ycol 1000. 18. A ceppgwih elgct ed
fromthe gro\gIJ,B consisting of. . 30 4-Phosphonooxy-benzoic acid

3- (1- met hyl - YO %801 -3 y1)-4-(1-methyl -6- nitro-1 PCT/EP00/09635

H i ndol - 3-yl ) -2, 5-di oxo- 2, 5-di hydro- pyrrols4-yl methyl ester nonosodi um
salt, WO 01/ 27106 -55 12 April 2004 PCT/EP00109635 [[3-(1-nethyl -

H-i ndol - 3-yl) - 4- ( 1A bginpbumd selectbdiram ttad gduplchngistinglopXxo-

2, 5-di hydro-pyrrol -i yl)nmethoxycarbonyl ] - 4-phenyl - 0- nethylpolyethylene

gl ycol -500, -Carbonic acid ally[ ester 3-(1-nethyl-

Hindol - 3-yl ) - 4- (Pmﬁhbhc @ci@ll rhéﬁb [3-kt- nfethyl 1H-1ndol :?—yg-ti g—methyl -6-nitro-

i ndol - 3-yi)- 2% & yrrol - I-yl

(2- halrret6 hyl ?m godq T%A"f 254 'Bé%?é% Vef%pr@ﬁﬂlwﬁhwlsmunus;?lt,? y:) t4h(|1-
r -

est o, [2' (2 ryar YRy e e S b gl

H- i ndol - 3- yI ) indlok-3-yl)-pyrrole-2,5-dione,
met hyl.- 6-ni tr6-1 Hindol -3-yl) -2, 5-di oxo-2, 5-di hydro-pyrrol -1-vyi rnethyl
ester, 10 (2- Hydox§oricelnig agig] B rmethydl H-igdgla3-yk k(i Frmathyl-6-nitro-1H-indol-3-

H i ndol - 3-yl
H i ndol - 3- zl gyl§2s@%::6§%}ﬁz-d i@y%ﬂ%—mﬁf& ]'p’Q"“e‘*fy' TStef ‘met hyl ester

(2- Ehlosphonoo) cy- @lﬁtﬂ bn@(ﬁblb&m&naﬁg%—@‘t-hiet 11*F¥ind3al- 1%%1)6'4%&-'1
coter. oo TRidngdre] Léﬁﬁ@ér&gif?w&%ﬁy% y” -y
L o S SA eLL
H-i ndol - 3- yI ) 25-diaxar@Shihydsorpiytroblyirkthgbiedter3- y1 ) - 2, 5- di oxo- 2, 5-

.-di hydro-pyrrol e-1- carboxylic acid (6-di methi/l am no- hex I)-am de,
3-(1-Methyl -1 Hi ridt waoy ehexanegarbaxylic goig 3- bmeihylm—h@dbl -8-yl)-4-(1-methyl-

yl) -2, 5- di oxop-dithy-1Hdi; BLb®o-2:5&h X
L4~ hydr Sxybutyl ) - am 5'25&'30}909 PaeYyrot-3Gidlethyt ester trifluoroacetate,

15 Piperidine-4-carboxylic acid 3-(1-methyl-1H- rndol-3-yl)-4-(1 -methyl~6—mtro-
1 H-indol—S-yI)-z,5-dtoxo-2,5-d|hydro-pyrrol -1-vimethyl ester acetate satt,
_ Piperidine-4-carboxylic acid 3-(1-methyl-1H-indol-3-yl)-4-(1-methyl-6-nitro-
1H-indol-3-y1)-2,5-dioxo-2,5-ditydro-pyrrol-1-yimethy! ester hydrochloride,
- 2-amino-2-methyl-propionic acid 3-(1 -methyl-1H-indo!-3-yl)-4-(1-methyl-6-
20 nitro-1H-indol-3-yl)-2,5-dioxo-2,5-dihydro-pyrroi-1-yimethyl ester hydrochloride,
' 1-Methyl-3-{3-(1-methyl-1H-indol-3-yl)4-(1-methyl-6-nitro-1H-indol-3-y))-
: ‘:2 5-dioxo-2,5-dihydro-pyrrol-1-ylmethoxycarbonyl}- pyndm:um tnfluoroacetate and
| O-{2-{[4{[[2,5-Dihydro-3-(1-methyl-1H-indol-3-yl)-4-(1 -rnethyl-s-mtro—1 H-
'__- . indol-3-yl)-2,5-dioxo-1 H-pyrrol— -yllmethoxyjcarbonyi]-1 -plpendlnyi]carbonyljethyl]
- 25  O-methylpolyethylene glycol 1000.

- 18. A compound selected from the group consisting of: -

30 ' 4—Phosphonooxy—_benzoic acid 3-(1-methyl~1_'H-indol-3-yl)-4¥'('1i-mé‘ihyl?S- -
nitro-1H-indol-3-y1)-2,5-dioxo-2,5-dihydro-pyrrol-1-ylmethyl ester monosodium salt,



20 Phosphoric-acid nmono-(4-([3-(1-nethyl -

Hindol -3-yl)-4-(1-nmethyl-6-nitro- 1 2 April 2004

H i ndoi - 3- yl& 2, 5- di oxo- 2, 5-di hydr o- pyrrol e-1- car bonyl ] - am no}-butyl) ester
sodi um sal t .W9BI2406 A compound sel ected from the group COnBCHEPWEIGES:
phosphoric acid nono-[3-(1-nethyl-1 Hindes-3-yl)-4-(1-nethyl-6-nitro-1 H
i ndol -3-yl)-2.,5-di oxo-2, 5-di hydro-pyrrol -1 yl met hyl ] sodiurn salt,
O[2-[[2,5-di hydro{[3—(¢ Inetaylhw—niﬂdl-eqdbefl-(ﬁmethyl 6-nitro-1H-indol-3- E)-z ,5-dioxo-

) -4-(1- met -B-nj.t 1 2, 5- 2. 5-di hyd
T et Y b ot Rk B4 prend CRdurobiins kel °)
2004 WO 01/ 2/ - 56 PCT/ EPOO/ 09635 phosphorl c acid nono-(4-([3-(1- rret hyI

H i ndol - 3- yI) 4-(1-methyl -6-nitro-
H i ndol -yl)-2, 5-di @ﬁd:musadmaﬂﬂrestqrﬁmmthyl iﬂamMﬁin]-4-dmﬂnmpylkmnyﬂo}1ldst er

sodi um Sakt’lnéol@w-éls-alo&a - S lFHRY byrior T iRdty1 Sseyt, ) - 4- (1-met hyl - 6- nltr? 1

H-i ndol -

2, 5- di oxo- 2 5 di hygs -Dirﬁé!tll"iw&'rmﬂo—)é{ tdwafﬁ@raemtﬂ nﬂmyIQI—ﬁhHHELS—yIM -(1-
trifluoroacetat

s
H i ndol - 3-y! )maﬁykg rmfcrﬁ?'rf-'ed erlsz*moma 3h3drytpyrre¥s-van@%tqster

10715 20, A phar moiPat LSBT Py trealle B E R Rt P aien:

an ef fect i vaneinylénital-1H-indelifeyla, Sedioxd-aj5dihydrogpyaop hyimatbeldstenl | y
acceptable carrier or exm%ent 21. The {)har maceut i cal conposition of -
cl ai m 20 whi ch is &iHydexeethyh-cathamieasid-(1anaihyl-ti-indalSGyl)-4-(1-methyl-6-

nitro-1 H-zndol~3-yl)—2,5-d|oxo-2 5-dihydro-pyrrol-1-yimethy! ester,
(2-phosphonooxy-ethyl)-carbamic acid 3-(1-methyl-1H-indol-3-yl)-4- (1 -
methyt-6-nitro-1 H-mdol-3-yl)-2 5-dioxo-2,5-dihydro-pyrrol-1-ylmethyl ester,
3-(1 -Methyl~1 H-indol-3-yl)-4-(1-methyl-6-nitro-1H-indol-3-yl}-2,5-dioxo-2,5-
15 . dihydro-pyrrole-1-carboxylic acid (2-diethylamino-ethyi)-amide, '
3-(1-Methyl-1H-indol-3-yl)-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-indoi-3-y1)-2,5-dioxo-2,5-
dihydro-pyrrole-1-carboxylic acid (4-hydroxybutyl)-amide, and
20 - . Phosphoric acid mono-{4-{[3-(1-methyl-1H-indol-3-yl)-4-(1 -methyl-s-nitro-
~ 1H-indol-3-yl)-2,5-dioxo-2,5-dihydro-pyrrole-1 -carbonyl]—am:no}-butyl) ester
sodlum salt.

25 - 19. A compound selected from the group consisting of:

phosphonc acid mono-{3-(t-methyl-1H- mdol-3-yl)-4 {1 methyl-ﬁ-mtro-1 H-
indot-3-yl)-2,5-dioxo-2,5-dihydro- pyrrol~1 -ylmethyl]sodium salt,
O-{2-[12,5-dihydro-3-(1-methyl-1H-indol-3-y{)-4-(1 -methyl 6-mtro-1 H-indol-3-
30 yh)-2,5-dioxo-2 5-dlhydro-pyrrol 1-yl]methoxycarbonyl]ethyl]-o -methylpolyethylene
glycol 2000,



20 22. Use of a therapeutically effective anount of a conpound according to
claim1 for the manufacture of medi canents for treating a cel 2 April 2004
proliferative disorder. 23. The use of claim22 wherein the cell
prol i fera‘t,d ve disorder is cancer. 25 24. The use of claim 23 wherein the
cancer is 2961 tunor. 30 25. The use of clai m 23 wher ECAEPPYOHNCer is
breast, colon, or lung cancer. -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-methyi-6-nitro-1H-indol-3-yl)-
5 2,5-dioxo-2,5-dihydro-pyrrol-1-ylmethoxycarbonyl]-pyridinium trifluoroacetate, and
O-f2-[{[2,5-Dihydro-3-(1-methyl-1H-indol-3-yl}-4-(1-methyl-6-nitro-1H-indol-

3-yl)-2,5-dioxo-1H-pyrrol-1-yllmethoxyjcarbonyijmethyi]-O-methyipolyethylene
glycol 2000.

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

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

s 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 fung cancer.



