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SUBSTITUTED Bl SI NDOLYMALEI M DES FOR THE | NHI Bl TI ON OF CELI? $artemPeRAPRON
The invention relates to substituted pyrroles of formula HN O O &N ~ N~ N
R2 R 10 wherel“;bgg, 53 hydrogen and R is nmethyl or Rl is nEtM/EP%E‘/E’lsBx IS
hydr ogen or 'R roxynethyl and R- is nethyl as well as
pharnaceutlcally acceptable prodrugs or pharnmaceutically acceptable salts
thereof. ,5 The conpounds of fornula | have antiprohferative activity
specifically, they inhibit cell division in GQ/Nlphase of t he cell cycle
and are generally referred to as "G _/V1 phase cellcycie) inhibito
The compounds of formula | are covered by fornula | of am%uﬂmm@mmmmm61 1
wi t hout being specifically disclosed as a G oup or indi
addi tion, the above-nentioned activity o: the WO 99/ 475*8w0®Z* Sept enber
2002 PCTIEP99/01534 conpounds of the present invention has nowhere been
di scl o8ed or nmade obvious in U S.P. 5 07,b14 and, therefore, is surprising.

Forrmula | above conprises the follow ng three conpounds: HO02N H O- ~OI-1
SUBSTITUTED BISINDOLYMALEIMIDES FOR THE INHIBITION OF CELL PROLIFERATION

The invention relates to substituted pyrroles of formula

10
wherein R'is hydrogen and R 1s methyl or
R' 1s methyl and R* is hydrogen or
R' 1s hydroxymethy! and R* 1s methyl
as well as to pharmaceutically acceptable prodrugs or pharmaceutically acceptable salts_thereot.
.5 -

The compounds of formula I have anuproliferative activity, specifically, they inhibit cell
division 1n G2/M phase of the cell cycle and are generally referred to as “G2/M phase cell-
cycle” inhibitors.

20 The compounds of formula I are covered by formula I of U.S.P. 5,057,614 without being

specifically disclosed as a group or individually. In addition, the above-mentioned activ ity of the
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\' ~~~\V02N~HNI-2 HN OZN OOH | -3 17 Septenber 2002 The
invention further relates to a pharmaceutical conpositi on7Seppenilsri2§02
conmpound of formula H,N~O\ ~ ~\ 02N~ NN 1 R2 R wherein R is hydrogen
and R' is nmetWM9PY$BIR is nethyl and R is hydrogen or R i $CHEBVIOPAAet hyl
and R' is nmethyl or a pharmaceutically acceptable salt or prodrug of said
conpound and a pharnaceutically acceptable carrier. The invention still
further relates to the use of a conpound as descri bed above for the

manuf acture of a nedi canent for the treatnent of solid tunors. 2a 17

Sept enber c%%guﬁ’é@ &Qhé%ﬁe%&u REEhEEP RACHGRRre been disclosed or made obvious in U.S.P.

5,057,614 and, therefore, is surprising.

Formula I above comprises the following three compounds:
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The term " pharmaceutically acceptabl e prodrugs"” nmeans a conpound that may
be converted under physiological conditions or by solvol Séptfﬁb@Pﬁbdﬂ: t he
conpounds of formula | or to a pharnaceutically acceptable salt of
conmpounds. The conpounds of forrmula I, as well as pharmaceutically
acceptabl e salts of said conpounds, are prepared by reactions represented
in the follow ng Schenes. The synthesis of each of these conpounds is also
described in Exanples 1-3. Conpound I-1 can be prepared by reacting
(I-nethyl-6-vitro 1F+indo| 3-yl)-oxo-acetyl chloride (3) with

[1-(2,2-dinmeth i on - | H i nd a c a

| - met hyl et hyl eilf Vﬁ 8oc %r Te%f(taes('% é%éc’]’]"l ‘r:eeug%'*?n% %{l?negc‘JP?'lSlngpr oduct with
a base. Compoumbbflfermutzan be prepared by reacting
(I-methyl-1Hindol-3-yl)-oxo-acetyl chlonde (17) with

[1-(2,2-di met hyl -propionyl)-6-vitro-H+indol-3-yl]-3-ethanimdic acid

1- net hyl et hyl ester hydrochl oride (19N.and treating the reaction product
with a base. Conpound |-3 can b@pfepansdCby reacting

(1- met hoxymet hyl - 1H ndol - 3-y1) - oxo \aeetyl chloride (10) with
(I-nmethyl-6-vitro-1Hindol - i mdic acid 1-nmethyl ethyl ester

hydr ochl oride (15) and trep 9 A Product with an acid. J 17
Sept ember 2002 WD 991 47518 2 N~O/ C \ ~~ o0 02N N
SCHEME 1 (1) (2) (3)@{3’(}] ; HY/ 11 "cN(6) \ Ni OO
/1 1 (7) \ NJ NHHJ? | | I
R R
wherein R'is hydrogen and R* is methyl or

R'is methyl and R? is hydrogen or
R'is hydroxymethyl and R is methyl

or a pharmaceutically acceptable salt or prodrug of said compound and a pharmaceutically

acceptable carrier.

The invention still further relates to the use of a compound as described above for

the manufacture of a medicament for the treatment of solid tumors.

2a



HNOOO/ \ 1 J1 02N\ NN/ I i O HO2NH (4) I-1 17 Sept enber 2002
WD 99/ 47518 SCHEME 2 / ~ | \N(CH3)2 \ H (8) 02N\ H~ (12)7 epteMber 2008~ ( )
02N H (13) 9 ~OO~/ CNC \ ~ ~ (14) (O (10) 02N ~HO N- / \ ~ ~ INH
H 02N N (15) O/QOWTFISHCI / \ / Cl1 ) 02N NN H O ON O/ 02NaI/BpIbAoS3HA

The term “pharmaceutically acceptable prodrugs” means a compound that may be
converted under physiological conditions or by solvolysis to any of the compounds of formula I

or to a pharmaceutically acceptable salt of said compounds.

The compounds of formula I, as well as pharmaceutically acceptable salts of said
compounds, are prepared by reactions represented in the following Schemes. The synthesis of

cach of these compounds is also described in Examples 1-3.

Compound I-1 can be prepared by reacting (1-methyl-6-nitro-1H-indol-3-y1)-oxo-acetyl
chloride (3) with [1-(2,2-dimethyl-propionyl)-1H-indol-3yl}-3-ethanimidic acid 1-methyl-

ethylester hydrochloride (7) and treating the reaction product with a base.

Compound I-2 can be prepared by reacting (1-methyl-1H-indol-3-yi)-oxo-acetyl chlonde
(17) with [1-(2,2-dimethyl-propionyl)-6-nitro-1H-indol-3-y1}-3-ethanimidic acid  1-methyl-

ethylester hydrochloride (19) and treating the reaction product with a base.

Compound I-3 can be prepared by reacting (1-methoxymethyl-1H-indol-3-y1)-oxo acetyl
chloride (10) with (l-methyl-6-nitro-1H-indol-3-yl)-3-ethanimidic acid 1-methylethylester

hydrochloride (13) and treating the reaction product with an acid.

(99 )



PCT/ E P99/ 01534 WD 9914p18 17 Septenber 2002 rcr~pg9l o~sa~ SCHEME 3 ~ ~CN
/ (13} 42N ,H(1s) , w~. "'~ NYON\ ~\ \ (18) ''~ N7 SaHember20020 a
t'17} ~w\ \ "NH (19} NO2NHCS Ho NO O 02N~ ~~1 ~/ ~~0) NN f O H
02N t-2 6 HWOBHTS8pt enber 2002 WO 991 47518 PCT/ EP99/ 01534 PCT/EP99/01534

SCHEME 1
2 (2) (6)
O,N N @)

l
N
,J\‘< HCI

(4)




The antiproliferative activity of the conpounds of the invention is
demonstrated bel ow. These effects indicate that the conpoungsptemsetzaful in
treating cancer, in particular solid tunors. The estrogen receptor negative
epi thelial br@4€#Eci noma |ine (MDA-|vfB--135) was pur chasee/ERoeis3
American Type Cell Culture Collection (ATCC, Rockville, MD) and was grown
in the nmedi um recommended by ATCC. For analysis of the effect of the test
conmpounds on grow h of these cells, the cells were plated at ?000 cells per
well in a 96-well tissue culture plate (" test plate” ), and were incubated
overnight at 37C with 5% Co2sfpgEmext day the test conpounds were dissol ved
in 100% di net hyl sul foxide (DVBO to yield a 10 ~Z stock solution. Each
conmpound was di g—wHth steril e distd r IN(CH,XM and t hen was
added to tripli of a 96-wel | pl ate” containing nediumin
a sufficient qu N yiel&)a@i,gﬁE ation of -40 uM The
conmpounds were serialkHy diluted in2 diun1n1&he ' mast@?2)pl ate. "
One-fourth final vglume of the diluted conpounds was transferred to
duplicate " test plyates.” DMSO was added to g row of "control cells" such
that the final concentration of DMSO in wel | -N0.196 The "test

pl at es” were reko t addition of test
conmpound one
after addition

st e}

as described below N (9) H

3-(4,5-di nethyl thiazolle-2-yl)-2,~-Bi phenyl -3Htctrazolium brom de
(thiazolyl blue; T) added to each well |to yield a final concentration
of 1 ng/m . The pl tqjmas\Qhen i ncubat ed 3 7C for hours. The
MIT- cont ai ni ng medijunjwas then renoved affd “§—tt—100% 8t hanol was added to

each well t
di ssol uti

Absor benci

i ssoly heCtesul ting forng metalcolite14 0 ensure conplete

at eyl werg shaken forc%ﬁ m eSS\ roon1ge erature

e pead On aM@crotiter plate rqaden4¢mblecular Dynam cs) at
nce. Percent inhibition was

cal cul ated by suftracting the blank fromall{v. ells, then subtracting the
di vi sion of the ge absorbance g - Y8 0.2 rpNcate by the average
o: the controls from1l1.00. Inhibito rations (lJCAO and |1 C90) were
determ ned fron1thg\kLnear I ggr St oOmRe Pl ot dNHt he | ogarithm of the
concentration versus Z\he perqgegnt2inhibition. 7 17 Sedﬂé er 2002 WO

991 47518 PCT/ EP99/ 01534 Qb=x"coO --Cﬁdﬁpzéar i noma | iH® SWA80 and t he col on
carcinoma line HCT-1 |6 al s§_wgre obpai ned fromthe ATCC and were tested

pr ovi ded._above with the foll ow ng
nodi fi cations. Ce a5 prlated|at 1000 cells per well and
anal yzed at 6 days\pgs ! i est ¢ttipound. Cell |ine HCT-116

was pl ated atO,750 c&llsNer mell ahd aral yzed at 4 days post addition of
test conpound. For the WWT nal ysils, plates were centnfu~ed at 1000 rpm for

5 mnutes prior to aspirati f the MIT-containing medium and 100 Et
1000 et hanol was used to diss@l ve theOf ornmazan. The results of the
foregoing it rltr0 tests@ee se rth belowin Tables I-111. TABLE I

Antiproliferati~~e Activity \_n. Li ne MDA- MB- 43~ Conpoundl C  uM Conpound
ﬁ"G* * An average of at |east three
erati~e Activity In Cell Line

1J7* Conpound 1 - 30. 23* Conmpound 1 - ?(
Epar ate gxgperinments. s

separate experine
HCT- 116 Conpoundl
|.66* * An a~OgNage™0f aN”| east thiNee

| J

HO




17 Septenmber 2002 WO 991 47518 PCT/ EP99/ 0153. 1 TABLEY sbptembﬁrﬁﬁ)ocﬁ iferative
Activity In Cell Line S 480 Conpoundl C (,~.tM Conpound 1Jfﬁ,Je,g/UQmZO*Corrpound

| - 30. 22*Conpound | -21. S6* ~ An average of at | east t hr B¢ Separate
experinments. For analysis of the effect of the conpounds on cell cycle
progr essi on 4’5~8~A- MB--13~ cells (ATCC, Rockville, 1°~) were plated at 1 x
106 cel 1‘Q’Pf84m‘s per 10 cmdish in the following gromh nmedium RPM 1640 +
10010 Heat-Inactivated Fetal Bovine Serum ? --1 glutam ne and 50 U m
pen-strep (all from G BCOBRL, Gaithershurg}{MD)~ The cells were incubated
overnight at 37 Cwith 5%@QEMmE The nay,\ 10 ~tl of egh of the
conpounds to be tested) Th a 100010 KWVS ol(tion) was added to ind~vi duat
di shes to obtain 1/1000x final congehtx®&ti o of the stock solution. In
addition) 10 ft) 10001o DWVSO was“-added toya control dish. The final
concentration of DMSO in all plates, inclyding the control, was O 1070. The
pl ates ~~~ere returned to the incubator. Thereafter, at various periods of
time, the nmedi um¥megCh o™ nm centrjfuge tube. The

cell layer remai @ n e dish was theg W ed with 5 n8bf phosphat e
buf f ered (48} i ne (‘RB%” G'WCOBRL). The RBS was renoved and conbined with the
medium in the appropriate tube. The ce ; trypsinized for 5 mnutes at
37 C, and the solution was coll ected dnd~Cconb

Noed with the nmedi um and PBS
in the appropriate fubes. The tube®Nt ~ere th entrifuged for 5 mnutes
at 1200 rpm The celNl s wer et\fi xed by rengyvi n@t e sug;rlzigant. tappi ng the
tube to distributeth‘? pel yet, then adding 5 nls of 00l O et hanol
~~~hile " ~ortetm- gentRy e cells were yYhen stored at -20 C for >24
hours. i 9 17 Septenber 26D2 WO 991 47518 PC TLEPQ9/ 01534 The
cell-containing t hes R e taken out of freezef and I oveti®o sit at room
t enper at ur ¢iMor 2 0 yut es., The tube % ed at 3000 rpmfor 5
m nutes. The sup was r\im)ved, t s were washed with 5 ni

PBS, and the tubes™ere centrifuged as - above. ubsequentlyxc‘the super nat ant
was renoved, and the pellet wa res@q%nded in 0. ~ PBS. Thereafter, 0.~
mM RNAse A (1 ng/m in PBS) was added to eac@tﬁﬁ'ﬂand the tubes were

i ncubated at 37~ C for 15 minutgg. 100 ftl propidiumiodide (Sigm, St.
Louis, M ( 1 mm in PBS) wagNadded to each tube, and the tubes were
then incubated at roomtenpges 5t 2-3 minutes. Each resulting sol ution
was passed through a Cilter ca eet-on Di cki pgon) San Jose , CA,
#7235). Sanpl es were reagN i ne (Becton-Di ckinson) using

t he manufacturer's Cel and/anal yzed with the manufactureris
ModFI T sof t war e. Gftﬁ‘ vides an indication of the percent of
N &0 GlL, DNA synthesis (S) and &/ M

phases. 10



WD 99/d7518 PCT/ E P99/ 01534 The results of a cell cycle projression
experiment analyzed at day 1 post addition of test conpoulWSeptethpet 2002and
| -3 are summarized belowin Table IV. TABLE IV Effect Of Test Conpounds On
Cell Cycle 0Oi ov@p9/43818/ s I n Each Cell Cvcl e PhaseConpoundConcB@T/EBR0GREGL S
62/ 11 DVBO0. 1 %13.93 % 11.0S % 1 1-1.99 % onpound 10.1 ~tMS. 27 9%26.21 %56. 62
%Conmpound 1 0. 03 ~t M46. 30 ¥38=1.67 % | ?0.03 90Conpound 10.01 1t M44.96 % i
1.0=1 % ~l 4. 00 % Conpound 1-30.3 ~tML.11 9%2=1.99 %3. 90 % Conpound |-30.1
pML5. 54 9%®24. 06 %60. 40 % Conpound | -30.03 p, Ml6. 46 93S. 06 % 16. 60 % Conpound
| -210 pMLO. 41 YBEamBri@éradecladtoRPRO the Golpdihds tolBhedidvéidion T0debhstBe8sgound
[-21 ~tM27.21 % 30.19 9% .12.60 070 The results summarized in Tables -1V
above denBheercifeas indiatedbinsinedponnds)arg usoful Hrfraating eanges. inmertionlal sofid iupqry e
activity; specifically, they cause an accunul ation of cells mthe &I m
phase of the cell cycle. The pyiroles of fornmula |I above and their

af orenent i onedTBaIcstsogcanect;@tqnsegatas amdélcaarbmastsﬁarchoommhaermmﬁ. -MB- ttlrfe fBrm

xanp ) PP P g cachogs Lol d enfeneTen: ol Ridunip G

gel atin capsiel @sdiumaketiniBétiled @FUABCONFoP bnBUSPEMNHE @RSt of NIRY 1e6@ddnibotfdsm
adm nistered rectallv, for exanple, in the form of suppositories or

par ent er algrgvth phihessesipl the cqlls areplpisd as 300icalierer MsH 'gepénwea figsue culjyre plate
Sept erber 299%1%@ )99%1@@ fﬁ dd E?e%ﬂwgﬂ@gtd"?';@rmtdgg%”@@gf cf t 82{\ the test

phar ITB.CEUtI cal preparations ese conpounds can bé forrru

t her apeut 'c%f%bb%d's Ne&E dn§sGlQEc9@r9'1@0%r d%&ﬁﬂ' &1&%&'@1\&30)‘—%%91%93 lm\@les@&arch
or derivatives thereof, talc, steric acid or its salts can be used as such

carriers fsgiun@rabE@mom@@mde‘daStCth@tvgth sehféfgélé@leérv@mm 8 mjé land than wapeddedts.
Sui t abl e r f f

fats, semqgéﬁ({alﬁd&%r Oﬂflat?ﬁl%e ljIrl g) laq%eésoldlac‘?fﬁn‘a}’n@dl\d he ngéfﬁlcge Jé)@)]m\ﬁg&( ggﬁdi Ve
subst ance final cacentexisn af @) pMV\EVeb()mgﬁmésr alhﬂcySeﬁﬁquummh ih inddhen case “afastsof t

gelatin capsules. Suitable carriers for the manufacture of solutions and
syrups ar eblatgat Sine-Tgertty fndl | valuee Héﬂtﬁs‘%‘“‘%‘rﬁ?&wu%‘\ﬁg‘é?s tganefeggediiodplic g teabl e
carriers ffed Nl PRISORABAMRILE oot OiBhiTol RALY ) ! HEFHrhNEhoARARLAB! ©
oi | s, phospholipids and surfactants, suitable carriers for suppositories

ar e nat ur aPMSO ihgrcrenetwes 04%. vﬁ»césc;st plates” wvect retemiedto Gaiitupabryot $.dayhpost
phar maceut | pr ration can al o .cont ain preservin

o ubi |+ 21 g ienahear -Gpdie 5 nilEne S AePh 6 Bstt el Srvging cov
agents) swéet eduitich Fgentempaaloht Rgoadasd platd”| 60K dsngGalgant Gescsidtsgidwor
varying the osnotic pressure, buffers) coating agents or antioxidants. They
can also contain still other therapeutically valuable substances. As
mentioned above,s3._{f)sdpeitydhagolel2-f1op mahﬁlehylaﬂdmctrbﬂlnhna%mnﬁﬁ@nt(!h%@@l Slet S
can be used mthe treatnent or control of oncol oai cal disorders. The dosage
can vary WMIHD nagiadded fondael welidowli¢ifl p fotl eoneemierionof ddpeisd-edhe @lateheas then

di vi dual f
oral "or - palERELREE > Lanichr deRa: ok M HH S bng BRaner et AT go sl SUG 8P
dai |y dosaggadf \%Oéﬂdecl% Eactt Qeﬂb@u&sslbgeolgg rB%)ti 3! ﬁ)frﬂﬁﬁplrﬁetﬁtfoﬂm al?@Uéns@Qo
ng to about a000 ng. nore pref eramg to about | 000 m-, should be

appropri at eompiete assgivtiomeplgpp@iere shareniy lléem@m@eedefzbnwmetanm: c dtbeerbertise
dai |y dosagg.Gath e, i %tnk§g§{quad§ﬁ%ﬁolgéunzgvg)'nq&§c§)(zar B e ud d(ﬁdaﬂoﬁﬁ,m Qr

for parenterai adm nistrati onti nuou§ i nfusi on
650 nm reference. Percent inhibition was calculated by subtracting the blank from all v ells, lhen

subtracting the division of the average absorbance of each test triplicate by the average of the

controls from 1.00. Inhibitory concentrations (IC50 and ICgq) were determined from the linear

regression of a plot of the logarithm of the concentration versus the percent inhibition.



17 Septenber 2002 WO 99147518 PCTI EP991 0153.i The foll ow ng Exanpl es
illTustrate the present invention. E3~Al~tPLE 1 Preparati dii Ssptember 2002
3-(1Hindol -3-yl)-4-(1-nethyl -6-vitro-1Hindol -3-yl )-nvr TA e- 2. 5-done (I-1)
A. 1- Met hyl - 6w0 w4a518H-i ndol e (2) To a slurry of 0.33 g (8. 3aminsy/osBs NaH
(60% di spersion in oil) in 30 mM of dried dinmethylfotmam de (" DVF" ), was
added 0.973 g (6.00 mmol ) of commercially available 5-vitro-1Hindole (1)
at 0-5C over a period of 10 mnutes. After 1 hour stirring at the sane
tenperature) 0.7~ m ( 12.1 mml) of nethyl iodide was added and the

m xture was st or, 30 mnut

t enperat ure fofh our#ngg)cgﬁcr ah gﬁ%ﬁd{e % Oé]rcagich'}?ngf I—é&él@%ls {eh I
acet at e. Eh@u@dgﬁﬁnﬁe3ﬁ€§ﬂmﬂa&nma§hﬂﬁcmwh@t@ﬁkﬁ&ncﬁbkﬁdhﬁﬂﬁﬂuNﬂSOé%naﬂd

concentrated to yield 0.8 77 | -6-Vvitro- 1H—|ndole(2) as
a yell ow 'Ioi“d““TH’i" ‘f‘ﬁ‘&tc’éﬁlé‘flp Sdg"éaﬁ Hj%%fa‘p Preplisarer ovs!! amd analyzed a6

(1-Methyl g TSTBOEtréEden'oﬂﬁ\@teﬁt&ﬂu}du‘ﬁ&OC@lq:ﬁBé/HC‘le@r\!a@'?la(e%)at 1% @ell§?£M§élP£hd0f
1.33 ? (7. of 1rre':m%i 6-vitro-1Hindol e et her

~~~ere add@ld)ZEdSthf ctaw postgaslitionogl Esta FYNPaRflor Fdreﬂat I\ﬁ’TB@mderplms{gdﬁrc A
precipita t tr

filtered) %g@g@gﬁé gtrwn t hré\fg @E]ﬁ%? 9895 nc'?r tgfagén'?ﬂé? %gﬁ r| eéht?g'n% (g Pﬁaénd
(9~% of (100 pet00fh efbanol t»mous’hl&komdmllve?»heyfo}mmm- acetyl chloride (3) as a
yellow solid. This material was used wi thout purification. C

(1-(?.2-Di et hvl -pro~pionvl | -1Hindol -3-vll-acetonitrile (G Using the
procedure of s ol f 2 g (6~ mmol)
of conmerci al | ;Lng\%lm ﬁgl e 2%ﬁ9ﬁ1ﬁ§' Jf\l&ﬁ%%/%l%g%e%ﬁl??&}noﬂ(b%“ IHt h87mM (71
mol ) of trinmethylz~et~l chloride and 3.4 g (85 nrnol) of NaH (60' o0

di spersion in oil) as a base ~n 115 mM of D ~'IF yielded 6.6 g (38.7% of
{1-(2, 2-di met hyi - propi onyl )-1Hi ndol -3-yl]-acetonitrile (G as a yellow oil
after chromatographic purification. 13ABURI Septenber 2002 WO 99/ 47518

PC f/EP991 01534 D. f 1-(2.2-Di nethvl-propionvl)-1Hindol-3v1l-3-ethanimdic
acid 1-nmet hvl et hvl ester r r .6 g (27.5 mmol)
of [1-(2, 2-di et hyI pr o%lfkd%l?rlgé?&}h%}nmnﬂ% CI@P?E%% ylrl?la"é (G) fromStep C
above in 105 m pf—2=propanot—40—nt—0-—563—not)—of—acetyt—chlortde was
added dropwi se af 0-5C ovieemaowi i nut e peri od. THEBMBtion mi xtlure was

stirred at room [ enper at i ght, cgncentrated the residue was
diluted with applexiwate ¢I B@Mgﬁq fethyl nﬂnpat—e——gggfed_f-gpi&m nut es on
a steam bath, copled anderInamadIun a freézer. The pbé6tpitate was| filtered
anddriedtoyiede)g b504 "
[1 (2 ?-di nmet hyI : nrnm nn\/ nL’% vli-’% et hanim rQQ‘ acid

| - et hyl et hyi est er hydr ochl°*€i)rﬁ}fﬁt!1@3(0f)n lgast arestsepasate exiedmems. 3- f
1-(?.7?-Di net hvl -propionvl)-1Hindol -3-yll-4-(1-nmethyl -6-vitro-1Hi ndol - 3-vl
)Qrrole-2.5-dione (4) To a solution of 1.25 g (4.69 mmol) of

(1-nmet hyl -6-vitro-1Hindol - 3-yl ) - oxo- &aRME Ilchl oride (3) from Step B above
and 1.6 g (4.75 mol ) of

[1-(2,2-dinmethyl -propi OHYAﬁhﬁ-r'dhfe'Bﬁl@Jeﬁctmtlv‘lﬁ@eh%ﬂhm@'rcll%c' d 1-nethyl

et hyl ester hydrochloride (7) from St ep D above in 80 m of nethylene

chl ori de was added -6 m &|8*05 mot)—ofT triethytram e at—0Cand under
Argon. After st~mngl at th bper at ure far 3Dt es) thefreaction

m xture was then sorted at;ofnggmdtlelnperat ure for 3 @Ilg* hours and|dil ut ed

wi t h nore mnet hyl enereht-er-de—Hre—organi-cphase—was—washed—wth-{wat er, 0. 5N
HCl sol ution) bnne,| dri edCovepumgdsSD4 and concentraféd*to give 3|01 g of a
foam This materi al Was db%ﬁ]% 4n 50 n] of 'ﬁu?‘;g% ancTtreated W th
9S7.9 m~ (5.19 mol |Lgnnculfnn~r~ acid_at After urs
stirring at room terrper at U 2 B2 elad feagnhigg sepaate axaeriresets: act ed with

met hyl ene chl oride. The organi c phase ~as washed ~~ ~th a saturated NaHCO03
solution, brine, dried over MgS04 and concentrated to give 3.9 g of crude
mat eri al Chronmat ographic purification on a silica gel colum) yielded 1.7 g
(77.9% of 3-(

1-(2,' ' -d~net hyl pt' opi onyl ) - 1Hi ndol - 3-ylj-4-(1-net hyl - 6-vitro-1Hi ndol - 3-
yl)-pyrrole-?,5-dione (.t) as an orange solid. np >146C with dec. Ms: (M),
mz 470. 14 17 Septenber 2002 WO 99/ 47588 PCT/ EP99/ 01534 F.

3-(1HIndol -3-vl)-4-(1-met hyl -6-vitro-1Hindol -3-vl)-pvrrol e-2. ~-di one

(1-




1.7 g (3.GL nmol ) of

3-[1-(2, 2-di net hyl - propi onyl ) - 1Hi ndol - 3-yl ] - 4- (1- net hy| 418 Septentbet BOOZIOI - 3-
yl)-pyrrole-3,~dione (4) fromStep E above in 60 ml of nethanol was
treated with wooonhs168. 96 mol) of a 1.6 nolar sol ution of Na@EHS/61834

met hanol . The reaction ~as stirred at roomtenperature for 1 hour) poured
in 2N-HCl /tce and extracted with ethyl acetate. The organic extracts were
dried on anhydrous MyS04 and concentrated to yield, after chronatographic
purification, 394.7 ng (28% of

3-(1Hindol -3-yl)-4-(1-methyl -6-vitr idol - 3-yl)-pyrrol e2,5-dione (1-1)
as a red solid np >280C. Ms: (M+)) ”?%ﬁggéﬂja AWPI , E 2 Preparation of

3- (1- hvdroxymet hvl - 1Hi ndol - : - vl ) - 4- (1-net h~| - 6- ni.tr Q- 1H i ndol - 3-vI |
pvrrol e ~. 5-dione (I-3) .““ﬂ‘i&‘/li’r"%%%%éi‘ﬁ@l f“l%‘%ﬁ&ﬁ%‘g 1 Using the
procedure of Exanplet.—Step-A—the N-alkylation reactionof 1.17 g (10
mmol ) of commerci alll y avaCbalpbend ndol e (8) ~~~ikd dmMi (13.1 pmol) of
chl oronet hyl et hyl—etherand 0—=48 g ({2 mmot)—gi —NaH (609 dj spersion in
oil) as a base in 22 m GPMPRINE I} el dedl 1 4 g (8828% ) of

1- met hoxymet hyl - | H{i ndol eoePbusl-® col of I ess oi | goakter chronatographic
purification. B. (IMthoxynethrwt=—+Htngol=3=yt+=oxo-acetyt—cnl ori de (10)
Usinj the procedure of EX@MpPedi-2step B, the redeéion of 0.7B g (1.4.
mol ) of 1met hoxynet hyl -*1 Kniaetodetof (aB)ead Hoe0 sShLRe AxprEA¥EsW th 0.25 nml (2. 86
mml) of o~~~lyl chloride tn 3.5 nm of ether produced 0.174 ~ (48.1i% of
(1- met hox~net h~l - 1Hi ndol - ~-vl)-o0.ro-acetyl chloride (10) as a yellow
solid. This naggri ' i £ 11N ele L5t orekionS 4352002
WD 991 47518 P&%Eép'gg/sﬁéf%%%f %ﬁﬁoﬁ%tﬁl‘%n@g%e!'?-gﬂe)lpf%%%%goﬁf P ??'lqrem?fgf To
a stirredcdbl (KTQW Béckanle2¥IY ¢ore2fdiednat ) 006 ecalistl0omisargend 0(c®)dighdmcke on

B. Hester ,~, O o em ,. 29; 19 in 450 of .acetonitrile .59 ~
Co. 51 ol JUs Teemyitt PcioBereil 1846 o Mot det S B E Bt st “The
reacti on @udnhihe awd SO St peckudp (41008t GIRTR/BRLUY Gaith@fsblifal B#EDOTHeS cellhietrea
solution of 26.6 of sodium cyanide in 2?7~ of water added

g (0.543 nol) 2~ m
at once. Trebedearyaht X{°Ur itha® Gat Bee net g Wi spghe! the sRiPRAY M EDIoP50m
tenmperature and th r tracted imes with a total  of
ety acorBtd hd 500 Fret P Saaded LRRARA ooy o8kl TR efl
wat er) 1Ncbkdensflantdf oht, stk saltitignatiaddgiash, U0l e3s DMED & as odddt kdNcordifol éeh.on
MyS04 and the sol vent evaporated in vacuo. The orange-brown residue (41.3
g) was di ddelfwalcaneenradongf RIYISQan pl pletey indedngathe cemel pers Helfe + Rhcoriglss 2eSnal |

pad of sii_x uce 28.9 g (70.4A0) of

(6-nitro- Irf—@?ﬁg%{ ?F%%ﬂq? acetonitrile (13) as a yellow solid after
e~~aporation of the solvent. D
(I-Methyl-6-nitro-1H4indol-3-yll:acetonjtrile (14) 65. 5 (0.474 ol f
powder ed pot asts'[irhﬁrr?latlcg%rﬁd'ﬁ‘é?“é péﬂ%dsaogd’&f' {hg medigy ReGaghPIaE ‘g@r@n@ €d> f4<)0§r91 nol )
of (6- Vit re@ndifhdendsd. T3e bl 1360k AMAIMAd in@hd 430 whE 0Fh SEBRIGvARGVIA! bpt3fhatd  of
di net hyl f or mam de at roomteqr%erature. The suspension was stirred for 40

mi nut es t Hwiffersd saline(PBE; PIBLCBRL) o herRBR yYas resefived angheemiinrsd™ il Bp Wit pifer

6~ mnuje . =L N 'y 1 at i t e i e
mxture vale SRR TaneLa R0 LEPREA) iR BGlesl ¢ R A SSLLENas
preci pi t at®lessd énd doetbedd wasteadediiind PBE it the appabmratamntesd riheduen wshosgphor

anh~~dri de_unt.il reaching con nt weight. The procedure yielded 30.4

(65 ac0) o pirussgt B S RGeS BOTAR Tomio s coys De BT et klhoflas
used wi t hogppihtHenabe PUidthibuEatht @BlletBhen adding 5 mls of cold 70% ethanol while vortexng

(I -Met hyl -6-yitro-1H ndol -3-vl)-3-ethanim dic acid 1-nethviethvlester

hydr ochl or gardyf The-gells warestheresigredft -RRY C frag2hhieurbubbl ed into a stirred
suspens'ﬁ)n of 82 g (0.382 not) of (1-nmeth~~l-6

vitro-1Hindol -3-yl)-acetonttrile (14) from Step D above) in 1000 m of
2-propanol at 0-10C After adding approximately 350 g of HCI, ether was
added to the reaction mxture until a precipitate was fornmed. The solid was
col |l ected, washing with ether and dned ~n vacuo to ~~ield 16 W O 99/ 475l
8




17 Septenber 2002 PCT/E P99/ t 534 102 g (85.7% of

(1- net hyl - 6- V|tro I Hindol -3-yl)-3-ethanimdic acid 1-net{ysestbmbesion?
hydrochloride (1~). F. 3-(

1- Met hoxxmet hWQ47$18dol - 3-, ~1) - 4- (1- met hyl - 6- vi t r 0- 1H- i ndol PGHERPAS34rr ol e
-2.5 dione f11 Using the procedure of Exanple 1, Step E, the condensation
reaction of 1.3 g (i.17 mol) of oxoacetyl chloride (10) from Step B above,
with 1.7 ~ (5.4~ nmmol) of (l-methyl-6-vitro-1H i ndole)-3-ethanimdic acid
1-nmet hyl ethylester hydrochloride (1~) from Step E above in 9~ m of

net hyl ene chl or Tgle cely-t@islgiig 1tu9§ Yefe Tke® %t OF freezer and allowed to sit at room
3-(1- nmet hoxynet hy(-1H-i ndol - 3-yl %-4 (1-nmethyl 6-vitro-1Hindol -3-yl)-pyrrole
-2, 5- di oné&npeiaturg Jorf(-3) Atgeess ol g jubsas pesxepigfuged;at B0k epm NS 5 (miautesnThe
430. G 3 V,

Lot byl - SRR P RRIOG, B DO b it S oL PBS, 34 g BP9 e
of centrifuged as above. Subsequently the supernatant was removed and the pellet was

3-[ 1- (et hox A H: t hyl itro-1Hindol 3-yl)-pyrro
o2, 5t SR DL B it € i siThs Gl B SLvegedid i ealh
appr oxi matgdeyarfiQhdiub®f webliddGhatedliie3 ToALS: '19%11‘5‘&35’5 Yo& V‘?\-’é pidfin 144R8 (§i9fa Xt
hours, cooled and the product was extracted with ﬁ acet ate. 'i'he organic

phase was L@mSeMQin(ll\/g@Oml larftBSt) h@ss‘;idtlcﬁbmcaelvmbo,ratdedc tuh)egme: then ocebage sol i d

Chromat o raphi e nur fi.c t
S e SR KGEED Hindlls 'ER rOREE 5Pt Ref B Sl 4T IR ol e
- 2, 5- done (Béet&) Dizkingom, 8ah Bt | A, #135R10-213C. M. (M+)) mz 416. 17

Septerrber 2002 WO 99/ 47518 PCT/ EP99I 0153~ EXAMPLE 3 Preparati on of 3 f

| - Met hvl - 1H-i ndol -3-yl)-.~-(6-vitro-1Hindol -3-~I Lpvrrol e-2,5-done (1-?) A
(1-Met hvl - | H- i Regbrednile)re 7

Exanple 1, Ste B%) t he reacigla??]&%%n %&cﬂfn'cgﬁec((én bl&ﬁ &gn‘%&%ct?% F@gg{:\r;gf[?s;bl e
1- net hyl - Gall Te proggam.y apd harglyged (@izh mﬁrol mamffacuwahylModFHHsdm'arn 1 Zhism
of ether, 7 i.ndol -

chlori de (173)9&%@8@ PZ;%‘F’ ec?véns%ld?cgg'onl'hf hje er?lg C‘H-S n 2ely Of){l?%gou Qi Sitles:
puri fi cat i@HG1BINA synthesis (S) and G2/M phases.

J'1-12. 2-Di et hvl - propi onvi |l -6-vitro-1Hindol -3-vl1ll-acetonitrile |18) Using
the procedure of Exanple 1, Step A) the N-al kylation reactron of 346.6 m- (
1.73 mmol) of 6-vitro-1Hindolyl-3-acetonitrile (13) from Exanple 2, Step C
wth 0.3 M (2.44 mol) of trinethylacetyl chloride and 70.8 ng (1.77 mol)
of NaH (60% di spersion in oil) as a base rn 8 mM of DW yielded after
chromat ographic purification, 287.7 ng (43.2% of

[1-(2,2-di met hyl propionyl)-6-vitro-1Hindol -3-yl]-acetonitrile (18) as a
yellow oil. C
j1-(2,2-Dinmethvl-pro~ionvll-6-vitro-1Hindol-3-vll-3-ethanimd~c acid

1-net hvl et hvl ester hydrochloride (19) A stream of HC has was bubbled for 3
mnutes into a constantly stirred suspension of 1.4~ g (i.08 mmol) of

1[- (2, 2-di net hyl - propi onyl )-6-vitro-1Hindolyl]-3-acetonitrile (18) from
Step B above in 90 m of 2-propanol at 0-5C. The reaction m xture was
stirred at roomtenperature for 21 hours. The sol vent was evaporated in
vacuo to give 1.9~ ~ (1000) of a yello solid (19). This nmaterial was used
w thout further purification. > s

10



17 Septenber 2002 WD 99/ 47518 PCTI EP99/ 01534 D. 3-f

1-13.2-Di met hvl - propi onyl ) - 6-vi tro-1Hi ndol - 3-vl | - 4~1- met hylseptdmyedobe3- vI )
~vrrol e-2.5-dione %2& Usi ng the procedure of Exanple 1) Step E, I.1 g
(4.96 mmol) of V8RYHEBtyl chioride (17) from Step A above wasPEEERY®3i t h
1.9~ g (5.08 mol ) of [1-(2, 2-dinethyl-propionvl)-6-vitro-1H

i ndol -3-yl]-3-ethanimdic acid 1- nethylethylester hydrochloride (19) from
Step C above and 2.1 m ( 17.9-t mmol) of triethylamne in 120 m of

nmet hyl ene chloride, the resulting product was treated with 1.1 g (5.78

mrol ) of p-t ol Tienesutsfobaicell eyrldpmpresiokxatémen aBlyzed a0tayt Dipogreditiy ef ekt ng
1.3 g (62.19% of " . low i

3-[1-(2, 2¢ %‘E‘ﬂ'ﬂifi'l'df-oaﬁfléﬁﬂnj sugurparized bglew imdahle By 1 - 4- (1- met hyl - 1H

i ndol -3-yl)-pyrrole-2,~drone (20) as an orange solid; np >24s C with dec.
M5: (I~~1+), mz 470. E TABLE 1V

3-(1-Methyl -1H i ndol -3-vl | -4-16-vitrd=TH T Tndol -3-vl)-pvrrol e-2. 5-di one

. . . .

61[ i]-BUS' ?g ;gem%ﬁfeg?r © ﬁFfeWe's?c%mpﬁ’ﬁﬁ& gh Cten%yc edepr otection reaction
3-[1-(2, 2-d thyl-proplionyl)-6-vitro-lH indol-3-yl]l-4-(l-nethyl-1Hindol-3

-yl)-pyrrolje-2,~ dione. (20)|from Step D ato@ggmﬂglglm.li’ﬁ\cmcglm‘a&ﬁhm of a

1.6 nolar glol uti \ . a0OCH3| ~n- 6 of nmgt hangl yiel ded 300. 6 ( p8.1%

of 3-(1-rrethy|-1§|§'-|‘"—ﬁr%*iﬂf3-v| -@Mﬁ?—‘%min -3 y|)-§yrro| eg,&g—d one

(1-2) as a Ired solpMs@fter ctystald.ization {frgmephyl aqriate gndokexane;
1I

np >260 c. - }—i=Z-3s61 EXAMPLE 4 TABLET r (ORI ' | () ATL(

| t em ngr edifent s Ceraporasl et 1Cpnpoufd W¥52~100283300 70 2ay®r qu$6.52 %

Lact 0sel1038B3i 1938 ~=73Croscarnetiose_Sodi 5681632 —3184Povidane

K305561' 2436?&'&%%‘&?’5% St bar at S43HNG| otlot 30 i ght 390726140 28036h-

6009U0 * ConpoundcdinpddRl esent § a ceaPRMNd Of[ Theyy AVENT] Q19 1456 %

Sept enmber 2D02 WD 99/ 47518
Compound I-3 0.3 uM 1.11 % 2499 % 13.90 %
Compound I-3 0.1 pM 15.54 % 24.06 % 60.40 %
Compound I-3 0.03 uM 45.45 % 38.06 % 16.50 %
Compound -2 10 pM 10.41 % 3525% | 5434 %
Compound I-2 3 uM 3.26 % 48.75 % 47.99 %
Compound 1-2 1 uM 2721 % 30.19 % 42.60 %

The results summarized in Tables I-IV above demonstrate that compounds I-1, 1-2 and -3

have antiproliferative activity; specifically, they cause an accumulation of cells in the G2/m

phase of the cell cycle.

The pyrroles of formula I above and their aforementioned salts can be used as
medicaments, for example, in the form of pharmaceutical preparations, which can be
administered orally, for example, in the form of tablets, coated tablets, dragees, hard or soft
gelatin capsules, solutions, emulsions or suspensions. They can also be administered rectally, for

example, in the form of suppositories or parenterally, for example. in the form of injection

solutions.
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PCT1E P99/ 0153 Manufacturing Procedure: 1. Mx Itens 1) 2 and 3 in a
suitable mxer for |~ mnutes. 2. Ganulate the powder m1¥ Serpwmti‘éramOZ V\Ath
20% Povi done K30 Solution (Item4). 3. Dry the granulation from Step

50C. 4. Pass WM& HAul ation from Step 3 throu~h a suitabl e FRTVEHOHG!S3

equi pnent. 5. Add the Item5 to the mlled granulation Step 4 and mx for 3
m nutes. 6. Conpress the granulation fromStep 5 on a suitable press.
EXAMPLE 5 CAPSULE FORMULATI ON It em n~red~ent sm~/ Tabl et 1Com ound A ' ~52~100
~250 ~5002Hvdrous Lactosel59 i123148-- ~--3Corn Starch2~3~ ~403~ ~704°

Tal c10151012245Magnesi um St ear at e1321 31 6Total Fill V4'eight200l 200300l

3001 600 * Co ou d A rfegresef- hs a co ound of the |nvent|don. h/?%%@g %ri ne
Procedure: 1. ‘Tf"éﬂ't’s rurept WCF% IRy aigpethasecampegpds £8n

Add | temswﬁh&hcra QANELIN Meh Ofhordafit W tRSaniScarfibrs.] Liabb&, dnatAdl iaB 6r a@dmul@ 20
17 Sept enber 200% 9/ 47518 EXAMPLE 6 | NJECTI ON SOLUTI ON/ EM JLSI ON

PREPARATI m@malzmm%m its sl 9ap be dasrs udhraan@onfoo izhldts Acoated yplpEEgees
40010- nqskarg 'o%ﬂt R%?%s%%s wSﬂﬁQéfc g%:JS%rs fﬂp?O?[quaQI ' ﬁlle']@gércwgc;[a%to?ls \anse'} m

* Corrpouna A'repres a conpoun e 1 nven
Pr ocedur efatf)sagpiolid olrmqmdboiymsl Depanading .onAnki\amreaﬁsthactAe aidtancd 1@ daheem: ﬁre and
mx until di s\&ersed t hen hOfTD&I zZe. Add_ t he sol utiogn fll'om step

the ni xt uPBVEYHNELEEY XeqHEedny e??r“"zé’%fﬁftl $elquR Lapiulsser SHIRS Ea”f'?rénfgl ul??ent

manufacture of solutions and syrups are, water, polyols, saccharose, invert sugar and glucose.
Suitable carriers for injection are water, alcohols, polyols, glycerine, vegetable oils,
phospholipids and surfactants, suitable carriers for suppositories are natural or hardened oils,

waxes, fats and semi-liquid polyols.

The pharmaceutical preparations can also contain preserving agents, solubilizing agents,
stabilizing agents, wetting agents, emulsifying agents, sweetening agents, coloring agents,
flavoring agents, salts for varying the osmotic pressure, buffers, coating agents or antioxidants.

They can also contain still other therapeutically valuable substances.

As mentioned above, the pyrroles of formula I and their aforementioned salts can be used
in the treatment or control of oncological disorders. The dosage can vary within wide limits and
will, of course, be adjusted to the individual requirements in each particular case. In general, in
the case of oral or parenteral administration to adult humans weighing about 70 kg, a daly
dosage of about 10 mg to about 10,000 mg, preferably from about 200 mg to about 5,000 mg.
more preferably to about 1000 mg, should be appropriate, although the upper limit may be
exceeded when indicated. The daily dosage can be administered as a single dose or in divided

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



4. Sterile filter through a 0.2 |.tmfilter and fill into vials. EXAMPLE 7
| NJECTI ON SOLUTI OV EMULSI ON PREPARATI ON |t eml n~red~ent m-l nt § ﬁglo(m *1
m-24 -cofurol&&ﬁg gSLecttht n20-i0 m4So ~ G 11-5 ned ycerol 8
m-6Wat er g. s. ound A represents a compound of the Fﬁ%’?ﬂglobﬁﬁ4 21
17 Septenber 2002 WO 99/ 47518 PCT1EP99/0153J 1\' Il anufacturin~ Procedure: 1.
Dissolve item1 initem? 2. Add itens 3, 4 and 5 to item6 and m x until
di spersed, then honogeni ze. 3. Add the solution fromstep 1 to the m xture
fromstep 2 and honogeni ze until the dispersion is translucent. 4. Sterile
filter throughThe ®llawingmxkmpleeilluamae thelgresemtioveviial.s. WO 99147518 1. A
conpound of forrmula 02N O CLAIh'IS H rN~O 17 Septenber 2002 PCT/E P99101534
~~herein R is hydrogen and R is nethyl or R is nmethyl and R- is hydrogen
or R is hydroxynmethyl and R is nmethyl as Well as pharnaceutically
accept abl e prodrugs or pharmaceuUcal |y acceptable salts thereof.

EXAMPLE 1

Preparation of 3-(1H-indol-3-yD)-4-(1-methvl-6-nitro-1H-indol-3-y1)-pvirole-2.5-dione (I-1)

A, 1-Methvl-6-nitro-1H-indole (2)

To a slurry of 0.33 g (8.3 mmol) of NaH (60% dispersion in oil) mm 30 m! of dred
dimethylformamide (“DMF"), was added 0.973 g (6.00 mmol) of commercially available
6-nitro-1H-indole (1) at 0-5°C over a period of 10 minutes. After | hour stirring at the same
temperature, 0.75 ml (12.1 mmol) of methyl iodide was added and the mixture was stirred at the
same temperature for 30 minutes, then at room temperature for 1 hour, poured into ice and water
and extracted with ethyl acetate. The organic phase was washed with brine, dried over MgSOy4,

and concentrated to yield 0.814 g (77.5%) of 1-methyl-6-nitro-1H-indole (2) as a yellow solid

This material was used without purification.

B. (1-Methyl-6-nitro-1H-indol-3-vi)-oxo-acetvl chloride (3)

To a solution of 1.33 g (7.55 mmol) of I-methyl-6-nitro-1H-indole (2) in 40 mi of ether were
added 1.5 ml (17.2 mmol) of oxalyl chloride at 0-5°C under Argon. A precipitate was formed
After 3 hours stirring, the resulting solid was filtered, washed with a small amount of ether and
dried to yield 1.9 g (95%) of (1-methyl-6-nitro-1H-indol-3-yl)-ovo-acetyl chloride (3) as a

yellow solid. This material was used without purification.

C. [1-(2.2-Dimethvi-propionvh-1H-indol-3-vll-acetonitrile (6)

Using the procedure of subpart A above, the N-alkylation reaction of 10.2 g (65 mmol) of
commercially available (1H-indol-3-yl)-acetonitrile (5) with 8.7 ml (71 mmol) of trimethylacety]
chloride and 3.4 g (85 mmol) of NaH (60% dispersion in oil) as a base in 115 ml of DMF yielded
6.6 g (38.7%) of [1-(2,2-dimethyl-propionyl)-1H-indol-3-yl}-acetonitrile (6) as a yellow oil after

chromatographic purification.

13



?. A compound of claim1l of the formrula H\ ~~~\ 02N~ NN/ HI-1 and
phar maceutical |y acceptabl e prodrugs or pharmaceutical |y 1qcsppdrabdre2002l t S
of said conpound. ?3 R2 R WD 99147518 3. A conpound of the formula O
02N / H H, NONWOP #7518t enber 2002 PCT/ E P99! 0153-1 and pharHd& Pt 1y
accept abl e prodrugs or pharnmaceutically acceptable salts of said conpound.
4. A conmpound of the formula HO2N ~ NN 1 I-3 ~OH and pharnaceutical ly
accept abl e prodru~s or pharnaceutically acceptably salts of said conpound.
?=~ WD 991475t 8 17 Septenber 2002 PCT/EP99101534 5. A pharnmaceuti cal
conposition conprising a conpound of formula H 02N wherein R is hydrogen

and R i SDFTEt hyl [19(5..2%irrlle%hvrl’r%[rory(lnvﬁﬂ%-ﬁdolbsvﬂ%gtaz?rgr%ri]dig ' acid __l-methvlethvlester
hydrochloride (7

To a slurry of 6.6 g (27.5 mmol) of {1-(2,2-dimethyl-propionyl)-1H-indol-3-yl]-acetonitrile (6)

from Step C above in 105 ml of 2-propanol, 40 m! (0.563 mol) of acetyl chloride was added

dropwise at 0-5°C over a 20 minute period. The reaction mixture was stirred at room

temperature overnight, concentrated and the residue was diluted with approximately 75 ml of
ethyl acetate, heated for I5 minutes on a steam bath, cooled and placed in a freezer. The
precipitate was filtered and dried to yield 6.0 g (65.0%) of [1-(2,2-dimethyl-propionyl)-1H-indol-
3-yl]-3-ethanimidic acid 1-methylethylester hydrochloride (7) as a white solid.

E. 3-[1-(2.2-Dimethvl-propionv])-1H-indol-3-y1]-4-(1-methyl-6-nitro- 1 H-indol-3-vi}-
pyrrole-2.5-dione (4)

To a solution of 1.25 g (4.69 mmol) of (1-methyl-6-nitro-1H-indol-3-yl)-oxo-acetyl chloride (3)
from Step B above and 1.6 g (4.75 mmol) of [!-(2,2-dimethyl-propionyl)-1H-indol-3-yl}-3-
ethanimidic acid 1-methyl ethylester hydrochloride (7) from Step D above in 80 m! of methylene
chloride was added 2.6 ml (18.65 mmol) of triethylamine at 0°C and under Argon. After stirring
at the same temperature for 30 minutes, the reaction mixture was then surred at room
temperature for 3 1/2 hours and diluted with more methylene chloride. The organic phase was

washed with water, 0.5N HCI solution, bnine, dried over MgSQO4 and concentrated to give 3.0l g

of a foam. This material was dissolved in 50 ml of toluene and treated with 987.9 mg (5.19
mmol) of p-toluenesulfonic acid at 0°C. After 3 hours stirring at room temperature the reaction
mixture was extracted with methylene chloride. The organic phase was washed with a saturated
NaHCO3 solution, brine, dried over MgSO4 and concentrated to give 3.9 g of crude material
Chromatographic purification on a silica gel column, yielded 1.7 g (77.%) of 3-[1-(2,2-dimethyl-
propionyl)-1H-indol-3-y1}-4-(1-methyl-6-nitro- 1H-indol-3-y1)-pyrrole-2,5-dione (4) as an orange
solid. mp >146°C with dec. MS: (M*), m/z 470.
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5 R is hydroxynethyl and R is nethyl or a pharmaceutically acceptable
salt or prodru~ of said conpound and a pharnmaceutically d¢&ptg’hﬁﬂ@2@@2ri er.
10 G A conpound according to any one of clainms 1-4 for use as an antitunor
drub. 7. Use WP%4Bdhpound clained in any one of clains 1-4PEHEPLIAS34

manuf acture of a medi canent for the treatment of solid tunors. 15 |, R R
JACA Ayr. AS. A L A3{S,. AS@ AN, . A An, . A@ AS

. AH@ AHS2. AH2. AS. A5, . Anf. A@ AS. A@QA S. A@A HS. AHS. AYAI D: : BAA5 AC

(#. #. 8||||8xxx>|x9x°|9|>|>|>||>||>xx>8x>8x>88>88>8x>x|°|9||xxx>8x>8x><x>|x>
| x> x>xx3xx ?| 2Lctiindod - 1) 44X >xe2?>6<0i o<t B =i BdeB-3=viRpyrrode=p. RP~X| ~X~2~~p?>p
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10kd_ OQRSTz[ PE: 10 10H 10H IOHY: s10°9 g % 109448 () -
" 1094HS T9 aytived goigieg ¢f)44.2719¢0p0 mpl) off6-riyrpgPmine1(R) [Jackson B. Hester J. Org.

Chem., 29: 1158 (1964)] in 450 ml of acetonitrile 44.59 ¢ (0.31 mol) of methyl iodide was added

at 0-5°C over a period of an hour. The reaction mixture was stirred at room temperature for threc
hours, then a solution of 26.6 g (0.543 mol) of sodium cyanide in 225 m! of water added at once.
The reaction mixture was heated at 32°C overnight, cooled to room temperature and the product
extracted 3 times with a total of 800 ml of ethyl acetate and 300 ml of water. The combined
extracts were washed with water, IN HCI solution, a saturated sodium bicarbonate solution,

dried on MgSO4 and the solvent evaporated in vacuo. The orange-brown residue (41.3 g) was

dissolved in 200 ml of warm ethyl acetate and passed through a small pad of silica gel to produce

28.9 g (70.4%) of (6-nitro-1H-1ndolyl-3-yl)-acetonitrile (13) as a yellow solid after evaporation
of the solvent.

D. (1-Methyl-6-nitro-1H-indol-3-y)-acetonitrile (14)

65.5 g (0.474 mol) of powdered potassium carbonate was added to a solution of 28.9 g (0.143
mol) of (6-nitro-1H-indol-3-yl)-acetonitrile (13) from Step C above in 230 ml of
dimethylformamide at room temperature. The suspension was stirred for 40 minutes then 25.48
g (0.179 mol) of methyl 1odide was added dropwise over 65 minutes. After surring at room
temperature over night the reaction mixture was cooled and poured 1nto a total of 600 ml of
water. The precipitate was filtered, washed with a httle water and dried on phosphor anhydride
until reaching constant weight. The procedure yielded 30.4 g (95.4%) of (1-methyl-6-nitro-1H-

indol-3-yl)-acetonitrile (14), which was used without further purification.

E. (1-Methyl-6-nitro-1H-indol-3-v1)-3-ethanimidic acid 1-methviethvlester hydrochloride (15)

v A stream of HCl gas was bubbled into a stirred suspension of 82 g (0.382 mol) of (1-methyi-6-
nitro-1H-indol-3-yl)-acetonitrile (14) from Step D above, in 1000 ml of 2-propanol at 0-10°C
After adding approximately 350 g of HCI, ether was added to the reaction mixture until 2

precipitate was formed. The solid was collected, washing with ether and dried 1n vacuo to vield
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102 g (85.7%) of (1-methyl-6-nitro-1H-indol-3-yl)-3-ethanimidic acid I-methylethylester
hydrochloride (15).

F. 3-(1-Methoxymethvi-1H-indol-3-y1)-4-(1-methvl-6-nitro-1H-indol-3-v-pvrrole-2.5-
dione (11

Using the procedure of Example 1, Step E, the condensation reaction of 1.3 g (5.17 mmol) of

oxoacetyl chloride (10) from Step B above, with 1.7 g (5.45 mmol) of (1-methyl-6-nitro-1H-
indole)-3-ethanimidic acid 1-methyl ethylester hydrochloride (15) from Step E above in 95 ml of
methylene chloride, yielded 1.08 g (48.5%) of 3-(1-methoxymethyl-1H-indol-3-yl)-4-(1-methyl-
6-nitro-1H-indol-3-yl)-pyrrole-2,5-dione (11) as an orange solid, mp >250°C with dec. MS:
(M), m/z 430.

G. 3-(1-Hvdroxvmethyl-1H-indol-3-y1)-4-(1-methyl-6-nitro-1H-indol-3-v])-pvirole-2.5-
dione (I-3)

A solution of 727.5 mg of 3-[1-(methoxymethyl)-1H-indol-3-y1)-4-(1-methyl-6-nitro-1H-indol-

3-yh)-pyrrole-2,5-dione (11) from Step F above in 65 ml of THF was treated with approximately
40 m! of 2N HCI. The reaction mixture was refluxed for 5 hours, cooled and the product was
extracted with ethyl acetate. The orgamic phase was dried on MgSO4 and the solvent evaporated
to give an orange sohd Chromatographic purification of this material yielded 123.3 mg of 3-(1-
hydroxymethyl-1H-indol-3-yl)-4-(1-methyl-6-nitro-1H-1ndol-3-yl)-pyrrole-2,5-dione (I-3) as a
red solid, mp 210-213°C. MS: (M*), m/z 416.
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EXAMPLE 3
Preparation of 3-(1-Methvl-1H-indol-3-y1}-4-(6-nitro-1H-indol-3-yH-pvrrole-2.5-dione (I-2)

A. (1-Methvl-1H-indol-3-y)-oxo-acetyl chloride (17)

Using the procedure of Example 1, Step B, the reaction of 6 ml (47 mmol) of commercially
available 1-methyl-1H-indole (16) with 8 ml (92 mmol) of oxalyl chloride in 120 m! of ether,

produced 7.6 g (73.2%) of (I-methyl-1H-indol-3-yl)-oxo-acetyl chloride (17) as a yellow solid.

This material was used without purification.

B. [1-(2.2-Dimethv]-propionvh-6-nitro-1 H-indol-3-vl]-acetonitrile (18)

Using the procedure of Example 1, Step A, the N-alkylation reaction of 346.6 mg ( 1.72 mmol)
of 6-nitro-1H-indolyl-3-acetonitrile (13) from Example 2, Step C with 0.3 ml (2.44 mmol) of
trimethylacetyl chloride and 70.8 mg (1.77 mmol) of NaH (60% dispersion in oil) as a base in 8
ml of DMF yielded after chromatographic purification, 287.7 mg (43.2%) of {1-(2,2-dimethyl-

propionyl)-6-nitro-1H-indol-3-yl]-acetonitrile (18) as a yellow oil.

C. [1-(2,2-Dimethvl-propionvl)-6-nitro-1H-indol-3-vl]-3-ethanimidic _acid 1-methvlethvl-
ester hvdrochloride (19)

A stream of HCI gas was bubbled for 3 minutes mnto a constantly stirred suspension of 1.45 g
(5.08 mmol) of 1[-(2,2-dimethyl-propionyl}-6-nitro-1H-indolyl]-3-acetonitrile (18) from Step B

above in 90 ml of 2-propanol at 0-5°C. The reaction mixture was stirred at room temperature for

21 hours. The solvent was evaporated in vacuo to give 1.95 g (100%) of a yellow solid (19). This

material was used without further purification.
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Using the procedure of Example 1, Step E, 1.1 g (4.96 mmol) of oxoacetyl chloride (17) from
Step A above was reacted with 1.95 g (5.08 mmol) of [1-(2,2-dimethyl-propiony])-6-nitro-1H-
indol-3-yl]-3-ethanimidic acid 1- methylethylester hydrochloride (19) from Step C above and 2.1
ml (17.94 mmol) of triethylamine in 120 ml of methylene chloride, the resulting product was
treated with 1.1 g (5.78 mmol) of p-toluenesulfonic acid monohydrate in 80 mi of toluene,
yielding 1.3 g (62.1%) of 3-[1-(2,2-dimethyl-propionyl)-6-nitro-1H-indol-3-y1]-4-(1-methyl-1H-
indol-3-yl)-pyrrole-2,5-dione (20) as an orange solid; mp >245 °C with dec. MS: (M*), m/z 470.

E. 3-(1-Methvl-1H-indol-3-v])-4-(6-nitro-1H-indol-3-yD)-pyrrole-2.5-dione  (I-2)

Using the procedure of Example 1, Step F, the N-deprotection reaction of 1.3 g (2.76 mmol) of
3-[1-(2,2-dimethyl-propionyl)-6-nitro-1H-indol-3-yl]-4-(1-methyl-1H-indol-3-yl)-pyrrole-2,5-

dione. (20) from Step D above with 4.3 ml (6.88 mmol) of a 1.6 molar solution of NaOCH3 1n 65
ml of methanol yielded 300.6 mg ( 28.1%) of 3-(1-methyl-1H-indol-3-yl)-4-(6-nitro-1 H-indol-3-
yl)-pyrrole-2,5-dione (I-2) as a red solid after crystallization from ethyl acetate and hexane; mp

>260 °C. MS: (M"), m/z 386.

EXAMPLE 4
TABLET FORMULATION
[tem Ingredients mg/Tablet
1 Compound A* 5 25 100 250 500 | 750
2 Anhydrous Lactose 103 83 35 19 38 57
3 Croscarmellose Sodium 6 8 16 32 48
4 Povidone K30 5 5 6 12 24 36
5 Magnesium Stearate | 1 1 3 6 9
Total Weight 120 120 150 300 600 {900

*Compound A represents a compound of the invention.
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Manufacturing Procedure:

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

2. Granulate the powder mix from Step 1 with 20% Povidone K30 Solution (Item 4).

3. Dry the granulation from Step 2 at 50°C.

4. Pass the granulation from Step 3 through a suitable milling equipment.

5. Add the Item 35 to the milled granulation Step 4 and mix for 3 minutes.

6. Compress the granulation from Step 5 on a suitable press.

EXAMPLE S
CAPSULE FORMULATION
Item Ingredients mg/Tablet
1 Compound A * 5 25 100 250 500
2 Hydrous Lactose 159 123 148 -- -
3 Com Starch 25 35 40 35 70
4 Talc 10 15 10 12 24
5 Magnesium Stearate 1 2 2 3 6
Total Fill Weight 200 200 300 300 600

* Compound A represents a compound of the invention.

Manufacturing Procedure:

1. Mix Items [, 2 and 3 in a suitable mixer for 15 minutes.

to

Add Items 4 & 3 and mix for 3 minutes.

3. Fill into a suitable capsule.
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INJECTION SOLUTION/EMULSION PREPARATION

Item Ingredient me/ml
1 Compound A * 1 mg
2 PEG 400 10-50 mg
3 Lecithin 20-50 mg
4 Soy Oil 1-5 mg
5 Glvcerol 8-12 mg
6 Water g.s 1 ml

* Compound A represents a compound of the invention.

Manufacturing Procedure:

1. Dissolve item | in item 2
2. Add items 3, 4 and 5 to item 6 and mix until dispersed, then homogenize.
3. Add the solution from step 1 to the mixture from step 2 and homogenize until the
dispersion is translucent.
4, Sterile filter through a 0.2 um filter and fill into vials.
EXAMPLE?

INJECTION SOLUTION/EMULSION PREPARATION

[tem Ingredient me/mi
1 Compound A * 1 mg
2 Glycofurol 10-50 mg
3 Lecithin 20-50 mg
4 Soy Oil 1-5 mg
5 Glycerol 8-12 mg
6 Water g.s. 1 mi

) * Compound A represents a compound of the invention.
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wherein R'is hydrogen and R’ is methyl or
R'is methyl and R* is hydrogen or
R 1s hydroxymethy! and R’ is methyl

as well as pharmaceutically acceptable prodrugs or pharmaceutically acceptable salts thereof.

2. A compound of claim 1 of the formula

1-1

and pharmaceutically acceptable prodrugs or pharmaceutically acceptable salts of said

compound.
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and pharmaceutically acceptable prodrugs or pharmaceutically acceptable salts of said

compound.

4. A compound of the formula

and pharmaceutically acceptable prodrugs or pharmaceutically acceptable salts of said

compound.
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or a pharmaceutically acceptable salt or prodrug of said compound and a pharmaceutically

acceptable carrier.

10 6. A compound according to any one of claims 1-4 for use as an antitumor drug.

7. Use of a compound claimed in any one of claims 1-4 for the

manufacture of a medicament for the treatment of solid tumors.
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