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Breast cancer is the most frequently diagnosed non-skin cancer in women, and ranks second

among cancer deaths in women, after lung cancer. (Cancer Facts and Figures 2004, American Cancer
Society, Inc.) Current treatment options for breast cancer include surgery, radiotherapy, and
chemotherapy/hormone therapy with agents such as tamoxifen, aromatase inhibitors, HERCEPTIN®
(trastuzumab), TAXOL® (paclitaxel), cyclophosphamide, methotrexate, doxorubicin (adriamycin), and
5-fluoruracil. Despite improvements in cancer diagnostics and therapeutics, breast cancer incidence
rates have continued to increase since 1980, In 2004, about 215,000 new cases of breast cancer are
expected in women, and about 1,450 new cases of breast cancer are expected in men. Id.
Accordingly, new compounds and methods for treating breast cancer are needed.
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The references cited herein are not admitted to be prior art to the claimed invention.

SUMMARY OF THE INVENTION

The present invention provides for pyrrologuinolinyl-pyrrolidine-2,5-dione compounds of
formula IVa, IVb, Va, or Vb, and methods of preparing the compounds of formula IVa, IVb, Va, and
Vb,



| 1 ONOONOR R H p2R H/,,,, RBQRINN \ (IVh) Y X (Na) Y ~/

mMmRARA | I ONOONO RLH.a,.\HIR R H,,,, H RBRE> O NNYX
(Va) WX (VW) mm where: R, RR and R3 are independently selected fromthe
group consi swongeossstydrogen, F, C, Br, |, -NRS5R6, - (CPOTE)S2e(6H4456
-(Cl-C6) substituted al kyl, -(C3- C9) cycl oal kyl, -(C3--C9) substituted
cycl oal kyl, -O(Cl1-C6) alkyl, -O(C ) substltuted al kyl, -O (C3-C9)
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where:

RI1, R2 and R3 are independently selected from the group consisting of hydrogen, F, Cl, Br, I,
—NR35R6, —(C1—C) alkyl, —(C—Cg) substituted alkyl, —(Cs—Cy) cycloalkyl, —(C;~—Co) substituted
cycloalkyl, —O—(C—Cs) alkyl, —O—(C,;—Cs) substituted alkyl, —O—(C;—Cs) cycloalkyl, and
~0—Cs—Cy) substituted cycloalkyl, aryl, heteroaryl, heterocyclyl;

R4 is independently selected from the group consisting of hydrogen, —(C,—Cy) alkyl,
—CH,R7;

RS, R6 are independently selected from the group consisting of hydrogen, and —(C—Cs)
alkyl,

R7 is independently selected from the group consisting of —O—P(=0)(OH),
—O—P(=0)(—OH}—0—~(C,—Cy) alkyl), ~O—P(=0}—0—(Ci—C) alkyl),, —O—P(=0)}—OH)
(—O—(CH;)—phenyl), ~O—P(=0)(—O—(CH_)—phenyl),, a carboxylic acid group, an amino
carboxylic acid group and a peptide;

Q is selected from the group consisting of aryl, heteroaryl, —O—aryl, —S—aryl,
—QO~—heteroaryl, and —S—heteroaryl;

X is selected from the group consisting of —(CH;)—, —(NR8)—, S, and O;
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qui nol i n- [ ySj=A) ¢ +0galkyl3andyl ) pyrrolidine-2, 5-dione,
(-)-cis-3-(5, 6-d}sgyogﬁo-4l—l-pyrrol 0[3,2,1-ij] quinolin-lyl)-4(lIHindol-3-yl)
pyrrolidine-2, 5-diofie, (+)-trans-3-(5,6-dihydro-4Hpyrrolo [3,2,1-ij]
qui nol i n- 1-yl ) -Ingd ¢kbiodigsnt, B4 I yCH:BYrandRY §ire=Ps0)PHdkone, and _
(-)-tr anS-ﬁo{-ﬁ:@a(dU?y(d{dl(é\tbdgyarlm' Dol—?(pé)(lol—lf(ch—%w a'ﬂ@% Bedrbdlvlic Mdbipngo! - 3-
yl) pyrrolidine-2, 5-dione. I'n a further preferred énbodi ment, thé conpound
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qui nol i n- 1- yl ) -14 ed éhbodikeht; X-iyde)ectpy from ke @tonp cchsistimg@F (R 8)F) & apd @sent
i nvention aslo provi.d for .pyrrol oqui nolinyl-pyrrol c-2,5-di one conpounds of
formula Illa anlga‘%%“é‘?°r§‘§“§9tn{"ﬁge)%i s. 4 WD 2006/ 086484 PCT/ US2006/ 004456 R4 0 N
O R RL 0 R3Inapreferred embodiment, the pyrroloquinolinyl-pyrrolidine-2,5-dione compound is selected

from the group consisting of (+)-cis-3-(5,6-dihydro-4H-pyrrolo [3,2,1-ij] quinolin-1yl)-4(1H-indol-3-

yD) pyrrolidine-2, 5-dione, (-)-cis-3-(5,6-dihydro-4H-pyrrolo [3,2,1-i/] quinolin-1yl)-4(1 H-indol-3-y1)

pyrrolidine-2, 5-dione, (+)-trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-i/] quinolin-1-yl)-4(1H-indol-3-y1)

pyrrolidine-2, 5-dione, and (-)-trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-i/] quinolin-1-yl)-4(1H-indol-3-

yD) pyrrolidine-2, 5-dione. In a further preferred embodiment, the compound is (-)-trans-3-(5,6-

dihydro-4 H-pyrrolo 3,2,1-ij] quinolin-1-yl)-4(1 H-indol-3-yl) pyrrolidine-2, 5-dione.

The present invention aslo provides for pyrroloquinolinyl-pyrrole-2,5-dione compounds of

formula ITla and their synthesis.



Y (ilia) X where: RI, RR and R 3 are independently selected fromthe group
consisting of hydrogen, F, d, Br, I, NR5R6, -(Cl--C6) al kyl, -(Cl-C6)
substituted al kyl, -(C3--C9) cycloal kyl, -(C3-C9) substituted cycloal kyl,
-O (C1-C6) akbyhososdk{ Cl- C6) substituted al kyl, -O (C3-C¥CToseiomd4sd , and
-0 (C3-C9) substituted cycloal kyl, aryl, heteroaryl, heterocyclyl; R4 is

i ndependently sel ected fromthe group consisting ﬁf hydr ogen, (Cl C6)

al kyl, -CH2R7; R5, R6 are independently sel ected fir om t he group consi sting
of hydrogen, and -(Cl-C6) alkyl; R7 is independetlltly selected fromthe
group consisting of-O-P(=0 (OH)2, -0 P(=0p (Cl-gp) alkyl),
-OP(=0)(-O0(C-C6) alkyl)2, -OP(=0 (-0H phenyl ) ,

-OP(=0 (-(CH2)-phenyl )2, a carbgexylic i am no carboxylic acid
group and a peptide; Qis selecteas ‘ isti ,
heteroaryl, -0-aryl, -S-aryl, &nd - S— et eroaryl, provided
that when R4 is hydrogen, (C3-C4)/cycl oalrt or (G c4j3 al kyl, Qis not
3-indolyl or substituted 3-i . y i ¢ted fromthe group consisting
of-(CH2)-, -(NR8)-, S, and O; "R8 i NI endetly sel ected fromthe group
consi sting of hydrogen, -(CL-C6) al 7 C6) substituted al kyl,
-(C3-C9) cycloalkyl, -(C3-C9) substituted cloal kyl, -O(Cl1-C6) alkyl,
-C(=0-0-(C1-C6) alkyl and -C(=0)y O - (C1-(6) substi t ut ed al kyl; Yis

sel ected fromthe group consisting\of -( - or a HOM); wherein said aryl,
heteroaryl, -0-aryl, -S-aryl, -O het yl, and -S-heteroaryl groups may
be substitut ed with one or nore substityents independently selected fromthe
group consisting of 5 WD 2006/ 086484 P ¥ Us2006/ 004456 F, O, Br, I,

NR5R6, - (Ctha®8) al kyl, -(C C6) substituted alkyl, -(C3-C9) cycloal kyl,

C3-C9) substgt . ut ed
al( Kyl | ? 0- - (Ca- %@%@Cﬁﬁé Q@ép‘ébfdentg Lhefifd £ th@gl‘é%ﬁ% gor %1gt)fllgg§‘/l’éyd n s}J@ISBf ﬁyl ,

-aryl - (C1- T3, k-%?! ﬁ)é‘ Sl %C —Eéf"@ésutesr’m —(Csgo gyslalkyl, o(?scfs)ealasﬂtufed
al kyl - ar yl gyclhelkgy -GG-le—CJ’)leﬂ[-GQy-((I W6) sutfsdit(ed alich) —@HKy+-€J) ejctvatioy edde, and
-(S(=0 2) - ‘('Q_fcc'%ﬂ%!' M"%*ﬁ%?ﬁ%g%?%ﬂ ﬁ%ef%%ﬂﬁ’gr%ﬁi"?ﬂ} invention also provides a

phar maceuti Ca

R4 is independently selected from the group consisting of hydrogen, —(C,—Cg) alkyl,
—CH;R7;

RS, R6 are independently selected from the group consisting of hydrogen, and —(C,—Cs)
alkyl,

R7 is independently selected from the group consisting of —O—P(=0)(OH),,
—~0—P(=0)(—OH)(—0—(C,—C) alkyl), =O—P(=0)}(—0—(C,—Cy) alkyl),, ~O—P(=0)(—OH)
{(—O—(CH;)—phenyl), —O—P(=0)(—0—(CH,)—phenyl),, a carboxylic acid group, an amino
carboxylic acid group and a peptide;

Q is selected from the group consisting of aryl, heteroaryl, —O—aryl, ~S—aryl,
—O~—heteroaryl, and —S—heteroaryl, provided that when R4 is hydrogen, (C;-C,) cycloalkyl, or (C;-
Cy) alkyl, Q is not 3-indolyl or substituted 3-indolyl;

X is selected from the group consisting of —(CH,)—, —(INR8)—, S, and O;

R8 is independently selected from the group consisting of hydrogen, —(C,—Cs) alkyl,
—(C1—Cs) substituted alkyl, —(C3—Cs) cycloalkyl, —(C;—Cs) substituted cycloalkyl, ~O—(C—Cs)
alkyl, —C(=0)—0—(C,—Cs) alkyl and —C(=0)—0—(C,—~Cj) substituted alkyl;

Y is selected from the group consisting of —{CH,)}— or a bond;

wherein said aryl, heteroaryl, —O—aryl, —S—aryl, —O—heteroaryl, and —S—heteroaryl groups

may be substituted with one or more substituents independently selected from the group consisting of



conpounds of formula Illa, IVa, Vb, Va, or Vb, and one or nore
pharmaceutically acceptable carriers or excipients. The present invention
al so provides a pharmaceutical conposition conprising a conpound of formula
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modul ati ng [tin co n e

ot ity orodukaplants, e < e R NP oblatonc g AR P

Protei n Ki wass vmere‘ﬁheldpclbgelnfsratlwxdgntdmcntratego provides a method of o
sel ectively inhibj L0 ﬂ]%tc!alYf)rBlYfergtfwthsM%Er’lsc hout inhibiting an activity

of Protein Kinase C_ conprisi ng contacting a ce with an effective anount
of a conpound of2PEfsHae amfrqdrraen thygompgynd iygelects frop theogroup copsiftipgefdtrsiv | y
accept abl 6(5$ailﬁydrot-4lﬁp}&£bﬂo [3001-i qprnadf YO 4(Tretnabial-y Iy ;@,rroamaé-mg didne ote)rchsvat ive

t her eof tl n es e i ng
sai d acti Vit ﬁgpm' rm??/\#t Hollit i"%lh ié'ﬁ)t | H’lrmggl d’q%ip 50y £§fdél’§ g kl nase
C. 6 W 20661@@@@8% psmuszoc—xﬂ/q@mwnsleyl) zmw lmot-%ehwynmhdmﬁm i}dloaﬁ, sxul (rir ovi des a

met hod of gk 9‘%5 5 U@L ¥o '4@%'/%1'8% Q%:l qtﬁxfiﬁihh }‘l)fh(ﬂir RRANCAT PHRIIGRL-D.S- cﬁanecoa@cer
cells, comprisin cont acting a fective amount of conmpound

of formul apheﬁnaw 52l waq;aapta%sa“élﬂer% or ?)PIO‘H%HEPH%IE%EM'%&F F‘V“’%"éé‘tﬂegﬁl e salt
t hereof, or a nfecpttﬁu@mvmbﬁhai prbx@des aﬁlaﬂh&gof(h{odﬁleﬂing\amattw&y bf‘tﬁM@‘Qfompn\M‘l%r ein

sai d COI’lt aCt {a(ré}gﬁg a cglgw}th a egfees;tg\(lﬁ amguenéo ai[ clor\lllgcl)uXd of 0 rmu?a Iﬂg Ve I]Vb d‘?a or l; 02 ai d

precancerous
pharmaceutically acceptable salt thereof, or a prodrug, metabolite, analog or derivative thereof,

wherein said contacting results in said modulating an activity of c-Met.

In an embodiment, the modulating is inhibiting.

In an embodiment, the compound modulating the activity of ¢-Met, without significantly
modulating said activity of Protein Kinase C.

The present invention also provides a method of selectively inhibiting an activity of c-Met,
without inhibiting an activity of Protein Kinase C, comprising contacting a cell with an effective
amount of a compound of formula Ta, IVa, IVb, Va, or Vb, or a pharmaceutically acceptable salt
thereof, or a prodrug, metabolite, analog or derivative thereof, wherein said contacting results in said

selectively inhibiting said activity of c-Met, without inhibiting said activity of Protein Kinase C.



The present invention further provides a nethod of treating cancer
conprising selectively nodulating an activity of c-Met, or both, wthout
significantly nodulating an activity of Protein Kinase C. The present

i nvention fuydbeeogmpivi des a net hod of screening for a cactdivdaeowesspound
for treating cancer, conprising contacting a cell with a candidate
conpound, neasuring the activity of c- Met, neasuring the activity of
Protein Kinase The pabsht Bedniod iln@r@lmnmbﬂadﬁsammwnﬂu&&g&feuidaaﬂclapabl e of

| ecti | hi bi t t t t t f tl
i bi 1 ngbESEiegt 107 Pt @t eartingonfichi co i B reBlifeni A bl o
conpound t évatpoursl of ﬁ)palhih HlapfVagBibe¥a,iov¥b,or & phiairmceutioglytaaepabl sali thereodifor g - I\/bt :
Wi thout si %‘%rtx S Bélﬁfe 'amrgtﬂé Eél‘Rgtl\IB%ré%f: WhMEﬁlXaIEPE %} Es'ﬁlt“n@ﬂﬁ ?e&)gnve'l

candi dat e ting cancer. In an e rotein
Ki nase C a@fllic\‘figtcﬁll‘i‘%thr%%atf’rlﬁﬁfa?%r%? teflpor sig pspercellit ur es and advant ages of the

pr esent i nvent |mpﬁ5@t @P?ﬁb@ﬂlﬁhffﬂbﬁﬁﬂd&i’bﬂn@;}dﬂloﬂr@ﬂﬂé canglses&ﬁprmng@a@urm)oVI ded
ere|n |nC u t he e nt es.. e r ov exa e | ,ustrate
AT Ferent - eBal eSS ot R on BE T GR spticindy Bt PP ploletting

i nvent i on. Kifke Cexanpl es do not limt the clainmed invention. Based on the

present discl osyy, %re‘ééﬁﬂn@éﬂtlbﬂ ﬁlfjthé?‘ I'dvﬁi@{'a rﬁé%l{bd'og ?cpéehlfn% fo@ggandﬁi%@ |ct9r)f ogﬁchﬁf

conponents and met hodol ogy usef ul practicin present | nvent ion.
BRI EF DESCII2HNE @ReROMISITE contpeting w&m* a angidptg cvwad frﬁésuemaﬁ'ﬁ gdiVinesfeuct ur es
of ()-cis- SNI(eﬁmﬁasﬁhri’g)tWEBwAﬂyl-oﬁ)WofeQ{ IOmisB C?an&sdléc}mg a candidate compound that is capable of

qui nol i n-1 yeke}gt-iv dnl'hbl dQLe iﬁilylb)"fe)ﬁ gdt g@nlf gy mhl‘g{%mg ﬂxe activity of Protein

()-trans-3 rrol
qui nol i n- 1Kynhs)ef4@h¢$m srakb¢andidate QOlrpryundohat dlcmbla of Bledivelyanhipiiing theacfivietf s- f ort h

an effect Qlfeﬁ )vﬁl'no%f §gn§f§>m§ fhﬁimﬁﬁg%é‘ KW ot PloRid Bindse &; ¥ oSHHIAR!cbRpdudd ot

4(1 H i ndol - yrrolidjne-2 di one, or

()-trans- 3triasngacaerfeh¢a AR embedignh e Srqtedn Bingse(G aptiifyjiyy@pspred i vitro.

yl)-4(1H i ndol -GhdtIfdanipasrah®hdvatita@s & theprédend i0er@ion S hppaveal fradih thyRiddBal231 or
E?((: a) 2 ¢ ?:Llsle%gip??\éléo&%ﬁd ger OrllJ g ughmg ﬁt ?1fffe1%éﬁtegar%ﬁ]eseil‘txw?ﬂ% d. exarﬂ_pleslﬂ)lustrate

4( 1H- i ndol differgit romponendd qn@mﬁm@olo@ ugéfalimpragticing the present invention. The examples do

(+) - trans- g (imit @hteah'B(éaru?veﬂtlié'anE{eQ t)ﬁ’th[a %ﬁ%nt]d’lsclo];urgﬁhb QQH1ddrdsan can identify and
yl)-4(1Hindol -3-yl) pyrrolidi ne - di. gne on, surV| val of MDA-MB-231 cells

invitro. W@Wr‘éheﬂc@&o‘ée"fscﬁlf‘ Frethpd Oécl‘gf’ ét‘?f”l piasticgiedheprosent gVgRNdr 0- 4H- pyrr ol o
[3,2,1-U quinolin-lyl)- 4(IHindol-3-yl) pyrrolidine-2, 5-dione or

(t)-trans g[3,2,1-U quinolin-1-
yl)- 4(1I—|-|§%ﬁ?1%-r%‘ M\yﬁ rrolllﬁlne 5d|one on Protein Kinase C activity in
vitro. 7 WO ZOGBZL(D%BMOIF!UW URROBENOCUASE ®ORisutcS-dhysler-4-prralhB3iZihiloi t i on of

c- Met phosmmlth h@ﬁ-lm_’agff'ﬁ:ﬂr@hdﬂﬂfﬁsﬂhi@ﬁe)’dn@ﬂ)%nsby(iﬁ -dih dre- 4H Fpymolo (321
trans- 3- (5, qui nol i n-1 i ndof - 3- yl)

pyrroli di n%l-cﬁ‘mogyhl’f'gﬁ@}[oﬁnx"lﬁﬂ) Pty;fg ez, ¢81982 di hydr o- 4H— pyr roI 0[3,2,1-ij]
qui nol i n-1-yl) -FgutdE sendorth Qrefedt opfe)oidi3i(Slo-diky@p-45-pgtrolg3,2,1 i gmm@mﬂylset s forth

51 i AL o DS U L S 3 Dl
(1) -t r ans- B(GAads} hyblpyrolidiness §-Sors quawsivalof MAMEI] or Paca-2 cells in vitro
Figure 3 sets forth an effect of (-)-trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-i/] quinolin-1-yl)-
4(1 H-indol-3-yl) pyrrolidine-2, 5-dione or (+)-trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-i] quinolin-1-
y1)-4(1 H-indol-3-yl) pyrrolidine-2, 5-dione on survival of MDA-MB-231 cells in vitro.
Figure 4 sets forth an effect of (+)-cis-3~(5,6-dihydro-4 H-pyrrolo [3,2,1-i/] quinolin-1yI)-
4(1H-indol-3-yl) pyrrolidine-2, 5-dione or (£)-trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-4] quinolin-1-
yD)-4(1H-indol-3-yl) pyrrolidine-2, 5-dione on Protein Kinase C activity in vitro.



yl)-4(1 Hindol -3-yl) pyrrolidine-2, 5-dione, adm nistered individually at
160 ng/ kg, on the growth of xenografted MDA- MB-231 hunman breast cancer
tunmors in athymc fermale nude mice. Figure 7 sets forth an effect of

() -cis-3-( 5y shiobygdlifa- 4H-pyrrolo [3,2,1-ij] quinolin-Iyl perdgiobsomeol - 3-yl)
pyrrolidine-2, 5-dione or ()-trans-3-(5,6-dihydro-4Hpyrrolo [3,2,14j]
quinolin-1- yl)-4(IHindol-3-yl') pyrrolidine-2, 5-dione, admnistered

i ndi vidual 'y atpigie 5@fsketh igNbitieofgmaphbs oryléfﬁﬁlﬁi]irﬁtm@pﬂmh%ngﬁﬂy @unman

br east ( ts forth ffect
O:; E?S) tcfgt%glg é (#é?%}_fdd'? Eg&ygxlgkf%l/eﬁughﬁgg 45_1# ﬁ?olélﬁq S?roﬁduieo | )dlglre] Ore ec

4( 1H 1 ndol ¢BurarisB-(pyrditeinocipylo [5,2d+Uﬂ>ﬂ'ancﬂm-IFMW*“@P@F“SWI“‘“G@%M“ cells.
Figure 9 sets f}@%&& QR f@m a‘?l(é?feé?taf &) lls éﬁé‘ zhgsdré QHQ»FH‘MBY% P yfgﬁ Rt ﬁgn

[3,2,1-ij] quin rro
i nhi bit rre"t(bfé*erwéﬁ%ylwﬁ@é#lnwSrdlvwaéﬂi)Hﬁns3 56 @o‘%@t@lq%ﬂtlwlahln@lfnﬂect of

(-)-trans- )3) 4(5Hﬁnd@1 hyg paroitingyg/ 3- dlb:fb e[cﬁmzstéred mawﬁuuup@i l6l01ﬂgﬂég| drr the growth of
4(i H i ndol Jenogra t nodel .

 gur e 17 teaee SIS i b it PR SRR Sl aE by 1 of 0
[3,2,1-i)] C]UI rTogura? detsyforjh-and(fadtof Eploib-385, gcﬂl)lqu#ﬁ@lyrrclp rh332 Pjj] &uihligrigl)-on col on

cancer xe ﬂIdBl-ﬁPﬂ thhgy Fsed,&% oP @%3; %Q;r dﬁ;fthe rroﬁ’J [3,2

()trans - rrolo U|n0|n--I
4( 1H- i ndol ¥Bd(kindgl3- Vla)wrmhﬁ@e S-gjong %ﬂﬁbﬂlﬁﬁe @aélvuabsoda%gepnsbéﬁ@@?wt
nodel . 8 ienaRiHel OAHBrb- B@'E/uhalﬁn?@%{ B daors E?Ea'[bﬁlnh&:_@mﬁﬁiﬁl%l PTI ON OF THE

I NVENTI ON 1. I I
pyr r ol oqui nol i o @s(r%té ra’d":"r? ecﬁogg)&?%ggis éﬂgyﬁ? g@@ﬁ?gf)l[l%hm BHnokpdPaes for
pyr r ol oqui Hotimigl 3—ﬂypyrmﬂléln@25-<ﬂorwnemd@ﬁpmpmismo:&ndemetiul a Ill and Illa and

their synthesi 55‘1#31113 9 QJQ? dltn tﬁ%:tg'ﬁ’ﬁ?’zmbh 6 61}1 g?'rrﬁlod?} B?éﬂ?ﬁ]ﬂmm l%q)e

i ndependent |]¥ sel ecte g nS| s I ng
-NR5R6, - l%vlkgxrrohdlet%ﬁc%?neéw ibjt gleggic gpiegn cell i H’(lencg) cycl oal kyI
- (C3- C9) subst i RiglireTh set@y&ihqabffeet of( )@aﬁs@-ﬁ@dlh)@l'diw-l?yrr@o B GRjno Bt bshd t ut ed

al kyl, &gﬁer{%gi O%@[ro 1d1n¥£ '5- (flone on breas(t cancer xgno RSt ! t Ut ed cycloalkyl, aryl,

het er oar yl
Figure 11 sets forth an effect of (-)-trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-ij] quinolin-1-yl)-

1- Z_]] quinolin-1-

4(1H-indol-3-yl) pyrrolidine-2, 5-dione on colon cancer xenograft model.
Figure 12 sets forth an effect of (-)-trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-ij] quinolin-1-yl)-
4{1H-indol-3-yl) pyrrolidine-2, 5-dione on pancreatic cancer xenograft model.



R4 is independently selected fromthe group consisting of hydrogen, -(Cl-C6)
al kyl, -C-12R7; R5, R6 are independently selected fromthe group

consi sting of hydrogen, and -(Cl-C6) alkyl; R7 is independently sel ected
fromthe greup0eussisti ng of -O- P(=0) (OH) 2, -0 P(=0) (- CHpCTO10@/0086p al kyl ),
-OP(=Q (-0 (A-C) alkyl);, -OP(=Q (-OH) (-0 (CHs)-phenyl),

-0 P(=0 (- O (CH2) - phenyl )2, a carboxylic acid group, an amno carboxylic
acid groumﬂrmEDmgCRmTo@OFsr}mmmnbNrom the group consisting of aryl,
het er oaryl ; . i hze groaryl Xis
selected f » : o -pygielidine aftd 0; 9 WO
2006/ 086484 PCthJﬁZ&@Bde‘aﬁow@S far syrrmm;nelmdbmtrto}e Ei}ﬁem @dpbumdsreft fvenutpr oup

consi sti n%ﬁt’%%qég@@@&“&% C6) al kyl, -(C -C6) substituted al kyl, -(C3-C9)

cycl oal kyl bstituted cycl oal kyl, and -O (Cl-C6)

al kyl ,-C(=0) -0 (C1-C6) al kyl and-C(=0) - O(C C6) substituted alkyl; Yis
sel ected fromthe group consisting of -(CH2)- a bond; wherein said aryl,
heteroaryl, -Oaryl, -S-aryl, -Oheteroaryl, and -S-heteroaryl groups my
be substituted with one or nore substit '

C %tly selected fromthe
-(C 06)

group consisting of F, d, Br, I, -NR5R
; substltuted cycl oal kyl

substituted al kyl, (C3 C9) cy©j oal K 1
-0 (C1-C6) alkyl, -O (G -C6) suwpsti

-0 (C3-C9) substituted cycl oal kyA \ aryl - (C CG) al kyl , -aryI-O
-(C1-C6) alkyl, -0-aryl, -O(¢ : aryl, het &R oar yl, het erocycl yl,
-0 (Cl-¢4) al kyI heterocycﬁ S 4 ) (C, C6) alkyl; and mis 1 or 2.

okt ed fromthe group consisting of
cteroaryl, and -S-heteroaryl,
provided t hat mhen R4 is hydro%; ) cycloalkyl, or (C1-C4) alkyl, Q
is not 3-indolyl or substituted3-indolyl. The present invention also

provi des for pyrrol oquinolinyl - A rroly dfne-2, 5-dildhe conpounds of fornula
Wa, |Vb, Va, or Vb, and nethods paring the conmpounds of fornulas IVa,
| Vb, Va, and Vb, 10 WD 2006/ 086484 PCT/ CS2006/ 004456 R4 R4 O N O ON O

For the compound of formula
aryl, heteroaryl, -0-aryl,

where:

R1, R2 and R3 are independently selected from the group consisting of hydrogen, F, Cl, Br, [,
—NRS5R6, —(C—Cs) alkyl, HC,—Cs) substituted alkyl, —(Cs—Cy) cycloalkyl, —(Cs—Cs) substituted
cycloalkyl, —O—(C,—Cs) alkyl, —O—(C,—Cj) substituted alkyl, —O—(C;—Cy) cycloalkyl, and
—0—(C3—Cy) substituted cycloalkyl, aryl, heteroaryl, heterocyclyl;

R4 is independently selected from the group consisting of hydrogen, —(C,—Cs) alkyl,
—CH,R7;

RS, R6 are independently selected from the group consisting of hydrogen, and —(C,—Cs)
alkyl;

R7 is independently selected from the group consisting of —O—P(=0)(OH),,
—0—P(=0)(—OH}(—0—(C,—Cy) alkyl), —O—P(=0)}(—0—(C,—Cs) alkyl);, ~O—P(=0)(—OH)
(—O—(CH,)—phenyl), —O—P(=0)(—O—(CHz)—phenyl),, a carboxylic acid group, an amino
carboxylic acid group and a peptide;

Q is selected from the group consisting of aryl, heteroaryl, —O—aryl, —S—aryl,
—O—heteroaryl, and —S—heteroaryl,

X is selected from the group consisting of —(CH,)—, —(NR8)—, S, and O;



RRSHR R HAR2ZRB OR3 Nova) \ N\ (IVb) XJ~ X \W\~/ RA RA ONOONO
RRHRE RR H4i.. H4 \\HR2Z RB R3 NN \~ (Va) YX (Vb) m"/~\ to where:
R, R2 and R3 are independently selected fromthe group consisting of

hydr ogen, Fwé&hoosBesassl, - NRSR6, - (Cl-C6) al kyl, -(Cl-Copcsualsiitatsd al kyl ,
-(C3-C9) cycloal kyl, -(C3-C9) substituted cycloalkyl, -0--(Cl-C6) alkyl,

-0 (C1-C6) substituted alkyl, --O(C3-C9) cycloal kyl, and -0 (C3-Q9)
substituted cyqimlnhaﬂendeaﬂyéelemla@ﬁ&ﬁaﬁrgsdu cdnEibiRy QFWHL-dglem J%J@ 4lmependently

selected fr 0 2R7

R6 are | nd"(%m é&,?ﬂb?tif“ %111%@ ¢g%ﬁ @ﬁléyr]gr@agggﬁmtft%tfq Hwg'e ﬁylh%‘ﬂr %H (C
-C6) al kyilkyl, Rt(#@)—-rcndépanﬂﬂml layd -s@(l=9§:—t@3€(€f—r@mubheutgrmm consi stl ng of
-0-P(=O (01-1 O P(=0 O (C1-Co
Ay 2 -0 P e ijf% i s gggd 7o () - phenyi) 2.
car boxylic aci dwlgreoquld heieraaey, "6%\'&5’6 e, efglioémb angdS-zhefseoan] gleupsQ i s
sel ected fhram etstﬂ?snﬁfeem%%lnﬁré Jﬁgstlﬁlfent@fn}iépendéﬁﬂy%@féaéc}’from tHe gAY bonsistPp@F Y|

of - (010) oo, Coiigh “NRERE 275 sy VirSoob Al PO T O 7 R | o

i ndepend e niubgtmmll opclb il | fFF@AICH-AE) gk H0-6(GRST63 fubstigutaf allyy, d-rcegega—cg) ¢yCloallxd)

cyel oa oyt SO ot TSP BB g ang B o o118

- (=0 - O (€2=TB) — 1t—iCu)unl.l<efh-aéxl4&5ﬂeroawl h%ergwplébr@d'( rén) atnryé—lgmmm. sting
of - (CH2) -—@(=®),)Landc;) alkyl; and
mislor2,

For the compound of formula Illa, Q is selected from the group consisting of aryl, heteroaryl,
—O-aryl, —S—aryl, —O—heteroaryl, and —S—heteroaryl, provided that when R4 is hydrogen, (C;-C,)
cycloalkyl, or (C,-Cy) alkyl, Q is not 3-indolyl or substituted 3-indolyl.

The present invention also provides for pyrroloquinolinyl-pyrrolidine-2,5-dione compounds of
formula IVa, IVb, Va, or Vb, and methods of preparing the compounds of formulas IVa, IVb, Va, and
Vb,
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wherein said aryl, heteroaryl, -0-aryl, -S-aryl, -0-heteroaryl, and
-S-heteroaryl groups nay be substituted with one or nore substituents

i ndependently selected fromthe group consisting of F, O, Br, I, -NR5R6,
-(C, Co6) al kyd 2006/085384C6) substituted al kyl, -(C3 C9) cyclpoaiugglos/0046563 C9)
substituted cycloal kyl, -O (Cl-C6) alkyl, -O(Cl-C6) substituted al kyl,

-0 (C3-C9) cycl oal kyl, -O(C3-C9 substituted cycloal kyl, _-aryl,
-aryl-(C-0C6) alkyl, -aryl-0 -(C1 ) alkyl, -Oaryl, -OR€&L-C4)

al kyl -aryl, heteroaryl, het erd)cyc , OO(Cl ) al kyp hetﬁr oc36:l and
-(S(=02)-(dA ©6) alkyl; and |.T. Definitio ' "aIkyI"
refers to radicals cqut ai Ril and hydrp\gen,R §|aturat| on.

Al kyl radicals can be ranched. Exsag “adi cal s
include, without |im et hyl , j-g , hexyl,
t-butyl, sec- butyk3 P gr ouRs a range,

t hus, for exanpl e, gr oup having from one
to six carbon atom; i trai ght or branched al k bac Substi tut ed
and unsubstituted al kyl gr oups mayIVehdependen¥]y be @; alkyl, (CL -
CO alkyl, (C1 - CD) (C3 - AdD alkyl, \9( - CI6) al kyl . Unl ess
expressly stated, the ter ‘Wl kKyl" does not i ncI u neycl oal kyl . " A
"cycloal kyl" group refers to a cyclic alkyl group having the indicated
nunber of carbon atons in the "ring portion,” where the "ri ng portion" may
consi st of one or nore ring strucRdres either as fused, or bridged
ring structures. For exanple aCﬁtoCchcIoaIkyI gr.oup e (C3 - CO
cycloal kyl) is a ring struct a bet ween 3 and N y~atons in the
ring. Wien no range iy oRVeny,hen gyrcl oal kykzhastetw; ge and ni ne
carbon atons ((C3 - L—€y/ Cl 0a ‘Y'n the ring=portion)—¢npl ary

cycl oal kyl groups inc WFar e t limted &ropyE. cyclobutyl,
cycl opentyl, cycl @ ycl ohept yl 3 and Relar F\ferre% cycl oal kyl
groups havethree N i ) 2 or fromthree to
ni ne carbon atons in the rin structure The tefmsub¢tituted al kyl and
substituted cycl oal ky refe to @Ryl and cchoaI kyl] gro(ipe) as defined
above, substituted w tr}? nore substituent pendently sel ected from
the group consisting o r| ne, aryl, het eroar ot O (C1-C6) al kyl, and
-NR5R6, where R5 and R6 are |ndependently sel ected fromthe group

consi sti ng"Bfehydrogen and - (C1-C6) alkyl. The term"aryl" refers to an

g( omalt ic car bOCBIICR!Zﬁncmpéi@mdé}ﬁf(deﬂ@hs@@&ed feoiOthe Bloup Jsrrn@reu@ro@mdgsn F{Clnlﬂﬁl g
e ar n an
The i ke, MiREERR) 5] oot bR iR O D s ettt o,
two, or theebalylon®t(Ce—C4d) alggl, -sOr(ﬂH—Gr)e@stﬁtursedkm +O—(@reChHrychmiiel, addi t | onal
nonar omat i QO—E@Lgﬁ%’bQ‘{:ﬁn%d Wclogﬁ’r?leﬁr?b’gétér&éﬁ'ﬂag?ocwj ng from4-9 nenbers.

Exanpl es of fuse roups inc enzocyclobut anyl, indan I
t et r ahydr onaptﬂwlérw‘rpen n@yeleawrﬁ@mﬁﬁwbweﬁtﬂww Py, —(Cr—Co) al

—CH;R7;
RS, R6 are independently selected from the group consisting of hydrogen, and —(C,—Cs)

\J

thyI

alkyl;

R7 is independently selected from the group consisting of —O—P(=0)(OH),,
—0~P(=0)(—OH)(—0—(C,—Cy) alkyl), ~O—P(=0)(—0—(C,—Cs) alkyl);, —O—P(=0)(—OH)
{(—O—(CH;)—phenyl), —O—P(=0}—O—(CH;)—phenyl),, a carboxylic acid group, an amino
carboxylic acid group and a peptide;

Q is selected from the group consisting of aryl, heteroaryl, ~O—aryl, —S—aryl,
—QO~heteroaryl, and —S—nheteroaryl;

X is selected fromn the group consisting of —(CHz)—, —(NR8)—, S, and O;
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t et rahydroant hracenyl, 1, 4-di hydro-1, 4- met hanonapht hal enyl, benzodi oxol yl .
The term "heteroaryl” refers to a heteroaromatic (heteroaryl) group having
one, two, or three aromatic rings containing from1l - 4 heteroatons (such
as nitrogenyweibdolsessOr oxygen) in the aromatic ring. HeCBRUBMIGEOOUPS

i nclude one, two, or three aromatic rings structures containing from1l -4
het eroatons fused with one or nore additional nonaromatic rings having from

4-9 nenbers.  Hgtiehaaeydentrsoldsd ﬁdhﬁlﬂlalgr@h]ﬂ@nﬁstﬁlgBﬂ{)ﬁrcigyrpe-(@),f—dgbﬁﬂl@pat omin the

ti d. byt t
P tr ogen- coRT TR THEL Trb et CuiBET st ao R Bhel ety ng-fe £ S
sul fur- con%tlla/il mGﬁ@O)Tél-é‘Eo—é?nsmlkydimdot@—@bt@f(ﬁa-l{b)tmbat@t@mﬂqps cont ai ni ng one or

more nitrogen, @;g)ég dquromtﬁ Bdﬁrcoﬁsfxs‘ﬂ o _g@ﬁqgt(,} Y6do¥; Exenplary heteroaryl
groups incl ude, out at'ion, rimdinyl, triazolyl

qui nol yl , qui na%{erw1 arYﬂ Hﬁtarfwyro-ea —ére»}]v ﬁp-éﬁ%rﬁwl arfdu78a—rb9qeroalw¥ﬁrwio| yl,
i ndol yl, ahg) Hetaﬁbshﬂuiée wan b@ dr ﬂi’oféﬁsubshﬁfélﬁs’ Reepedettly selected fednetho exap nsiftRgef s to

th t t t hat
mmy be T udbit Hegh TR G BlGHERaRL G sl BT ety SR he By ol o
consi sts oiubabltm;ed@yclmﬂfyb —&r(BmCshalmhr%{Gl—decwbnmeedta&yf ot (Betle)y ayalvdkm,
sel ect ed fi@ﬂ@@h@ AibSithed GRRR! L4 nirylnté,r-@g%myn oxyges_andcgdhd

Heterocycl(ﬁ_ "heterocycl e" i nclude stabl'e non- "aromati c 3kg menber ed
monocycl i G %'r o@‘(ﬁu £4) plkhlg-aeds eferogry e betaprycll TO(famberly Hirisipeyclegand
het er ocycl+(<s(=ro)5)g(c5{—cg@nqd[ﬁﬁi A heterocyclyl radical may be attached at any

endocyclic car brr?:@ 192 nitrogen atomthat results in the creation of a stable
structure. Preferred heterocycles include 3-7 nenbered nonocyclic

het erocycl es (nore preferably 5-7-nmenbered nonocyclic heterocycles) and 8-
10 menber eds, ngmglohsc het erocycl es. Exanpl es of such gr oups i ncI ude

pi peri di nyT, erazinyl rrolidiny I11 mor phol i

t hi onor phol i nyI eEF)E‘Bp‘?‘%’é ’F@fsﬁ?dad‘cﬂ%@ﬁij(‘}“‘l"@l°FrBP‘h‘§FF y%&%?&z‘@&olﬁwnsamrﬁ‘fépl nyl ,

i soxozol ylAlkyleid‘ cﬁhyéif iepyhigi t bradchiéd. aryralad wikpinydicalsdncdxie) withputdinteiday | |

oxat hi ol yI t ol

t et ahydrofur%’é’laﬂ{)}' Pof Y}rlsoﬁy‘%pgpkeax? aﬁmﬂ’rsg%(g&%lr%%?’ ﬁl}ér’&_— %%Wf/fn,ay Pe denoted by

di hydr opy réamyde, thesefor emndkegar(m oﬂ@raéﬁygrouptlemmygrpWag@‘pmroawo sgpepmerc! i di nyl
(1- azabi CaY&Jlsq{la'tegtra?t%}@&tt@Mﬁeh ﬁ(?%a%lfb@ﬁba@\ibstltuted and unsubstlruted al 1 groups may

the ter m -SIRPEGEEC T S hUBlyEr- T pbHCLocw Sof b g U Qs tuent,

W th one OUnless expresslp sthited, the mdrm “sley e deel ndtimhadé F@clgﬁllqmp consi sting of F a,
b A e S 5 R P

cycl oal kyl , - (3 ?’a cPnfers 14 &b %@\yp%w et ‘T%b"' S@r& CJ- 06)
substi t ut eft!or@ﬁ lkghle Sringpofton, ”@yre e rlmq(t}qn mayrohelg-o e os ub@trimgmr@wr@yémeoal kyl,
-aryl, - aréé'fusécpl ifeBdr b‘?lli gedlring stﬁfc%l’es OFor@me @63 catdod oycloalel%FoYlb (e.g. @3(—%6) 04)

al kyl -aryl, % rtéz het t&/ C4 a| %/ﬂ he oc ‘cle, and 13
VIO 2006/ 08648 ﬁ)ﬁhfr B baRRPerTop) 2 e@w% gt ViRRBt RS Re are
i ndependendivey, thel ayclbak)! hasdawebreth@ge admire earborsdtontsg (@ 9hg5&dro®1gﬁmi,ntlw1ﬂ1g( Cl- Co6)
al kyl". portion. Exemplary cycloalkyl groups include, but are not limited to cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl, and adamantyl. Preferred cycloalkyl groups have three, four,
five, six, seven, eight, nine, or from three to nine carbon atoms in the ring structure.

The term substituted alkyl and substituted cycloalkyl, refer to alkyl and cycloalkyl groups, as
defined above, substituted with one or more substituents independently selected from the group
consisting of fluorine, aryl, heteroaryl, —O—(C—Cs) alkyl, and —NRS5R6, where R5 and R6 are
independently selected from the group consisting of hydrogen and —(C,—Cs) alkyl.

The term "aryl" refers to an aromatic carbocyclic group, having one, two, or three aromatic

rings. Exemplary aryl groups include, without limitation, phenyl, naphthyl, and the like. Aryl groups
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For the purposes of the R7 substituent, the term "carboxylic acid group"”
refers to a group of the form-0C(=0-(Q-C6) alkyl, -O-C(=0)-(C3-C9)
cycloalkyl, -OC(=0-aryl, -0O0C=0-heteroaryl, -0 C(=0) -heterocycle,

-0 C(=0) - (Civéopcadekssl -aryl, -0 C(=0) -(Cl-C6) al kyl - het @CHAISHI06/0031#56

-0 C(=0-(C1-C6) alkyl-heterocycle. Included in "carboxylic acid group"” are
groups of the form-0C(=0-(C1-C6) alkyl, -OC(=0)-(C3-C9) cycloal kyl,

- O C( =0 - aimylude one,®wé(oEBec hmirationdgy btructutk fisedyiithek er mery additjonal-riohdofrm) - ( G - C6)

al kyl -aryl = t
al kyl - het e?aébé’fl ﬁﬂor@eﬁgﬁyé Q?%dl% uﬁgk{oﬁﬁege%%&n%r gxagﬂ 5 Opfuuen lﬁ'(o &6%%‘ent ly
sel ect ed f beomcydiebugnpuindanglotsiihy drionagthylenyl A2, 524 te’frg‘rydrophenaf@ﬂenyl SH, NR5R6,

- (C1- C6) aﬂeKWydroaI{tﬂcegﬁ)l tﬁ-ﬁ’it‘?ﬁfrd ! H‘-ﬁr@@m@dnﬁﬁﬁﬁalenyl (@o@%)(olﬂyd oal kyl , -(C3-C9)
substituted cycl oal kyl", bstituted al kyl,

-S-(C1-06) al kyfhe fef@"tlztEO@‘§ re{f;f/SctPaa?fkrwamaf@(‘ee&Oa@é) %‘UP YiPg eReeRtoc diresal ky !l
-aryl, - OQaramytlc, rmgﬂoﬁ@ihtr@éﬁ)onﬂl K/ heteddaydms (hlelﬁ &I’n&&fgyﬂ sulfue toe 6:3gst0) inythe arofdticCi - C4)

al kyl -hete Co aI Kk ,
guani do) , IE%O%IF e?"a%?' @%-éf) %\iééﬁ%qwov\ﬂ)ﬂ dtlc "" %?mel\llkgcr?ﬁv_‘%m%ggﬁ]tll y sel ected
fromthe gh%@t%ﬁsﬂeéwﬁhgﬂm miasechdditienal noawdmat(cmg(l@)/mg ﬁpm;ﬂw m¢mpeggeldi t i on, for

the pur posggteﬁzr[y)ltg@@pﬁzon& ésmgfe@;pefohﬁm%asmn %%atﬁ@fn?@?&)ﬂlaﬂo@ed%?'ﬂﬂ e BFIP”
refers to a car grou i ng carboxylic. acid

l'ic aci ps
subst i t ut eRFIR HAm gﬁé CJfAiR S “Hf°g?’h‘é’maélﬁ’6 8“"%’?%{19 & ggruwgfaimgrlgéﬁ[eglary ch bears
one or norelfundapmngaatioyrybdhee hadomasrhanio g@npw:paamfng biteor frdrdnitroghliRokEenbrier e RS

and RO ar epldARRENISILL N, SELARLEMLIAM LDRLAUR ARORLSLLN, Sllydr ogen and

(C1-Co) Irnvent 1’on ha am no or
i mno aci dpyrunn@mddrlwglybatun@im quutamimvledmatz@ylalpeam[lriémpherngl mrml iidagalyhgi ne,
aspartic agbglyl, igmﬁqukge glutam ne, glutamc acid, glycine, histidine,

i sol euci ne, |eugine, i oni ne hen Ialanlne rolin erine,

I t”
t hreoni ne, tryp kﬁﬁ?ﬁﬁﬁ"%tef%?}'%r‘%e et?/’%‘iyf"ﬁe’egfs t%%/lg’reres&f”?fﬁ‘?é’ff nspfprafedystafie gon-
m xtures tdrensifring bmcmthemamﬁﬁudd npird orblidged fo fomeadditiow: nihgso BadRheiemcmllgpha

am no or i ggng]ﬂ s §%ind orslﬁérg&ﬁﬁci_ om(s) %c{ 6 gl{eqy%ufl%%%a o%ls@&ec?{ii ﬂ'olmatk\?%b,%e

L- arglnlne
L- gl ut am c°0a6:1$tt!lg0 m@@gﬁm opfEgen Eﬂdﬁuﬁm dHﬁEfOC}fElyl"los dlle@tp@i/% mCI_UdP slefds ma:  L- | ysi ne,

{— n'et hi (r)]r“ aﬂ@matle'Bpﬂ%Hﬂe?éd%{HnB@cthlfeﬂfdéifdl1@ﬁng dtrudtBiel AR 8- 1L -rhdMbBRA bRFolic L -
ryptopnan,

oses of t stituent,
thePt or e Mhsigsa et Bpieee) B haeryhifaciee mabyoF BORRdoiny ChBErUp o ?qnc?é or
pent apept i sigogenhiomhhat edselmsetht wegtioh bff eseablefsouttyre. o}?reﬁanredemeamcyubes@rrcludém 1 o aci ds

(e.g., pr Ol !3[9 ed rhd 31‘8&%&(% }}?Ye%c cléﬁqﬁ)lgre ?}/eqe{rﬁ{]}y P ‘7 ﬁlemFg +&%c He HeQ%gca\‘/glesg al%d’ 8-

pept | des are 11 nKe r ou

linkage. | wrambeeqétbcsmlwémerocxy@pt Fxamplep pt spoh gzeps el pinesidingly pla¢rwl am no

i m no aci dpyrdn3; byrebliagy PibrpRQnyll ihﬂﬁoﬁiﬂoﬁx@l @J&@ﬂieﬂ(ﬁnylad'x }E‘ﬂoﬂ&nylacﬁ(ﬁﬁkﬁ me
aspartic aC| d, tel

i sol euci neazell’@dc‘%/s 82013{?3;?{3?12‘]’0%%&11? tg?ﬁhg@g}“%ﬂg‘y?’%:‘yirﬁlﬁgx £ E@W 36’86484
PCT/ US200 64uliodes,6lioxanyl, dioxolanyl, tetahydrofurodihydrofuranyl, tetrahydropyranodihydro-furanyl,
dihydropyranyl, tetrahydrofurofuranyl, tetrahydropyranofuran, quinuclidinyl (1-
azabicyclo[2.2.2]octanyl) and tropanyl (8-methyl-8-azabicyclo[3.2.1]octanyl).
For the purpose of the Q subsituent, the term “substituted 3-indolyl” refers to a 3-indolyl
group substituted with one or more substituents seleced from the group consisting of: F, CI, Br, I,
~NRS5R6, —(C,—Cs) alkyl, —(C,—Cy) substituted alkyl, —(Cs—Cs) cycloalkyl, —(Cs~Cs) substituted
cycloalkyl, —O—(C;—Cs) alky!, —0—(C,—Cs) substituted alkyl, —O—(C3—Cs) cycloalkyl,
—0—(C;—Cs) substituted cycloalkyl, —aryl, —aryl—(C,;—Cs) alkyl, —aryl—0 —(C~Cs) alkyl,
—Q—aryl, —0—(C,—C,) alkyl—aryl, heteroaryl, heterocyclyl, —O—(C—C,) alkyl—heterocycle, and
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proline, serine, threonine, tryptophan, tyrosine, valine or stereoisoners or
racem c m xtures thereof; and in a nore preferred version of this

enbodi ment, the carboxyl group involved in the ester linkage is the

car boxyl tenvo swbode@d group of the peptide, as opposed POT/ESHOE®IEHai n
carboxyl. In another enbodinment the of the invention R7 is al pha am no or
imno acid selected fromthe group consisting of L-alanine, L-arginine,

L- aspar agr.qs(—dgz)agpac;) kilkyla@hde RE, Reyeet ifdepérdertily gdléttedifioiethe grogf ddhsitingofaci d, L-

gl yci ne, i Sti euci ne, L-leucine, L-lysine, L-nethionine,
oA S B

L- phenyl a serine, L-threonine, L-tryptophan,
L-tyrosine, and*ot_thv purposes of ek 7 snbstitusm; the tpinefeambpreytic vaid goup? refers tow gouppf ef er r ed

nbodi ty - | th b |
Cormnar | e dif oo K s et g UL T St g e e it
1.2. Pref eT(Pe‘a( %@) THSE UGN QTC‘IE')(uged’eﬁeWWCI'fe refEPTed—easbii#Bht s are conpounds

of fornul a—dJJ—d:(,—d)Aa(@l—ct Wlkyl%eter@dfrylgb —o—\»dul S0 RI(0,—Q,) afky$-elleredopdle. fihdimed e gr oup
consi sting, het gr oar -0-ar =S-aryl, . -

-S-heter oar°§rﬁ’°xy[5¥?‘)°\/q LR flﬁﬁ(}{ﬁ ?féherf?a)lr —0—%@6)3-)—/(18 oy & lubéﬂé{)%’w@ 89?ndol yl .
In ot her ¢qrleflionre@-erBydiryter®sCEO)-shesalant -G (FOmbtlemcypteoup consi sting of

e e T L P o b e S oA R AT

or a subst%lfyqueEfr@wartwed ‘rlﬂl Q¢ Py moreﬁwem%r@r@rwwlyeﬁ%d FRIhhE 21O s
sel ected dohdiiing bR FOTIOBDI, G-@]!ﬁl—SI—II -AgR K6, a(c;{r-cﬁ)lamyler-gar-gg),subsﬁrueﬂ yikyl, - S-aryl,

(Calony oyctesrRionE G e PSRRI osFo E s8Rt
3-i ndol yl . atkyh € &) qﬂfyéf-é)—r(Qd-CehtbfeldatlhémO-@Cn-sCs»,’Bsubﬁtdwt@/ctyd@alk}d, <samdst it uted
3-indolyl _grgyidgd. h-@b a%l—lagl q@&roﬂﬂﬁ&&%clypéL@]—%%laikyp-[heﬁrokyclle In still

anot her preferred ermpod or_a substifuted | ndol yl
provi ded tT&t- P %‘ﬁ@@lkmlyaﬁdggﬁ prcémdr)e étgﬂerde)ar&‘QPH e €T szR R9y Kyl .
Q her pr ef elieteRb @t iRGdteBdtpehdentlg lselebed GORPLEIGSD cofisisting sNblyddgdd ad —|((§/a-c6)l Vb, Va,

g:)r I\,/lejsmﬁga lﬂfé Rg'l Sd(ﬁtrongﬁs lﬁg Pur-;ln-?s%s & t?emgystlgﬁ%nP%?rSWg‘E%@o cgrb& @gac'fl 19U b gfl |Ofs Lhe

The pr odr uigfefsde marl@xr:liceea\decbubwlﬂm@hngybc taid grpwpis edeetulteﬁr enthc grrememptmﬁthng
compound WageSsidrdi shistifdentd %mﬂ%(&l{r@dn)! éi ﬁor@ﬁMeﬁéH&:Htrly Q)éct‘é&‘ébhﬁ@gﬂoﬁps%hhe form
nonenzymatic routes that produce agrreggon gng | ene

deri vati ve, VI crrerrp%‘rﬁnd%sgeéaﬂ&@%f’enﬂy S thergé%‘iﬁlcfmsi‘sﬂ“ Hi y‘iir8$e§é’éde of
conpounds mh&meﬂaﬂ is H In one such preferred enbodi nent R4 is - CH2R?,
where R7 is 1- K

SO P(=0 (-0 ( Gl %%@n‘fbgﬂ}r)%ly o_ff]?is querg og'rhg_%gm a?%l{a%%n?& ﬁﬂ]}d’& d, mg{ue)l(rgat(loo_ (C
C6) al kyl ) 2limite frealapingydrgigine @gmraame ar?mde pahdrseiney glolamine cgutamin agid ghlaae,

preferred gaandiifBRitine, R‘Elc1h§ 1ys£?xklaﬁsﬁnommeﬂenyrMmﬂespr@luﬁasrehmde!oﬁm@@ryaograpup or
an am no car boxgl ic acid Sgr oup. In stj [T &anoth er r ef erred msnt R7 is

a pepti de; VIRFES &aljng onsterqi mfﬁséf ‘@F%Cdmlé‘ﬁ‘ﬁ‘“d errghtn pppthep eipad H‘?“i ‘Pr
t hr ough aninveagdneR? ibelphh dnofiawedminb hdid deleeted froh @ \gtoup esnvistia ofO@thng,rLeargmmé t he

peptide c h]?—lisrﬂaljaé%né, E%sﬂaﬁmiciia%Eys%ne,]églutamine, L-glutamic acid, L-glycine, L-histidine, L-
isoleucine, L-leucine, L-lysine, L-methionine, L-phenylalanine, L-proline, L-serine, L-threonine, L-
tryptophan, L-tyrosine, L-valine.

For the purposes of the R7 substituent, the term “peptide” refers to a dipeptide, tripeptide,
tetrapeptide or pentapeptide, which release two, three, four, or five amino or imino acids (e.g., proline)
respectively upon hydrolysis. For the purpose of R7, peptides are linked to the remainder of the
molecule through an ester linkage. In one embodiment, peptides of R7 are comprised of alpha amino
or imino acid, including but not limited to alanine, arginine, asparagine, aspartic acid, cysteine,

glutamine, glutamic acid, glycine, histidine, isoleucine, leucine, lysine, methionine, phenylalanine,
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WD 20061086484 PCT/ US2006/ 004456 the conpound. In other preferred separate
and i ndependent enbodi nents of conpounds of fornulas 1Illa, IVa, Vb, Va, or
Vb where R4 is -CH2R7 and R7 is a peptide, the peptide may be a dipeptide, a
tripeptide, wobtRbbigpapti de or a pentapeptide. Preferred agrnueaeid4ss
conpositions for peptides of the R7 functionality are described above.
Enbodi nents of conpounds of formulas II1I, Illa, IVa, IVb, Va, or Vb include

\tAﬂose ghgerﬁo%e deﬁne?th}daﬁlh@@'yf)tbﬁlﬁh ttr}es@rmae &aRFbBbheAGorGhcemicNiRiires th&eoiand 0,
ere is inde

f h
MG op) afyTa mEp R Ve e S S FpIE i e Tk G
substi t ut etlhe cqrhdxplatrktwal CQ@H gro@p phe myldemslopbosecﬂp heide elrdodrbogyit b aodtharonpou nds
of  forml Ogénient thd df e 11|1v\;lﬁ‘t’10n|R\‘ftls alMﬁvam 0 O}QTIﬁ%k#QECtEW&Eth}@%%{rﬁc&éggtﬁlé CH2

In other e Iments o conpoun or mul as
Vb, X is offlgdsnieol- afgl“ﬁ‘eolf'ﬁ%’ﬁfaé‘ﬁ%éoﬁs??étmaﬁ‘ddf cyseBRdotaginerL-elofemin a8l -1 | |

I11a, |Va,glhode, LYaidiey, L\leudiné, $.- 164k Ul-1y§iR), L-rhdthi&dinel, 1 - pﬁénbermﬁqublmern-s of
conmpounds of. f where R8

LI 1
OO e PR baioteh bR o ap € kS SRR T 0
al kyl , - ( (frefo8yd embbditmprtthechriziidyerqup -in(v@3edGo Jhe esterl linbdgk yd the cafbG8yl @@hinglubst i t ut ed
cycl oal kyl ¢odafiof e ladhdibhose oSl Bl abed, embod ment s of |t he
i nvention include conpound$ o ?orrru I'a ere Qis a heteroaryl or an
optionally substituted heteroaryl gr oup I n four separate alternative
preferred 1emagiedeBingounlis corrpounds of formula Illa, Q is an optionally

substituted no lic het rou opt b ute bi cyclic
het er oaryl grorr}%fwage%'“&h??rgﬁg?qay}ggﬂﬁg?tf s foéIH’OBITdO tff"&UI%%It’ gpog}byl ggup Wt h
the provi sehar¢imf it selectid &y e graup t@wistingypf argl lmtqyoarsd, +otargln—$nadpl yl group or a
substi t ut EdO—hQQQJr% and U5—AQer0R} 1 RBANda¥na8 80Tt §-4Has 0 c;r sﬁ’%ﬁﬂufeg 3hehLELaRr Y/

group. Optional stituents, when present, are .independenti t/ sél ected from
those reci ?8d Pfe&rre%ﬁrgﬂrodmwetsg lééﬁlefred fropy thergjqup consisipgf iy, eetmersh ol 91 and
- S- het er oasgtaryl -Hm—mﬁhryl,l’hnﬂ hs—prtaﬁeeylrﬁdvmﬁhradwmmm Dfdrdgke cydma&pl; bIOI’l are
conpounds gbdb(g{sg?{lt 8%01 {asu\gqitutfd find(ﬂ%]. mbﬂlllmer pr%f(e?-ﬁe[adfeg%%cécn Iﬁ%@r naecte an

optionally eroar four ive
preferred émdurgrmmms@fng@ﬁwpbhﬂmawr Poaryhr-Srsary \vaO—hewsoarzand oS —dicroayli s an

optional | yprosibishd whdnaeh W&' (':,CCJS'@;Ic%FRﬁr&'(CQ@}?Hm 1, Q”s &Pﬁ 'm‘aﬂl?i dry
substltuted blcycllg het eroary subst i ed bicyclic

het er oar y| S¥FEiE! Wntaly tFr’eanaﬁhemreg%rwéﬁe?odwetB.lﬁ@ﬁ?'&'%éﬁ@rt&&r #-0gelp is  not
i ndol yl , oproditedalt RO 3abi hy doyhrs tyclodlkeidortalky C Y6 stilcanbthéretedarey lembodiignt QlisB-a nor e

preferred [ i i : %P L4 ai ni ng
het er oar yl %w@%ﬁggﬁ%ﬂng‘%s‘e‘ng?@} r%}?n%dog}gﬁieinl ?& dsrééeé;tb QB? }' A%Q%F%r@o t ituted
i ndol yl . Qdkilonal substituents, when present are independently selected from

those recited f@fherdfe¥dred bﬁﬁcﬁ'ﬁ%&ﬁﬁolude @&ﬁ;rowds of forr136!1iTa, T, M@, 8720 Wl wheaNd
-S—heteroar |. Preferred errbo i ments of ?jg? nvention i ncl ude m xtures of

conmpounds B IS¢ az'%lewama% S IPHFCIVE AT "}Sé’ bgeerrespopdig empops ghot her
preferred gmmmnmmva, IV & aconvjporhebR4ds Hf iﬂliermd»daugtb’m isalkavel Yphyiraddysishe separ at e

enanti oner r%leQJe t}(e)cbﬁésﬁén%fng %orgﬁothﬁeré)Rﬂ?Hp%E wdpolis%’rgxyjo_céuir ljy glléiflgﬁic p-1yl)-

nonenzymatic routes that produce the corresponding hydroxymethylene derivative, which upon

subsequent hydrolysis, result in the release of compounds where R4 is H. In one such preferred
embodiment R4 is —CH,R7, where R7 is —O—P(=0)(OH),, —O~P(=O}—OH)—C—(C,—Cs)alkyl}, or
—0—P(=0)(—0—(C—Cs)alkyl),. In one embodiment where R7 is ~O—P(=0)}(—0—(C,—Cs)alkyl),,
the alkyl groups are independently slected. In another preferred embodiment, R4 is —CH:R7, where
R7 is a carboxylic acid group or an amino carboxylic acid group. In still another preferred
embodiment R7 is a peptide; where in a more preferred embodiment the peptide is linked through an

ester bond formed with the carboxyl terminal COOH group of the peptide chain to the remainder of
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4(1H i ndol -3-yl) pyrrolidine-2, 5-dione. In this enbodinment the preparation
of ()-cis-3-(5,6-dihydro 16 WO 2006/ 086484 PCT/ US2006/ 004456 4H pyrrol o
[3,2,1-ij] quinolin-lyl)-4(1Hindol-3-yl) pyrrolidine-2, 5-dione is prepared
as a m xturegyp hRghdsmesng With the starting materials PCT/US2006/004436

1, 2, 3, 4-tetrahydroqui noli ne and i ndol e-3-acetam de.. The 1, 2, 3, 4-
tetrahydroquinoline is converted into 5,6-di hydro-4Hpyrrolo [3,2,1-ij]
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i ndol - 3-yl pyrro1 I's enb conpounds are
prepar ed a%TOM RP{fP@’“lbaﬁ Iﬂ,flll%é‘( 2 Yl Yar oYy, %ﬂ%axwegi@} (ISO@er&FﬁWm@ltmﬁr pyrrol o
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Exanpl e 3. stereal soner onpounds ant invention are
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i ndi vi dual ibs mers. cd g rh 1 he q)tmte COrl’ldI qg

i nvention “eWbFECES °Im|p°5’o%% I“éua % rQe'ané rsy(i“éSl PREC rtuldteri%ary

conf i gur at grovrs arf eptiowsdly bubatdytedreityclic hateerrd gloup ad optiohallyrsubstisuted bigsclic Ihttereeyly

particul ar grxum tﬂ&ﬁr@v&ohﬁat'ﬂ@%?c 1& he RIS 1 g’m}fi'; il i ak ﬁ@élgtg‘?di!pfaps Lb@lnytddSOmer s
having a specified actjvi e racemc fornms can be resolved by physical

met hods, swéﬂvla%r aﬂfan?fron@wémﬁ?@ted tiqyehictheigioan! Epups CpenalsubitigisntsdlsaPstson or
crystal i zat indépendently @Rtted RENENobCredied fov ayl, K@Goarfppa+ayl, o8—iryl, —Okhdidbar@ol umm
chr omat ogr a{l%mg QL sulgfsr critical fluid chromatography. The individual optical
i somers can be obtarned fromthe racenates by conventional nethods, such
as, for exanpl elncladetl in thoprfatrédambodimienthofethe ipysniiaredrd spmpenridy of famiudhs 1, Néued by

crystal | i zgfipgp, xﬁﬁfetd]ﬁlém&%a rlan 9&8%&%&%@@@9@&%1%9 RSourFepadtd
Z-configurations at a % are, Wi.thin e sSco t he |nvent|on

unl ess ot hdllefiirdy Prf’sf?raeééabod@ﬁsaf HOIERS’H%SEF%HLB%S Wﬁ.%bﬂ\fwn‘fh Bris Fepptienlst i n
t aut oner i csubgitured mdidobycﬁuhﬂtbraa@utgfmp,ran optfonsllyBubstifutet Beydtio pedmgisgraupeanconsi der ed
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anal og or uridokit pres opiienallysbstineddiisyelic Hetercae moumn g mor greferioh embred teeat, Qc aI |y
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those recited for aryl, heteroaryl, —O—aryl, —S—aryl, —O—heteroaryl, and —S—heteroaryl.
Preferred embodiments of the invention include mixtures of compounds of formulas I'Va and
IVb, including racemic mixtures. In another preferred embodiment, the compounds of formula IVa
and IVb are the separate enantiomers of (t)-cis-3-(5,6-dihydro-4H-pyrrolo [3,2,1-i/] quinolin-1yl)-
4(1H-indol-3-yl) pyrrolidine-2, 5-dione. In this embodiment the preparation of (£)-cis-3-(5,6-dihydro-
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al kyl sul phonat es, aryl sul phonates, acetates, benzoates, citrates, nal eates,

fumarates, succinates, lactates, and tartrates; alkali netal cations such

as Nat, K, Li', alkali earth netal salts such as My or Ca, or organic

am ne sal tsw(yﬁoy)@628q06/ 086484 PCT/ US2006/ 004456 As usedcheksbdoosdsee term
"metabolite” nmeans a product of netabolismof a conpound of the present

i nvention, or a pharmaceutically acceptable salt, analog or derivative
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2001; and [@2&5‘}] uch iyl Wﬂiﬁmdol E’-:y Mlldiﬁé@tﬁﬁﬁﬁeva@d%@dw% Edfamblegani c
Synt hesi s, follo

The
descripti ons ofA g%‘f"r‘?@f“F% ﬁ%‘f ?PSH’QU‘ 8“&%@?@}%51&“&“8“ e F?Iget“fpéﬁte& e‘ﬁ’g&m not limt,
gener al pradmeniue esin pfro or subeanfialyparedvrimo incloding oppoliederms of telemicwiettes anl. 2. 1

Gener al Qﬁ%ﬂ}ﬁ% cﬁmg & 1nc¥1h§ua %JJ hg d%'fn&l%x o ak g%nﬁ;r a &}6 d1 X he tn@erg dl one

and pyrr ol oqul no yrro I ones dr ogen
present i rddmcesGH Pﬁ?sé\lﬁi SéPé%’lSP@?TS fﬂﬂ' st PeemhSr?@nﬁgwworpﬁrreeqh@swsetm Q?n@r)éﬂﬁrpounds

?f f Olr mul fl}wllﬂ thixBires NB werl yﬁtlcu\iﬁl,y eMbraddd theTEL@mQrf&ﬂ@ @l th@i@ol@tgd @pgl@%ﬂlgﬁ h&fing .
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with an optically active acid followed by crystallization. Furthermore, all geometric isomers, such as

E- and Z-configurations at a double bond, are within the scope of the invention unless otherwise

stated. Certain compounds of this invention may exist in tautomeric forms. All such tautomeric forms

of the compounds are considered to be within the scope of this invention unless otherwise stated. The

present invention also includes one or more regioisomeric mixtures of an analog or derivative,

As used herein, the term “salt” is a pharmaceutically acceptable salt and can include acid

addition salts including hydrochlorides, hydrobromides, phosphates, sulphates, hydrogen sulphates,

alkylsulphonates, arylsulphonates, acetates, benzoates, citrates, maleates, fumarates, succinates,

lactates, and tartrates; alkali metal cations such as Na*, K*, Li*, alkali earth metal salts such as Mg or

Ca, or organic amine salts,
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18 WD 2006/ 086484 PCT/ US2006/ 004456 Schene | R R 0 0O HHH R3 \ 0-R9O Base
RION O Reduction O HHOO O Y N (l) R3 F(FPMQXC Proced ure C_ R H "\H +
RR RRH H N((IIl) Xr a R3QO0 XI7mwhere R4 isHY Nva Y, N(Vb) 0 MZ
X-m( ) X @Vomogggmon re A Reduction Procedure B HH ~pBesg8200600b45® R2 RI
HHR Hi (HOHOOHHO R3% R\ / QR R Hi+ R R H Y, rJN(lva)
N(Ivb) RBI I "QR31 1 Q X7 n +XmYXN(lva) YXN(-Vo) HHmff O
N g) g T 0 R2 R usbdterdii? thtermAmbHboliR8 mearks a pro@idrdf hé@ibdom'of d dmpdtAd of D) 1 m
m

Synt hesi s  of 3- -di.h
qui nol i n- IRFPS@jl-i"?"ﬁEf&“L a}’f“’)"“b‘?f"r‘c& %acieptalére Séf 6’?‘?5% Eger\*"ﬁﬂ"ﬁﬁ‘{e&"f that ¥hidkes Ra i s
hydr ogen Téieila astvén satioonsatf coapound bethe psehtdnventicad. | and a conpound of fornmula

|1, Lo produce LQIRONAGS Rt SpIMLE: hlaks o LBLUGLRG. FRTRRHIMAGD d,.fovilgnrﬂgv: a

[1l1a, where R4S rogen is I'n-any e an rous
aprotic solinkehto onmrlmm prg-mofinties, whaswmmr@dmﬂ@meneqrmﬁthw@fwin IhZig STty .

t et r ahydr o5 aRundldteid Pdsed idVeftioR Ry bd1lehsed Borh the HREMPES SRMGEoBfic, BRERIve FOr T he

purposes of the reaction, uit abI e esters of faorrmula Il jinc|ude, but "are not
i mited tofdier RFymAisrefase fERpRisRolniag embadigentos progyug pmpagicigh pf theamifelﬁr eferred
est ers i ncinugieor dx@ibhethayddediaefitioninbreded Rucons Slibilay liwprbwd embitigy andheprowedct i on

i ncl ude pharmacokinetic profiles. The pro-moiety may be selected to obtain desired prodrug characteristics.
For example, the pro-moiety, e.g., an amino acid moiety or other water solubilizing moiety such as
phosphate within R4, may be selected based on solubility, stability, bioavailability, and/or in vivo

delivery or uptake.

2. The Svnthesis of Pyrrologuinolinyl-pvrrole-2.5-diones and pyrroloquinolinyl-pyrrolidine-2.5-diones

Standard synthetic methods and procedures for the preparation of organic molecules and
functional group transformations and manipulations including the use of protective groups can be
obtained from the relevant scientific literature or from standard reference textbooks in the field.
Although not limited to any one or several sources, recognized reference textbooks of organic
synthesis include: Smith, M. B.; March, J. March’s Advanced Organic Chemistry: Reactions,
Mechanisms, and Structure, 5 ed.; John Wiley & Sons:; New York, 2001; and Greene, T.W.; Wuts,
P.G. M. Protective Groups in Organic Synthesis, 3"; John Wiley & Sons: New York, 1999. The
following descriptions of synthetic methods are designed to illustrate, but not limit, general procedures

for the preparation of compounds of the invention.

2.1 General Procedures for the Synthesis of pyrrologuinolinyl-pyrrole-2.5-dione and

pyrroloquinolinyl-pyrrolidine-2.5-diones where R4 is hydrogen

The present invention provides for pyrrologuinolinyl-pyrrole-2,5-dione compounds of formula
Illa, IVa, IVb, Va, or Vb. The preparation of compounds of formulas III, Ilfa, IVa, IVb, Va, and Vb
may be achieved by a series of reactions commencing with the reaction of a 5, 6 —dihydro-44-pyrrolo
[3,2,1-i] quinolin-1-yl) oxoacetic acid ester of formula I with an amide of formula II, to form a 3-(5,6-
dihydro\-4H-pyrrolo [3,2,1-§1 quinolin-~1yl)-4(1H-indol-3-yl) pyrrole-2, 5-dione of formula IIT,
including compounds of formula Illa, where R4 is hydrogen, as shown in Scheme 1.
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al kaline nmetal salts of |ow nol ecul ar weight al kyl al cohols, including, but
not limted to, alkaline netal salts of nethanol, ethanol, propanol,

i sopropanol, n-butanol, isobutanol, and tert-butanol. Preferred alkaline
met al sal ts\mzdogmﬁml ecul ar wei ght al kyl al cohol s i ncl udeTrsethosienesnd
potassium salts, with potassiumtert-butoxide (tBuOK) being the preferred
base. Typi cal|l the reactions are conducted at 0' C for 2 hours, however,
both the ti ms“4Rd tenperature nmay be altered depending upon the specific
substituents prme conpounds of gormula I and Il, and the sol vent

enpl oyed. Theg, @ { | OO-rE eNpEr atRyrReo ®be vatiuaeh from -78 C to 37" 4C, and
is preferably fgong” -35 CT0™25 19 WB2086/ 0@6&1@ /U@Z}Q 4456
nore preferably ¥g0nP-15 C to ./\ @@aon t1mes w

inversely with t+hg tenperature

mnutes to 24 hegutg may be e oyedr nore preferably, $0om nut&s 1oVD2
hours, and rmrevgdre? erably 2.1. 2. Prepa’i‘ ti on , of ounds of
Formul as | Va, Hedisiosgen Reducti gn of conpounds of

formulas Il and Ilia, ere R4 is hydrogenfeewBel d the /correspondi ng

3-(5,6-dihydrfa;_ZLI:t_,0;4L_uz'}\o_[_;:‘__2,_]_4;1Jb qui nol Q-1 yl)-4(1H i/nggl - 3-yl)
pyrrolidine-2, 5- dignes having,fornmla W, , Va, o

Vb may be conduct ed
enpl oying a var| %%&%’Zproc% ¢ including, but not

q;{,ggkmﬁw t abl e M7 f r OMRE ﬁi\ 1§

limted to, reduction

with zinc-nerc k ed Mtatal ytic hydregination ¢PRosedure B), and
reduction witk sPummsi t hdnol (Proceda fe HQ L 4 iradi et @d in Scheme 1,
dependi ng on th‘w}eduﬁii ory r dactvmon and co ' seny{ he reaction wll
yi el d principal & conpqunédsimof formulas |Va/a i pel pal Iy

conmpounds of fornul a& Va and Vb or alternatit xtiyr e of conpounds of
formul as Wa, Wb, d Vb. ¢ires of compounds of fornulas IVa, |Vb, Va,

and Vb nmay be b by Lgfect  reduction of conpounds of fornulas |11l
or Illawith g Y mer oy
carried out wit§i fvegh re

du@|ng agent. The reaction is generally

I cim gent prepared by m xing Zn powder wth
HgC12 deionizedk{ﬁgter folk gVEy acidification with HJ. After drying, the
solid reduci\ng agent (zinc-nmercuryy is suitable for reduction of conpounds
of formulas ITT or TITT&a 1n refluxing dry ethanol under a dry HCl gas
at nosphere as described in Exanple 2, Procedure A, for the reduction of
3- (5, 6-di hydro-4H pyrrolo [3,2,1-ij] quinolin-1-yl)-4(IHindol-3-yl)
pyrrole-2, 5-dione. An alternative nethod of preparing pyrrolidine-2,
5-di ones i @1@6@\% wéglwfattmro@rg,@wﬁ Aholo¥BhG1 qith@IndSNAH- HEIS IFRABISL §.N0
principally ) rrolld”nez 5-di ones of formulas Tva and | Vb.
Cat al ytic #yerE iHees of formulas 11 or Illa may be
conducLed lnf aﬂl‘tﬁﬁb’lﬁéﬂs@tﬁb‘h ofad@&hsﬂfomnﬁrlaadm@bipeumtfairmﬂauabyﬁaucunder 1
at nosphere o en
2 kot "ot conrgreEsERIR nlaneRami 2o Rl pE e B R BoRE SR r opy
al cohol , | mepy opstle aalllmmelpplaeapmln@cﬂvammmctlrtgabmmot limited &y talbhydiofreangdTgBhol i s

et hanol  or iR B3f\RAn, dlé’tﬁﬂ otHIDSHH 1RNRE B Rk dTBbHRARD [For de PRPIsEs dTRteRbactial al ySt

(e.g., platinam palladium rhodium rutheniumetc.)
suitable esters of formula I include, but are not limited to, alkyl esters where RO is a (C1-C4) alkyl

group, and preferred esters include the methyl and ethyl esters. Suitable bases for the reaction include
alkaline metal salts of low molecular weijght alkyl alcohols, including, but not limited to, alkaline
metal salts of methanol, ethanol, propanol, isopropanol, n-butanol, isobutancl, and tert-butanol.
Preferred alkaline metal salts of low molecular weight alky! alcohols include sodium and potassium
salts, with potassium tert-butoxide (tBuOK) being the preferred base. Typically the reactions are
conducted at 0° C for 2 hours, however, both the time and temperature may be altered depending upon
the specific substituents present on compounds of formula I and IT, and the solvent employed. The

reaction temperature may be varied from -78° C to 37° C, and is preferably from ~35° C to 25° C, or
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on charcoal is preferred for the reduction of conpounds of formulas Il or
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embodiments, the noble metal catalyst is palladium on activated charcoal. While reduction
compounds of formulas IIIa or III under | atmosphere of hydrogen at room temperature (25° C) for
12-48 hours is generally suitable for preparation of pyrrolidine-2, 5-diones, the pressure of hydrogen,
reaction time, and the reaction temperature may be varied. Catalytic hydrogenation of 3-(5,6-dihydro-
4H-pyrrolo [3,2,1-if] quinolin-1-yl)-4(1 H-indol-3-yl) pyrrole-2, 5-dione is described in Example 2,
Procedure B.

Pyrrole-2,5-diones of formula IIla or III may be reduced to yield a mixture of compounds of

formulas Va and Vb by the reduction in anhydrous alcohol with a metal reducing agent. Preferred
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substituent on a conpound of formula IIl, Illa, Na, IVb, Va, or Vb. The
reaction is typically carried out by heating a m xture of a conpound of
formula I'll, Illa, Na, 1Vb, Va, or Vb bearing an aryl or heteroaryl brom de
or iodide, RpyopgiErably an aryl brom de or hetroaryl br egraszeoswdssean aryl
or heteroaryl boronic acid in the presence of tetrakistriphenyl phosphine
palladiumin a solvent m xture consisting of 5 parts toluene, 5 parts

et hanol , | maﬁs Inchdd gdﬂlaﬁealcﬁﬁlmamdmZWmaﬁ&gaesw ﬁra rhdPe ﬁr@@rr@l mét@&icifd t r ogen
for 5 hours EXtrated

0.,r0om t enper a
et hyl seaio SRS SRR PRI A PrrLiRinhdt o Rithert fooa7 Bt Prica gel
chr omat ogr lapisyy rdfluxiag prefienrdd forants dldl bnfemtula Hlh & dnalcolgp peddcted frommixomng of
formula I1 I V n r
het er oar yl ot d“%gfd“ %ﬁa’nglf %{gar?g ﬁip?&}%ngs u‘i‘ﬂ?@éﬁf“ﬁm ﬂbm%% r]'r'(}n %l?ﬁ k@‘?&m%
subst i t ut edm ﬁl;nentwhe regeticarinpngucied fos abputitfainutes ipynetharol prglegsnibed ia xRt o t he
Q subst i tUﬁB&c £ C, Rr 1B pRp&A4tRE 8F (-8 Q@cinyeL R10P3.Lungighiasal i- IS a
br om nat ed o E& cr orfJ pIet gﬁa?f?}% flljﬂrﬁt |41(ﬁ1%){a| to% Hgll WO 12%)%6/ 086484
PCTI USZOOG‘} 'ylé%fqlfg’rm'?rﬁ"?‘é"rﬁr ef erred enbodi ment the hal ogenated Q
functionality rCénmpbadls i ’Vh atdia Ibb;rvdmhmamhecbyrrshme ringlsagdwatsid tidcisndol yl .
Bxanp) o5 ShndfAB B oyt PANERL HoRfou ST Vol 6 ABH TR UL

aronati c gr oups I nto conpoun 5& ronlnated Q
f unct i onal are i thagrres eonfiggration, esinsort masteeiofallifoye spgpers Of&p@wéqs % Va, and

het er oar on@ttieatnt2 At vaithi faseds b @lar prstic w6lidag ﬁmtchuyawﬂe&ﬂs@m;qoﬁ@ﬁ glkaline metal salt

3-thi | b f
vari ety of SeggeTa St aSo B HHe S i St R e b Bty -
Al t er nat i veetipmanr potessinm ethoslidé tethrod rsodierh m:potasmmmted-batpxds inrrerybisanof) eigiar ed
fromthe c Jsﬁér{?%%fb%d@ﬁ%lm Bﬁtarlisﬁs‘%ﬁe%gf&!redka%qe‘?d%ﬁh% aﬁf?o‘ﬁ!e éé{YLt h
uenchi ng

triisopropyl borate In sence I um

wi t h aqueotesctiqas are gshgglly @ngucted\fwm_q C tpthe reflux tempera'@f@g)&ﬂqeéeact@a@m@@f@r 894- 97

I(D 2002) and48@xou1M T4 praferred emlﬁhumnt?ﬁtﬁd’ r@e{&ﬁ&if a‘?@coﬁ&lcteé%zl?ngoln {eP&kaohre (25 t\),\f]f
reparation ere

R4 is - CHRF® égﬁgy&wm@f%ﬁj%wlﬁme&ofﬁ P 2) T“?“fs i ‘%P °"F‘Vﬂ°re‘95f¥3"8? “\}%’d‘”@&%r e R4

i s hydr ogeth¢ regdion beowiuptodattabait SE MImanmﬂmouhut@ssnﬁn feotbntokide inltéri-butdnbbfor | Va,

| Vb, Va, o ' ]

preparati ogrtl) %?Gt eg ﬁShgé géaét;%:&ﬁé %néaggrrnpgga{%ﬁ%@%? o cogﬁrlﬁ%% ghg@ta}lrﬁ% cated
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The introduction of additional substituted and unsubstituted aryl or heteroaryl substituents on
to aromatic rings of compounds of formulas III, Illa, IVa, IVb, Va, or Vb may be accomplished by the
reaction of a substituted or unsubstituted aryl or heteroaryl boronic acid with an aromatic halogen
substituent on a compound of formula III, Illa, IVa, IVb, Va, or Vb. The reaction is typically carried
out by heating a mixture of a compound of formula II1, I1la, IVa, IVb, Va, or Vb bearing an aryl or
heteroaryl bromide or iodide, more preferably an arylbromide or hetroarylbromide, with an aryl or
heteroaryl boronic acid in the presence of tetrakistriphenylphosphine palladium in a solvent mixture
consisting of 5 parts toluene, 5 parts ethanol, 1 part saturated NaHCO3, and 2 parts water to 100°C
under nitrogen for 5 hours. After cooling to room temperature, the mixture is extracted with ethyl
acetate and concentrated. The residue is purified by silica gel chromatography. In a preferred
embodiment, the halogenated compound of formula I1, IIla, IVa, IVb, Va, or Vb bears the halogen on
an aryl or heteroaryl group Q functionality resulting in the introduction of substituted ary! or
heteroaryl group donated by the boronic acid on to the Q substituent. In a more preferred

embodiment, the Q functionality is a brominated aromatic or heteroaromatic Q functionality. In
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IVa, IVb, Va, or Vb
where R4 is H

Preparation of the hydroxymethylene derivatives is accomplished by reaction of a compound
of formula III, IITa, IVa, IVb, Va, or Vb where R4 is H with aqueous formaldehyde in tetrahydrofuran
(THF). Typical reaction conditions employ equal volumes of THF and 37% formaldehyde in water
with the reaction stirred for 14-16 hours at room temperature, Reaction times and temperatures may

vary from 1 hour to 48 hours and the temperature may be from 0° C to 50° C or more preferably from

22



silica gel using ethyl acetate hexane. The protecting groups are renoved by
sui tabl e deprotection reactions, Were the phosphoram date enpl oyed is
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group to forman®ester |inkage Linking functionality of a

pept i de anfydiqgen atW&tswgﬁ%%rﬁyrmepg%w@wwn&gce%anorrq [ &§dhery- ﬁe conduct ed
enpl oyi ng gyr®W[3,3bk}upbkd-BeDed1 Papbl-Tieh)-2,5deas-pyepl e -gnahipl ester ppatested free
am ne gr OuR Islyd% 91{! %?rgo%j[fi Wltﬁquql%ﬁ}\r{%r}tl)l- lgl%l'oxy%e%y?&ﬁ(‘Fﬁ-‘inragl-ﬁg'ﬁ-w)r?dlidine—2,S-dione

is described in Example 56, steps 2-3.

Compounds of formulas III, IIla, IVa, IVb, Va, or Vb where R7 is a carboxylic acid group, or
an amino carboxylic acid group, may be prepared by coupling the desired hydroxymethylene
derivative with a carboxylic acid or amino carboxylic acid (amino acid) under conditions suitable for
the formation of an ester linkage. A variety of dehydrating agents, including DCC
(dicyclohexylcarbodiimide), HBTU (O-(benzotriazol-1-y1)-N,N,N', N'-tetramethyluronium
hexafluorophosphate), or BOP ((benzotriazol-1-yloxy)tris(dimethylamino) phosphonium

hexafluorophosphate) may be employed to drive the formation of the ester bond. In a preferred
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Condi tions suitable for the formation of an ester |inkage, include those
enpl oyi ng dehydrating agents, such as those described for the preparation

of conpounds of fornulas IIl, Illa, IVa, IVb, Va, or Vb where R4 is -CH2R7
and R7 is augpobdesylssC acid group, or an amino carboxyl i gcecsdoapoesp. 2. 1. 5.
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is -(CL C alk)JI Conmpounds of fornulas Ill, Illa, IVa, |Vb, Va, or Vb where
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of For mul a™{efa R4 if r-5ERY I\ arbgsylic 4] g%v Wé'raent%ér PEYF &t Bt an
i ndi vi dual 2.p$.opteyetatibrasfieghpbilids sitHortailailie [IRf M'MaoiviuV & and Vb whéré Réis HUa-Cs) | Vb,
Va, or Wb jg,desired, the products may be separated by chromatography on one

or nore mat ography medi a. Chronmat ogr ap hXI may be carried out on a
preparative scdlogpeindpel formulps JILyH. E¥a, IVtS(Ya;ICe tavhareRdring nérrhe alkderyibey and

purity of ArfaredbPHGing bPBSRE the ldBsir8d SAFRUR of ArhPHO M2 a, B, @) &b where
R4 is H with a {C,—Cs) alkyl halide, where the halide is preferably Cl, Br or I, in the presence of a

suitable base at room temperature. Suitable bases include organic bases such as potassium fert-

butoxide, sodium methoxide, and inorganic bases such as KOH, NaOH and K,CO;. Suitable solvents
include polar aprotic solvents such as DMSO, THF, dioxane or other ethers, or DMF. In an alternative
embodiment, the compound of formula III, Illa, IVa, IVb, Va, or Vb where R4 is H is reacted with an
organic or inorganic base to yield the conjugate base of the compound of formula III, IIla, IVa, IVb,
Va, or Vb, and the conjugate base is then reacted with the alkylhalide. Where the alkyl group is
introduced into a compound of formula IIT or I1la, the resulting alkylated compounds can be reduced

to yield compounds of formulas IVa and IVb, Va and Vb, or a mixture of compounds of formulas I[Va,
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t hose set frefetrdd dublilophase, with mixtures of CO, and methanol most preferred. A vanety of
chromatographic media (stationary phases) may be employed in supercritical fluid chromatography
including, but not limited to: ChiralCel OA, OB, OD, or OJ; ChiralPak AD or AS; Cyclobond I, II, or
III; and Chirobiotic T, V, and R media,
In more preferred embodiments, where the products are individual isomers of formulas IVa,
IVb, Va, or Vb, mixtures containing two or more of the isomeric forms may be separated by using
supercritical fluid chromatography on chiral media. In one more preferred embodiment, separations
are conducted on CHIRALPAK® AD columns (Daicel (U.S.A.) Inc. Fort Lee, NJ). In that
embodiment, products are applied to the AD column in a mixture of methanol and acetonitrile, or in

acetonitrile, and the column is subsequently eluted with 35% methanol in CO2 (65%). The separation
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2.2.1. Preparation of conmpounds of fornmula | where Y is a bond Conpounds of
formula | may be prepared fromthe correspondi ng conpound of formula A
where X is selected fromthe group consisting of-(CH2)-, -(NR8)-, S and 0,
R8 i s sel ectasl2dos/gugus4t he group consi sting of hydrogen, -eCluSHys/@idsyl
-(Cl-C6) substituted al kyl, -(C3-C9) cycloal kyl, -(C3-C9) substituted
cycloalkyl, and -O-(d-C6) alkyl, and mis 1 or 2. Exenplary conpounds of
formul a A dfa@®)ade34s, a-sdﬁl,ydi'o-ﬂfﬂﬁﬁyﬁralom’ﬂﬂ@ﬂqﬂlr[wjh-ilf}ﬂi)r4(1H-indol-3-yl) pyrrolidine-2, 5-
1,2,3,4- teal"lon@ Q’ddfégj?ﬁly %%@c&hyae %f_ﬁ-ggroqo ?%q 4@ quolm 1< %l) -4(1H-indol-3-yl) pyrrolidine-

benzo[l 4]oxa2|n nzo 'azin
2, 3,4, 5-t & pdloydenn (Emméﬂm&f Bhodyminrieset forth in Example 4. The separation of (+) trans-3-
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chl oride and wo

formula | m‘:‘%‘&‘ﬁ’éLﬁé""é"‘?“i“P‘Ei’i‘f‘“'F'g?‘Essuffh"é fP’éeéé‘PPlﬁﬁalé@&{Ef’é'ﬁE&“Bé@‘?Hﬁ'ﬁ? H@cw at
conpounds wdfere abpitcalé, dolwetby astdllizatiant t her illustrated in Exanple 1, steps
1-5 for the preparation of 5, 6-dihydro-4H pyrrolo [3,2,1-i]]
quinolin-I-yl) oxoacetlc math I ester of formJIa | from

1, 2, 3, 4-t ed4-aRRDHEUINOL ¢ 2 ©E Wi po9Mt e (3- brono-pyruvic acid

et hyl ester) &%oﬁ@é&ﬁ@ﬂnﬁnla‘é@&@ﬁ 'w%ﬁm%@hplbﬁ@ ﬁﬂ@%f&kn@&p??rolﬁ@%ﬂhﬂds of
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PCT/ USZQO&bﬁM&&stlwsebEnbbﬂmrted to the correspondi ng
3-substi t uf ed-g2; AxQRI 4Rb ARG AGdEh PWher€F el bRl Formul a B by treat ment

wi t h bronogethyt pyruvate 1 an antyarous etner, such as THE, at room
t enper at ur e f orComapupds ofAgrmpydn Jrmay bfrpremrwe‘mn th¢ cogeponding compound of formula A,
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tricyclic -e(é:ls-t-m)(ydbstcutacbaydloﬂsglmnd e’D—{@F—m}Ia&yCand Bistise QuErdmpioynsoatpsumdnofdf thi s

conpound tﬂrnﬁ}fﬁeA fncl%gef !3 q dtgtg' rﬂyﬂ%ﬂHLcﬁmp 1 FRa tQEahg&rS Q{HRM&%Q@ g 4%&d113%1r- olysis in

aqueous base rried out in an

aqueous basazoll, "r]?ﬁ?Flﬂ%{ |3:4g1'11)’dt° HEbenpql it riarine o2, M Btstraley dreciil-bengolblaeerpeesence of
alt ﬁohO: a4 mtrs@hmem benEcs[e]f[ E#]Hﬁﬁpllnéi|6,C7§1{,'9ﬁﬂetr£}@dr$13Ldﬁ%taﬁa-béﬁ%@@l&leﬁfﬁ&'an3|

et hano 0 ano W a nore ererre

o 20 vents BTSRRI BB Jhireeer B nalR R TR ARk i e to
refl ux f orco@phmdpiiormudd A tothe tprickpendingiesuasitht¢ddpepabionie acf cthylesterad rmaa may
be varied @%1{3%@9@3% r PRl S cgc%e«’awfa L 8dnh Rnd &ff?rﬁlggmo %ﬂﬁﬁ isRbnveRLdRY! @ D

may be conducte a variety roce ur es sultab
decar boxy!tht ﬁrmms HF"G‘i*rﬁtdF‘E?fbé?éﬂéF to yigldSheedegief &ieydivmarsi ehein Sybsesinent reaction
decar boxy| dtheicyelfc peammaigsoxalyl chiopiderhnd Work-gp i6 @lehotit Bade Digldhmatdrirgpohdiay f r ee

acid with c%r%BtRj o ib)rmu a f %cﬂeme(}lﬁ:rs%'qgs) the reacﬂgn sequengleeoegmnmg with compounds of
formula A, which is further illustrated in Example 1, steps 1-5 for the preparation of 5, 6-dihydro-45-

pyrrolo [3,2,1-if] quinolin-1-yl) oxoacetic methy! ester of formula I from 1,2,3,4-tetrahydroquinoline
and bromoethylpyrruvate (3-bromo-pyruvic acid ethyl ester).
Some suitable conditions for the conversion of compounds of formula A into compounds of

formula I through the reaction sequence of Scheme 3 are described herein. Compounds of formula A
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about 2 hours to yield the decarboxyl ated product of fornula E. Conversion
of conpounds of formula E to conpounds of formula | nmay be acconplished by
reaction with oxalyl chloride, followed by treatnment with a m xture of an

anhydr ous ale@bbossgd t he al kaline nmetal salt of the al ceboluszps@hesabl y
sodi um net hoxi de, or sodi um et hoxi de. The reaction of oxalyl chloride with
conpounds of formula E is typically conducted in anhydrous pol ar aprotic

sol vent s i mgy} BeCHomM@rt&d tb Eeorddspehding PREYsBkidH-8-ok s REPi ORI etlryY ter 6 hudliosyt 10 C.
In preferred, enbodi nent ,lthe reaction is onduhctelg_gﬁat a tenperature from
about -25 ETFILKIEY Rromoctiy! Rypyatsyh Yirus RAET syeh o T} gtapqm temperpiiedoryr of er r ed
enmbodi nent sbotitt#d houre abrtatoent pEthe Haubstittitedi2-atoppnicRrid £ty lrestdr fddrnatBswithor
conducti ng i-08_| I co | i-m furan
(T ¢ ot piprolsa Bl 22 nghdiinaldt ot o, €l 30 b35S BREE S

PCT/ US2006h@02es8its it &r@atipn obthe gerreaponding ifyclin pistremlirsacidresterorifmalaC ) where Y
i s a bond siB3eqéht cdiderMomef thig cofnpothdto e Be&RId df forifila B mdy be abboMplishlll €/ ( B)

COpEt O Obér SSr. %QCI Z Cﬁt M}OCHZCE( OH quI E)l OEt 5] 0. R£ OH agueous
R3'N base SRS Leous b ogteleia ApBURAEIIeH R f G758 QLD s brem {1
m oxal yl mbluding de néli@ited toaaldc IO, ét theepreseiR2 of ol as a co-solvent. Preferred

alcohol co-solvents include methanol, ethanol, n-propanol, and isopropanol, with ethanol as a more

preferred co-solvent. Reactions are typically conducted by heating the mixture to reflux for 2 hours,

although the time and temperature of the reaction may be varied as needed. Oxidative decarboxylation

of compounds of formula D may be conducted by a variety of procedures suitable for the

decarboxylation of aromatic acids. In preferred embodiments the decarboxylation of compounds of

formula D is conducted by heating the free acid with copper-chromite (CuO-Cr,0;) in quinolone for

about 2 hours to yield the decarboxylated product of formula E. Conversion of compounds of formula

E to compounds of formula I may be accomplished by reaction with oxalyl chloride, followed by

treatment with a mixture of an anhydrous alcohol and the alkaline metal salt of the alechol, preferably

sodium methoxide, or sodium ethoxide. The reaction of oxalyl chloride with compounds of formula E

is typically conducted in anhydrous polar aprotic solvents including ethers at a temperature from about

—78" C to about 10° C. In preferred embodiments, the reaction is conducted at a temperature from

about —25° C to about 5° C employing an ether as a solvent. In more preferred embodiments the

reaction is conducted at 0° C, Preferred solvents for conducting the reaction include, but are not

limited to tetrahydrofuran (THF), tetrahydropyran, diethyl ether and the like.
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Il RN Y\ (I) X m 2.2.2. Preparation of conpounds of fornula Il Conpounds
of formula Il, which are substituted acetam des, nmay be purchased or
prepared fromcomercially available starting materials, Conmercially
avai | abl e aeqd suak&ss4i ncl udi ng: i ndol e- 3-acet am de, PCT/US2006/004456

2- (5-met hyl - 1Hi ndol - 3-yl ) acet am de, 2-(5-nethoxy-11I-indol - 3 yl ) acet am de,
2-(4 28 WD 2006/ 086484 PCT/ US2006/ 004456 hydr oxy- | H i ndol - (yl)acetanlde

2- pheny| acB¢hameld, Prepagatian of/Cpmpayndsell %Imlli@ (Dwhere Y is a bon

hydr oxyphenyl acet am de, 4- hydr oxyphenyl acet am de,

N-cycl opentyl - 2- (4- hydr oxy- 2- oxo- 1, 2-

di hydr o- 3- qui nol i mgl ) acet am de, 2- phenoxyacet am de, 2- ,g nmet hyl phenoxy) acet am
de, 2- (4- flyorophdnoxy) acetam de, 2-(4- pyrldlnyl)ace|an1d-m\gnd
2-[(4-ch|or§g~ anyl’ acetam de are X

S gm a Variety of
sources includijhg Sigma Al d E@ Chen1gﬁ§ Co. A { ogpound of
formula I'T may

by
conversi on @fi a fTee acid to its acid chl orprge b eaction with
anmoni a. 2.3. Additipnafi"Routes for the Preparation of Pyr olo

ui nol i nvl -yyrrolidine-2, 5(&)ones In addition to t e Byt f oo Ehe
preparation oiﬁfg\quOQUlnol|nyl pyrrolidine-2.57di ones ' des ri bed above,
ute

addi ti onal rg prepari ng the conpoun exenplified forg
()-trans-3-(5, ~1- i MECl;

qui nol i n-1-yl)-4( 1HFndol - 3-yl) pyrsoli di MesCH,CB,aH one are described in
Exanpl es 62-64, 3. Methods of Treatnent As used herein, a "subject" can be
any mammal, e.g., a human, a<prinmate, nouse, rat, dog, cat, cow, horse,

¥dro A4H pyrrolo [3

pig, sheep, goat, canel. In a preferred aspect, the subject is a human. As
used herein, a "sybject @n need thereof' is a subject having apgel
prollferatlve di sgrder, Or—@Et subject Rgving an i ncreased ri sk of devel opi ng

a cell proligera sOr der relatlve o the poptil ati on R

aspect, a subj g need\t her eof R% e er ous conditi

preferred aspeq subj gct . Lhsneed therewf h&s cancer. As

term"cell pg g TG diébgﬁkr" 0 cohditions iRB

or abnormal grow bt —of cBBT s K o the devehop ]

unwant ed conditi op or di sease, mhlch ' ? .cancerpus. |njone
) . rboxy ation L/
ive disor ncludes a n3 canter ous, condifi on,

aspect, a cell ifer
e.g. rheunaté?g‘gh is; infla t| KH i nmune dlseaseGg X o
i t

Iynphoprollferatlve cohdimi ons; acronega gunat oi d spond is;
osteoarthritis; gout, other arthritic condltlons ; septic shock
endot oxi c shock; gram negative sepsis; toxic shock oxalyl chloride

seps

Ri anhydrous ether

R3 N

Y @

N

X m

2.2.2. Preparation of compounds of formula Il
Compounds of formula II, which are substituted acetamides, may be purchased or prepared

from commercially available starting materials. Commercially available acetamides including: indole-
3-acetamide, 2-(5-methyl-1H-indel-3-yl)acetamide, 2-(5-methoxy-1H-indol-3-yl)acetamide, 2-(4-
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syndronme; asthma; adult respiratory distress syndrone; chronic obstructive
pul monary di sease; chronic pulnonary inflammtion; inflamatory bowel

di sease; Crohn's disease; psoriasis; eczem; ulcerative colitis; pancreatic
fibrosis; hepghiogodsysy 0si s; acute and chronic renal di seasgjusimsitiadal e bowel
syndrone; pyresis; resten05| s; cerebral malaria; stroke and ischemc injury;
neural traung; AI zheiner's d| sease; Huntington's disease; Parkinson's
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fibromyal gia; AIDS and other viral di seases such as Herpées Zoster, Herpes
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nmet ast at i cEdaaplep664.n ot her tissues or organs distant fromthe primary tunor
site. Cancers to be treated include but are not limted to sarcoma,
carcinona, and adenocarci noma. In one aspect, a "precancer cell" or
" pr ecancerhMetheds of Treatment cel | mani festing a cell proliferative disorder that
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di sorder t39%: h9ree, Big,ShsrRegoat RAS!- rl’ébPrS@HE Pest e s ecb’lsalli‘lér& Jrenent may be
used to identi fAs satieetn, aedubﬁctd)rnepdmaadsttﬁra@ulgeocmivhgacblnprahfp]ra&‘feeiisbeidr asfect ,
e o o el LRGARGELONR ORI il el Sl Ao, 3l ARl 1 1O O
cancer cel llalge oln opy esperh @sriiessingiedd) therepf ba5|am@|q4nc¢rm@dondqtncmu@‘m mrh@rrtdsaepeeﬁ a
appropri ats@bjggln{e&@ﬁ%re@m{ag@ag&r A "cell proliferative disorder of the

hemat ol ogi ¢ systent is a cel gerol iferative dj s?rder invol ving cells of the

hemat ol ogi ¢ systieiifd I bE teé@p proliferatiyp lisasder) fefezs ta ponditiops 1 sihigh prrggulatade
hemat ol 0gi @ abyosha Erawtc lotiebels of o¢lippdan teag tol tideediopmentof @h aivehnted eg@ldaisirer, disemst cel |
neopl asns, i i |.0 toid

or aﬁul ot %thWrﬁéyoo%%ﬂ ha%k @anéé%ﬁﬂ Eﬁqn@%?& 2 c@ﬁ‘broﬁ@ﬁﬂpeoﬁéop der gmg%%%ﬁﬁc

myel ocyt i ccan@m@emndmo'agmog@nm@olﬁy'éhr@lﬁdnﬂﬂempmagiltalmﬂaln@dmf@@s enti al

thr onbocyt19@93@;011&%@9wnbﬁsnsa&%ﬁgal ahéaﬁlhtbldraﬁ&lhyﬁt@r&Eebmmdg %&ftQﬁ{er of the
hemat ol ogi C_system. i ncl udes é%&dama spl asia, and mataﬁjg sia of cells

of the henBPBlGYRAtATSTRTS Spic BW'&&FOC SPFECReEAE ARSI tPXIBHET t he
present i nsyedrbme@mnsthmy; abhet raspiratory distrese ssind@meashmaic obgtuetive @dinfonamdiséase; gr oup

chronic pulmonary inflammation; inflammatory bowel disease; Crohn’s disease; psoriasis; eczema;

ulcerative colitis; pancreatic fibrosis; hepatic fibrosis; acute and chronic renal disease; irritable bowel
syndrome; pyresis; restenosis; cerebral malaria; stroke and ischemic injury; neural trauma;
Alzheimer’s disease; Huntington’s disease; Parkinson’s disease; acute and chronic pain; allergic
rhinitis; allergic conjunctivitis; chronic heart failure; acute coronary syndrome; cachexia; malaria;
leprosy; leishmaniasis; Lyme disease; Reiter’s syndrome; acute synovitis; muscle degeneration,

bursitis; tendonitis; tenosynovitis; herniated, ruptures, or prolapsed intervertebral disk syndrome;
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consi sting of a hematol ogi c cancer of the present invention or a hematol ogic
cell proliferative disorder of the present invention. In one aspect, a
henmat ol ogi ¢ cancer of the present invention includes nultiple nyel ong,

| ynpl i oma (ivighstdbsi@sdiodgki n' s | ynphoma, non-Hodgki n' s | yophseag/owitdsl dhood
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(i ncluding childhood |eukem a, hairy-cell |eukem a, acute |ynphocytic

| eukeni a, as@sép@rowerh&ﬁvctsiscreit@ummhaosmc,kmma@ sax’cosﬁpmeyetsbrﬁndn%@eg Such &r oni c

eloctlcleukema cro ¢m a.- and ms em a
el o1 0 noBPRSRE: B HRST ot T e Al ReRe A T B BRCM R o S ar o
the |ung" discages eueh s hﬂpdSlegcraﬂtw SthdorladeH, infineotawimgandeytomemioviriseandl ung. | n
one aspect giaitfl hnefd! ol ARbfbrlaY g%%gwﬁfe%n% dlgo@& lnumges ar;sfécwé& ofh! forms of

cell proliferative disor ung ce one aspect, cell
prol i f er at PENeTQsperditign.oln apgiier pSped 2ok Pra’efératlwgsoeﬂer W%eﬁeﬁm&ms

PCT/ U82006éa9&4s.4t5 Ge tré‘a@eﬂfiﬁ:l[ude autﬁfeeﬁﬁlﬂﬁ&ﬂ threa@troe@oaﬂ GRf @Mﬁer%[&i’dcfal @ncedf the
| ung, beni esi ons %rovvt hs or

n

e ons of PRRERR fiager. SlagRrat puvre rie SR iem Khao i GARE |1 the body
ot her t hamelatpmal mvitjple myelamp choeir medogspe tukendg iprogolbgiotimon knd eplpicsent

i nvention Hiﬁ%r, %luﬁﬁg%e{agaﬁcrlgs?o% ln"&'ﬂ}gr tissitl Sle(fr%a% dlg:tgl'lt Froglrtﬁ)é [JI';H%. Ilnéﬁesltg' sorders
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l'ung i ncl UH‘.%IMHQ&HS R matoR g GHMNE TPéhe a§p@£’cdd dell DR SifeRtivd él%réle'rlﬂﬂhe I'n one
aspect, cell proliferative disorders. of lung include hyperplasia,
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cel | prol i FEHs At R0 el Af, bt FERR YT FACPAE T Boia b BAGS. NEE | S0P

epi t hel i unvsmntlﬁ tigombxcjthéreid Bqoethwasped s QCHIBHOIIﬁmlvmwrdmgﬁﬁh@len@tp@ﬁicaﬁt@ I n

anot her aspeflies h ﬂeﬂﬁlds awama %m%a%ﬁmsefdemltmean&bnag&%&mem hiefafENt al
agents such as CI garetté snoke and asbestos nmy be at |ncreased risk for

devel opi ngaBehIcOBRItiPreRt eiptrEerd e mey Bsrusedie b grncer AeleRdioBT g Bt |
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di sease, necr I’sease,
multiple myeloma lymplloma (mcludmg Hodgkm s lymphoma non- Hodgkm s lymphoma, childhood

lymphomas, and lymphomas of lymphocytic and cutaneous origin), leukemia (including childhood
leukemia, hairy-cell leukemia, acute lymphocytic leukemia, acute myelocytic leukemia, chronic
lymphocytic leukemia, chronic myelocytic leukemia, chronic myelogenous leukemia, and mast cell
leukemia), myeloid neoplasms and mast cell neoplasms.

A “cell proliferative disorder of the lung” is a cell proliferative disorder involving cells of the
lung. In one aspect, cell proliferative disorders of the lung include all forms of cell proliferative

disorders affecting lung cells. In one aspect, cell proliferative disorders of the lung include lung
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di sease, sarcoidosis, interstitial pneunonitis, tubercul osis, repeated
pneunoni as, idiopathic pulnmonary fibrosis, granul omata, asbestosis,
fibrosing alveolitis, and Hodgkin's disease. A "cell proliferative disorder
of the CO|QQ62h$m§M§F|| proliferative disorder involVvingcgalsheabsstdhe
colon. In a preterred aspect, the cell proliferative disorder of the colon
is colon cancer. In a preferred aspect, conpositions of the present
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disorders of the colon. In one aspect, colon cancer includes all forms of cancer of the colon. In

another aspect, colon cancer includes sporadic and hereditary colon cancers. In another aspect, colon

cancer includes malignant colon neoplasms, carcinoma i situ, typical carcinoid tumors, and atypical

carcinoid tumors. In another aspect, colon cancer includes adenocarcinoma, squamous cell carcinoma,

and adenosquamous cell carcinoma. In another aspect, colon cancer is associated with a hereditary

syndrome selected from the group consisting of hereditary nonpolyposis colorectal cancer, familial

adenomatous polyposis, Gardner’s syndrome, Peutz-Jeghers syndrome, Turcot’s syndrome and
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tissue and organs in the body other than the prostate. |In another aspect,
cell proliferative disorders of the prostate include hyperplasia,

net apl asi a, and dysplasia of the prostate. A "cell proliferative disorder of
t he skin" iwoaooeesdsspr ol iferative disorder involving celPC$/Us2006/ME456ski n. I n
one aspect, cell proliferative disorders of the skin include all forns of
cell proliferative disorders affecting skin cells. In one aspect, cel
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anot her aspect  “g IR IGRNE 098t der ©OME sKin"aa &1 prdm&rd@iw@@rder mﬁalvmgeals%? fged

according to the TNM cl as ificatjo ccept ed Ameri can Joi nt
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a stage o
melanoma and other malignant growths or lesions of the skin, and metastatic lesions in tissue and

organs in the body other than the skin. In another aspect, cell proliferative disorders of the skin
include hyperplasia, metaplasia, and dysplasia of the skin.

A “cell proliferative disorder of the ovary” is a cell proliferative disorder involving cells of the
ovary. In one aspect, cell proliferative disorders of the ovary include all forms of cell proliferative
disorders affecting cells of the ovary. In one aspect, cell proliferative disorders of the ovary include a
precancer or precancerous condition of the ovary, benign growths or lesions of the ovary, ovarian

cancer, malignant growths or lesions of the ovary, and metastatic lesions in tissue and organs in the
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In a preferred aspect, the cell proliferative disorder of the breast is
breast cancer. In a preferred aspect, conpositions of the present invention
may be used to treat breast cancer. In one aspect, breast cancer includes
all forms afocapasiisof the breast. In one aspect, breastctasoms/oismsl udes
primary epithelial breast cancers, In another aspect, breast cancer includes
cancers in which the breast is involved by other tumors such as |ynphona,

sar conm osodprsdhanm&he dvEl'yaBthtﬁé’r a@}ﬁ&e@eupmlnfeeass disdz@RCThhelskig intd@s car ci nona of
t he breast F’P?’Cta ast, | obular carcinoma of the
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mut ation in BI BRCA2, 3. In one ﬁﬁgﬁb@@hi‘) reast cancer that is to
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factor regeodfa;idvasiit choinonfet Sttudvith@reddrima intraductal component, inflammatory breast

cancer, and a ductal carcinoma of the breast with a histologic type selected from the group consisting

of comedo, mucinous (colloid), medullary, medullary with lymphcytic infiltrate, papillary, scirrhous,

and tubular. In one aspect, lobular carcinoma of the breast includes invasive lobular carcinoma with

predominant in situ component, invasive lobular carcinoma, and infiltrating lobular carcinoma. In one

aspect, breast cancer includes Paget’s disease, Paget’s disease with intraductal carcinoma, and Paget’s
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and c-Met. In one aspect, a breast cancer that is to be treated has been
typed as ER-unknown, ER-rich or ER-poor. In another aspect, a breast cancer
that is to be treated has been typed as ER-negative or ER-positive.

ER-typi ng alo2@ieasst cancer may be perfornmed by any repcodseibb@ssseans. In
a preferred aspect, ER-typing of a breast cancer may be perforned as set
forth in Onkologie 27: 175-179 (2004). In one aspect, a breast cancer that
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one aspect, a breast cancer that is to be treated includes a tumor of the breast that is associated with a
negative sentinel lymph node (SLN) biopsy. In one aspect, a breast cancer that is to be treated includes
a tumor of the breast that is associated with a positive sentinel lymph node (SLN) biopsy. In another
aspect, a breast cancer that is to be treated includes a tumor of the breast that is associated with one or
more positive axillary lymph nodes, where the axillary lymph nodes have been staged by any
applicable method. In another aspect, a breast cancer that is to be treated includes a tumor of the

breast that has been typed as having nodal negative status (e.g., node-negative) or nodal positive status
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aspect, a subject with an increased risk of devel opi ng breast cancer
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is to be treated has been assigned a tumor grade according to the International Consensus Panel on the

Treatment of Breast Cancer selected from the group consisting of grade 1, grade 1-2, grade 2, grade 2-
3, or grade 3.

In one aspect, a cancer that is to be treated has been staged according to the American Joint
Committee on Cancer (AJCC) TNM classification system, where the tumor (T) has been assigned a
stage of TX, T1, Tlmic, Tla, T1b, Tlc, T2, T3, T4, T4a, T4b, T4c, or T4d; and where the regional
lymph nodes (N) have been assigned a stage of NX, NO, N1, N2, N2a, N2b, N3, N3a, N3b, or N3¢;
and where distant metastasis (M) has been assigned a stage of MX, M0, or M1. In another aspect, a
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noderately differentiated, poorly differentiated, or undifferentiated. In
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t her apeut i 39/0 40%, 50%, 60%, 70%, 80%, or 90% of cells in the synthesis stage of cell d1v151on (e.g,in8S

phase of cell division). In one aspect, a cancer that is to be treated has been typed as having a low 5-

phase fraction or a high S-phase fraction.

As used herein, a "normal cell” is a cell that cannot be classified as part of a "cell proliferative
disorder.” In one aspect, a normal cell lacks unregulated or abnormal growth, or both, that can lead to
the development of an unwanted condition or disease. Preferably, a normal cell possesses normally

functioning cell cycle checkpoint control mechanisms.
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compound to a subject in need thereof. Preferably, nonotherapy wll involve
adm nistration of a therapeutically effective anmount of an active conpound.
For exanpl e, cancer nonotherapy with ()- cis-3-(5,6-di hydro-4H pyrrolo
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In cne aspect, treating cancer results in a reduction in size of a tumor. A reduction in size of a
tumor may also be referred to as "tumor regression." Preferably, after treatment, tumor size is reduced
by 5% or greater relative to its size prior to treatment; more preferably, tumor size is reduced by 10%
or greater; more preferably, reduced by 20% or greater; more preferably, reduced by 30% or greater;
more preferably, reduced by 40% or greater; even more preferably, reduced by 50% or greater; and

most preferably, reduced by greater than 75% or greater. Size of a tumor may be measured by any
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tunors may be measured by any reproduci bl e neans of neasurenent. In a
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population of treated subjects in comparison to a population receiving carrier alone. Preferably, the

average survival time is increased by more than 30 days; more preferably, by more than 60 days; more
preferably, by more than 90 days; and most preferably, by more than 120 days. An increase in average
survival time of a population may be measured by any reproducible means. In a preferred aspect, an
increase in average survival time of a population may be measured, for example, by calculating for a
population the average length of survival following initiation of treatment with an active compound.

In another preferred aspect, an increase in average survival time of a population may also be
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di amet er pgyt a bdMigound of the present invention, or a pharmaceutically acceptable salt, prodrug, metabolite,
analog or derivative thereof. Preferably, the mortality rate is decreased by more than 2%; more
preferably, by more than 5%; more preferably, by more than 10%; and most preferably, by more than
25%. Ina preferred aspect, a decrease in the mortality rate of a population of treated subjects may be
measured by any reproducible means. In another preferred aspect, a decrease in the mortality rate of a
population may be measured, for example, by calculating for a population the average number of

disease-related deaths per unit time following initiation of treatment with an active compound. In
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In another aspect, treating or preventing a cell proliferative disorder results in a reduction in

the proportion of proliferating cells, Preferably, after treatment, the proportion of proliferating cells is

reduced by at least 5%; more preferably, by at least 10%; more preferably, by at least 20%; more

preferably, by at least 30%; more preferably, by at least 40%; more preferably, by at least 50%; even

more preferably, by at least 50%; and most preferably, by at least 75%. The proportion of

proliferating cells may be measured by any reproducible means of measurement. In a preferred aspect,

the proportion of proliferating cells is measured, for example, by quantifying the number of dividing
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a preferred aspect, size of an area or zone of cellular proliferation my be
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target if modulate one molecular target (e.g., c-Met) but does not significantly modulate another molecular
target (e.g., Protein Kinase C). In another preferred aspect, the invention provides a method for
selectively inhibiting the activity of an enzyme, such as a kinase. Preferably, an event occurs
selectively in population A relative to population B if it occurs greater than two times more frequently
in population A as compared to population B. More preferably, an event occurs selectively if it occurs
greater than five times more frequently in population A. More preferably, an event occurs selectively
if it occurs greater than ten times more frequently in population A; more preferably, greater than fifty

times; even more preferably, greater than 100 times; and most preferably, greater than 1000 times
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preferably a ten fold differential, more preferably a fifty fold differential, in the dosage required to
achieve a biological effect. Preferably, a compound of the present invention demonstrates this
differential across the range of inhibition, and the differential is exemplified at the ICs,, i.e., a 50%
inhibition, for a molecular target of interest,
In a preferred embodiment, administering a compound of the present invention, or a
pharmaceutically acceptable salt, prodrug, metabolite, analog or derivative thereof, toacell ora
subject in need thereof results in modulation (J.e., stimulation or inhibition) of an activity of c-Met.

As used herein, an activity of ¢c-Met refers to any biological function or activity that is carried out by
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pharmaceutically acceptable salt, prodrug, netabolite, analog or derivative
thereof, to a cell or a subject in need thereof results in nodul ation
(i.e., stimulation or inhibition) of an activity of ERK 1 or ERK 2, or
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' one. adBanE T aRIRGR tibieh 8 s RoR G T e el Bl rhg Esconce
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checkpoint. In one aspect, a cell cycle checkpoint regulator is a protein, In another aspect, a cell cycle

checkpoint regulator is not a protein.

In one aspect, treating cancer or a cell proliferative disorder results in cell death, and
preferably, cell death results in a decrease of at least 10% in number of cells in a population. More
preferably, cell death means a decrease of at least 20%; more preferably, a decrease of at least 30%;
more preferably, a decrease of at least 40%; more preferably, a decrease of at least 50%; most
preferably, a decrease of at least 75%. Number of cells in a population may be measured by any

reproducible means. In one aspect, number of cells in a population is measured by fluorescence
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Proc Nail Acad Sci USA. 100(5): 2674-8. In an aspect, cell death occurs by
apoptosis. In a preferred aspect, an effective anount of a conpound of the
present invention, or a pharnaceutically acceptable salt, prodrug,

nmet abol i t e, wanals@gss®y derivative thereof is not signifi @aETiUSPo6OY4sE OXi C t O
normal cells. A therapeutically effective amount of a conpound is not
significantly cytotoxic to normal cells if admnistration of the conpound
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i n | mmuno
S phase of the cell cycle, cytotoxwlty via cell death in cancer cells without a significant amount of cell

death in normal cells, antitumor activity in animals with a therapeutic index of at least 2, and
activation of a cell cycle checkpoint. As used herein, “therapeutic index” is the maximum tolerated
dose divided by the efficacious dose.

One skilled in the art may refer to general reference texts for detailed descriptions of known
techniques discussed herein or equivalent techniques. These texts include Ausubel et al., Current
Protocols in Molecular Biology, John Wiley and Sons, Inc. (2005); Sambrook et al., Molecular
Cloning, A Laboratory Manual (3d ed.), Cold Spring Harbor Press, Cold Spring Harbor, New York
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Current Protocols in Pharnmacol ogy, John Wley & Sons, N Y.; Fingl et al.,
The Pharnmacol ogi cal Basis of Therapeutics (1975), Rem ngton's

Phar maceuti cal Sciences, Mack Publishing Co,, Easton, PA 18th edition
(1990). Thegs hRXk&ssan, of course, also be referred to poT/URAKIGOEH4ET UuSi Ng
an aspect of the invention. In additional aspects, a conpound of the
present invention, or a pharnmaceutically acceptable salt, prodrug,
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A compound of the present invention, or a pharmaceutically acceptable salt, prodrug,

metabolite, analog or derivative thereof, can be incorporated into pharmaceutical compositions
suitable for administration. Such compositions typically comprise the compound (i.e. including the
active compound), and a pharmaceutically acceptable excipient or carrier. As used herein,
“pharmaceutically acceptable excipient” or "pharmaceutically acceptable carrier” is intended to
include any and all solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic
and absorption delaying agents, and the like, compatible with pharmaceutical administration. Suitable

carriers are described in the most recent edition of Remington’s Pharmaceutical Sciences, a standard
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WD 2006/ 086484 PCT/ US2006/ 004456 reference text in the field. Preferred
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sodi um bi sul fatpéaarrr@t:ﬁetlad ccmgnoagmnfﬁlewerhloass fetntwdtedrie bk comipatibieewithdicet i ¢ aci d;
buf f ers syghi@brofe 6f @irfsistrafidd. TERbRSesE rouRkl Qtsatataﬁts@ammﬁ@ud%ge@ttaalf g the

adjustnment of tonjcity such as sodium chlo or dextr ose pH can be
adj ust ed VRTEKENGES atgactﬁfm%égwan@a% Arable gw@habtztﬂ)dtafl%ieaw Horygal sea trmﬁﬂhgpaﬂr oxi de.

The par entagminlstration. Solutions or suspensions used for parenteral, intradermal, or subcutaneous application

can include the following components: a sterile diluent such as water for injection, saline solution,
fixed oils, polyethylene glycols, glycerine, propylene glycol or other synthetic solvents; antibacterial
agents such as benzyl alcohol or methyl parabens; antioxidants such as ascorbic acid or sodium
bisulfite; chelating agents such as ethylenediaminetetraacetic acid; buffers such as acetates, citrates or
phosphates, and agents for the adjustment of tonicity such as sodium chloride or dextrose. The pH can

be adjusted with acids or bases, such as hydrochloric acid or sodium hydroxide. The parenteral
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46 WD 2006/ 086484 PCT/ US2006/ 004456 preparation can be enclosed in

anpoul es, di sposable syringes or nultiple dose vials nade of glass or
plastic. A conpound or pharmaceutical conposition of the invention can be
admi ni stered to acsybject in many of the well-known nethqds,gidhbas !y used
for chenDtherapeuglc treatnment. For exanple, for treatnent of cancers, a
conpound of the invention may be injected directly into tunDrs |njected
into the bl v I rough
the. ski n PR L T ERIGE AObo 8 hioBRe e R dple L FRESH BT PLTe
effectivephﬂ@atnent but not so high as to cause unacceptabl e S|de effects.

The state of tRego#| oslﬂai&qahﬁlcaﬁeuuhea%n(p%mﬁbn ofﬂ@rﬁ@eﬁnon@é@&qaﬁﬁisteream&a tuBRetl 1 ke)

and the health atient. shou refera be. ¢l osely nonit d during
and for all @ag/aﬁ%wsl?%@f Ry SR B e R e e B SRR Eaiol y
effecti vetxaartmembfdancass asacpoinelrof the inveidios may beoin@eteddirzttiyt intd frunsors, wmfemceutl cal

agent to I | r |t|on
0 o exhisipood sl eieRi Bl BEEYEN, oAt BRbIGh oA AGIREOT TG L ON:
be det ect &bpspRshapd besyEisientie constiuie ﬁffwﬂvq trpatmeptebulpat so hrzfeasm gRupegmagseftablet | ve
anmount forsmaeﬁadtaj ?Eetstéﬂ! dflthedﬁdaﬁedodamﬂ(etgh%a@e&bpre&hces ahmlyhmhmhe hegltizs®,  and

heal t h; enat extent of the cqnditio e eutic or

D et e B oS b At T St e AR e |
effective annufh‘hesterho‘rthempgutmdly flettivabmant, Cansdddedizt efers tn edamduyt afaut | ne

exper| ”E”tpﬂérrn%utﬁc??a%%dt B Jwé,‘{ E'rhéllora'fkecrz&fé Lit aﬁ‘f&%tiffé%&%@m% éﬁtlbﬁ & de&hlﬁité‘” In a

preferred aspec ease or t1on treate IS cancer.
anot her adplegable tb%@eeﬁ@é ibbiteyy eHeghdihe Pf&ﬁt qalbdstocted Ay &y assay mgtheddmown in

prolifer atieud, GheSRERR kffectif anfiit f60I4AB}R dmu deb@ldtub@fta@ﬁm}ebtfsaiowwaéﬁt acki ve
anount can

neopl ast i @ncg]éelaﬁé %lleB?tu’ie ﬁ“ ?ﬁt%‘% JF%’SB‘%‘%O“’ ﬂ‘gﬁlgltreyapf'é'tcsor C"rﬁt{’é‘@f‘% %@%ﬁpgu‘?w%ogs or
pi gs. The selentauedr admuiétrativny Thdrapeutivelludedive ancdmtsdom gien siatiampgan opdsteammed
concent r atyl, afhih ARG ARGH K S wittn tﬁgml%ﬁilfdgrh#n‘mf the{fRianYh Q7 F@éﬂe@%ﬁ&@” then

be used to deternine useful doses and rou admnistration i n humans.
Ther apeut i!tF96pAYIBLEPYI 8F F5ated dyr86H [ BIOFIET S59echilip dﬁéasﬁiéftcé}*‘?ﬂlfﬁ’éﬂ byyigeated
standar d phédelrpotifitaticadisopdencedures in cell cultures or experl ment al ani mal s,
e.g., ED50 (the_ _dose the utic f .ective in 50% ulatlon)
and LoB0 (t he SRl fomphlit PEGsbf S sBLl AR oo Rh s HEBRAE' Lo heen
toxi ¢ and cthertapeusyisce efdf eaphstioseliher in hmmdp;@d@ls,clsuahrj@ﬁs, migmdalibits, degy, orbe
expressed ;@3 TRSnHA! el MBPAHRLA 15 E@Jnﬂﬁ@ﬁﬂé%b;ﬁé’dnaﬁ%&l%@xﬁfahém&etaﬁ'@xfo gxhi bi t

| ar ge therapeutl c. Indices are preferred. The 'dosage may vary within this
range dep@htiTHESHREYN Srbintpragige C?"d}“‘“ﬁﬁbe éi‘?ﬁF"th?&“‘“E%‘;ﬁ@i‘ f9ss ang ryes fRe pati ent,
and the radhisodtioadhtiumasd. ITatrlagtic/PoggBeicaifitagni RixRity Aky etmginaijyust ed to

provide SUI {uia?cl Sp%arma!:eﬁﬁ/lca grogfduxtesb IEI cgl%ull Vigs c‘?‘ 4% en(n[eatal llmagé ﬁﬁsé Iendog he desired

effect. Fad 0 acc I'nc verlety of the
di sease stikerapeutigehyeffedtivhma0taef gfe Pt)m@tlslﬂb}nbb@sp (thggdose ladalgh 60% afible gender of the

subj ect, dbfliatiof) MRe &&ratid 5&%&% wc b tedpaufé &teet@wtﬁmergaeu& ic@DinA&koN(S) ,
reaction enS|t|V|t&es qﬂgdﬁ ance/re? ponseE,
~ be expressed as the ratio Dsp. harmaceutlc comp051t10ns that exhibit large therapeutic

indices are preferred. The dosage may vary within this range depending upon the dosage form

employed, sensitivity of the patient, and the route of administration,

Dosage and administration are adjusted to provide sufficient levels of the active agent(s) or to
maintain the desired effect. Factors which may be taken into account include the severity of the
disease state, general health of the subject, age, weight, and gender of the subject, diet, time and
frequency of administration, drug combination(s), reaction sensitivities, and tolerance/response to
therapy. Long-acting pharmaceutical compositions may be administered every 3 to 4 days, every

week, or once every two weeks depending on half-life and clearance rate of the particular formulation,
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t herapy. Long-acting pharmaceutical conpositions may be adm ni stered every 3
to 4 days, every week, or once every two weeks depending on half-life and
cl earance rate of the particular fornulation. 47 WO 20061086484

PCT/ 11S2006/W04dksssdhe pharmaceuti cal conpositions cont gichiuiGoodessside
conpounds of the present invention may be manufactured in a manner that is
generally known, e.g., by neans of conventional m xing, dissolving,

granul ating, dr e- maki.ng, vi.gat i . emul sifyi capsul.ating,

antr appi ng. or TP BER o sqnEVhOR bl Lol oFRE BRI e fhmaty e
f or mul at edeimpnefactwedie amaevatharingmenelly knowng gohp medns gbeoaveshenahmiuéngt i cal | y
accept abl edis@él{}iﬁg,%Faﬁul&t&@ﬁfr&%é-ﬂﬁkiﬁgsq‘év@aﬁ{g SN ngenigildiin &leh@Hpin fak
facilitate @é cessing of the act Lve conpound%tj nt%eﬁr,e arations that can be
used phar mEPaliging BPfeyses Bparmagsyficatcomppsitionsmaygbs fpratuiatad i #eanyenfighpl maongis pendent

upon the ruwsint eneafr mattpharinatentdally acceftbicarrieRhanprane et digalts andioposilibries fimt
sui tabl e ff?&lghtglg%&ts&g]o?th‘ésagi‘)e@%érqqus%ﬁﬁ e{ga?atgﬂs‘{ﬁé?gﬁl b%%%e‘at hASceuticMle Gt wat er
sol ubl e) or dispersidhs and sterile powders ftor the extenporaneous
prepar at i cAuss ths menropriate forplatiendp fleperdentiyperghsronte ofdgydsisgtionrho®ar i ntravenous
gdmt ni str ?ti pmm&gb&mhﬂaﬁcoﬁ@sg%ﬁ(ﬁg %it%_@@f(ogﬁj%&taﬁ%b{s%ii@l\ﬁ@ét@rﬂk &cﬁlﬁ‘&;ds @ﬁutionsh hat
acteriostatic wate nmophor . , rsi ppany, N. J.) or osphat e
b 1 or ed AT AP sgeple) g oo aberi< FRy e fop B P PBR s e PR ang
shoul d be ifjeatabit solutitdaer disgesivh. Fértiataveassadsynistragpaadnithtild garr@xd isdlsde |t nust be
stabl e un ; It

RO AR b5t JIRE G ARpE RLANBASE aR R R 1) THbyghEe

preserved agal _ nati g action of m.c _

bact eri a dnierrdingne PBRe In ghsapqsche compogiionanusidieierile apd shald peflud torihastenium
cont a: ni nghalnfegy lsﬁi’ﬁgdigihiﬁzexié@f([j ﬂ&nulst%{a%mlehndemél Mhi}i&ﬁs@frgaltﬁﬁa%ﬂirﬂ :ﬁhd si@laye/mol |
propyl ene col, and I.i qui ol. ene col . an i ke).,. . an

L Pl o iehrsahaapibaihe So g oSt pt epbfigmtsa i B AL 1
exanpl e, pprieh@n bsesobfentar disgersimgnalinaheoasininggoi dxhmpl¢, viser tethenaigiohbeifance of
the T equl &g BahbabiSorsdyidie Rod MG fRFpolendieRRAr, Ot ROMPYnd iftaise Of

surfactants. Prevention e of" m croorgani sns can be achi eved by
various arfbiyEses therepta Theprgper Auidity ¢an §a maigtgingd. dor exagiples Ryibp Mg of psgatipmyyeh as

chl or obut dedithin, PHEEdinterAB&QI e Geqatddharticls isE®MAlRAkse 0d Biperdich and bk#e udeldf many
cases, it widl bhe,preferable to i.nclude isotonic agents, .for ex e,
stgars,  poryeBnbRLSIG diet el i Sasiitf B S RBE W G PARPR Sene
conposi t i omtifupgabhasnts)det eadispde, parlens, olflorobiganply pheotl sdstasbic endumérpiabasd than be

brought abgut Int?l}{anSI Bisbsufl i Ooel ﬂ?ef_&rtc?@e QTR ithBﬂ@ag%ﬁtsﬁglee'ﬁm;\ﬂ@,!s Qrs‘é@lﬁ)’cﬁhols
absorption, for exa um num _nonost ear.ate and gel ati.n. erile

le, al :
i nj ect abl Sl i bR PupralgEcn theomroeiteh drapred 2 ispretionat iy dietifsound in
the requidod@ositivhsidah bé Frowght oyt piclAing it s@tpbsitdntal agsnewhith delgoaRompAdn, on of
| ngredi ents, Snuer Rl el AROY S, @5 e ed. fol loved by filtered
sterilization. _nqr_arl fny, o Sper s s are prepared by incorporating the
active conpoundtdriietinieciabit sehufipns coretri pedpared hamcasprmting s agtivbagioutd &pbs si on
medi um andebdied & ih SlapidpRiste sdiveat with RO bS HomBRkidiQ8 hgRBiEEmedakye. | N
t he case of st_erléﬁ "P% 5 S %or,,th,e p&?e)_gghatlon of steril E | nj ect abl e
sol ut i ons, *HEPHYL DAY [5%{? ORI e ORIBTSIPHG P BLPECBY At hat
yiel ds a pmoibbeompaihd inkes seeild wehicle gt asliagnt blcutispasiyn meldirh bedthd requered bibet
I ngredi entinérgcﬁmtsq:rom tfrdsk Me}late%ta%\)e.l ﬁftflé (!aEele @tgrile powders for the preparation of sterile
injectable solutions, methods of preparation are vacuum drying and freeze-drying that yields a powder
of the active ingredient plus any additional desired ingredient from a previously sterile-filtered
solution thereof.
Oral compositions generally include an inert diluent or an edible pharmaceutically acceptable
carrier. They can be enclosed in gelatin capsules or compressed into tablets. For the purpose of oral

therapeutic administration, the active compound can be incorporated with excipients and used in the
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solution thereof. Oral conpositions generally include an inert diluent or an
edi bl e pharmaceutically acceptable carrier. They can be enclosed in gelatin
capsul es or conpressed into tablets. For the purpose of oral therapeutic
adm ni st r at worzoogddeusact i ve conpound can be incorporat ed rRaWES2806004a5€Nnt s and
used in the 48 WO 2006/ 086484 PCT1U52006/ 004456 form of tablets, troches,
or capsules. Oral conpositions can also be prepared using a fluid carrier

forI uze &Q&fnlébffmldfsh%ﬁd%, orvs&p@nﬁlesi mrixh&nmmwa.dalédbetpr@arédl Wkirk aCfRUid da@ifer fof .
applied ora c oraIe utically
ot by & R R B RRE R R e Rl Pl oifted g SARRREE L 03
part of t leepectoratsdsi NabwedTﬂbarmabhm@/ copiphtibds, binglingseénéss andfor adjireast matatiatshe | i ke
can cont %mbeemud@é rgag of 18 LAWosifon. UL ﬁgl'et@’lﬁlﬁ ca9§ulegqm%91§!§th9ﬁke%ar§' m | ar

nature: a binder suc m crocrystal line cei | ose, umtragacanth or
gel atin; &pntainepystt hsiolloying ‘%edéef"ér%ﬁmﬁl?"“lldé@f 6%‘@”“&'”“{?: ahipdeediches ng agent

such as alngtrawstaalﬁiedellufefs¢ rgmg&bgacmh @(gélamﬁhraéxeimentauduhbsmaai 1aa¢se,m as

magnesi um glsm agent's c‘% lglmc Hd(} 1%‘10 q 0 M trch AJubr cantsucg a3 mgl IeI o

di oxi de; %gﬁ SRS ESTER AS BT 6§% SPSACERAT T, F¥%vori ng
agent suclstegrate pe%iprewmamtldanhmlhgslco&adlal glidoatmxideira syectaniys agmwh BYRYSTOFEDF

adni ni st raaacmnbafalﬂamlngsgemucﬂAa%e@&rmqaam igy1selok ue V%Cha\/d}m%he form of an

aerosol spray _from pressured container di spenser, contains a
suitabl e propefPdfinisiation by inhglatong the Ppne;.@u@aﬁqﬁéiﬁhvewwﬂ@rm 8f angerqedh sz er .
System c d@m pMdssirddadoht@ifer®adisgthsn Wheth loyntdifisasaiablgsaklldt, clgl, a gsdedhmatarbmans.
For trans r.transdermal adm nistration, penetrants appropriate to
the barri rea]#&@%%ﬁan&éﬂ&ﬁeat ed are used in the fornulation. Such penetrants
are generally FSYﬁtﬁ)mc adminipteation ¢an alsmbe byritghsmieosaf atrawssdermpl reeany. dior transravpssalicosal

admi ni st r 3t r4denHe LEhERRM RN, ;Jahén@n@aipﬁoﬁnat@iadhefMﬁlemoq)ea&h.féat&%re YRl invgs -
Transnucosal _adm nistration can be accolrlTRlal shed, t se of nasal

sprays or 'SHYREQ (Sy¢h Renetraps pregpngrally knqy in the grtiand | E’P F%ﬁ lf%’éﬁxamcp el®hct i ve
conpounds txaﬁsmufmalrauﬂnaaﬁmdudnme&rgm&th‘ﬂe gdlis,,and fukidie acid gc&ivst,wem r TredsameBalas

general |y iy Wpatloﬂ {mha% a@Jo}’nB{ i 1% 1{3\%995@ fnais{ﬁ?r%t 3 &R?xgc . @?m?sﬁ&m&f epar ed

w th pharnaceuti cal Brriers he “conpound
agai nst r apniistftions thmcrlmompmﬁs mfonmdgted lg@@liﬂtra@wasab@mgplé)lor eigamseés ease
formul ati %gﬂerdupogjlm,ﬂgwlagpl ants and m cr oencapsul ated delivery systens.

Bi odegr adabl e, _bi oco |bIe rs can be such as et hyl ene vi nyl
acetate, polyaHh38eiPgadstic ifBW% ? e Prgpares w‘g‘(ﬂﬁ?rﬁ'@%eﬁt“’aﬂﬁ PRPERRNFEEERr s, and
pol yl act i ehaawillhrotddetha @dﬁpoi]md agping papiddlinduatiaf franthh bédyr swoh atal contgolled teleasebe

appar ent tf?rm'ﬁpﬂ&em%ﬁhlh}g E@Odnﬂ ahd'fficflehea %ﬂﬁo'ﬁ@i vg{:{' anscﬁmdg%?ﬁbfge obt ai ned

conmer ci al oration a maceut | 1nc. Liposonal
suspensi orﬁ’ﬁ)CQﬂllP?@P]e aplgerp P%icbé Srdesuehas gy leve winyl adeiafeertisnhydeiasspoliigtyeelivonoc| onal

ant i bodi e%cﬁQ:oHég@@-'po@MHogs@dﬁﬁ)m@p%[}da%h@zﬁldbMc&’fﬁ)ﬁﬂfoﬁﬁreﬂ%f)mwﬂoﬁlﬁﬂldﬁ}ﬁns will

accept abI carrltetrﬁ1 Fﬁsgz y )eI tgrarled ccor gdto rret P%% k}{llOWn to

Chose. ki I BRFaIeR f Riaseaiisd g are Ttk fen et sP A popesras b

4, 522, 811 .Corporation and Nova Pharmaceuticals, Inc. Liposomal suspensions (including liposomes targeted to
infected cells with monoclonal antibodies to viral antigens) can also be used as pharmaceutically
acceptable carriers. These can be prepared according to methods known to those skilled in the art, for
example, as described in U.S. Pat, No. 4,522,811,

It is especially advantageous to formulate oral or parenteral compositions in dosage unit form

for ease of administration and uniformity of dosage. Dosage unit form as used herein refers to
physically discrete units suited as unitary dosages for the subject to be treated; each unit containing a
predetermined quantity of active compound calculated to produce the desired therapeutic effect in

association with the required pharmaceutical carrier. The specification for the dosage unit forms of
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It is especially advantageous to formulate oral or parenteral conpositions
in dosage unit form for ease of admnistration and uniformty of dosage.
Dosage unit formas used herein refers to physically discrete units suited
as unitary Jaragessisqr the subject to be treated; each upiit/useid@midasng a
predeterm ned quantity of active conmpound cal cul ated to produce the desired
therapeutic effect in association with the required pharmaceutical carrier.
The speci fih&abdnQh dcré)&lctgt@@b)dﬁa AR& 1Y Bip EnJef&roﬂﬁhtequGeqcthctg&Q@s/ H8R484
PCT/ US2006/ 0044; det&] i nventi on aq{eé |cta ed by and directly dependent on
the uni queCERANE aRdns Rarticular Bprapetic effeptitg e ac Y‘Fﬂound and the particul ar
therapeutic ef filettrapstibeppleiomytaeldosiges 6ﬂiﬁ5@ﬁx&lﬁbduﬁca&ﬁﬁdpoﬁ&6ﬂs®ﬁbﬂmthe dosages
\?Lr;hgeggﬁar clgrol?]‘gan%e nw1frﬁLe 136enpggn vaphé%pendllillg %n the a%apfa ﬁ\%(a?%fdanc and cngc(:)aﬂ n{j{tll\ér? i on
reci pi ent theeeipiont patéenti andithe e&np@nqeenwdmmt $folebcptiminian gtfpmheon@t admlrustarmgdte
practiti ongir RAmdk %Eherfa&&s metmgtt&es@@ayd ¥ dRAER. ngerfa;alng lind 64 BbAd B fuBiiehfte the
be suf

sel ected dosage Gener al fy dose shoul icient to result in
slowi ng, aRwitsievdng adpre e@ﬁvésfgreﬁrgﬂ& the, groyhfie tusrors 9d alse Arsterbly sausigs o

pr ef er abl ycompuelrfggess@omlheeiaﬁcef s HBStad mn@é frérh eboeMClatg/kd s a@es apamsoo@ange
from about 0, about 3000 a rred
aspects, %k H%afﬁg?rgﬁrr%ddafsgg% dé’f)a(ges Ca]iran%)e fkomn%elrﬁngagzk%per Xag i ?D Oﬁb B@ ng/ kg
per day. Ilngfbﬂ*lpeaéqyeén an atsmt tho desewiill be ip¢heiramge dlenboud Ad engdday trbaut 50 sayig/ day to
about 50 begﬁlﬁzl m%ﬁ?'ﬂ; abgut]25 %ﬂi’aﬁ% outt@l ﬂ@ﬂ‘d} to%@oughﬁig‘&y, %Wl flg & ABBYday to

about 10 gg? abaqut g % or ~about 0.1 ng to about 1
g/ day, daysiopabogt 4/} ’é}éa’ abaw lcgéhy,.uhmﬁaes yled &r aRHRuERs %eéwwﬁ!yd Bemaybe ust ed
for the paddjlﬁﬂadfosth‘é@atghﬂ?s wagﬂtmkgbbmdysmﬁfémenﬁ? ard 4g8 infdarsnch effg@iven years) .
An effective pha ical gvi des an
obj ecti vel y AN n% Fl?a%rﬁ cFumal er"(t)\lie'er%‘e‘r’i’%‘mh %row eg nabj%?%v%l%%em&hﬁlf ér?pg%vergﬁrﬂggt her
qualified r@wéyﬂerchmﬁetror@ﬂmnwabﬂedroeagrvesﬁoowampleaegr@smgn of afumorjme petient sy be

neasur ed WetpafutdiSHifREEreA@ ﬂﬂ@dl%@c&%tfﬂun{a‘f Tecte TR the PRMEEIATE nintbr ilARatgl] anet er
of a tunor indjcates regr essj.on. ression is also indicated b¥W8£I | ure of

tumors to FEBEEHeaREED 1w bh urg PhHEaR to raaccur plierfreaimient s sinped 2% m
"dosage effsecheraie tlﬁwme‘dosage&ﬂ’iéﬂﬁre inannareeftrs toafmoait ofax dctie: cappumd mdlprbducgr oduce
t he desi re (li)esﬁ;)ed%%)lo %al ?Ee qg%sub%ct%r?elf ject or cell. The pharmaceuti cal
corrp05|t|ons can qc dt a cont ai ner, pack, or dispenser together
with instructi dis ph@macamwlmpmpcpsatonmn anPIU@dnremogtamprap@h,toré]@pﬂnﬁe@@eﬂbﬁs and

referenceswmlgglqct{beggygﬁnﬁﬁleﬂdhggorporat ed by reference herein in their
entirety. EXAMPLES Exanpl es are provided beldgwto further illustrate

different feat lﬁlb&ateais RelRgt JFPIirations AndHEiEtRIeDH!cd NFRB SRR B AY B TIF ust rat e
usef ul netredohdgit efithetypr acti ci ng the i nvention. These exanpl es do not
limt the clainmed invention, 50

t he

EXAMPLES
Examples are provided below to further illustrate different features of the present invention.
The examples also illustrate useful methodology for practicing the invention. These examples do not

limit the claimed invention.
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WD 20061086484 PCT/ US2006/ 004456 Exanple 1. Preparation of

3-(5,6-D hydro-4H pyrrolo [3.2.14ill quinolin-1-0-4(IHindol-3-yl)
pyrrole-2, 5-dione Step | COzEr Br, CON THE H L(COPEt O To a solution of
1, 2,3, 4- tewpabwdsesui noline (100 m) in anhydrous tetr aymraboswansd 300 ),
br onoet hyl pyrruvate (53nml) was added dropwwase over 30 minutes. The m xture
was stirred for 24 hours at roomtenperature. The reaction m xture was
filtered and the solid washed with tetrahydrofuran (100 m). The filtrate
was evapor tec{ % dr . h

yl)-2-o0xo s ‘ 0

MyCl 2 Nb(%&HZ,G—th YCCZEt O Anhydrous rragne5| um chl ori de (29 4 g, 0.31
nol ) was suspended in 2-nethoxyethanol (400 m), and the m xture was
stirred for 15 minutes at 125C. A solution of 3-(3,4-dihydro-2H quinolin-
1-yl) - 2- ox&@%Prlopi oni ¢ aci d et hyl ester (76.57 g 0.31 nol) in 2-methoxyet hanol

(100 mM) was then added _and rplséf@p;(ure stirxed at 125C for 60 m nutes. The
m xture was stirred for rthr GaF's a flu cool ed and evaporat ed

to dryness. The residue E chfefi ed hydr ochloric acid (500
m) and extracted with d| chI ofjonet hane (3x500 m )Y The conbi ned organic
| ayers were then washed with 5 % sodi um bi car bonat e GpEuti on and dried over

anhydr ous magnesi um sul fate before being evaporat to dryness. The residue
was then purified on a silica gel chromatography cdum, eluting with ethyl

acet at e/ hexane LQV

qui nol i ne-| - cz?? %%&]ﬂt}c}n@?}igﬁg {e ﬁxy?t’o@uu?c!hﬁé’ﬁ%@mé%ﬂ%&n{i% th%?‘%&%}};’ 400
MHz 6: 7. Q(r@memﬂpyrawste kESymD) Wasw(eé dropwpgse over if’r(nmutei Hipe mixtwgg fvas stifrpg fog247. 2 Hz) |
4.37(m  2Thbhs aﬂo&rﬁ{eﬁuper@thbe Trorefotiol hixtde VistiilterdtlanddFbsolill Washewid (t, 2H, J 6

323)2 Et 10?)2( I(—tIE'd'ahy‘l_!ﬂf“ran Zlog mW%he fq“até/\h'oasze%)})%{afoeg ?04c?r§nespscf\-orgw 5 (830 $: él?lydré 28 qu%E)lle

y1)-2-oxopropionic acid ethyl ester as a brown 0il 117 g,

Step 2
CO,Et

N~ MeOCH,CH,OH

CO,Et

=z

0]

Anhydrous magnesium chloride (29.4 g, 0.31 mol) was suspended in 2-methoxyethanol (400
m}), and the mixture was stirred for 15 minutes at 125°C. A solution of 3-(3,4-dihydro-2H-quinolin-
1-yl)-2-oxopropionic acid ethyl ester (76.57 g 0.31 mol) in 2-methoxyethanol (100 mi) was then added
and the mixture stirred at 125°C for 60 minutes. The mixture was stirred for a further 5 hours at
reflux, cooled and evaporated to dryness. The residue was then acidified with 2 M hydrochloric acid
(500 ml) and extracted with dichloromethane (3x500 ml). The combined organic layers were then
washed with 5 % sodium bicarbonate solution and dried over anhydrous magnesium sulfate before
being evaporated to dryness. The residue was then purified on a silica gel chromatography column,
eluting with ethyl acetate/hexanes (1:4) to provide 5,6~-dihydro-4H-pyrrolo [3,2,1-i] quinoline-1-
carboxylic acid ethyl ester (31.0 g, 47%). 'H NMR (CDCl3) 400 MHz &: 7.9(d, 1H, J=8 Hz), 7.79(s,
1H), 7.17(m, 1H), 6.99(d, 1H, J=7.2 Hz), 4.37(m, 2H), 4.18(t, 2H, J=5.6 Hz), 3.0(t, 2H, J=6 Hz),
2.24(t, 2H, J=6 Hz), 1.42(t, 3H, J=7.2 Hz).
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NaOH N EtOH, H2O N To a solution of 5,6-dihydro-4Hpyrrolo [3,2,1-1]]
qui nol i ne-|-carboxylic acid ethyl ester (31 g, 0.14 nol) in ethanol (200
m) and water (200 m) was added sodi um hydroxide (30.8 g, 0.77 nol). The
m xt ure waswbeais®dssgp reflux for 2 hours before bei ng ceurad:es/ooamm
tenperature and diluted wth water (2.64 L). The m xture was then washed
wi th dichl oronmet hane (2X300 m ) and the aqueous |ayer was acidified with
concentratggshydrochloric acid to pH 1.0. The precipitate forned was
collected by filtration, washed mtm wat er and dried b?‘ ield
5, 6-di hydro-4H pyrrol o [3 qu: I’IEBI ne-|-carbo FC acid as a dark
yellow solid (23 g, 85 % R (DM5G-06), 40 . 11.95(brs, 1H),
), Etz}l-pﬁg

|_\

7.96(s, IH), 7.69(d, 114, 34, .8 Hz), 6.92(d, 1H,
J=6.8 Hz), 4.19(t, 2H J=G Hz)} 2. 91(t H J= N 2.11(t, 2H, J=5.6 Hz).
Step 4 CO2H CuO- Cr203 TN N Qui pol i ne 5, 6-di hydrot 4H-pyrrolo [3,2,1-ij]

qui noline- | -carboxylic acid (37.5 g 0.186 nol ) ,~copper chromte (13.5 g,
43 ol ) and qih RIEHAR of wmmﬁo Mﬁf 3@&@%%&\41&&“@%&5@9.: b éa%mte‘rm 2

hours. The ni xture | or opet hane
o o cd vl Tt st 0F Pt eyl T S o B PFSPI 58 4 oo bna
(2x600 M JThamtktiryvwsecheattd th relupvic Q tbwrrbdiytel being cdeted t’b56bn’(’de)1pé3ﬁflml’a@d timtedg

evapor at eq,, tthgva{éfé i? T}y}%%(t&r%%wag%ﬂ% }Q@sﬁeﬂ% ({1(!11 ontPeYhaﬁé 2?(?306%5 and the aquecys o

chr omat ogr aph
6- di hydr OJWPI-VWI&W@)‘ﬁQﬂ ‘[n@ c@ncenirjigd quncﬁmrrcrﬁeld(tozﬁ QO mecwatafqm%wawel | ow
solid. " Hchidded mgﬁon‘l\%hmth%late? al‘ﬂﬂ:ﬁ'igajﬁo kefd 5 daﬁﬁycﬁo—anqky%m@ [ﬁZ? y: .07(d, 1H,

iHs 3 gz )2 qg&?hne;{-ci@e{yﬁc QcH:l as‘)a_dgrkljf low sogd g’g 851 %}l lgl j\g\élg &I%/_ISS) d6)210 6 43( d,

St ep 5 0 CO2irs, M) 7.9¢4(5 PHMNDRQ06Y, G)%ZIBZ} HIEW 1152805 HD0E.4X6, 1TH)J=8. 8@ ut i on of

5, 6-dihydng (A nmol ), in anhydrous ether (300
m) at OCq lmgﬁﬁﬁ%%s)oxaﬁyﬁp finﬁzr) Il?t éﬁﬁz) 25.3 mmol ). The m xture was
stirred f@tepﬁo 45 mnutes at 0OC bef ore bel ng cooled to -78C. Sodi um
met hoxi de in methanol (0.5M (6054f4 was then added slowy and the mixture
allowed to warmto room t eapRratlr e. cdher ol Xt ur then diluted wth
et hyl acetate (200 m), 2 Oy | owed by a wash with
sat urat ed aqueous N

Quinocline

5,6-dihydro-4H-pyrrolo [3,2,1-if] quinoline-1-carboxylic acid (37.5 g, 0.186 mol), copper chromite
(13.5 g, 43 mmol) and quinoline (180 ml) were heated with stirring to 185° C for 2 hours. The mixture
was cooled, diluted with dichloromethane (1 L) and filtered over hyflo. The filtrate was washed with
2 M hydrochloric acid (2x600 ml) and twice with 2 M sodium hydroxide (150 ml) before being
evaporated to dryness. The residue was purified by silica gel chromatography, eluting with a ethyl
acetate/hexanes (1:6) to afford 5, 6-dihydro-4H-pyrrolo [3,2,1-if] quinoline (21 g, 72%) as a pale
yellow solid. "H NMR (CDCls) 400 MHBz &: 7.44(dd, 1H, J=0.8 and 7.6 Hz), 7.07(d, 1H, J=3.2 Hz),
7.01(t, 1H, J=7.2 Hz), 6.9 (dd, 1H, J=0.8 and 6.8 Hz), 6.43(d, 1H, J=3.2 Hz), 4.16(t, 2H, J=6 Hz),
2.99(t, 2H, J=6.4 Hz), 2.24(m, 2H).

Step 5

Co,Me

=
Z
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sodiumchloride (50 nil). The organic | ayer was dried over anhydrous sodi um
sul fate and evaporated to dryness. The residue was dissolved in ethyl
acetate (100 m) filtered through a 2 inch plug of coarse silica gel and
evapor at ed v 6 -di hydro-4Hpyrrolo [3,2,1-ij] i in-1+<yl)
oxoaceti c a%&dﬁbﬁ/&{’%yl ester as a yellow solid (5.3 g, g%ﬁﬂggzb@ﬁ()ﬁ& (CDC13)
400 MHz S: 8. 3(s 1H), 8.14(d, 1H), 7.22(t, 111) 7.04(d, 1H), 4. 2(t 2H)

;3 aSgI'SH - ﬁ H)H To gsdlvtlotn of 5 26 cﬁ'(ygt‘o-%rw%&ulgolﬁxﬁa % I?' (x)nnrogoé aEh%C/d\Icg}l‘S ether %{)((-)K *
qui nol i n- ImlatP° Greaedied exahfépfdorlﬁeﬁ%%ﬂ mle%ﬁti?emmolé 1T1@ myjxtug WS stirred £9r 3611

i ndol e- 3- %ﬁﬁh@m o tfe@yrégbﬁﬁhg Hol& mbo\, JoBiuAMMRLRY & rﬁe%{ahagwm) U'hﬂﬂw@rthegc was
addedasol tion_ of @‘gtasswmt- but oxi de (I Min tetrahydrofuran) m,

12. 4 nmol P slowivaad Big apxturs gllqyfef {f warm teryoam fampergfuge. \Jhe mé’it?’F Magthen dlky@df or
hours. Co ﬁ'ﬂfhl’ethlyﬁdc&dte (Rod i) hrhs(héd witlewatel ((0GnIo)lowdd Dy awaﬂmlﬂfhdﬁfhteﬂﬁduebﬁke

mxture st 1um gl%lorgc{e (%OZrB@ufl e)orgamc a]r}]{%ré%ts referd%tvgrraﬁlllﬂ?rd;rog%esomlfé\ssa[fﬁ \Madseva peddI | ut ed

with et hy? %St ur at ed
aqueous s é@ldrumsa; T résidae wasalisslvedrin ¢t agtae (4¥dmi) Fkteresttiranglee 3 lagkenlugﬁﬂc@ﬂdseover

22 ?g ?r; ? g S rsgiesigéu Hﬂgfeﬂ{q{o?atté% to GiRES %eaihw&4%§rray 13.4,1-§huidd¥n-$iy l lo%Suc&Rlacid

ot o e e b b RS R R e e ‘%ad% &3,

pyrrol e- 2725(@}1)@4@13) Br2itglH), 3955, 3B, B.0(t(2H)2 34, 28D % 1H NMR (CDC13) 400

MHz %&(jﬂ%s 111), 7.78(s, IH), 7.63(d, 1 H J=2.8 Hz), 7.44(s, 1H),

7. 35(d J=8 Hz), 7.16(d, 1H, J=8.4 Hz), 7.11(t, 1HuJ=7.6 Hz), 6.86 (t,
1H, J=7.6 Hz), 6.80(¢, 1H, J=7.2 Hz),6.64(t, 1H, S @ 57(d, 1H, J=8
Hz), 4.2(t, 2H J=6 Rg)oo2ued6(t, 2H, J=6 Hz), 2.24(m 3 Exanpl e 2.
Preparation of - 3- ?*5 6- di hvdr g p rv ro .23

qui nolin-1-yl)- - Nqdol -

(t)-Trans-3-(5. ‘

yl') pyrrolidine- 4

conpounds, or m es thereof were obtained usirg—-Treduci ng condl t| ons as

described in each of Procedures A through C.. 53 WD 2006/ 086484

PCT/ 1152006/ 00428 601utisnpé exft By dso-4 Rarle Ee?ml -Praumolins 15 graspedic acid mehylesten o

[3 2,1- |J](1qgj 12 rhifiel) andligdottflddethmide (0. 8g, WIS)mmddyih bsHyerods tetPahfldrofuean\at 0°kC was/ Hg. H
N OO

agded a solution of potassium t-butoxide (1M in tetrahydrofuran) (12.4 ml, 12.4 mmol) dropwise over

30 minutes. The mixture was stirred at 0°C for 2 hours. Concentrated hydrochloric acid (10 ml) was
then added and the mixture stirred for 1 hour at room temperature. The mixture was then diluted with
ethyl] acetate (200 ml), washed twice with water (50 ml), and saturated aqueous sodium chloride
solution (50 ml) and the organic layer dried over anhydrous sodium sulfate. The residue was purified
by silica gel chromatography, eluting with ethyl acetate/hexanes (1:4) to afford 3-(5,6-dihydro-4H-
pyrrolo [3,2,1-f] quinolin-1-yl)-4(1H-indol-3-yl) pyrrole-2, 5-dione as a bright red solid (1.2 g, 80 %).
'H NMR (CDCl;) 400 MHz 8: 8.5(brs, 16, 7.78(s, 1H), 7.63(d, 1H, J=2.8 Hz), 7.44(s, 1H), 7.35(d,
1H, J=8 Hz), 7.16(d, 1H, J=8.4 Hz), 7.11(t, 1H, J=7.6 Hz), 6.86 (t, 1H, J=7.6 Hz), 6.80(d, 1H, J=7.2
Hz),6.64(t, 1H, J=8 Hz), 6.57(d, 1H, I=8 Hz), 4.2(t, 2H, J=6 Hz), 2.96(t, 2H, =6 Hz), 2.24(m, 2H).

Example 2. Preparation of (1)-Cis-3-(5.,6-dihydro-4H-pyrrolo [3.2.1-if] quinolin-1-yI}-4(1H-indol-3-

1) pyrrolidine-2, 5-dione and (&

indol-3-y]) pyrrolidine-2, 5-dione

Preparation of the (+)-cis compounds, (4)-trans compounds, or mixtures thereof were

obtained using reducing conditions as described in each of Procedures A through C,
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HHIH HHHONO\YI "\ I NN NN\ Zn/f/Hg HHH N NEOH HCI H+ ON
O ONO HHL. Hh, fTHO N NNN Hcis TRANS 2:1 The active zinc-nercury
reduci ng agent for the reduction of 3-(5,6-dihydro-4H pyrrolo [3 2,1- ij]
quinolin-ly ﬁg Jgpdol - 3-yl) pyrrole 2, 5-dione was pr Hoshdopgy metal lic
zinc and HgCL %¢%34 powder (2.5 g) and nercury (I1) chﬁ???%%mko g% g) were
suspended in de ionized water (3 m) and stirred for 20 mnutes. A few

dr ops of t ture
stirred for @%éﬂ%&%ﬁa@%{%ﬁgm CRlF),dg) ‘Qjegﬂﬁ‘owﬁéi%rmgamﬁﬁglel\?\%g Htl&%‘ e-ionized
wat er (50 PiFyle-2extientotth(@@le-m ) and dried. To a suspension of the Zn(Hg)
reduci ng agent prepared as above in dry ethanol (50 M) was ﬁadded

3-(5, 6-di hydro-4Hpyrrolo [3, 21|j]qw§onnd yl ) - 4( 1H- Pweohy

pyrrole-2, 5-dione (0.35 g, 95.4 nD1. ) hefm xture was Hwetedit g refl ux
for 30-60 mnutes while dry hydrogen Hyas. was \ t hr ough
the m xture. % uoe was then cd ), an : o]
dryness. A 59% passi um car bonat e sgl utN"on (50N ) cetate (300
m) were the he Oy gadnfls | ayer—was dii ed over anhydrod% magnesi um
sul fate and éwa ¢ gi e m xturg of ()-gis-3- H
(5,6-dihydro-4FL%y o [ 3, 2%%p$fWZqU|nollg-l-yl)'ﬁ(lkkl ol X yl)
pyrrolidine-2, 5-diond and ()- trans- 3-3{ 6-70 hydro 4H 2,1-ij]
qui nolin-I1-yl)-4(1Hindol -3-yl) pyr e < di Ong WO

2006/ 086484 PCT/ US2006/ 004456 Pr oc¢ /R ion

of 3- (5, 6-di hydro-4Hpyrrolo [3, 2, 1-1i qUi nod yl) - -yl)

pyrrol e-2, 5-dione with hydrogen in

he’ presgpce of paltadi umen carbon. HH
H ONOONOONO HH+ Hr,. H

CIS TRANS
2:1

The active zinc-mercury reducing agent for the reduction of 3-(5,6-dihydro-4H-pyrrolo (3,2,1-
if] quinolin-1y1)-4(1 H-indol-3-yl) pyrrole-2, 5-dione was prepared from metallic zinc and HgCl,. Zinc
powder (2.5 g) and mercury (II) chloride (0.25 g) were suspended in de-ionized water (3 ml) and
stirred for 20 minutes. A few drops of concentrated hydrochloric acid was then added and the mixture
stirred for few minutes. The solid was filtered off, washed with de-ionized water (50 ml), ethanol (50
ml) and dried.

To a suspension of the Zn(Hg) reducing agent prepared as above in dry ethanol (50 ml) was
added 3-(5,6-dihydro-4H-pyrrolo 3,2,1-ij] quinolin-1-y1)-4(1H-indol-3-yl) pyrrole-2, 5-dione (0.35 g,
95.4 umol.). The mixture was heated to reflux for 30-60 minutes while dry hydrogen chloride gas was
slowly passed through the mixture. The mixture was then cooled, filtered, and evaporated to dryness.
A 5% potassium carbonate solution (150 ml) and ethyl acetate (300 ml) were then added. The organic
layer was dried over anhydrous magnesium sulfate and evaporated to give ~2:1 mixture of (£)-cis-3-
(5,6-dihydro-4H-pyrrolo [3,2,1-ij] quinolin-1-yl)-4(1 H-indol-3-yl) pyrrolidine-2, 5-dione and ()-
trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-i] quinolin-1-yl)-4(1 H-indol-3-yl) pyrrolidine-2, 5-dione
(0.2g).
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M /NHzZ/Pd C( \~~ 1\ MOHNNN HH A suspension of

3-(5, 6-di hydro-4Hpyrrolo [3,2,14)] quinolin-I1-yl)-4(1H1indol-3-yl) pyrrole
2, 5-dione (16 g, 43.6 mml) and 10% pal | adi um on carbon (Pd/C, wet

catal yst) (®oposegsstirred under 1 atnosphere of hydrpgeosssoieishanol
(600 M) at roomtenperature for 48 hours. The catalyst was then filtered
through a bed of Celite and the filtrate evaporated to dryness. The residue

was re- dig&ehies: ReudiBh 91333636cﬁiﬂ@r&i}ﬁpﬁ{omyﬁﬁ—y@ﬁﬂ%lﬁlﬂﬁ% @@Hm{doﬁbzl yaddi tion

of cold water. Thg_ pr e, itate \as wat er and dried
under vacRYRPES Y eor“ﬁs -‘/é’i"%e“s‘"EhSP@SEGFWB?IB HPOBGHPR 0 [ 3, 2, 1, y]

i i i ndol -3-yl) pyrrolidine-2, 5-dione (9.2 g). 'H NWR
011, 56(3 1H), 10. 661Ny | 7.43(d,

(DMBO- d6) 400

7.14(d, 2H, 6,86-6.97(m 4H), 6H th B

J=6.8 Hz), =9H3/Parm| 45. ¥ 3288 s .
Hz), 1.94(t, -Precedure C uctl N4 @
[3,2,1-i11] qQu Ryl) 4MePHndol - 8-y pyiyole- 2, di one by nagnesi um
in methanol. HHH OONOONOI1IE™ H+ NHN My/MOHMN /NH#H %HH

Magnesi um t ur n'A”QﬁpeﬁﬁorP@ 35 6Q} a@ ATRbvrrol¥s 8 laﬂq&goﬁnol ﬁ)—ﬁﬂ_ | fthd g @-ygfpyrrole

3(56d| ro-4 yrro 1 qui n ndol

pyrrol e- 2, g déﬂ“?):a_é % f%é‘“@mg f‘P” ‘3‘“"’ An ﬁ?fh%&ﬂ&s Weh‘é"ltarlpﬁﬂdfs g Tﬁ‘G r9d and
heated to mméérllunnasﬁd&rofa@dragaﬁﬁspbtﬁml @00 i) tat 0@ meriperatudford Huduess TheAfataByst
coolin t I S t 300
), vvgs he\9 sHRAE Iﬂtgmﬁc&gﬁ 4 OH}%IIW fﬁg\}ig{ g‘lét\gg% ev%? ll'&[tgdjtg d%gss H,géheéﬁgﬁ \%«ﬂ %h(
organic | a&rﬁ@?lvmg "G?hiﬂlléﬁ m‘Wé? prafivy redipitpted byl tha widitiont efceld avseer. T apssipiiateast o
dryness. TiiRrell 85dskhd Qvithasfuter BRNdriRY Ghdet aﬁuulwto%leld (@)acml(s c0mparelagHARBY3 28I Ng

40-50% et | . ace es to
(D) e G S Dot Sl b Gides s dione (92,81 TATVR (DYIS0-09 400,MHz 5
i ndol - 3-yI 1. 5|6§srrH)l 1(0cki6tve 1), 7.83(di Ghe=n6Ha), DEI(& 2P, M8 M) 6.86-4 T3, 43)), 6. F8(INNR

(260 ity . iy 1 o A

PCT/ US200618044662H -57Hé Hz), 6.82-6.89(m 211), 4.5(dd, 2H, J=7.2 and 20
Hz), 4.07(t, 2H, J=5.2 Hz), 2.87(t, 2H, J=6 Hz), 2.08(m 2H). Exanple 3.

QUi hol e Lt ARG P40l R P S S e O A e a0 5 s

6- di hydr o- WHOb\Zr.‘r%brm Hy3nagndsiung ih ngthiemedl i n- 1-yl ) - 4(1H
) H

Magnesium turnings (3.05 g, 0.125 mol) were added to a solution of 3-(5,6-dihydro-4H-
pyrrolo [3,2,1-if] quinolin-1-y1)-4(1 H-indol-3-yl) pyrrole-2, 5-dione (2.56 g, 6.97 mmol) in anhydrous

methanol (100 ml) and heated to reflux under an atmosphere of nitrogen for 40 minutes. After cooling
to room temperature the mixture was poured into ethyl acetate (300 ml), washed with 1M hydrochloric
acid (300 ml) and water (500 ml). The organic layer was dried over anhydrous sodium sulfate and
evaporated to dryness. The residue was then purified by silica gel chromatography using 40-50%
ethyl acetate in hexanes to yield (£)-trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-ij] quinolin-1-yl)-4(1 H-
indol-3-y1) pyrrolidine-2, 5-dione as a pale pink solid (2.3 g). '"H NMR (DMSO-ds) 400 MHz §:
11.54(s, 1H), 11.03(s, 1H), 7.32-7.4(m, 4H), 7.17(d, 1H, J=7.2 Hz), 7.07(t, 1H, J=7.6 Hz), 6.96(t, 1H,
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i ndol -3-vl) pyrrolidine-2, 5-dione ONOOONtBuOHFKOB u HONOONOO
+HaH _ nlH+ Hr,, H NNNNHNH Hr 050 CHHA preparation of
()-cis-3-(5,6-di hydro-4H pyrrolo [3,2,14)j] quinolin-I- I) 4(1 Hi ndol - 3-yl)
pyrrolidine ne (378 ng, 1.02 mml) was heated topSQy&ndehos
tert-but anor'%( fgldr%kﬁ and potassium t-butoxide (11 nyg, 98 prr%lﬂg Pd‘r616
hours. The m xture was poured into et hyI acetate (100 m) and washed with

t 10 \ t
and- evapdr 2t B P8 ARy st i T o af Y Bl MR RVE MR A B ©
[ 3,2, 1-i ] ]2.080m.36Di n-1-yl)-4(1H indol-3-yl) pyrrolidine-2, 5-dione as a tan
powder (276 ng). 'H NWR (DVEO-do) 400 MHz 6: " 11.54(s, 1H) 11.03(s, 1H),

7. 32 7, 4(rE

: &

J 5 2 Hz) ,L)Zlvﬂgl_ﬁ:ﬁne QZHdloﬂe—ﬁoﬂﬂZ‘B)vCls ﬂ(wlmdrﬁlﬂ-vvrﬂﬁfml1@11]4(111116]‘&’( D-Iim-tﬂl@f_ aph| c
Separati on 63113 {j%%z 585 6 D| hvdr o-4Hpvrrolo [3,2.1-ijl quinolin-
1-yl)- 4(1 e-2, 5-dione and

3(S),4(R)-3-(5, 6 D|hydro 4H—pyrro|o [3,2,1-1il pyrrolidine-2, 5- d| one HH
ONOONO HHiHUM uu CS)( HN NN H A nmixture if ¥
()-cis-3-(5, 6-QNyel 0 -4H py ﬁ" 3, 2{BLOH/KOtBwi n { nFf | -3-yl

, )
'—,eﬁ m )

\ a
2 atnN | ow

pyrrol i di ne=2H8-itene ( HH
was subj ect : r |t cal ch
chiral AD A X @ m N t| ng w {h85%

m nufles (60

rate of 3. / mnwA es. ive & faster eluting peakHat 4 5
ng) assigned 3(R), 4(S)-3-(5, 6-di hydro- 4H-pyrro|o [3,2,1-i]]
qui nolin-1-yl)-4(1Hindol -3 56 WO 2006/ 086484 PCT/ US2006/ 004456
pyrrolidine-2, /shrehagtien efid)-ds-S(otdiby dsd-HiPHE 9B d -8, mTo -y D-d6L - eéolﬁm‘)
assi gned %ﬁbhdfﬁ(ea) 5300 S¢368 md] 1gaciBolfHhshdtsdab 80 fBinZer buitdnbl (10 ml) and potassium

i er cocher st 42 e Mg AR L roRichR miloB R inp MR ER ars (B PUEAE | on
time of r eV@lﬂ@@nﬂ;owpo(jﬁQl gil). ‘Birechrganig ldyer wae deedawet. anhydrous sodium sulfate and
evaporated to dryness to give (£)-trans-3«(5,6-dihydro-4 H-pyrrolo [3,2,1-ij] quinolin-1-yl)-4(1H-
indol-3-yl) pyrrolidine-2, 5-dione as a tan powder (276 mg). 'H NMR (DMSO-ds) 400 MHz &;
11.54(s, 1H), 11.03(s, 1H), 7.32-7.4(m, 4H), 7.17(d, 1H, J=7.2 Hz), 7.07(t, 1H, J=7.6 Hz), 6.96(t, 1 H,
J=7.6 Hz), 6.82-6.89(m, 2H), 4.5(dd, 2H, J=7.2 and 20 Hz), 4.07(t, 2H, J=5.2 Hz), 2.87(t, 2H, J=6 Hz),
2.08(m, 2H).

Example 4. Chromatographic Separation of 3(R).4(8)-3-(5,6-Dihvdro-4 H-pvrrolo [3.,2.1-i/] quinolin-
1-y1}-4(1 H-indol-3-y]) pvrrolidine-2. 5-dione and 3(S).4(R)-3-(5.6-Dihydro-4H-pyrrolo [3.2,1-if]
quinolin-1-y1)-4(1 H-indol-3-vI) pyrrolidine-2. 5-dione

A mixture of (f)-cis-3-(5,6-dihydro-4H-pyrrolo [3,2,1-if] quinolin-1-yl)-4(1 H-indol-3-y1)
pyrrolidine-2, S-dione (135 mg ) in methanol (10 ml) and acetonitrile (6 ml) was subjected to
preparative supercritical fluid chromatography, using a chiral AD column 20 mm x 250 inm, eluting
with 35% methanol/CO?2 at a flow rate of 3.5 ml/minutes. To give a faster eluting peak at 4.55
minutes (60 mg) assigned 3(R),4(S)-3-(5,6-dihydro-4H-pyrrolo [3,2,1-i] quinolin-1-yl)-4(1 H-indol-3-
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Exanpl e 5. Chromat ogr aphi ¢ Separation of 3(R), 4(R)-3-(5, 6-Di hydro-4Hpvrrol o
[3.2.1-11] quinolin- 1-vl)-4(IHindol-3-yl) pyrrolidine-2, 5-dione and
3(S).4(S)-3-(5,6-Di hydro-4H yrn rolo [3,2,1-if]

qui nol i n- 1- wo 20d4/sksundol - 3-yl ) pvrrolidine-2, 5-dione Hedtrusdoettdoidss O N O
eNNO/ ~(R(RNNHH A mxture of ()-trans-3-(5,6-di hydro-4H pyrrolo
[3,2,1-ij] quinolin-1-yl)-4(1Hindol-3-yl) pyrrolidine-2, 5-dione (200 ny)

in acet OnWI)'bxrlrﬁld(nl' 2. hloﬁ%dmlamcettﬁgi%béak POSRANAL {5\9%@ last%ea aips@t 3{d 4 d

o e oy o S YO ey A A bl afieihea et Friede 2

Chr omat ogr@fphshepicel sstighnnt astedasedbddly agn feadlative retdntien dmenfselatebgmmbond? NMg)
havi ng a g&gﬁ%ﬁbe@ev%%d cal rotation assigned (-)-3(R),4(R)-3-(5, 6-di hydro-4H

pyrrolo [ gurnolin-I-yl)- 4(1Hindol -3-yl) pyrrolidine-2, 5-dione and
a slower eluting peak of the trans |sorrer (86 ng) havi ng a postl tive
optical rokahplon ssiaanng i : - uglotua 2,1-y]
qui nol i n- ,

st er eocher¢4 on time

of rel at equing d b 3 ) ptlcal rotation
measur ements wer e conduct ed i nHchl oroformat 25 ¢iat 589 nm Crystals of the
chr omat ographl cally separat&d fi+) or (-) isomers M{_prans-3-(5, 6-di hydro-4H
pyrrolo [3,2,1-0 quinolin-| )-\,_tH—lndoI 3- M) I‘h0|ldln62 5-di one may
be prepared from 2,2,2- Sronoet hanol Es\nggfapar s ss techni ques and
sl ow evaporati on at 49 Y SeE t i (9%}895 | so be prepared
from et hanol at room t efpe aporjat T19 Elg seed crystals,
such as those prepared apor stress techni ques arrpl e 6. Preparation of
3-(5, 6-di hydro-4H-pvrrolo [3. 2, 1- |l-V|qU| nolin-1-yl)- 4 2-trifluoronethyl -

p&e%: I) npil e- 2A15172<ﬂ{e;111$+)3m(1§58 @ ﬂlﬁ%ﬁfﬂiﬂﬁ;@d@ﬂql- qbﬁo@) ﬂ-yD-]411H—1ndol -3-yD) eoar ed
gccor di ng ?¥¢° % I (n?p? -gioge 2@? g%f%"mfﬁﬁg%&) wﬁgyufjectte‘f OfPI“’(%‘raB‘f?egt‘ny‘ir%‘Iaﬁai ﬂ@‘ P

acet ani de chiomaipgraphy usihg i GHIRALPAKED antingteDeinelsY.8p\. 520 thiXIVRY GRCIGng408 MHz S:
8. 16(s, | zt% R OB, 135 TuMRLAAOBHARRAAL ESTALES 10: e Dk o6

Hz), 7.58 THEP26" 8 He)
6. 66(t, € t!PﬂSﬂS%“qLIQSZ mg) Qa‘g’@(*’d‘egafw opyieq] refatiqp pssigned )t3(R)2‘}-QR) >-gil 142‘)'41{'2 95(t,
2H, J =6. 4 piBdlo [12, Q-an’mmoﬂiﬂ)l -y EXERUE-34) fyFrelidea, 5-@bn®fhnd a slower eluting peak of

3-(5,6-D hIYeg'ra.as ﬁ;%jﬁeo ggd’ n%g)gu ‘%it%a ﬁ&ugtngﬂgt%% qgtfo:r)tna[ség%d §+)%(§£])Q(19)9¥t'8% d%xy%ro 4H-

pyrrol e-2 | 'Ohe
qui nol i n- bysoly {342,1-h] mlpt@bnri Oy Lipindel Sk} @rrrolidintt 3 AdlionasAbsolute stereochernical

assignments were based solely upon relative retention tiine of related compounds they may be
reversed. All optical rotation measurements were conducted in chloroform at 25° C at 589 nm.
Crystals of the chromatographically separated (+) or (-) isomers of trans-3-(5,6-dihydro-4H-
pyrrolo [3,2,1-ij] quinotin-1-yl)-4(1 H-indol-3-yl) pyrrolidine-2, 5-dione may be prepared from 2,2,2-
trifluorocthanol using vapor stress techniques and slow evaporation at 49° C, Crystals of these
isomers may also be prepared from ethanol at room temperature by evaporation employing seed

crystals, such as those prepared b)} vapor stress techniques.

Example 6. Preparation of 3-(5,6-dihydro-4H-pyrrolo [3.2.1-i7] quinglin- 1-yD-4(2-trifluoromethyl-

phenyl)-pyrrole-2, 5-dione
3-(5,6-Dihydro-4H-pyrrolo [3,2,1-i/] quinolin-1-y1)-4(2-trifluoromethyl-phenyl)-pyrrole-2, 5-

dione was prepared according to Example 1, steps 1-6, employing 2’-trifluoromethylpheny! acetamide
in place of indole-3-acetamide in step 6. TH NMR (CDCl;) 400 MHz 8: 8.16(s, 1H), 7.83(d, 2H, 1=7.2
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prepared according to Exanple 1, steps 1-6, enploying 2-thienylacetam de in
pl ace of indole-3- acetamde in step 6. '"H NVR (CDC13) 400 MHz 6: 7.87(s,
1H), 7.49(d, 1H, J=5.2 Hz), 7.37(s, 1H), 7.3 (d, 1H, J=4 Hz), 7.02(t, 1H,
J=4 Hz), 6.%YBe@BEm 2H), 6.53(d, 1H, J=7.6 Hz), 4.92(tepci2t$200km6445¢12) ,
3.04(t, 2H, J=6 Hz), 2.31(m 211). Exanple 8. Preparation of

3-(5,6-D hydro-4H pyrrolo 13.2,1-i/l guinolin-1yl)-4(3-nethoxy-phenyl) -

pyrrole-2 Hz5ﬁctlsemeﬂ$ﬁ(35(d611DJbvdH9y ’ﬂkk(QMHF,@ISQ(d[ 3,368 ¥ik), 6.66(t, 1H, J=7.2 Hz),

Accordi ng B ?ﬁ)“géi’éﬁﬁ?%y@@%r °i1f P R Pt de

pl ace of indole-3-acetamde in step H NVR (CDC13) 400 WHz 6: 8.01(s,
IH, 7.3165 ( {m 2H,
6, 73(t TS5 = 2.99(t,
2H, J=5. 69952913—2@_@2!@1 211). Exarrpl e 9. Preparation of

3-( 5 6- Di hydr 034bjcmyiyded-4H-pydrodo 3; 211|-y]@b|ihd51@1L1| J1y-4-tidpherfl2-PYgyri@iers; £dihe Wasr T Ol e-

2. 5-di 3-

i mol 1 e et e i T P ey g2 bacsiaide iyl tiatoleckor i ng 1o

Exanpl e 1,2cetngipsinitepf. ERMBY(CBG p400 IMFz5: 2390 AERL T &H Jr5 BIHaE 8386, Idol e- 3-

gcitz?rsﬂ de 744 Sf‘I—F@-@Hz) ')‘bz't{'VB{(ICPﬁ»L)?’é %5499865&(%?66 sﬁ%g%ﬁ% 4J92§fzz<h D1 (s
7. 25% 1%” 1%671(1%3 2311,(@ 396 Hz), 6.68(t, 1H, J=8 Hz) 5. 91(d 1H,

J 6 Hz), 4.24(t, 2H J=5.6 Hz), 2,97(t, 2H, J=6 Hz), 2.25(m 2H). Exanple

T
qui nol i n- I=0=

3- (5, 6- lea;éﬂpgerrolo [3,2,1- |I]
qui nolin-1-yl) 44§ 6‘Uﬁ%}dh949¥ pﬂﬂ%‘[ﬁ'ﬁ z}%ﬁfﬁ@llner %)-4@ n‘PUttQﬂ? phéP@i? pfr?cﬁ&@rsecﬁone _

according to Exa 4- et hoxyphenyl acet'am de in
pl ace of “THAGPEES C%FE@P%%E&@“PlF}l St e%lng empﬁywnvéwpésn%ﬁammw aceplgn (g
1H), 7.5 lfdvle-Ridptamile 25ep, 6. THNMR GIRS:) 60BAHAT: SIS 1HE7.FHE1H), M3 1580 H

),
6.24(d, 1H_,J% 91t H J=6.4
ey 2, 275y Tl Btk 3 ad B Phae ThaEHE by 28
Pr epar at i dii°-&HzB2B¥H 28] =591H).63(m.8Hy| - 4- (5, 6- di hydr o- 4Hpyrrol o
[3.2,1-i/1suinolin-I- yII-pyrroIe 2, 5-dione
3- Benzo[l,EB di o_ 5- A di h
CIUI n0||n- t” le '. o 2 LA o H L G !
steps 1- 6,2, édiph @yl ng 3, 4 (et hyI enedl oxy)phenyl acet am de in pI ace of

dol e- 3- acet t
I7no?1 7 m??ne glgli)(g%éj @/Sf o Pi?‘crc’l‘ﬁt"ﬂwlﬂé@gb@?‘%ﬂg%édé m 1‘@” ofe- 22%8% 1H, J=8
Hz), 5, 9gtepared peoyrding toBampledy stepy 155, gnplgyjng pzrl@getyla@md@] maﬂqcmf indalesB(m 2H) .
Exanpl e 1?acet8ﬁ13@ﬁlrsﬁf)50m NMR%C@@I&M@U\M&' @-58d Y, T£0k 9z), 8175, 11),i7178(dt, 11,

auinol i n-lykhady PASMY b8 @AM, Rsticf, 33, 110, 7.25(m, 1), 6.87(0, 18, 1=6 112), 6.68(, 11,
=8 HZ), 5.91(d, 1H, J=7.6 Hz), 4.24(t, 2H, J=5.6 Hz), 2.97(t, 2H, J=6 Hz), 2.25(m, 2H).

Example 10. Preparation of 3-(5,6-Dihvdro-4H-pyrrolo [3.2.1-§] -4{4-methoxy-

phenyD)-pyrrole-2, 5-dione.

uinolin-1-yl

3-(5,6-Dihydro-4 H-pyrrolo [3,2,1-ij] quinolin-1-yl)-4(4-methoxy-phenyl)-pyrrole-2, 5-dione
was prepared according to Example 1, steps 1-6, employing 4-methoxyphenylacetamide in place of
indole-3-acetamide in step 6. "H NMR (CDCl3) 400 MHz &: 7.95(s, 1H), 7.51(m, 2H), 7.25(s, 1H),
6.85-6.89(m, 3H), 6.75(t, 1H, J=8 Hz), 6.24(d, 1H, J=8 Hz), 4.26(t, 2H, J=5.6 Hz), 3.82(s, 3H), 2.99(t,
2H, J=6.4 Hz), 2.27(m, 2H).
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di one 3-(5, 6-Di hydro-4Hpyrrolo [3,2,1-y] quinolin-1-yl)-4-phenyl-pyrrole-2,
5-di one was prepared according to Exanple 1, steps 1-6, enploying

phenyl acetam de in place of indote-3-acetanmide in step 6. "H NVR (CDd 3)
400 MHz 5: SdbbGosedsh) , 7.52(m 2H), 7.35 (m 3H), 7.27(scritdosdsBd (d, 1H,
J=7.2 Hz), 6.7 (t, 1H, J=7.2 Hz), 6.08(d, 1H, J=8 Hz), 4.26(t, 2H, J=5.6
Hz), 2.99(t, 2H, J=5.6 Hz), 2.27(m 2H). Exanple 13. Preparation of
3-Benzo[ b] t hi ophen- 2-yl - 4- (5. 6-di hydro- 4H-pyrro|o 13, 2, 1- tIqU| nolin-I-

vl ) - pyrrol L hi yl . [

[ 3,2, 1-if]=¥ s ’ i 8BS prepar et O Ut Ty
Exanple 1 y_)sgverps 215-6Lonerrpl oy| ng 2- benzot h| ophenyl acetamde in pI ace of

B 14(5, 11, a?%ﬂ%"&f‘@h%f%é-“.&?ﬁ”“@df A f‘?%@‘%ﬂﬁﬂﬁm}ﬂwﬁé&ﬁ e

1H, J=7.2 wagprggredaccotding tg Exan@lerlz)teps 1, mgleyingHf- J=6.8 Hz), 6. 43(t 1H,

]I-IZ )7 62H§-% rré E%&&toxﬁ)bﬁen)llmﬁtame 1in ﬁlac%@af indolebacedmndedn 5 6 l@l I&ﬁﬁ%@D@PﬁOOJ =5.6
) Tan rsroaley 0 5 Bag? fryme ORGS0 B 9 psrb PP &6 4 R -0 8,

3-(5,6-Di Wmnwmmm o=9.63H8, 2199(f, 2H, J=6 Hz), 2.28(m, 2H).

qui nol i n-1-yl) - 4- (3- phenoxy- phenyl ) - pyrrol e-2, 5-dione was prepared
according to Exanpl e 1, steps 1_6, enpl oyi ng 3- henoxyphenyl acetamde in

p| ace of 113! TIGRHATAR G f l a0 a P j [T a DN 16 e-2 03(3
| H), 8. 01((§@nelH) 7. 43(t lH J=7.6 Hz), 7. 28(d lH J=7.6 Hz), 7.15 (t

6 76(1, 1K -8 GED el a2 oy T Sty P Sike y S g o1y

J= 5. 6 Hz)accordn®id Examid], sttps 166, Hm)nl,oylﬁg ﬂlﬁﬁmceﬁlﬂ)de irb®lacd\OX ROQGA Q8E4Bdk in step
PCT/ 13S2006/t D P pMErol o
Ty |1?66 ﬁW}?no (E)SQFW@Z% 801 H’%B%Q{“ rﬁ%ﬂ?i%@’ sé")'l'd M,

3- (5, 6- Di h¥7 ﬁé[z};ﬁﬁrgt’,}HdeZF[g) £.08(dy JH, J=8 H 426(t H, 1=5.6 Hz), 2.99(t, ZH J—56Hz)

qui nol i n- 12y -245( 3- chl or o- phenyl ) -pyrrol e-2, 5-dione was prepared
according to Exanple 1, steps 1-6, enpl oy| ng 3-chl orophenyl acetam de in
pl ace of i ndole-3- acetam de in step 6. 'H NWR (DVBSO d6) 400 I\/Hz 6: 11.11(s,
1H), 8. 13(Examilll3. Prepdritionrof 4 Henzo] Ajopheri:2364t(5,6-H . ificdin-11
J=7.6 Hz), P r(3(&5;}“1\]68Hz) 6.68(t, 1H, J=7.6 Hz), 597(d 1H, J=8
Hz), 4.31( Hz), 2.93(1, 2H, J= 5.6 Hz), 216m) 12 Exanpl e
16. Prepar ati o BPF’ZQ%&](IEOPG@TB? WS- dibydrovHFpirelq (3,247 apinplin-1-yl)-pyrrole-2, 5-

qui nol i n- ldlUde)waég_lfp%r&lm:&F@IgQBEQMﬁﬂel , B¥ps1d, employimg Hb&B&hiophenylacetamide in

e o G SE P R BB £ MR (MO 0400MERS: 1LLG BB ed hccor di ng

t o Exanpl e8.41(d, $Hels8 Hi), 6,84(nhl) o4 0dy 1H; Je b Hoy, dp keliyVat2tHany.de(t i, piatcldz)of
6.71(d, 1H, J=6.8 Hz), 6.43(t, 1H, J=7.6 Hz), 5.99(d, 1H, J=8 Hz), 4.26(t, 2H, J=5.2 Hz), 2.86(t, 2H,
J=5.6 Hz), 2.1(m, 2H).

Example 14. Preparation of 3-(5.6-Dihydro-4i/-pyrrolo [3.2.1-if] auinolin-1-y1)-4—(3-phenoxy-

phenyvD-pyrrole-2, 5-dione

3-(5,6-Dihydro-4H-pyrrolo [3,2,1-ij] quinolin-1-y1)-4—(3-phenoxy-phenyl)-pyrrole-2, 5-dione
was prepared according to Example 1, steps 1-6, employing 3-phenoxyphenylacetamide in place of
indole-3-acetamide in step 6. TH NMR (DMSO-dg) 400 MHz &: 11.03(s, 1H), 8.01(s, 1H), 7.43(t, 1H,
J=17.6 Hz), 7.28(d, 1H, J=7.6 Hz), 7.15 (t, 2H, J=7.6 Hz), 7.03(t, 2H, ]J=7.6 Hz), 6.92(d, 1H, J=6.8 Hz),
6.8(s, 1H), 6.76(t, 1H, J=8 Hz), 6.60(d, 2H, J=7.6 Hz), 6.08(d, 1H, J=8 Hz), 4.27(t, 2H, J= 5.6 Hz),
2.97(t, 2H, J= 6 Hz), 2.16(m, 2H).
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i ndol e- 3-acetam de in step 6. '"H NVR (DMSO-d6) 400 MHz S: 11.1 (s, |IH),
8.17(s, 1H), 7.55(d, 1H, J=8 Hz), 7.45-7.49(m 1H), 7.36 (d, 2H, J=4.4 Hz),
6.81(d, 1H, J=7.2 Hz), 6.58(t, IH J=8 Hz), 5.92(d, 1H, J=8.4 Hz), 4.27(m
2H), 2.89(1, wdHoosdss84Hz), 2,11(m 2H). Exanple 17. Prepaﬂ@ﬁ/l!}é%l?oﬁ%fuﬁa
3-(5.6-Di hydro-4H-pyrrolo [3,2,1-i/1 guinolin-I-vf-4-(2,5-di nethoxv- hen |
-pyrrole-2, 5-dione 3-(5,6-D hydro-4Hpyrrolo [3,2,1-1])]
quinolin-1-yl)-4-(2,5-di met hoxy-phenyl)-pyrrol e-2, 5- dione was prepared
according to Exarrpl e 1, steps 1-6, errpl oyi ng 2 5- d| met hoxyphenyl acetam de in
pl ace of ildmplels aration ¢f Ryl -4 NS, 1 I h -

1H), 8. 06(%3:”01@12 ione 6 97( 2H) | 6 81(d IH - 7, 6Hz) 6.77(5, 1H), 6. 6(t.

1H J=8 H q-é 26(t 3. 63%3 3H),
3.3(s, 3H), 2.9 -szpr,dma‘*ﬁ-ayr@l )2;1-@.qmlrﬁ-l-ﬁIﬁ@éarmﬂh@YIIsﬁyrrw- phafighe on of
3- (5. 6- D hvad rpﬁbpé%cl-a;an’rdhﬁ)éﬁ Hx@mple 1-stepd 1-6|¢mpRY ing3-thiylophetylctatiiide i plack-of | UOT O-

h I I : -
EU?RXI |) npynéq?e)geﬁfe%?de 'IS?erp(;% %w;&%gﬂ%mﬁ%ﬂl@ {H?)’ %ljtlﬁ’g%% 7'\%’3 pr epar ed
accor di ng 18 meahp) ¥t H, st epE2)17.8) (deliploib He), @866hI1B; br64 -Hz), 6.68(t, 1H J=16

fl uor ophe of— I 1 t "H NMR
( DVBO- d6) r}zg&gcmaméqeggg) @bm:QHf ﬂd‘ﬁ% 2893? 253 @%‘}%?571(@%%2?[&_' J=2.8 and 9.2

Hz), 7.44(dd, 1H, J=6.8 el S, 12) 7.28 (dt 1H, J=2.4 and 8.4 Hz),
6.84(d, 1Hixadplé.18 Mieparatibn SBC(5.6-Mindrel &8 pintzols [32,198 (@inollitH -y 13382 I bro-phed Tit M

2H) 2-9(5“2?;8 5.6 Hz), 2.11 (in, 2H). 60 WO 2006/ 086484

PCT/ US200 anple 19. Preparation of 3-(5,6-D hvdro-4H pyrrolo
[ 3, 2, 1-i / Lqui n@HFA-Dikydro-4ZpyreghhiBidal-drqeinpling]-y))-4-d¥+ hlojoephenyl)pyupledes-dione

gUI( ﬁOIGI nD Tyglrp%pﬂrﬂlr’] %&M&H@éfe}z{x% el s'telpl 1-6, emplogmg 2-chlorcc))pléenyl\a,1\tgtsam1de in Eallz_acéa C(I)f accor di ng
fo Exanpl ddIiapars. er o NS Gt ool e e By SRS SHegeor o o
acet 3am ge =8 Hs}, 25-6.49(rHIINYR3 6 RVED Je6) Hﬂ})@SNHIZIHSiﬂJZI?H?,S f%?,(t, Iil?],—t‘}] BZB);Ligd,

11-1 ,
7.43-7. 55?1371‘((;35451#2)7"]5?‘“@ 71§5IZt ggé ﬁz}%ﬁzéf@bfﬁﬁz’ 1H J-6.8 Hz), 6.27(t, 1H
J=8 Hz), 5.57(d, 1H, J=8 Hz), 4,24(t, 2H, J=5.2 Hz, 2.83(t, 2H J= 5.6 Hz),
2.08(m 2¢3I}dm B MBSt of@r@mlﬁm&mﬂem(é,zﬁ-zﬁqfamempr htang st @h@ndxd- 2, 1-1] ]

qui nol i n- 1-yi I chl oro- phenyl)-pyrrole- di one
3- (5, 6-Di -Rypeley [3,2,1-i]]

qui noni n- 1-yl ) 345 6-Dikdel- u’nbyaﬁﬂo ptrelnz)ﬂlq)lmﬂw I-gl)-@-(2,5-dametlthixppRenyi)-pypole P ar eg

2 .6- { i
ol ace of i s iE BehifegeceRiS phinhue C AR, KRS SR AERAGT 52 (O
D12, 8. 2 7ass ofliole - FueBBICE 6ReMA, BV ENYR-a) 4MES 5710938 11D, 6,064 4D, 11
J=8.4 Hz), 6@7(43%;(1}16 s 10 79 4189, 6. AL 11, 6.6@ 1, =80, 6 92k ) 11, 128 DG 428t )= 5. 6

Hz), 2.11
) (J =5 2HH; 3.63(s, 3H), 3.3(s, 3H), 2.9(t, 2H, J= 5.6 Hz), 2.11(m, 2H).

Example 18. Preparation of 3-(5,6-Dihydro-4H-
phenyl)-pyrrole-2, 5-dione

3-(5,6-Dihydro-4H-pyrrolo [3,2,1-if] quinolin-1-y1)-4—(2-chloro-4-flucro-phenyl)-pyrrole-2,
5-dione was prepared according to Example 1, steps 1-6, employing 2-chloro-4-
fluorophenylacetamide in place of indole-3-acetamide in step 6. 'H NMR (DMSO-dg) 400 MHz 5
11.11 (s, 1H), 8.16(s, 1H), 7.57(dd, 1H, J=2.8 and 9.2 Hz), 7.44(dd, 1H, J=6.8 and 8.4 Hz), 7.28 (dt,
1H, J=2.4 and 8.4 Hz), 6.84(d, 1H, J=7.2 Hz), 6.66(t, 1H, J=8 Hz), 5.98(d, 1H, J=8 Hz), 4.27(m, 2H),
2.9(t, 2H, J= 5.6 Hz), 2.11(m, 2H).

-4—(2-chloro-4-fluoro-
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Exanpl e 21. Preparation of 3-(5.6-Di hvdro-4Hpyrrolo [3,2,1-Y]

qui nolin-1-yl)-4-(2-brono-phenyll- pyrrole-2, 5-dione

3-(5,6-Di hydro-4H-pyrrolo [3,2,1-ij]

qui nol i n- 1- Wo 1ofls/dseaskr ono- phenyl) pyrrole-2, 5-dione wascRiSRGRAsaccordi ng
to Exanple 1, steps 1-6, errpl oy| ng 2- brormphenyl acetam de in place of

i ndol e- 3- acetamde in step 6. "H NWR (DVBO-d6) 400 MHz 6: 11.09 (s, 1H),
8.17(s, 111), 7.75(m 1H), 7. 37(m 211) 7.33(m 1H), 6,81(d, 1H, J=7.2
Hz), 6.58(t, IH J=8 Hz) : d, 1H 4.26(t, 211, J 5 6 Hz)
2.9(t, 2HE xmli frgparation o 2p-Dil Vet ‘ guino] e Ly }-A--naph 1

3-(5. 6- Dtyﬂmag%—m@grolo [3.2.1- |II qui noI|n I vl -4- indoI-I yI p~rrole- 2,
5-di one 3-(5, 6-

qui nol i n-1-yl) 3?5 ﬁ%‘@'ﬁ %Fyrﬁ&o[ ’giléﬁﬂ“‘hém]cﬁ YhEnaReepe Ly Epagie ¢dio8f ng to

Exanpl e 1,waspepsedlacGyrdientp Esymplgl, Mepnid@leymblofing betpathydestinrideh akee afindoledel e- 3-

acet am de / ( 81 1H)
7.58(d, 1&%%@&9@; 8%99)6303%@%& !?lﬁﬂ?f(s : 8% J%ﬁ’ 3=

Hz), 6. 74(Tef7(d HL I78 Bwé_(sl 1%1—;;%7% ssou,émml ] >6ﬁ4d ki,

5.63(d, 1H)b528(tHa), I=¥Ha38(37(d, 2H, =4 78), 8.24 bH, R:58%z]12. 8R40 H = 5%}@)&@8@: - 11(m
2H). 61 006/ 086484 PCT/ C82006/ 004456 Exanple 23. Preparation of

3- (5, 6-Di rTo-4Hp)rrolo [3.2.1-0 quinolin-l-yl)-4-pyridine-3-yl -

pyrrol e-2, 5-dione 3-(5,6-Di hydro- 4H-pyrro|o [3,2,1-1]]
qui nol i n- Tsyh b 4 Py ol - 5:1PA.ER3GeHARCOT 41 ng L0
Exanpl e 1,7 steps 1- yT ng i ndol e- 3-
acetamdeﬁhﬁﬂ&MNR (DI\/BOdG) 400 Mz S 11.14 (s, 1H), 8.53(m 2H),

513H12S S,7 %H) B(3 8(hyddoth - %406[3|2|21)z]q21n61m1(1dﬂ) 4% b6-ditRrdroSphamd) ;Bjrrblé)z 5.6. 86(d
J=5.2 Hz), J_gf) @éi?repf’%ﬁa“j’g‘@ t%gﬁi‘?r‘z‘z“ipé?rﬁ? ‘é&"’i“}g@ %i‘é‘ﬁ%‘ﬁ’%heﬁi“e‘iﬁné%a} ation of

3- (5, 6- Di hpjede of iddelegnaeintle 1Bstep, 61 1HNMIba]M$ﬂ)-d0-4GDMH)16:4112(355 BER BB (sHD,
i ndol - 3-yl, )5'3F7y62§f9 3?—!%268556 E’H(’Jﬂ?z?ﬁré 16%& [Pfi;‘ié‘éﬁ g'éfo%zfdr ﬁ'ﬂsi{i‘y 32’?& bilj=5.6

qui nol i n- l}!% di'ohe " was prepar ed
accor di ng H% 28t Je 50 Hzy2dpen. BHE enpl oyi ng 5- br ono- I H i ndoI y- 3-yl acet ani de
in place of indole-3-acetamde in step 6. ' NI\/R(DI\/BOdG) 400 MHz S:
11. 77(s, . .

1H, J=8.4 F¢J3 i F=2 gt 6 ] g
6, 76(d 1I-mfrrdla-’2,2d1bim) '6.55(t, 1H, J=8 Hz) 636(d 1H J=8 Hz), 4.25(t, 2H

é ?5 6- D| hydr o%ié&ioy}@rd{) &)3’03 [lf‘f%)l’q %Uﬂllzlslng‘ Ylﬁ@(.‘z-b@a%ip%rgl)%grroﬁrze?%ggl on of

pyrr ol e- 2, Was puspasprbacgurding ‘eﬁaﬁmglelh@tenﬂ mebmg F*bmzlomheinyl]acetamlde in place of
qui nol i n- Zingplel3-befaiide GH k641N NMEY (DN @d 3 40PNz 818 009 1H), 8.17(s, 1H), 7.75(m,

1H), 7.37(m, 2H), 7.33(m, 1H), 6.81(d, 1 H, J=7.2 Hz), 6.58(t, 1H, J=8 Hz), 5.95(d, 1 H, =8 Hz),
4.26(t, 2H, J=5.6 Hz), 2.9(t, 2H, J= 5.6 Hz), 2.11(m, 2H).

Example 22. Preparation of 3-(5.6-Dihydro-4H-pyrrolo [3.2.1-if1 quinolin-1-y1)-4—indol-1-vl-pyrrole-

2. 5-dione

3-(5,6-Dihydro-4H-pyrrolo [3,2,1-if] quinolin-1-yl)-4—indol-1-yl-pyrrole-2, 5-dione was
prepared according to Example 1, steps 1-6, employing N-indolyl-2-acetamide in place of indole-3-
acetamide in step 6. 'H NMR. (DMSO-dg) 400 MHz 3: 11.21 (s, 1H), 8.18(s, 1H), 7.58(d, 1H, J=8
Hz), 7.52(d, 1H, J=3.2 Hz), 7.01(m, 2H), 6.91(t, 1H, J=6.8 Hz), 6.74(d, 1H, J=2.8 Hz), 6.71(d, 1H,
J=1.2 Hz), 6.4(t, 1H, J=8 Hz), 5.63(d, 1H, J=8 Hz), 4.28(t, 2H, J=4.8 Hz), 2.85(t, 2H, J= 5.6 Hz),
2.11(m, 2H).
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prepared according to Exanple 1, steps 1-6, enploying pyridine-4-yl acetam de
in place of indole-3- acetamde in step 6. "Il NMR (DVBO d6) 400 MHz S:
11.17 (s, 1H), 8.53(m 2H), 8.54(d, 2H, J=6 Hz), 8.17(s, 1H), 7.32(d, 2H,
J=4.8 Hz), GuBRbehscdkld, J=7.2 Hz), 6.69(t, 1H J=7.6 HZ%P@U@@()&%NOMR% J=8
Hz), 4.31(t, 2H, J=6 Hz), 2.94(t, 211, J= 6 Hz), 2.16(m 2H). Exanple 26
Preparati on of 3-Bi phenyl -4-yl-4-(5.6-di hydro-4H- pyrrol o [3 2.1-/fl
quinolin-1-yi)- pyrrole-2, 5-dione 3-Biphenyl-4-yl-4-(5,6-dihydro-4Hpyrrolo
[3,2,1- ij]E qU| noI|n 1- I)-yrrole 2, 5 di one vas prepared accordl ng to
Exan-ple 1 TR x a8 100 A d ,‘ YELQ el =2 s LT iy
i ndol e- 3- Mammel n step 6. 'H NI\/R (acetone d6) 400 MHz 3 8 08(s 1H),

T T Rephydgrmbl G2 Gk iR s gl oS Gl T4

J=8.4 Hz) prepar@ﬁcmrdlﬁg-t)a Exan@el, rs‘;epQH,,emEloﬂlﬁg pyridinel3-yl@etantide BQ0E, 08iGdB:43-
PCT/ Uszooﬁée@?a%dje\riﬁsteﬁ @Nﬂﬁ ]ZME’O% %@M}E'B Plf143(s (19, @ g nmlﬁﬁ 14K mﬁr rolo

f3, -dl _qui nol 1 n- - I'f onyl -’ phé %rrole 5-di one
3-(5, 6- Di AySdoEEETRHPol-L(¢ 112 Jf4ﬁpTd8Hz) 686( 1H, PS4, 66b 0, 118 J=7.6 Hz),
qui nol i n- 5.9y4d) 7484 AB Hn eE=5Q1He), 29B@ T, )= RY HEQL 6, 2H)S- di one was pr epar ed
according to Exanple 1, steps 1-6, enploying 4-
nethanesulfonylphenylacetanlde |n place of |ndole 3 acetamde in step 6. 'H
P (024, e 2 >f 393 Y H 3 P 2-0F 211
J=8. 4 Hz)indgl._ﬁ - ,Sd@mgl(d IH J 7 2 Hz) 6 73(t lH J 7 6 Hz)
5.95(d, 1 = (t (t, 2H J=6
Hz), 2.29(m M@De‘(érm%wzrso[b? éﬂéﬂla@qhaﬁ y&r4 Tﬂé’@“@ 1E§’ﬁ9?ir3d’lhl?¥rﬁ\?r2r§>| 0
[3,2,1-i] HlOﬂMWﬂCﬂrdereclac}ébr)imétc(]&afnblefl]dﬂépﬁ Q@Rdntpydying 5-bromo-1H-indoly-3 -ylacetamlde

ui noI i n-4- e-2.1 r
5! 5011 i R e P € i B chob A el B B piaR Y6526
sul fanyl ) 1By 7 B&(selh, 7. @(‘ﬂllHnJeZ\Mck) grédalbd=StHor tididd, 1 5, JER andd.€H2), 6.8%(déps 1- 6,
empl oy 151 L 81§ rld WETIOTR Yk kL Rok | VAL, mest el ios plage of
|ndole3acetamde|nse 400 NMHz ,
Hz), 8. 11204t 284= %ﬁgz)ﬂi-ﬁ)" 219. 05( s, 1H) 7. 68 7.82(m 4H), 7. 23(s 1H),
6.83(m 2H), 4.21(t, 2H, J=6 Hz), 2.92(t, 2H, J= 6 Hz), 2.21(m 2H) Exanpl e

f

[22 ng_er)?tiﬁt b0 0104'3 %?-zﬁ cngmcmﬁq A5 A Rh L

3- (4- Benz@ymgigt&.ﬁﬂhm@l) 4- (5, 6-di hydro 4H—pyrro|o [3,2,1-ij]

qui nolin-1-yl) 3pyg. Dmygro?flvHﬁ'rroQ' 9@@:\]\@&&&&% yﬁ&fewﬁwgom el 1,
steps 1-6, enploy |n - benz onyp enyI cetam de’ i

i ndol e- 3- ALY 0&3 lpﬁtosﬁxépplel stepp NRRMpeying Byridasd- ﬂwgeldew Rigsesfingqlg3- 7 5 g,
2H J=8. 8 acdumide i st336. Tﬂmm(nﬂspdﬁ)&oema PH 7 (3 718D),.3.93m),, 219, 8B(dI 2H U J=7. 2
6. 73&1&& ségt(s,trh‘j Fﬁ({%g—%jﬁ igﬁ(‘?(l{ni{’ 1%7;%3}1% §8e 18, 086 B, S B, (L. 2H

6 H2)
Hz), 4.31(1, 2H, J=6 Hz), 2.94(t, 2H, J= 6 Hz), 2.16(m, 2H).

Example 26. Preparation of 3-Biphenyl-4-vl-4-(5.6-dihydro-4H-pyrrolo [3.2.1-#] quinolin-1-vI)-

pyrrole-2, 5-dione

3-Biphenyl-4-yl-4-(5,6-dihydro-4H-pyrrolo [3,2,1-if] quinolin-1-yl)-pyrrole-2, 5-dione was
prepared according to Example 1, steps 1-6, employing 4-phenylphenylacetamide in place of indole-3-
acetamide in step 6. '"H NMR (acetone-de) 400 MHz 3: 8.08(s, 1H), 7.6-7.73(m, 7H), 7.48(t, 2H,
J=6.8 Hz), 7.39(d, 1H, J]=7.2 Hz), 6.84(d, 1H, J=8 Hz), 6.65(t, 1H, J=8.4 Hz), 6.23(t, 1H, J]=7.2 Hz),
5.97(d, 1H, J=8.4 Hz), 4.38(m, 2H), 2.98(m, 2H), 2.28(m, 2H).
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Exanpl e 30. Preparation of 3-(5,6-D hydro-4Hpyrrolo [3,2,1-iil

euinolin-1-yl)-4-[4-(2-norpholin-4- yl-ethoxy)_ phenyll-pyrrole-2, 5-dione

3-(5,6-D hydro-4Hpyrrolo [3,2,1-ij]j

qui nol i n-1 2- nor phol i n-4-yl - et hoxy) - phenyl ] - p -2 5-di one

was prepar eﬁJ&zg%‘{ﬂgﬁ %g to Exanple 1, steps 1-6, enployi nl)g/é'Tr/6)428}06?0044:’6

4-(2- m)rphol i n-4-yl - ethoxy)-phenyl acetam de in place of indol e-3-acetam de

in step 6. "HNW (CDCl 3) 400 MHz 6: 7.95(s, 1H), 7.48(m 3H), 6.86(m 3H),

674(t IHJ8Hz)623(d 1HJ8 Hz)426(t 2H, J=5.2 Hz), 4.16(t,
% dpia Tahvidl & Q 1 0;1 -2

763 WO 20061086484 PCTI US20061004456
Exanpl e 3 reparatl o - ro-4Hpyrrolo [3,2, 1-i h

ol Tyl ) - o DI AR PRI T3 1T AUl 9- gy s odonss St fesmelerbact ur o
of 1- naphtstwdneb.@mepaeedaedoehn(gétaﬁﬁ@n 1601, gtépsrlfm?ln}l loynd £, 6- di hydr o- 4H-pyrrol o

[3,2,1- 1] ui one (88
302 Rk i B o 6 b Y5 LR BBl

pal | adi umNBz §r8109G9 LH)r17.2(d) 2 Fred 4 Mz)rl. )1 (d, Bl Hahd Hz), 2.64G. 1H), 6. 86, WHaE@d BIaHCO3 (1
m), and vehgng =74 I)iz)%(é“‘%ﬁt}%‘é 43%), 11%&9}#5‘4‘%%%3%@9% 5.9, om, Ropis, After
cooling to roomtenperatureé he m Xture was extracted wth ethyl acet at e
(3x15 m) ZAEeBhcent r at ed. The residue was purified by silica gel
chromat ography, eluting with et hyI acet at e/ hexanes (1:4) to afford
3- (5, 6-di dre 8. Preparat(o - i1 quinoli trlﬂ oromethyl-
qui nol i n- =y a-bright
red sol i d quinoling pMER-dic3CD) S: 1. 80 1. 92 (m 2H) 2 72-2.80 (t,
J=6.0 Hz 2H) ; 9 - (s, 1H,

5. 72(m H% 3- é§6 %y@ro t&f fayrr(ﬂ]o‘[@ 2q z}]{ﬁumalﬂ)l ylﬁ4—§9frﬁ]u§1%ﬁ1@@l‘ly13tgﬁn’oluﬁ4 ﬁ, Y 28(dd,
J= 6.8 Hz,S @an&l) syrzp%S qquf wasrprs@reﬁ aaog(dﬁg to Efjampie lggters 1-6, Fl)lplowl?g yd¢d J= 8,4
Hz, |1 -1),(triflu&2dethylaqnalinyithiolabdtamide i plass of likdple- 351>éal‘nfﬂl|dem?sﬁp 6Prieparat i on of

3- 6- I i I dol -
) or AR ARYL 000 (2o dplh b BRIt (5 PBE Ml ] e
qui nol i n- 1'AA3Js41KD66. BimnsHD), 4. H(. AdJF6 BTZ),'BW(‘F;?HIJOI@ZZNE!(ID@MM was prepared
according to the method of Exalnpl e 31 enpl oyi ng phenyl boronic acid in place

1= 5 2 HZ) me%ra.@ét(lfgnl %bﬁl- rrl% NE_dig

of ] ] =
5.6 Hz, ) : ; =610 j . CHEECERS
SH), 7. 11 m@ﬁglmg,ssmeﬂg) 7.22(dd, J = 8 4 Hz, J'= 1.2 He, 1H) 17.38(d, J=

g ?SHE o rogiagg%/zo %hﬁﬁg((iﬁd}r@ %&Fﬂ?ﬂoﬁ %ﬁ’ gJu?ogiﬁﬁ}Fd Aol 5

met | r oxy p ey Mes prepaied desiordnay Fxﬁﬁweﬂ@ﬂ@iﬁi ;65 mﬁ@mge“ Qef(lﬂosﬁpbflmﬂéﬁtﬁmm pyrrol o
[ 3,2, 1-i ] Jpdslbnatlolem-Adtiamidd iif stepled - ARIMYOKITNG A0 Dtk b+, %@@hﬂﬁ?fﬁ(d} 2H pyg.gol e- 2,

;8 one v REILE ] %m%?@%g% 36 KRN Dol £ Bt 60

(CD3CD) S:1H2J<39+EP2), 1580808, 2122 5(R 2B0K=6.6 HEy; 2.99(t, 2H, J= 6 Hz), 2.27(m, 2H),

Example 30, Preparation of 3-(5.6-Dihvdro-4H-pyrrolo [3.2.1-i] guinolin-1-y1)-4—[4-(2-morpholin-4-

yl-ethoxy)-phenyl]-pyrrole-2, 5-dione

3-(5,6-Dihydro-4H-pyrrolo [3,2,1-if] quinolin-1-yl)-4—[4-(2-morpholin-4-yl-ethoxy)-phenyl]-
pyrrole-2, 5-dione was prepared according to Example 1, steps 1-6, employing 4-(2-morpholin-4-yl-
ethoxy)-phenylacetamide in place of indole-3-acetamide in step 6. 'H NMR (CDCl3) 400 MHz &:
7.95(s, 1H), 7.48(m, 3H), 6.86(m, 3H), 6.74(t, 1H, J=8 Hz), 6.23(d, 1H, J=8. Hz), 4.26(t, 2H, J=5.2
Hz), 4.16(t, 2H, J=5.6 Hz), 3.77(t, 4H, J=4.8 Hz), 2.99(t, 2H, J= 6 Hz), 2.87(t, 2H, J=5.2 Hz), 2.65(m,
4H), 2.28(m, 2H).
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6.0 Hz, 21-1), 4.15(t, J= 6.0 Hz, 2H), 6.62-6.68(m 2H), 6.73(s, 4H),
6,77-6.82(m 2H), 7.18(d, J= 8.4 Hz, 1H), 7.33(d, J= 8.4 Hz, 1H), 7.53(s,
11-1), 7.91(s, 1H). Exanple 34. Preparation of 3-(5,6-Di hvdro-4H pyrrolo
[3.2,1-iil] oo nodosguslv]) - 4-(5-(3-net hyl phenyl)- 1H i ndol PGrys2pocaissel e- 2,
5-di one 3-(5,6-Di hydro-4Hpyrrolo [3,2,1-i]

qui nolin-lyl)-4-(5-(3-nmethyl phenyl)-1Hindol-3-yl) pyrrole-2, 5-dione was
prepared according to the net hod of Exanple 31 enploying 3-nethyl phenyl 64
V\02006/048ﬁ : LN [

bor oni ¢ acf& A S 15 i e s " I-2.88(t,
J=6.0 Hz, i J56Hz 650(d J—72Hz 6. 64(t,

. 7.08(t, Af“%“i?ﬁ“%ﬁé"“@"‘%‘é aﬁ@%ﬂ g2y gl e p?%@fﬁ)w 25 60d.
J= 8.8 Hz Yl mmyohnﬂyu‘é((é bromay 1 H-indgiejed) pyarpip-2, EdianaiBRmes).2 pmeh Grrenered s iaf

(1 )H Tr Snls %xeés,l@aw t&vatrs&rpﬂéﬂy hésgﬁﬁh@pz{ll&lu%n grﬁdl bd) idiue (1 B, th)nollﬁl(zmﬁ br2 OTA)f-]
i ndo e- Ol O
0 ey RUEER! ey e Bk T WISt P 0 L2140,

Exanpl e 24poligso e trogerratare, the it waeedragtall witisthybaetate iibd 5 in) aik eompdngratgd.

(F;L :) (r:] gf‘ Iu rn e | '1§|e )résfgyé/ \!V@ lpgrliﬁe)d'bP sﬂ@as%:lgclf'éna@(i;?%pn}y g{uﬁ%%%ﬁ{ 1 QJegtthgxa%cs]ﬂ ]41 ‘Jo

(CD30D) 8:2 fgrdﬁgj% d@@/(lrﬁﬁb@ﬂyﬂ)olo (3, 296’( ﬂumc‘)jm—lgfltﬂ(p_ﬂ na@]lbyl le;ndPQ’()yl) p)jn:oleBZ j Hz,
2H), 4. 40(dibne ds—a Wright rbizsonﬂ Ho.mgd 7 B2), dH NMR @:Iﬁobbza 128001, 92@m8ﬁi)62 951.80 (1,3ED.0

() - ans- 2% 3062 arAgur el 21 ooBRIRLE 155 o gise B GG s e et o
| H-i ndol - 3Y42)0 Ky tHp 7 DQ}7ﬁ@(HQ2H)53dB(ddLé“58(fB,JG—wmwmrm&b%(md}ﬁ ’{81(52,111)3| il
qui nol i n- ijﬁdﬁkgnghg@yﬂggtﬁJ. g\@lg& 1B YA onsPyiyr ol e-2, 5- dione, prepared as in

Exanpl e 32, was reduced I'n met hanol “as descrl bed in Exanple 2,
Procedure C, to yield ()- trans 3-(5, 6-di hydro-4Hpyrrolo [3,2,1-ij]

qui nol i n- | Baathpld 31 SPrevaciwl ofl3H5 .61 DRk o-8H-pi ol 2010} liqdinbiar- B/,lEE('dehexﬂﬂ‘r.lH-'ix’rdoNl\/R
(CDBAD) 5:5 2 0= B:nlB 44 m 2H), 2.94(t, J= 6.0 Hz, 2H), 3.92-3.99(m 1H),

4. 00-4. 08( J= 6.4liz, IH),468(d J=6.4 Hz 1H),
6.88-6.97(m 2H)(56D7h)@¢6‘§f-PYI‘H)10 [32,1iﬁ-qvlnﬁlﬁl€1rﬂ)4iﬂ5bphen3’1 11?4@0143%@’1&]3)’1”911*&)2 5Exanpl e

37. Preparfdie s B’Epa(eﬁhcc-gfd@r@sto fhe ('nithgd 91' MQ5193 f"é’rhﬂ?&ﬁfu{glodh%yl@orgméacﬁd ih place of

2“'( 2°|6' nD, Lﬁqfﬁg fi,hérﬁw acid. OH[}é\/Ig (gnqqq)s 2 105, YS(m, '3 8o, 52 5\ uz 2m), 4d1's?,nﬁ
qui nol i n- 154 Yz, 4H], 3:61¢, rJaphtszlH)L 6175-60.85; SDy7T.) 1-PY0mMOI IE); 222(dbJ eisaing, I’prigpar ed

as in Exar’% ?@2438%5846'}9# S\ggtsqg}l;%dar thanol as described in Exanple 2,

Procedure 1°d ro-4H pyrrolo [3,2,1-ii]
qui nolin-1lyl)-4- (5 (1- naphthyl) IH-| ndol - 3 yl) pyrrolidine-2, 5-dione. "H
NVR ( CD3OQxample 33.8%ephraBed off3-(5 bDinydio- @ﬁ-b?rrc@@l@@l-z}h m011r21v7)44 &- @8( m 2H),
&Z,?Z_ 3. 83(nrlgthoji({'_Qh’a;]?ﬁ'-I%fnadl%%l{?)vrro e-2. 5-dione a(d 'H,4.62(d, J=6.4
3-(5,6-Dihydro-4H-pyrrolo [3,2,1-i/] quinolin-1yI)-4-(5-(4-methoxyphenyl)-1 H-indol-3-yl)
pyrrole-2, 5-dione was prepared according to the method of Example 31 employing 4-methoxyphenyl
boronic acid in place of 1-naphthyl boronic acid. 'H NMR (CD;O0D) 8: 2.09-2.18(m, 2H), 2.90(t, J=
6.0 Hz, 2H), 4.15(t, J= 6.0 Hz, 2H), 6.62-6.68(m, 2H), 6.73(s, 4H), 6.77-6.82(m, 2H), 7.18(d, J= 8.4
Hz, 1H), 7.33(d, J= 8.4 Hz, 1H), 7.53(s, 1H), 7.91(s, 1H).

Example 34. Preparation of 3-(5,6-Dihydro-4 H-pyrrolo [3.2,1-f] quinolin-1y1)-4-(5-(3-methylphenyl)-
1 H-indol-3-yl) pyrrole-2, 5-dione

3-(5,6-Dihydro-4H-pyrrolo [3,2,1-if] quinolin-1yl)-4-(5-(3-methylphenyl)-1H-indol-3-yl)
pyrrole-2, 5-dione was prepared according to the method of Example 31 employing 3-methylphenyl
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1H), 6.80(d, J= 6.8 Hz, 1H), 6.78(t, J= 8.0 Hz, 1H), 7.46(s, IH),
7.07-7.13(m 2H), 7.18-7.23(dd, J= 8.4 Hz, J= 1.6 Hz, 2H), 7.27-7.34(m
2H), 7.41-7.49(m 3H), 7.78-7.83(dd, J= 8.4 Hz, J=3.2 Hz, 2H), 7.86-7,90(d,
J= 7.6 Hz, WHd)2006f8s40 20061086484 PCT/ 1j S20061004456 BExmmplis2008804456
Preparation of (t)-Trans-3-(5,6-di hvdro-4Hpyrrolo [3,2.14j,1
ouinolin-lyl)-4-(5-(4- nethoxypheny4-|Hindol-3-yl) pyrrolidine-2, 5-dione
3- (5, 6-Di myxdﬁleaé}&h@yarowﬂlqlablah)a bdrohik: heid. 'H NMR (CD;0D) 8: 2.00-2.10(m, 21-1),2 11(s, 3H),

qui nol i n- (5 N n - I Y

pr epar ed lbﬁﬂ@ﬂ%ﬁé% wﬂfe}é&ééyﬁ}btﬁ9%:}l ﬁzrret %?&l(ﬁ% Zigg%dltﬂg' din
Exanpl e 2 67%(&1@!1@}@ 6@5(dt I 8/ Jat, dHY, )04y bl 18- (1D, GO, Fryfcbr Iz, AH), 2R (ddlTe
[3,2,1-i]] Obigfiy! 9=64 h hanylodslidyi ndol - 3-yl)
pyrrolid Sl%w?ﬁ 2-0%0@7%@ HZTTBJ&D@X%@ ik a)(-2 lgg (m 2H), 2.98(t, J
Hz, 21-1), 3.80(s, 3H), 397406(m 11 1), 406414(m 1H), 4.38(d, J
Hz, 1H), marﬁﬂém Plepafitich dfk_,) Thand B +(5.8-d86dr0-4 Iy rr8lo43.47-i/] @tifolin8 y§-3-(F-bReHom
21Tj), 7. 7(m 41), 7.31(d, J= 8,4 Hz, 1H), 7.37(d, J=
8.8 Hz, : ans- 3- (5, 6-di hvdr o- 4H—pyrro|o

[3.2,1-i cequi ndid, prdihydry-44- weoleﬁ%vhwlmhehyb ¥} Stpgomp-hHgndoB3 1) pypsle-2.0ti di ne- 2,
5-di one 3d{o§e reBr@d/an?EflaH'pﬂﬁﬁr@is@ecﬁx?bd%wt%‘lw m methanol as descnbed in ExampleZ

qui nol i n- t hyl phe 1H i n one,
pr epar ed OCFWeIéeéWF g@araﬂﬁ,\gé &éhﬁ.ﬁ’é ‘éﬁ\W/‘f l“ﬂ WE‘?’}QW@] 4- Qs ’HB% ibed in
Exanpl e 2,indol-B¢ip plytrodidide-2 t5ediytiee FIINMR: (0DaDB) 82 2(152@6(@&1 RIY) 2 96d,B= 5 \0rHR 1),

[3,2,1-1] I e

pyrrol i di ]r?elggJ §4ﬁb£l§ Mﬁa Ms@?&%@%ﬁﬂ} @ééﬁ % ?@ﬁbs@.ﬁﬂg{)} 38(\%&{% 3H),
285300(76137@91)(m53i)90398(m 1H), 3.98-4.09(m 1H) 4.35(d, J= 7.2 Hz,
11-1), 4.64(d, J= 6.8 Hz, IH), 688699(m 21-1), 7.00-7.10(m 311)
7.13-7.26 . 36( : | ¥

()-Trans-

4-1 | uorop-d| one To- a soI ut| onof 5
0o yar o PYIL Bl il iR glibelsl 13}5'4)(5 3Lek! gﬁirg?ﬁ;% fehyb. ester

6.0
6.8

(0.243 g, or o- Iac anhydrous
tetrahydr csiwuﬁ &repirsd asip Exagplege; WsIEdéﬂéRﬂléﬁthéM%'@ mtham% agfesqsi s%@ﬁc@mﬁl@ 2 :but oxi de

(1 Min tekdcadiysle,a WelRM)-thads-D(90- dlh)?dr<54ﬂ3ﬁ94rc)lo [3 2Jihg Hinn&ﬁﬂ»llﬁ) -JVESSp glSruuaned at 0C

for 2 hours cent r.at and the
m xture stk ?SPWO lfmﬁg'(} ‘Péﬂ m@ﬁb@% (22 ?ﬁ' F#@tsgﬂ tgle di | ut ed
wi th et hyl3. 936&99@0 dH), (4210 4fi8)m, I SHBE M, I thwaiHarzl 6@2li—1654 Hi JHpAd8-6 47 (@, 2i)ed

aqueous sodj;uMgH Py, g§m1 ?_bu-; | RR4fchoor | ). The organic layer was then dried

over anhydrous sodi um’su te and concentrat ed under reduced pressure to
yield an oil. This residue was diluted in anhydrous nethanol (15ml) and the

resul ti ng Exahplé 370 PrepaRASE e IrhM-3Q8 S5l oSt FRERES.2. 1 hulfidlingB-4(8«6 g, 20.5
mrol ) and St |lr@ng aé éog |rr}ola% Vig&'glogt ed vial until the My turnings fully
di ssol ved s then allowed to cool to room
tenper at ure. TRES,fDiltydroetHhgpsroth [BAtled quinelin-labiy(b-1 aephtiat- & 7(i2®l-Ay)) pamede-dashed
wi th 10% hygsRGh el s in Example 31, was reduced with Mg in methano! as described in Example 2,
Procedure C, to yield (¥)-trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-if] quinolin-1y1)-4-(5-(1-naphthyl)-
1H-indol-3-y1) pyrrolidine-2, 5-dione. ‘H NMR (CD;0D) &: 1.85-1.85(m, 1H), 1.95-2.05(m, 1H),
2.74-2.88(m, 2H), 3.72-3.83(m, 1H), 3.88-3.98(m, 1H), 4.40(d, J= 6.4 Hz, 1H), 4.62(d, J= 6.4 Hz,
1H), 6.80(d, J= 6.8 Hz, 1H), 6.78(t, J= 8.0 Hz, 1H), 7.46(s, 1H), 7.07-7.13(m, 2H), 7.18-7.23(dd, J=
8.4 Hz, J= 1.6 Hz, 2H), 7.27-7.34(m, 2H), 7.41-7.49(m, 3H), 7.78-7.83(dd, J= 8.4 Hz, J=3.2 Hz, 2H),
7.86-7.90(d, J= 7.6 Hz, 1H).
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acid (2x 25 m) and saturated aqueous sodiumchloride solution (20 m). The
organic | ayer was dried over anhydrous sodium sul fate and concentrated
under reduced pressure. The residue was purified by 66 W 2006/ 086484

PCTI US2006 17448808654 1 ca gel chromat ography, el uting wf@r,@@wﬁmyﬁﬁ
acet at e/ hexanes gradient (10% ethyl acetate to 50% ethyl acetate over 40
mnutes) to yield (25.6 ng 6.7% of ()-trans-3-(5,6-di hydro-4H pyrrolo
[3,2,1- U quinolin-lyl)-4-(2-chloro-4-fluorophenyl) pyrrolidine-2, 5-dione.
'HNI\/R(DI\/SOdG 400M—Iz 5 12 5(s 752(t 1H J=6.4 Hz), 7.49 (dd,
1H J=6. 4 xample38. Preparatio af b {3 ra-45ny 52,0 -yl 45 8 (d, IH,
J=7.6 Hz) ,me&othéM) 2Hhdol: @Zpyfrdhdlribhﬂi,, 5358 O HZ) 4. 51 (d 1H, J=7.2 Hz), 190

2H, = le . 41. P f
()L Trans- 3. (5. P RIS bl i T anbidisp e P ne b pe AR s 250
di chl or oplpgmel-P, ieneopremirades B, Exbmple dheva jedibedinigh Mg(uapﬁhailph,%desmnbbﬂhlpyr rolo
[3,2,1-1] ]ExquﬂﬂE‘.?'Pr&eJhMé ¢; t61 (31% (% tﬁh&f‘k% &Hyhﬁ@ﬂiﬁrr&éf [3@! f{]dduﬂl%hg @nheé was

prepar ed according t acing 2 oro-4 | uoro acet am de
Wth 2 6 dane@wmhwﬁewgﬂna@éty&myaehdu%rsﬂws@ H YR (B,Q5: 2 ﬂ& @ﬁ»eo db)
400 NHz S:2.98&, 183.0(1%z, 23,13 .80(%, 388, 3(9701,. 066G LH), 4.060:, 14¢n, 1Hbj4333€d?1£6 HH)L,,lrﬁ 87 (m

5.16 7. 9 2H J 6.0 Hz)
2 10 (in, 426&6d }E&(QH l%flz_‘% e%éaﬁ(zﬁ&ﬁ% 70233-“1 '?ﬁ()alﬁ‘%gf %@ élﬂ; % ﬂfH- pyrrol o
[3 2, 1- i d 7@?\](dmlﬁ841Hz,ll}D,47~3(7£ﬂ,J=b8'8)I‘Inr}Hényl) pyrrolidine-2, 5-dione
()- Trans 3(56d|hydro A4H pyrrolo [3,2,1-i]]
qui nol i n-1yl) henyl perolldlne 2,
accor di ng S=&4H5 sTrap AL 171l aeera#
br onDphenyﬂacaGB%LHMMdnnweﬂ dio;ﬂaB 1nmy, 8 1% 'H NI\/R (DIVSOd ) 400 M—Iz S: 11.55

§3d " 1585 d“" 33921%@‘*“‘&"1%‘%@ yts: (ﬁﬁﬁhﬁégﬁ’%gr@)&“ﬁ@ﬁ (7d15114
J=8.0 Hz) pynélgﬁ,S(dlonezﬂepanad@s@mtzmple 34,96s (educed with Vg ipmerhaup) as dpscrited(in | 21 ’
J 31281Hz) Exﬁmgplp@oé&re €rs Pfé{clifﬁr)'-ﬁﬂs 945 4 )ancrr@mﬁ p;an&lé %2, drj]‘?@l{oqn.élﬁb -ys- (3ol 0
L3 2t e i sy s P nge s B0 o .1 B S,

qui nol i n- [3§),)2- 8- XO@{miﬁ}DJmkwsyrh)l}pySr%el (9¢th, €D, 2,35(H 37D He, MBS G & Faé.ed

oht or ophork UL RERS St nEPARLI00. Sl R R oedh IRTRRRNERY 86 400 M &
11.54 (s, 1H), 7.40 (m 4H) 7.33 (s, 1), 7.15 (dd, |H J=6.8 0.8 H),

6.86 (M ZHimpid 4@4prégd 42 0oft . 2H,
J=5.6 Hz),, 2. ‘ 4 PCTI US2
00 610 04 4

()-Trans-3- (5. Homsbiy@hnmmw—myycrrmhﬂpmla [31% 1-if]| quipalimblyl) nxdaydtic acid methy! ester
(0.243 g, 1 mmol) and 2-chloro-4-fluorophenylacetamide (1 mmol) in anhydrous tetrahydrofuran (5
ml) at 0° C was added a solution of potassium t-butoxide (1 M in tetrahydrofuran) (2.5 ml, 2.5 mmol).
The mixture was stirred at 0°C for 2 hours. Concentrated hydrochloric acid (0.5 ml) was then added

and the mixture stirred for 1 hour at room temperature. The mixture was then diluted with ethyl acetate
(20 ml), washed with water (2x 15 ml) and saturated aqueous sodium chloride solution (15 ml). The
organic [ayer was then dried over anhydrous sodium sulfate and concentrated under reduced pressure
to yield an oil. This residue was diluted in anhydrous methanol (15ml) and the resulting solution
charged with oven dried magnesium turnings (0.5 g, 20.5 mmol) and stirred at 70° C in a ventilated
vial until the Mg turnings fully dissolved or for two hours. The vial was then allowed to cool to room
temperature. The mixture was diluted with ethyl acetate (25 ml) and washed with 10% hydrochloric
acid (2x 25 m,) and saturated aqueous sodium chloride solution (20 ml). The organic layer was dried

over anhydrous sodium sulfate and concentrated under reduced pressure. The residue was purified by
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trifluoronmethoxyphenyl) pyrrolidine-2, 5-dione
()-Trans-3-(5, 6-di hydro-4Hpyrrolo [3, 2, 14)]
quinolin-lyl)-4-(4-trifluoronmethoxyphenyl) pyrrolidine-2, 5-dione was

prepared ac Exanpl e 40 repl aci ng 2-chl oro-4- f cet am de
Wth 4-tri ff‘%r orretﬁgxyphenyl acetam de. Yield 67.8 ng, ﬁ&?@ﬁ@&&'ﬂﬁkﬁ
(DVBO-d6) 400 MHz 8: 11.56 (s, 1H), 7.52 (d, 2H, J=8.4 Hz), 7.35 (s,

I 33 o(az) %Hﬁa %E&{ogn %ph%zglglgg%anjeg{yl étgte/ﬁeiéﬁe)s’gragre@fibéﬂh %‘%etaée toég%(d 1H
J=6.0), 2.cthplacqtate oyar Aminuigs) to Figld (A5t Gemu §. 7A)P>Pfe(§hvaalﬁ13dﬁééfhyérpﬁ*am9@ $816-di h
dy ro-4H 4p ﬂoqlhqylba(icmomm}ﬂlﬂwpmym pyrioyihx)xe 3 -5(didte O HIRNR @MSO-dPpyooaiii di ne- 2,

NSRS L it L B AT SR R TRV IR R TEX

accor di ng Hzp 7E§k &hbHe=2.6 Hzp 6183 ¢in i) 2+65Hd,d Hol=8-0fHa) dr 50 (i¢h & By I=a iz i 0t Gt h

t hi ophen- 3= i 50.3 ny, 15.0% 'H NWR (DMSO- d6) 400 MHz 8:
11.50 (s, ¥ %ﬁﬁgeigﬂﬁQ?[J%' ; 7.49 (m 1H), 7.35 (s, 1H), 7.21 (dd, 1H,
J=4.0 1.2 Hz), 7.16 (d, 1H, 7.6 Hz), 6.89 (d, IH J=4,4 Hz), 6.85 (t, 1H,
J=6.8 Hz) Exﬁn@@ﬂ( d’repiﬁlorﬂ(if?ﬂzfrhﬁbrﬁ S-dthldrb A H-gyholo 35719 fddalindy1A-(3.6, 2H,

ﬂ 2 5 FE) 2.10 (m 2H). Exanple 46. Preparation of

rans- ° 4 f 0[3,2.1-ij] quinolin-lyl)-4-(2-

r ophenyl ) pgdr){densdf(ﬁ\édQlydrS-éldﬂ-pyrreloqitg 17t quinelit-1 (154-62,6Hd iehidropheayd pyrr ol o

( -T

fluo

L?GFZ) 1-i] ]pyl%'”dﬂlgbl @alloﬁfé \)ras%pegigreé éoU&HH?I&%Xthle Ry lreFlQélﬁéji o4 O-di one was
h
11

ared accordi ng oro-4-1] uorophenyl acet am de
S ¢ DR eRIE b Cetchirgh by Bes iRy Y180 858 met 1R IONGIORFOZ00 M
64 (d@ 400 MHz 671138 (s, (18D, 73 (m, 3711),17710((611}13!&9721&)85487((611, 205816 @, 4417k 1H,

on a8 d gt iy ot ( Bassti il bl (258 (8, 2 209 (s

[3.2,1- Ij| quinolin-lvl -4-(2- thlophen 2-yl) pyrrolldlne 2. 5-dione
()-Trans-ﬁkg

qui nolin-ly .0 4 -di one was prepared
accor di ng Yogophenphypyrolidine-2-digdeny 27 ch or 0- 4-f | uorophenyl acetam de with 2-

'?L QI ggh(en 2I yl a(:ﬂgﬂamde{é ,6-dihgtird-420pyerolay3,2,8-;/88Minolitd 1| NMVR (4{-BivbiGplatay 1) pb@ﬁhMﬂﬁ Ei

S
J=8.0 Hz), 5- ui EJZ% é?paie](_il agd‘?rn%ng’ztoﬁz%p% &égo] g 2- cﬁ 04 §§déopinlégaﬁlaaet§rgé &glg ?f n 6 3
(d, 1H, J>enppknylacetandds. (Ydeld 134 ma,:371°/6 HﬁgMRQDMSO(dt) 400 MHzP=61. 8 Gidf), 72312 (t,
2H, I=6. 0 (b, YP120953 QREAEITN) 520BG400A4BS.; 1RRIR B (2arpPr.ep@r at i on

f T | | i n- 2 4-
gl céﬂ%r o:)ﬁglri{/%)o }BQP (?l d%n% 820 H’Q’-“dlloé'i’l%g(l)‘l ?hﬁ%%géi ?73{ I@S‘r‘?d(? ﬁ‘? étlziﬁpyr rolo
[3,2,14)] yqusHDL i n-1yl ) -4-(2, 4-di chl or ophenyl)

Example 43. Preparation of (+

chlorophenyl) pyrrolidine-2, 5-dione

(£)-Trans-3~(5,6~dihydro-4 H-pyrrolo [3,2,1-{] quinolin-1yl)-4-(4-chlorophenyl) pyrrolidine-2,
S-dione was prepared according to Example 40 replacing 2-chloro-4-fluorophenylacetamide with 4-
chlorophenylacetamide. Yield 32.7 mg, 9.0%. 'H NMR (DMSO-d;) 400 MHz 8: 11.54 (s, 1H), 7.40
{(m, 4H), 7.33 (s, 1H), 7.15 (dd, 1H, J=6.8 0.8 Hz), 6.86 (m, 2H), 4.54 (d, 1H, J=8.0 Hz), 7.38 (d, 1H,
J=7.6 Hz), 4.10 (t, 2H, J=5.6 Hz), 2.90 (1, 2H, J=6.0 Hz), 2.11 (m, 2H).
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pyrrolidine-2, 5-dione was prepared according to Exanple 40 repl acing

2-chl oro-4- fluorophenyl acetam de with 2, 4-di chl orophenyl acetam de. Yield
20.9 nmg, 5.2% 'H NWR (DMSO d6) 400 MHz 8: 11.65 (s, 1H), 7.69 (s, 1H
7.51 (d, 1Hwolmodhssstiz) . 7.43 (d, 1H, J=8.0 Hz), 7.34 (spcr/idddhesibeste (M
111), 6.87 (m 2H), 4.65 (d, 1H, J=7.6 Hz), 4.55 (d, IH J=7.6 11z), 4.10
(t, 2H, J=6.0 Hz), 2.90 (t, 2H, J=6.0), 2,12 (t, 2H, J=6.0 Hz). Exanple 49
Preparation of U Trans-3-(5, 6- dlhydro 4H—pyrro|o [3,2,1-il

qui nol i n- 10- 4- / .

() Tr ans- X114

qui nol i n- hﬁmkmﬁmghgﬁm1ggxmﬁawhﬂunadﬁms5 drone was prepared according to the
e A R 'rr‘f‘)%;?Q“EW@?%ﬁ@“*%%- Wbt o 0e
J=7.2), 6.18u¢idd8nj-dRhf wasprepgied accanding Sodxadplpid( replacigg 3-dhlorod: J=7. 6 Hz)

4.08(m 2"1‘)u0ro§he§§lac(ef5]nld%'d)lth 4- &ﬂ%ﬁﬁéﬂox@ﬂﬂh{h@@ﬁm«; eyield 67 Er #. @%'

- |
Ehi o opher M8 & 56 LUk Lired h%é@%“'sf??é'fﬁ.rrréa% Hat ool o

[3,2,1-ij]7.3ud,nel j=121142) )&%{@221@@1 &8 @phe 058.0 Hy 1.aold, Uil 7es.0 Bz), Sk di(DRK, was

prepared c a L agi ng 2-ch|oro-4-f|uorophenylacetanide
Wth 2 chr %%gjhgg’&ta%@ 1%(2#‘%1@@?@%0 d6) 400 Mz S: 11.655(s, 1H),
7.41-7.48(m 2H), 7.27- 735(m 3H, J72) 7.87(d, 1H J76) 6. 81- 6. 88(m
2H) , 4. 63 %k, Yraratibn 6142 ' ) lindli i

2.884(m
()-Trans- pyrrolo [ 3. 2.1- ijlguinolin-lyl)-4-(N

met hyl i ndol - yi))ipwsm(ls,kshyérowf PyrdlodBR,1 (] quiiding yB-4((thidphehi- Ryl pyorofitingy,r r ol o
[3,2,1-1] ] cﬂyr{e Frn paréﬁg}(coﬁdrﬁ%to%émﬁie rgllﬁz;cm gychk)lro P—ﬁ[lcgfgpl'rlte%’l&gm% de Wit PI oneé was

Pre aaration o

prepared accor uor ophenyl acet am de

with N netthlymhenraor wewﬁac%lsldﬁﬂ dang, 1 3F9NVE 8)ds)1A90 MiAas: &1 01@ B5(52 1H),
(7d34 ;_6?4(91114)'4)49(312 713%5( méélbﬁ(dd71}f33=(4toulﬂrz)l )7,16@1 3% ﬁ@ﬁ a%%rr 4. 49
(00 20 EaT0 Stwes Dhaasd e dnssoberoatiber iilhe 253 ey

(f)-Cls 31@5 Bt 2yidF-6-04E) py.t 0 @, GHL3, 2. 1-iil quinolin-lyl)-4-(4-

nmet hoxyphenyl ') - pyrrolidine-2. 5-di one 3-(5, 6-Di hydro-4Hpyrrolo [3,2,1-i]]
qui nolin-1- yI)-4 4- nethoxy phenyl)-p rrole 2, 5-dione, prepared as in
Exanpl e 1Examplede ritiemef (hy Trengsd-(g\rdilty drokfdd-prstoled 8.2 4 fifl Buiaeht lwDA-(2Pr ot ocol B,
to yield f(ubroshe‘.ﬁvﬁm(rén@rnéirzrwdae-4H pyrrol o[3,2, 1-ij]

900 Wz 6t 5 6ansTrmpy s AR M roRf BT iseing v iz Shoicieny PLor. 1)
6. 55(d, 2|-$,-did1¥38va4prbﬁa)'¢d adcdBdialg to Exdample8) erltdﬁﬁg 2-0%]04(84-ﬂu0rﬂrﬂ>ﬁenylat8taﬁldbizr)th 28 96( m
2H) 3. 63(Ryoroptohyladtathide! Yield 30.6 mg, 8.8%. 'HNMR (DMSO-de) 400 MHz &: 11.64 (s, 1H), 7.36

(m, 3H), 7.17 (m, 3H), 6.84 (m, 2H), 4.4 (d, 1H, ]=7.2 Hz), 4.40 (d, 1H, J=7.6 Hz), 4.10 (s, 2H),

2.88 (s, 2H), 2.09 (s, 2H).

Example 47, Preparation of (+)-Trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-4/1 quinolin-1y])-4-(2-
thiophen-2-yl) pyrrolidine-2, 5-dione

(%)-Trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-4] quinolin-1yl)-4-(2-thiophen-2-yl) pyrrolidine-
2, 5-dione was prepared according to Example 40 replacing 2-chloro-4-fluorophenylacetamide with 2-
thiophen-2-ylacetamide. Yield 30.6 mg, 8.8%. 'H NMR (DMSO-ds) 400 MHz &: 11.58 (s, 1H), 7.45
(dd, 1H, J=5.2 0.8 Hz), 7.40 (s, 1H), 7.22 (d, 1H, J=8.0 Hz), 7.12 (d, 1H, J=3.2 Hz), 6.99 (dd, 1H,
J=5.2 and 3.6 Hz), 4.63 (d, 1H, J=8.0 Hz), 4.60 (d, 1H, J=7.6 Hz), 2.90 (1, 2H, J=6.0 Hz), 2.12 (1,
2H, J=6.0 Hz).
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2H, J=6 Hz), 2.10(m 2H). Exanple 53. Preparation

of ()-Ci s-3-(5.6-di hydro-4H pyrrolo 13.2.1-iij quinolin-Ix)-4-(2.5-

di met hoxyphenyl ) - pyrrolidi ne-2, 5-dione 3-(5, 6-D hydro-4H pyrrolo [3,2,1-ij]

qui nol i n- 1- wo) 20d6/ds8ssp- di met hoxy- phenyl ) - pyrrol e-2, 5- di geyspécanaised as in

Exanpl e 17, was reduced by enpl oying the nmethod of Exanple 2, Protocol B, to

yield ()-cis-3-(5,6-di hydro-4Hpyrrolo [3,2,1-i]]

quinolin-lyl)-4- (2 5- dlnethoxyphenyl) pyrrolldlne- 2, 5-dione. 1H NWR
S : ) 1 _ J 7.2 Hz),

) AL . 4-3488- 4. 00(m
2H), 3. 6( slich ¢olidine 3H)-dio@e 8(m 2H), 2. 05(m 2H) . Exarrple 54.

I eyl
ngegglr ;”‘tn' on ;’f gl) %h?’l %fhmggﬁl z{}Y @I I%Ioéghﬂg%j 9&1550131‘%\7141%4 dichlproppenyl)
3- ( 5, 6- Di rgygp]@mﬂ, prdionowes W@a@d gccpxjd]ng to Example 4 replacing 2-chloro-4-
qui nol i n- h%}obh&ylﬁéta%{'de@m‘ﬂrJll:ﬂl'é}sﬁreﬂ‘m&h’rhnhe Wlélﬁngn?g, 5.2%; o SR (DMKRPar ed as

in Exanmple, 1 S, I i t Prot ocol B,
to yi elng (%)%PQX@‘ 3{3 5u(§’| %9 7y§?<gm*§§5 g‘fi {%r@”%g ‘j%(dEfi’??P OHz% 734?3

qui nol i n- Il;H),)Mz (n2 -1 El| ©087dmy 21, Wah5 @d, pHehyJ6)I{z),py35r(dlu}HU=rVeGHz), B0tk J=6.H NVR
( DVBO- d6) e 0f 92-7.18(m 4H), 6.7-6.85(m 3H),

5 01(d, 1H %6@2%2%30218%‘?%2%20%299 6 Hz), 3.96(m 21-1), 2.79(m 2H),
1.97(m 2H). Exarrple 55. Preparation of ()-GCi s-3-(5.6-dihydro-4H)Vrrolo
[3, 2, 1-1 ] |Ex@tpi8Qd.i Prepaydtibn & (BT raks8-Gleimiaryd H-pidold [9L110]] RBmalin- B shos]-
3(56D|hdr04 )érrolo[321|y]

qui nolin-Z2 or o- phenyl ) -pyrrole-2, 5-dione, prepwered as in
Exanpl e 15, \A/a$+}'ﬁemeﬂe(d chijhydropl FHpirrotp [8 28-ifquiha-1gf)-dphenppberdidinee ocdidner e B,

to yield I ; 3

qui ngl n- I‘((% )p&hgt?cgac(:ﬁ?lﬁ gt+1en {n?l'e%b_t e?bﬁ 5%%-811&@ 4%&\gyrohﬁe]nﬁlacetqn|_ﬁ\ﬂth DVEO- d6)

900" Wr 5 Phelylasgtmide. ENMIADMRQHS) FHG Mz Wiy 168153 24 g6 B DS RO s ) 1H

J=7.6 Hz),1=62)69.6. sk{ﬂa 291;7143d-|111)1,J~él.0814)(d3(dler 1379 12), WoRm, 409 2(88 (m ), J=8. 8

Hz), 3.9- g%‘%gﬁm 2. 79% , 2H, 1=5.6 Hz), 1.97(m 2H), 70 WO 2006/ 086484

PCTI | s200 : Exarrpl e 56. Preparation of ()-Phosphoric acid

nono- (trans-3- (5. 6-di hydro-4H- pvrrol 0[3 2, 1-
Qh

i f] aui nol ']gkalle)504l’(a : '
Step | rO 1

hy.bli ester

@,
chlorophenvl) pvrrohdme-Z 5-dione

(+)-Trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-if] quinolin-1yl)-4-(2-chlorophenyl)-pyrrolidine-
2, 5-dione was prepared according to Example 40 replacing 2-chloro-4-fluorophenylacetamide with 2-
chlorophenylacetamide. 'H NMR (DMSO-dg) 400 MHz 8: 11.655(s, 1H), 7.41-7.48(m, 2H), 7.27-
7.35(m, 3H, J=7.2), 7.87(d, 1H, J=7.6), 6.81-6.88(m, 2H), 4.632 (d, 1H, J=7.6 Hz), 4.494(d, 1H,
1=7.2), 4.07-4.10 (m, 2H), 2.884(m, 2H), 2.09(m, 2H).

Example 51. Preparation of (+)-Trans-3~(5.6-dihydro-4H-pyrrolo [3.2.1-ij] quinolin-1v1)-4-(N-
methylindol-3-yl} pyrrolidine-2, S-dione

(%)-Trans-3-(5,6-dthydro-4H-pyrrolo [3,2,1-i/] quinolin-1y1)-4-(N-methylindol-3-yl)
pyrrolidine-2, 5-dione was prepared according to Example 40 replacing 2-chloro-4-
fluorophenylacetamide with N-methylindol-3-ylacetamide. 'H NMR (DMSO-ds) 400 MHz §: 11.55(,
1H), 7.44-7.34(m, 4H), 7.2-7.18 (m, 2H), 7.01(t, LH), 6.82-6.89(m, 2H), 4.49 (dd, 2H), 4.093 (1, 2H),
4.093 (t, 2H), 3.73 (s, 3H), 2.89 (t, 2H), 2.07 (m, 2H).
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H Tenperature H (t)-Trans-3-(5, 6-di hydro-4Hpyrrolo [3,2,1-i]]
quinolin-1-yl)-4(1Hindol-3-yl) pyrrolidine-2, 5- dione (3.0 g, 8.13 mmol,
prepared as in Exanple 2, Procedure C) and formal dehyde (30 m, 37%in
water) int uran(30 m) were stirred for 14-16 Jp0m

t enper at ur e%q'ﬁ)g /%{6%4ure was then taken up in ethyl ace?élﬁ]ggz?gﬁg&)ﬁ{bg and
water (50 m ). The organic | ayer was washed with brine and dried over

sodi um sul fate. Sol vent was renoved under reduced pressure and residue was
purified wusing a silica gel chromatography colum eluted w th Et QAc/ Hexane
1:1 to vyi eixdmple’2gPregaraion of (+)-Eis-3-(5.6-dihydro-4H-pyrrolo [3,2.1-if] quinolin-1y[)-4-(4-

trans- 3- ( Q &qu\npwz}]lghm{”glﬁ[ng 2,1-1j]quinolin-1-yl)-1-hydroxynethyl -4-(1
H i ndol - rrolfidine-2 ne_an oranefoa%solld (2.5

v 179 .
Step 2 1 O Ph- GBI T Pl §-K) Al ARSI PPK(role-2, 5-dione
(} )-Tr alns p'ie;(a&d s ﬂEﬂﬁﬁ;ﬁl@i@%ﬂdWﬁ fethcod By &nploa'mg the method of Example 2, Protocol B, tod
jqU|n0|n Hin yl 1L.di ne-2 one
(0.06 g) iy 1él1d ca%bgé 1hé'?l ’Eﬁ} 33 ﬁjf-z] gulrrlﬁ 151 1M4 (4 )me nyﬁﬁ)yrrolldme- 5
di benzyl ptﬁ@phdﬁﬁh‘i&i@@@b@ (BOOJNSHZWS 62& E}DehLﬁ(dAéHeJ‘Fﬂé)HZD 6l&-®9@é’dy4ﬂb ¢ He 1HMdi ti on
of tetrazof gy, @% J=‘§Q|I-tk§ 14%(d, 'IH J@ﬁ@%tﬁiﬁh%dd' B, I, 8”1{2) 3.9618, iI?@SJ(Q@HB’”Z’SWr € Wwas

stirred at_room.t rrg)zrature or 20 nin and cooled to - A"sol ution of
m chl or opettbeiXdPc2- H¥ndEi700% 0.162 g) in dichl oronethane (2 m) was added

at -78 C. After 5 mn at -78 C, the reaction was brought to roomtenperature

and stirreg for,5mn. . So%\_é t Lenpved under neduced pressure and the
resi due ) T ' ., eluted
with ethyldizg i Qs phosphoric acid dibenzyl ester

f
5- di oxo- roI|d|n- 864 PCTII% 20 6100 est er
as a sol Py igngppregaged aiNENR}‘F‘P e 156y ce%o%n}wms heﬂeﬂf xamfh) r?toséBwsg (m
1211), 6. 8yleld (34is(3n(S, Gerl)ydrOBLPAﬂ/n(ohf[SZ 12#huindinQ31)4rE, S Aidsthoxfpteayae rroldifle- 4. 06
(brs, 2H),5 2. &4 brdmiiéber) oS S.o62th); 7. R ERSIF Y B, 6.8, 2, 7= 9y,

6.77(d, 2H, J=7.2 Hz), 6.44-6.51(m, 3H), 4.84(d, 2H, J=9.6 Hz), 3.88-4.00(m, 2H), 3.6(s, 3H), 3.49(s,
3H), 2.8(m, 2H), 2.05(m, 2H).

trans-3- (5, 6- dlahestm @H%%%l@%ﬁ Jqu;nbﬂng B=dhmdth éfbhén%bbpwaeh -53-yl)-2,

Example 54. Preparation of (

fluoro-phenyl)-pyrrolidine-2, 5-dione

3-(5,6-Dihydro-4 H-pyrrolo [3,2,1-4] quinolin-1-yl)-4—(2-chloro-4-fluoro-phenyl)-pyrrole-2,
5-dione, prepared as in Example 18, was reduced by employing the method of Example 2, Protocol B,
to yield (&)-cis-3-(5,6-dihydro-4H-pyrrolo [3,2,1-//] quinolin-1yl)-4-(2-chloro-4-fluoro-phenyl)-
pyrrolidine-2, 5-dione. 'H NMR (DMSO-dg) 400 MHz &: 11.82(s, 1H), 7.02-7.18(m, 4H), 6.7-6.85(m,
3H), 5.01(d, 1H, J=9.2 Hz), 4.79(d, 2H, J=9.6 Hz), 3.96(m, 2H), 2.79(m, 2H), 1.97(m, 2H).

Example 55. Preparation of (&

chlorophenyl)-pyrrolidine-2, 5-dione

3-(5,6-Dihydro-4H-pyrrolo [3,2,1-if] quinolin-1-yl)-4—3-chloro-phenyl)-pyrrole-2, 5-dione,
prepwered as in Example 15, was reduced by employing the method of Example 2, Procedure B, to
yield (£)-cis-3-(5,6-dihydro-4H-pyrrolo [3,2,1-i] quinolin-1yl)-4-(3-chlorophenyl)-pyrrolidine-2, 5-
dione. 'H NMR (DMSO-ds) 400 MHz 8: 11.66(s, 1H), 7.13(d, 1H, J=8 Hz), 6.95-7.02(m, SH), 6.78(t,
1H, J=7.6 Hz), 6.7(d, 1H, J=7.2 Hz), 4.84(d, 1H, J=9.2 Hz), 4.65(d, 2H, J=8.8 Hz), 3.9-4.03(m, 2H),
2.79(t, 2H, J=5.6 Hz), 1.97(m, 2H).
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HOP-OH NO OO HH_O_O\H \'f N HN H The phosphoric acid di benzyl
ester of ()-trans-3-(5,6-di hydro-4H pyrrolo[3,2,1-ij]quinolin-I-
yl)-4-(1Hindol -3-yl)-2,5-di oxo-pyrrolidin-1-yl-nethyl ester (0.160 g) in
met hanol (2 Rd/ C  (10% 20 ng) was stirred at ro aj.ure under
1 at rmsphergao% ﬁ%réggen for two hours. The mxture waspﬁ/f!?lg}r?i@gg\gler
Celite and the solvent renoved to give ()-phosphoric acid nono-[trans-3-

(5, 6-di hydro-4H pyrrol o[ 3,2,1-ij]quinolin-1-yl}4-(111-indol -3-yl)-2,

5-di oxo-pyrrolidin-1-yl rret hyI] ester (0 110 g) Exarrple 57. Preparatlon of
() trans- Anipla 56.pPreparatiog OS[ 8 i p 0y plofi3.2

ui nol i n-1 Mddisdis ' i -yl methyl ester Step
Il O (Hp al ani ne, DMF, DIPEA O N O\ (
\ HH N ${FP1H To a sol ution of
(t)-trans-3- (5 6- di hydr o- 4Hpyrrol o[ 3,2, 1-ij] qui nol i n-1 - ﬁ'?'—‘ll-hydroxyrrethyl-
4- (1Hindol - 3-yl) - pyrroHl di ne-2,5-dione (0.5 mmol) in _tetyahydrofuran (8 m)
was added N- car bobepzyNQoxy al anine (1.1 equi vaI ents) ‘ Fiked by the
addi ti on of HBTU (1. €nts). The m xture

was stirred at 5 2006/ 086484
r d’ﬁg Fne’ssure p
1,
emp ture H

PCT/ US2006/ 0044% was taken
up in ethyl acetateNand

(£)-Trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-§f] quinolin-1-y1)-4(1 H-indol-3-yl) pyrrolidine-2, 5-
dione (3.0 g, 8.13 mmol, prepared as in Example 2, Procedure C) and formaldehyde (30 ml, 37% in

water) in tetrahydrofuran (30 ml) were stirred for 14-16 hours at room temperature. The mixture was
then taken up in ethyl acetate (50 ml) and water (50 ml). The organic layer was washed with brine and
dried over sodium sulfate. Solvent was removed under reduced pressure and residue was purified
using a silica gel chromatography column eluted with EtOAc/Hexane 1:1 to yield 2.5 g, 77%, of (£)-
trans-3-(5,6-dihydro-4H-pyrrolo[3,2,1-/j]quinolin-1-yl)-1-hydroxymethy!-4-(1 H-indol-3-yl)-
pyrrolidine-2,5-dione an orange foamy solid (2.5 g, 77%).

Step 2

OH

(*)-Trans-3-(5,6-Dihydro-4H-pyrrolo[3,2,1-if]quinolin-1-y1)-1-hydroxymethyl-4-(1 H-indol-3-
yD)-pyrrolidine-2,5-dione (0.06 g) in anhydrous tetrahydrofuran (5 ml) was treated with
dibenzylphosphoramidate (0.156 ml, 3.5 equivalents) followed by the addition of tetrazole (3%
solution in acetonitrile, 2 ml). The reaction mixture was stirred at room temperature for 20 min and
cooled to —~78° C. A solution of m-chloroperbenzoic acid (70%, 0.162 g) in dichloromethane (2 ml)
was added at —78° C. After 5 min at —78° C, the reaction was brought to room temperature and stirred
for 5 min. Solvents were removed under reduced pressure and the residue was purified by flash
chromatography on a silica column, eluted with ethyl acetate, hexane to give phosphoric acid dibenzyl
ester trans-3-(5,6-dihydro-4H-pyrrolo[3,2,1-i]quinolin-1-y1)-4-(1 H-indol-3-y1)-2,5-dioxo-pyrrolidin-
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The organic | ayer was separated and dried. The residue was purified by
silica gel chromatography to provide the N-carbobenzyl oxy protected
product. Step 2 O N2 (OC" CH3 ONOHH NN H A solution of the

N- car bobenzylosyseRl ect ed product from Step 1 (0.5 molpcrwks0iobase! (8 nl)
and a few drops of 4 MHCI in ethyl acetate and 10% Pd/ C (10% w w) were
stirred at room tenperature under 1 atnosphere of hydrogen for 2 hours. The

mi xture wasybhen ofkd &6 Bk gwg)c‘ﬁ iR (MED- HJ?@o@NﬂPM%“h [ROURCT 52755 Gy de

final product - opl oni ¢ aci
pyrrol of 3, 12Hi jé:]"c%ﬂl(ﬂ’oﬂ{h ng)ﬂ”j"-zﬂ)( 13 (oh 460 436184‘1) 25), %%.%%&WWW:&% 1-yl m
et hyl estezro7(brd-|2mVR (DVBO-d5) 400 MHz 6: 11.10 (s, 1H), 8.57(s, 21-1),
6.84-7.41( 5 61 (m 2H) 4.62(dd, 2H), 4.07 (brs, 2H), 3,72 (brm
11-1), 8§;%133 ‘i . 61-1), 2.08(brs, 2H), 1.40 (d, J = 6.4 Hz,

3H) . Exarrple 58. Pinfpar ty on of ()-trans-2- Am no- acetico

aci d- 3- (5. 6-di hydr o- 4FPp1r~roIo[3 2. 1-

ijlguinolin-l-yl)-4-(1H4Pndol -3-yl)-2.5-di oxo- pyrrohHPmI vI nmet hyl ester
()-trans-2- Am no-acetlc(

aci d- 3- (5, 6-di hydr oAt
3-yl)-2,5-di oxo- pyrrgll
repl aci ng N- car psben
(DVBO- d6) 400 Mg
(s 2H), 4.65(dd,

ol 0[ 3,2, 1-ij]quinolin- |-y|)-g (1Hi ndol -
thyl———es{—e{——was pr epad as in Exarrple 57 by
Yi ne with N-carbobenzyl gxy e. '"H NWR
1H), 846(s 2H %€ A 9H), 5.61

, J 5.6 Hz, 2H) 8 (B 2H), 2.87(t,
5.6 Hz, 2H), Q. (s, 2H 208(t J:48Hz, . Exadiple 59
Preparatlon of (t)=trans-2-dinmethyl am no-acetic
aci d-3- (5. 6-di hydro-4Hpyrrol of 3,2,1- iilouinolin-1-yl)-4-(1Hindol-3-yl)-2

5- di oxo- pyrrol deiﬁlphOQPfybtimm@dben@dtemr of (- transsIe(S i@t dilydrogtH-pyrrolof3,2,1-if]quinolin-1-
()-trans- 35/‘1)(-45(1ﬁ“ 1&&139[)@' ﬂ&i‘bﬂ)\(ﬁyﬁ@h&ﬁ :f-'ygmelthﬁJ e]stgﬂjg)rl@b It 1nlm¥th135noi]-(2 llnl) and Pd/C

hydr oxynet %/ é yrrolidjne-2
t et r ahydr df bl e W )sﬂ%ésat rogaldélapww uaﬂ%ﬁwﬁrﬁwcﬂf frédrpgen fordyp; %{f eﬁft
fol | owed hyixtultewa ditteded over aklitelBdd thé iolﬁcn&ﬂmwealt@@m& {+)@Bckphddk REA mono-[trans-3-

Foom t erpandriyAe e ARLTCy gt Y5 Sl o 2B Pl ‘aegyth'ng hied

pressure asdr®AE pesi due was taken up in et hyl acetate and water (1:1, 15
m ). The organic | ayer was separated and dried to yield a residue. The 73 WO

20061086484 PCT/ U82006/ 004456 reS| due was pur| f| ed by chromato J%r aphy on a
silica gelEXa trg mino-progiopic geid-3:(s.6-dihxdro-4 H-pyrrolo

if]lquinolin-1 -v1k4-( 1H-1ndol-3-vl)-2,5-d10xo-pvrrohd1n-1-vl methvl ester

Step 1

CBZ alanine, HBTU

e —— e

OMF, DIPEA

o o
( - (o-?a_\ e

To a solution of ()-trans-3-(5,6-dihydro-4H-pyrrolof3,2,1-j]quinolin-1-yl}-1-hydroxymethyl-
4-(1H-indol-3-y1)-pyrrolidine-2,5-dione (0.5 mmol) in tetrahydrofuran (8 m!) was added N-
carbobenzyloxy alanine (1.1 equivalents) followed by the addition of HBTU (1.5 equivalents) and
DIPEA (2.2 equivalents). The mixture was stirred at room temperature for 15h. The solvents were
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yield (t)-trans-2-dinethyl am no-acetic

aci d- 3- (5, 6-di hydro-4H-pyrrol o[ 3,2,1-ij]Jquinolin-I-yl)-4-(1H

i ndol -3-yl)-2,5-di oxo-pyrrolidin-I-yl nethyl ester, 'H NVR (DMSO d6) 400 Mz
S: 11.10 (swoldthensefsa82-7.41(m 9H), 5.70 (m 2H), 4. 62(s¢ybsoodus®7 (brs,
2H), 3.23 (s, 2H), 2.87(brs, 2H), 2.23 (s, 6H), 2.08(brs, 2H). Exanple 60.
Preparation of ()-trans-Isonicotinic

aci d- 3- (5!r§rnwe{i'ﬂxq{epreéuéé@%ésrslﬁle erd%heztes'lidde'vjagédkéﬁ%b'n{‘etﬂ\y‘l acetate and water(l 1, 15 ml).
yi)-4-(1Hindo é)xo- yrrolidin-1- 5@

()-trans- | 5 qreags |aﬁqréva%l§’eipaate and dried. The residue was purlﬁe ysﬂlca gel chromatography to

3- (5, 6-di hyelide-t¥N-parbabermloly protbeted droduksnol i n- 1-yl ) - 4- (1H-i ndol - 3-

yl)-2, 5-di%>:<p% pyrrolidin-1-ylmethyl ester was prepared as in Exanple 59 by

replacing N, di met hyl gl ycine with 4- carb XY RY |d| ne. 'H NVR (DMSO d6) 400
MHz 6: 11.19 (s, 1H), 8.83 (d, 211) %"Q_x 6.83-7.42 (m 9H), 5.88
(s, 2H), 4.65(dd, 2H), 4.05 (brt, 214) 2.08(brs, 2H).
Exanpl e 611 Preparati on of 3-(5.6-di hydr€4H-py Hpl o [3.2.1-ij

quinolin-l-yl) 4( 1- et hyl i ndol - 3- vyl -1Nne hyl pyrrol e-2, 5-dione and
(t)-cis-3-(5,6-di hydro-4H-p ry rololf 2. g“] uumollnlyl) 4(1-
nmet hyl i ndol - 3-yl ) - 1- net hyl pyrroglm Z\ 5-gione. Step 1: To a solution of

3-(5, 6-di hydro-4H pyrrolo [3,2 -yl )-4(1 Hindol -3-yl)
pyrrole- 2, 5-dione (100 ny, see Q ;[ p7anhydr ous di met hyl f or mam de
(5 M) was added potassium carboqave (0.5459) and methyl iodide (0.1 nil).
The m xture was stirred at room tenperatur e for rs then poured into
ethyl acetate (ALeptntign 9f thepsprbebengyiony piateated E@@Gt fl‘ﬁ“} Steld?’ foe?f“@(%]éfn el dus
sodi ulm su:rﬁlatueiaaeddeqummdmtemygacmeteandm@m maw\dwrﬂwc@yﬁmlamb.a 2 1- |~L
qui nol i n- ro e are
201 1 (93 Fpeket EigebParhete o nydodor s Wt e Bk Wil SPEeeP8 5 150
qui nol i n- lany ke -sdl¢cht mebvegdite pravile Bﬂawr))ddct(+mnh¥+anpwmqn1@m2qc1@f@t60dm'd(09€i-ni 9)
in met hanoﬂyrr@ﬁﬁrﬁl)%ﬁﬁgolﬁltlhﬂ -2¢6kAhS- 3(35)f%510¥\@1§yr1%q@’iﬁq Meﬁﬁgst&: 1H( ng) and

the mxture stifre ogen for

48 hour o | OWCDOEE 13- s Ibatio-aHu Ocbed 4ime DU 6 s Dk et a1 oom
t enper at ur&£0UBE EIH)13, B2t (6Ms PHE 287@Fs, 2HNy 2iz30e,698),F2008(bgs, DHYN 20 (AT he 6, 3e was
then filtered through a pad of celite and evaporated to dryness to yield a
resi due. The resi due was puri f| ed using silica gel chromatography eluting
Wi t h 35- 40Bsamplke Y. Preparative -3 fasing-aretid ag@d-3-(5,6-dihydro-4H-pyrrolof3.2.1-

- h . 1- yI ) 4( 1-
met hyI i ndol™="3- ;ITOIIMIQ%QEJHQ“ yel | ow solid (53

L mb (b T et o b Gl oy ST g el B et
1H, J=7. 2 $Hg)-2,5Qiphrddidin(li-yimethiesterona8 prefdred ab it Exahpié.52 Byagplactmg®™d (d, 1H,

(5, sty argbipShy e YT 08 o Gy SRR tRlRp it £ 15 40

2006/ 08648%1)131@16’ (LﬁEZ@C%ﬁO‘GM@GD Bl dsrBHp 46(dd, R H084bit,d T Soff Hz, 2H), 3.88 (brs,

() Trans- 35, @mdghygm ﬁbl-mg(gqlfg Aok, k=4 4 fi}, ogyi nol i n-1-yl)-4(1Hindol -
3-yl)pyrrolidinel2,

\

Example 59, Preparation of ()-trans-2-dimethylamino-acetic acid-3-(5.6-dihydro-4H-pyrrolo[3.2,1-
ijlquinolin-1-y1)-4-(1 H-indol-3-y1)-2.5-dioxo-pyrrolidin-1-ylmethy| ester.

To a solution of (+)-trans-3-(5,6-Dihydro-4 H-pyrrolo[3,2,1-if]quinolin-1-yI)-1-
hydroxymethyl-4-(1 H-indol-3-yl}-pyrrolidine-2,5-dione (0.5 mmol} in tetrahydrofuran ( 8 ml) was
added N,N- dimethylglycine (1.1 equivalents) followed by the addition of HBTU (1.5 equivalents) and
DIPEA (N,N-diisopropylethylamine, 2.2 equivalents). The mixture was stirred at room temperature

for 15 hours. The solvents were removed under reduced pressure and the residue was taken up in

ethyl acetate and water (1:1, 15 ml). The organic layer was separated and dried to yield a residue, The
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()-Trans-3-(5, 6-di hydro-4H-pyrrolo [3,2,1-U quinolin-I-yl)-4(1Hindol-3-yl)
pyrrolidine-2, 5-dione may be prepared by reacting 1Hindole and

3, 4-di br onmo- | - phenyl -pyrrol e-2,5-dione in the presence of nethyl magnesium
broni de to Wb ks ono-4- (1H i ndol - 3-yl) - 1- phenyl - pyr r p-Ruossoodisene, The

3-brono-4-(1H 1 ndol - 3-yl ) -1- phenyl -pyrrol e-2,5-di one is subsequently reacted
with 5, 6- dihydro-4H pyrrolo[3,2,1-ij]quinoline and LiHVDS (lithium

hexanet hyl iy AR % flica gel column eluted with ethyl
drhvaro, st e BBy B £, it e s s

(tetraki s(tit ﬁ%r&ﬁ%ﬁr%@%tbﬂww& Pestit a2y O-¢iBy dyq--gyrrolol3.2, 1-y]quiniolin-1-yl)-4-(14-
3- (5, 6- di hydbi-9-yfh; 3i6x0xyarb@din2 ] -4t méthyd viter0 TH NMR-(DIMSOd,) 400 MHz 5: 11.10 (s, 1H),

(1Hi ndol € r e e tected

byt roat mane 0t B0 S € 2 TR U e 5. B ERER e B R by

catal ytic Whaéﬂhat ion over palladiumon carbon to yield

(t)-trans-3-(5, 6-di hydro-4H-pyrrolo [3,2,1-i(f]

qui nol i n- I-yI)-4 1Hi ndoI 3-yl) pyrrol i di ne- 2, b5- d| one. Bnz is benzyl Bnz

Bnz \ 0 NeExamplep.drepgrgh Dransksoni acid-h 5, 6y A 75010 [, 2 e olinli HVDS

Lol tégne lPd&(ngghmﬂdousLmS dlB)N Mnanﬂnmvﬁnetﬁyl é‘dtel) Ivg/ IVEOH / \ I2) Ho/ gdlcd:% N
anpl e a P

qui nol i n- 1-y| ) zﬁ Esl%foq 1mc§cldl(3})(5 {ﬁ% r8 }-Id)yrrglo§2 zgjjaum in-1 9’155?1fpmdcﬁ 13-

() - Tr ans- 3535 amdq -pyredticind gty edtey Wagprepatediap jn Example 59 by replacmgNN-

qui nol i n- ldlmédlylglyé.lréwlnp@éarb%xwy)ldlﬂyrm&mﬂ Sé’-»d 480 ﬂf}eraeun@y(s Q@D RraRar ed by

reacting 1-al %’é r ono- | dole w %jla"oxaly | ori 2#3

sodi um met4bx}-8eld; b tff’o]%@r ma%‘f%? B8 GsBDvietr(dds 8&%&@?%?@% ‘ne to yield

(1-al lyl - 72.sp@emuh.H 75 WO 2006/ 086484 PCT/ US2006/ 004456

I ndol -3-yl )-oxo-acetic acid nmethyl ester, which is subsequently reacted with
2-(II—|—indoé-3-yI)-

yI)-1-methyl pyrrole-2, 5-dione and (%)-cis-3-(5,6-dihydro-4H-pyrrolo [3.2.1-i/] quinolin-1-v1)-4(1-

methylindol-3-y1)-1-methyl pyrrolidine-2, 5-dione.
Step 1: To a solution of 3-(5,6-dihydro-4H-pyrrolo [3,2,1-if] quinolin-1-y1)-4(1 H-indol-3-yl) pyrrole-

2, 5-dione (100 mg, see Example 1) in anhydrous dimethylformamide (5 ml) was added potassium

carbonate (0.5 g) and methyl iodide (0.1 ml). The mixture was stirred at room temperature for 48
hours then poured into ethyl acetate (100 ml), washed with water (100 ml), dried over anhydrous
sodium sulfate and evaporated to give 3-(5,6-dihydro-4H-pyrrolo [3,2,1-] quinolin-1-yl)-4(1-
methylindol-3-yl)-1-methyl pyrrole-2, 5-dione as a red solid (93 mg).

Step 2: To a solution of 3-(5,6-dihydro-4 H-pyrrolo [3,2,1-if] quinolin-1-y1)-4(1-methylindo]-3-yl)-1-
methyl pyrrole-2, 5-dione (93 mg) in methanol (5 ml) and ethylacetate (5 ml) was added 10% Pd-C
(50 mg) and the mixture stirred at room temperature under 1 atmosphere of hydrogen for 48 hours.
Toluene (50 ml) was added and the mixture again stirred at room temperature under 1 atmosphere of
hydrogen for 2 hours. The mixture was then filtered through a pad of celite and evaporated to dryness
to yield a residue. The residue was purified using silica gel chromatography eluting with 35-40%
ethylacetate in hexanes to give (£)-cis-3-(5,6-dihydro-4H-pyrrolo [3,2,1-i7] quinolin-1-yI)-4(1-
methylindol-3-y1)-1-methyl pyrrolidine-2, 5-dione as a pale yellow solid (53 mg). "H NMR (CDCly)
400 MHz &: 7.23 (s, 1H), 7.05-7.07 (m, 2H), 7.01 (d, 1H, J=7.2 Hz), 6.92-6.97 (m, 1H), 6.85 (t, 1H,
J=7.2 Hz), 6.74 (d, 1H, J=6.8 Hz), 6.64 (d, 2H, J=6.4 Hz), 4.78 (m, 2H), 3.75-3.84 (m, 2H), 3.45 (s,
3H), 3.27 (s, 3H), 2.79 (t, 2H, J=5.6 Hz), 1.98 (m, 2H).
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acetam de and tBuCK (potassiumtert-butoxide) in TI-IF to yield
3-(1-allyl-7-bromo-1Hindol -3-yl)-4- (1Hindol-3-yl)-pyrrole-2,5-dione.
Reduction of the 3-(1-allyi-7-brono-IHindol-3-yl)-4-(1H i ndol -

3-yl) - pyrr oy edusdisgne by My in refluxing nethanol, as pdr/Eseasgaloesse
procedure C, yields 3-(1-allyl-

7-brono-| Hindol -3-yl)-4-(1H i ndol - 3- yI) pyrrolidine-2,5-dione, whichis
treated with 9- BBN (9- borabl cyclo[3.3.1) nonane) and Pd(PPh3)4

S, 6- di hy dFH 4 CiRbi R i -
|(oyrro| : dlyng)@yrrameem Bdiohk Sr (coc:|)2/ NaOMe ~ CH2Cl 2 CONHZ 0 H CD2Me O 0

t BUOK N \ / H N

P d?PhBP) PR HH-&'itéangﬁ' (LVP dh@@dm pgﬁr%@)ﬁ %P églé‘?noﬂ i ﬁ/'l)'if(ﬂ? BNy Ppyridiigibt-A

()- G s- 3- f8li@e mahpwrepazﬁdlbpyqapdep@b@ apd 3 Adibgamanbphenyltryyplp-24¢digaeiimdie| - 3- yl )
pyrrolidi @@sam St NRagdBdurh Br)omm@dﬁﬁela’bsmn@ ﬂalmmoqlﬂl#lpphelﬁ)mpymh@z@ 1-dl

S onar s ofishy 5 Sreryt &%ﬁg P e S ong SRRt S A e £ .
yl) pyrr oIdnlﬂdrnGH?pyrrB}om,z;)hg qniaylinbk enddriEMEStithinedieramerticy [divilade) tnhelugneaciiéon of

EéHESI gﬁﬁ;gﬁlgﬁwgﬂmlfu@&lﬂ y??ﬁ&?ﬂe?&%?’?d@?ﬁ)%e“ c acid nmethyl ester in
the pres étﬁféféISGflplynﬂ@l@ép lﬂqllaeisurrumwadi%fh@ é#wféfp - Hppidplyi2dnilgenolind -yA-4ol ar
aprotic Sfpizavﬁlam—asm:hpﬁeﬁ ﬂﬂsl}/mtegs -diéhe WehidDi9 R HBE 4itke étblﬁ%ﬁ%ﬁr@QM&m%yl el d

2- (5, 6-di tganomsp X Ii-‘:xanfp?i ngroce:cliure b] t%Howe Ibly r(}a’ca:illyl% k?ydg;qeg ation over plal-la:?:hu%u) ut-2-en

edi oi ¢ aci'
carbon to yield ()-trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-i/] quinolin-1-yl)-4(1H-indol-3-yl)

pyrrolidine-2, S-dione. Bnz is benzyl.

Bnz Bnz
N OxN 0
m Oj__zg() MeMgBr —
N — o
H Br Br Br T
N
H B(OH),
) {
N OR N
LIHMDS
Toluene Pd(PPhg),

1) Mg/MeOH

A

2) Ho/Pd-C

3-yh) pyrrolidine-2. 5-dione

(3)-Trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-if] quinolin-1-yl)-4(1 H-indol-3-yl) pyrrolidine-2,
5-dione may be prepared by reacting 1-allyl-7-bromo-1H-indole with (COCI); (oxaly! chloride) and

sodium methoxide in a polar aprotic solvent such as dichloromethane to yield (1-allyl-7-bromo-1 A~

75



di met hyl ester. Alternatively,

2- (5, 6-di hydro-4H-pyrrolo[3,2,1-]quinolin-I-yl)-3-(1H i ndol -3-yl)-

but - 2-enedi oic acid dinethyl ester may be prepared by reaction of

(1H i ndol - 3w JoosreRigsc acid nethyl ester and PCT/US2006/004456

(5, 6-di hydro-4Hpyrrolo[3,2,1-ij]Jquinolin-l-yl)-oxo-acetic acid nethyl ester
in the presence of a base (e.g., LDA) in THF. The 2-(5, 6-di hydro-4H-pyrrolo
[3,2,1-i] |iﬁﬂgl-ﬁ?lz-b£b‘-éeéﬁd &fﬁﬂ&lﬁf‘l‘iété?d@"i@h%snb’deﬁuehﬂﬁt reé’cte%ﬂﬁﬁliz%g-iﬁféll-ﬂyﬂl rrelt %
eS8 I e Bt SR Ao S AR SolTS linaof 235147

2- (5, 6- di HyKHindelB-lpyytrote-1-BioRs. Reldyckiopuofitie 3-(i-allylyA-Yrer8e-( Hiihdoh8lgl)-4-(1 H-indol-
3-yl)-sucgim indk_di : ' j; ' b _Annoe
(Phci o) Py BE ey AUy Mg o Rt he mbfinGlios 8 ELERR Fftodlobed OGN ATLOE

3- (5, 6- di Hyhieree- WHinggl - BT-indql-3-y1)-gisioHéing-h3-diogs, yhieh is|traatedwish 28BN (§- | - phenyl
- pyrroli dioﬂ@iq?cl@.@!i]ﬁ&ﬁne)ﬂm@d(m;)m&gmﬂu@my@Mpﬁiﬁeqmadimyis,ld(rggwah@s-

depr ot ect By £2ta YL Py onenston yeh .o chnepal, (0O o i ve

jlquinolin-1-yl)-4-(1Hindol -3 -pyrrolidine-2,5-dione. The cis and trans
isonmers may be separated to gi 3“\: four cis and trans isoners (e.g., by

chromat ography as in Exanpl es 48an 5). The deprotected m xture of cis and
trans isonmers may be treated with pd assiumtert-butoxide in tert-butanol
(as in Exanple 3) or a mxture of (TI- F and tert-butanol at 50 Cto yield a
m xture wiwth a predom nance of the trans isoners. Alternatively, the

2- (5, 6-di hydro-4H pyrrol of 3, 2, 1-i j{l(quingcbdne | -

yl)-3-(1H i ndol - 3-yl)-succinic acild di methyl ester can be reacted with
anmmonia in methanol at el evated t/effhperatures to yield predomnantly the
cis isoners of 3-(5,6-di hydro-4H pwyrrol o 3, 2, 1-
ijlquinolin-1-yl)-4-(1H i ndol-3-yl)-pyrrolidine-2,5-dione, which my be

i somerized to yield pr Hpat el Y

3- (5, 6- di hydr o- 4H | o[ 3, 2, A0k quI'nogj g 1- V! fdol - 3-
yl)-pyrrolidine-2, Lgnhe Wit t ASSi - bu ent - but anol (as
in Exanple 3) or a mx#Hure of and tert-buta 7 WO
2006/ 086484 PCT/ US2006/ 004456 B0 M0 CO2Me 2C + Me0 co2Me  LDA OR\\ /
\'r/ N C02Me Me02C THE NH C:N + H N H2I Pd-& Bgz o N 0 Me02C co2me
Mg/MeOH
reflux

vD) pvrrolidine-2, 5-dione and (+)-Trans-3-(5.6-dihvdro-4H-pyrrole [3.2.1-/] quinolin-1-yD)-4(1 H-

indol-3-y1) pyrrolidine-2, 5-dione

The cis and trans isomers of 3-(5,6-dihydro-4 H-pyrrolo [3,2,1-4] quinolin-1-yl)-4(1 H-indol-3-
y1) pyrrolidine-2, 5-dione may be prepared beginning with the reaction of (1H-indol-3-yl)-oxo-acetic
acid methyl ester and (5,6-dihydro-4H-pyrrolo(3,2,1-ij]quinolin-1-y1)-acetic acid methyl ester in the

presence of a base such as LDA (lithium diisopropylamide} in a polar aprotic sclvent such as THF to
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PhCHZNHz N H Heat NH 1) H2IPd-C 2) tBuOH THFIt BuOK 500 C 1) ammonia in
met hanol H 2) tBuOH/ TI-1FItBuOK 500 C -HeNNO N H Exanple 65.
Preparation of

3-(5.6-di hycbr(pmédybgwarol o[3.2.1-ii]Jquinolin-l-yl)-4-(3- nmimswmmmk) 1
H pyrrol e-2,5-dione To a m xture of 5,6 -dihydro-4Hpyrrolo [3,2,1-1if]
qui nolin-1- yI) oxoacetic acid nethyl ester (0.50 g, 2.05 nmol) and

2- (3- et hW@SWAlQﬁF@Q@Bﬁ%&ﬁ Qé?’zﬂqu%olugi 46H- 3mjlr)dol ﬁyl")‘Bng Qh'iglc a01d

tetrahydrof ura n.) wa tassiumtert-
t et r ahydr Sipsthyh estes, Alferpatively 24(7,6- dﬂﬁifﬁflo) HpygplSeel %]H“'GOIE' { Yﬂh (H- y@e}ﬂey Bras
stirred atbuf2-£actioic add binistiyl dsRemaCiereeaie a;t reabtiby off (DEHhdOI-3-91)- aaecﬁb beid hethylrL) was

added at Q ut ed WI th
cthyl acorsiad P R Rl I P! lﬁ%ﬁfﬂ%}gﬁ S ¥ PR ous
sodi um suIOﬁ“ abase gergd LDAQ irc B r Bhe@el S Hdlihyilro d Hepygalo ¢3, i -iiimyinglirahgy B- 3s(<bH11rd101 -SFhe
resi due wa$).haus-kiciRE b dﬁl@ﬂiﬂ/‘l‘&t&ﬂrr%@éd L AR hy&b hm oVt o010 et hyl

SERTREL e e b IR T
4- ( 3- met haxylphediyit JoiddimpitylrestbrowRictbis clacabwitiien S8l 1P H,NH, NVR e ((GDEB) 400

M—|Z S 8.0 .08 2
" 6.85. é):l’ §1§§ nJanaZ/'_?j)6 & hf%ﬁ%[g‘? ?yrr 0[:{% 1 zjéqu Tlrz §B 4((% nglogg KB% p%g 4. (ZT (t,
2 H, 3. 66)y(rghd1rg-2|,§)-d10@ alre @txmrqjofﬁls@nd)trqqz 1songer$-ylay lg: c@gno@ctgd;b)(cmam Exanpl e

66. Preparnglibogath over Pd on charcoal (Pd-C) to g1ve rlse to a mixture of c1s and trans 3-(5,6-dihydro-4H-

§| ; 4 1&33&%%&@ ) pgﬁmlm 1- (1) 4 (lHdllncri]o\{ 3- yl) pyrroh e 04 & Lne The cxls Lrldatgllsnl(s?c!rrllerr]s- -

3- [ 4- (benzydydx yoppriaed yol givedt! (& Gis didtyels sorderd- (P, byodhodritatcdrabhy psin Bkanglles A-edd y1 ) - 1H
-pyrrol e- %, 5y, g%p?ﬂe%teﬁ?ﬁxtﬁ’r’é SpPal %‘3 QY %Irs’?,%ytbgtrgsfée?'m rlrlg, ﬁ?siu 'bﬁ’ %1991

2- (4- (benzyl oxy acetamde in eny acet am de.
Mp 262- 265¢erEbutggo & a pidurg/PETHE apd tagidhutagol ag SQYC to ws d@miktyre withja- | ) |
g gg (7t 45 rdomihaidp of the Sshs (sgmerg Elt@neﬁvé‘ﬂ] the2- (H)i dltZdI%&h( rrol:b 52 ;1] uﬂélén llj-i) H) A 92

(m 2 H, yé)@I@H 1“0?2 fll)succg(caaﬁﬁildém%kwl eqtr é%c éetaf: wglr ammoria in metha ol at
3- (5, 6- di helatated Winkpprgtures koofidd gredonipdtglyithealsiisvmbesyolf 3-(16-(dydrb-dHrpgpbiefiy2l 1) - | H-
F%r r20|16| 2] %u?ﬂr?gfl'?m)%_@ﬁnr@%? HM&PQOI%%&@@ J]ﬂeowhlw_ma be 1ﬁomerézeg to dyleld

: predominately the trans isomers of 3-(5,6- dlhydro 4¥1 pyrrolo[3,2 ?yy]qumolm 1- -yl)-4-(1 H-indol-3-
y1)-pyrrolidine-2,5-dione with potassium tert-butoxide in tert-butanol (as in Example 3) or a mixture

of THF and tert-butanol at 50° C.
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was prepared according to Exanple 65, enploying 2-(4-fluorophenyl)acetam de
in place of 2-(3- nethoxyphenyl)acetam de. M 234-235 C, 'H NVR ( DMSO- d6)
400 Mz S: 11.05 (s. 1 H, 8.07 (d, 1 H, 7.42-7.46 (m 2 H), 7.71-7.22 (m
2 H, 6.83 (WO20m/0842 Hz, 1 H), 6.65-6.69 (m | H), 6.00pceusdmeoiesy Hz, 1
H, 4.21 (s, 2H),2.92(bs, 2H), 2. 15(bs, 2H) Exanpl e 68. Preparation of
()-Trans-3-(5,6-digvdro 4H pyrrol o[ 3,2,1-ij]Jquinolin-1-yilL
met hoxyphenvl ) pyrr CP 2, mgd,ene. A mixture of
3- (5, 6-di hydro- 44 pyrro ﬁ{e 2. 1-ijYquinolin-1-yl)-4-(3-nmethoxyphenyl)-1H
pyrrol e-2,5-di (® 73% 7 ol ), magnesium (0.89 g, 36.7 innol) in
anhydr ous neth eated to reflux for 1.5 h. After cob@g to room
tenperature, the lilght yellow sd ution was dil uted ZdCetate (200
m), washed with 1.0 M hydrockkéric acid (#%50 ni), B, dried
over sodium sul fate and®®oncentrated to provi de a | .
resi due was purified by colum chromatogrgfy on si B uting with
40- 50% et hyl acetate FéZ ield ()-trans- 3-
(5, 6-di hydr o- 4EBy Rol i n- 1-yl) - 4- (3- met hoxyphenyl ) pyrrol i di
: - alid. M 87-91 C ' HNWR ( 13) 400 MHz b:
8.73 (s. 1 H), : TF 7.14 (d, J =7.6 Hz, 1 H, 6.93-7.01 (m
3H),677686(|n , J= 6.4 Hz, 1 H, 4.24 (d, nrdfs 4 Hz, 1
H, 4.18 (t J= 5.5Hz, 2H), 378(53H) 2.97(t,J=5.6Hz,2H),2.19-2.24 (m2H . 79
WD 20061086484 PCT/ US2006/ 004456 Exarrple 69. Preparation of
()-Trans- 3- (5, 6-di hydr o- 4BP2pyrroI o[3,2.1-ii]quinolin-1 yl)-%4-(3 hy dro xvphe

ny 1) py rrol i di ngg2, N3 | o ne. To a solutionpdoc CO,Me
()-trans-3-(5, 6-di hydro- H-pyrrol 0[3,2,1-ij]quinolin-1-y1)-4-(3-
~ 78C under

met hoxyphenyl ) pyr r & S F=gne i n dPoGiHMNtbnet s
an at nosphere of ) : oW y =added—boron ik )
di chl or onet hane) (5 ¢ Tesul tingHeat xture wés §'ﬂ|rreNat 78C for 30
m nutes and at roomt rrperature for 3 hours. The react¥on miRture was
cooled to -78 C then quenched by t he addition of nethanol (5 nL). The

m xture was allowed to Anfie/ba 'rCoomterrperature nd mai ntai ned at room
temperature for 30 m nutgs.2) EiRHTEBEIOKS"IcKt uFe was diluted with

di chl or onet hane (80 nL), washed wi t h sat urated” aqueous sodi um bi carbonate
(15 nmL), water (15 nlL) and saturated sodi umchl)@mnbaigin®etianol The organi c

| ayer was dried over anhydrous sodi um su}f at @]}d to dryness.
The residue was purifigd fAash chro togrgplﬁewéon Si |ca]@£gelcb eluting with
et hyl acetate: hexane: dic I onet hane (¢%5:5:1, v/v) to give

(t)-trans-3-(5, 6-di=r lo[3,2,1-ij]quinolin-I|-yl)-4-(3-hydroxyphen
yl ) pyrrolidine-2, OWN SO|Id(1 15 g, 63 %9; M 108-110 C
l\/R(CDCls) 400 M 69,35, 1H), 7.18 (t, 1H, J=8.0 Hz), 7.12 (d, IH,
Hz), 6.99 (d, $ Hz), 6.97 (d, 1H, J--2.0 Hz), 6.93 (d, 1H, J=
6.76 (m 1Hy, 6. 69 (d, 1H, J=1.6 Hz), 5.67 (brs, 1H), 4.32 (d, 1H,
Hz), 4.20 (d, 1H, J=6.0 Hz), 4.07 (t, 2H, J=5.6 Hz), 2,96 (t, 2H,
Hz) , Edamb® 65NPrephbdlion bGLMB:dindArb-431- ﬁM‘BH}Z’) 2.1-ij]quinolin-1-y1)-4-(3-methoxyphenyl)-

1H-pyrrole-2,5-dione

Min

OOO
E

To a mixture of 5, 6 —dihydro-4H-pyrrolo [3,2,1-7] quinolin-1-yl) oxoacetic acid methyl ester
(0.50 g, 2.05 mmol) and 2-(3-methoxyphenyl)acetamide (0.37 g, 2.26 mmol) in anhydrous
tetrahydrofuran (5 mL) was added potassium tert-butoxide (1.0 M in tetrahydrofuran, 6.17 mL, 6.17
mmol) dropwise at 0 °C. The mixture was stirred at 0 °C for 3 hours then concentrated hydrochloric
acid (1.5 mL) was added at 0 °C. The resulting mixture was stirred for 1 hour, diluted with ethyl
acetate (150 mL), washed with water (2x50 mL), dried over anhydrous sodium sulfate and
concentrated to give 0.91 g of an orange solid, The residue was purified by column chromatography

eluting with 20-40% ethyl acetate in hexane to give 3-(5,6-dihydro-4H-pyrrolo[3,2,1-ij]quinolin-1-yl)-
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Exanpl e 70, Preparation of

()-Trans-3- (5. 6-di hydro-4H-pyrrol o[ 3,2,1-ij]quinolin-1-yl)-4-(4- fluoropheny
[Ypyrro lidi ne-2.5-d ione. 3-(5,6-di hydro-4H pyrrolo[3,2,1-i]]

qui nol i n- 1- Y0 2086/6s8ads! uor ophenyl ) -1 H-pyrrol e- 2, 5-di one pgfepat@mdsggcor di ng
to Exanple 67, was reduced by enploying the nethod of Exanple 68 to yield

(
trans- 3- (5 érﬁeéﬁu%hgn AR08 Jiofo. Mpldol1G 1A o MRl o) dod et budsiqpheny! ) py

rrolidine-

i | 1qui nol i 18L4bs.- 14D %287 204 b ERAG - Bilenpd Fh 6188691 §mef B 25 fip! Bhg 12/ C, 1H
NVR ( DVBO-=§) H4000), M&(t&H)J.iﬁdS@ 19, 2.97 )= (7014@211)42322(2TE6C&1EI}1) 7.32 (m 1 H),
7.13-7.17 (m 3 H), 6.82-6.89 (in, 2 H, 453 (m 1H, 436 (m I H, 4.09
(t, J= 5.2 Hz, 2H) 289(t J—60Hz,2H) 209211(m2H) Exanpl e
71. Preparkszinple ppafatiom af B4q Hengtiewyinhbayd iy lo[3.2,1-i n-1-

6- di hydr o- ‘&H}pwrfoq)g pg g,‘%nel- |j]qU| nol i n- 1-yl )pyrrol i di ne-2. 5 di one

3-[4-(b | hyd 4H | o[.3, | l-yl)-1H
Soyrrole 2 5. RE e R I SrabHg bl BB b e ay )
enpl oyi ng dikie wmﬁrh@ﬁcdaﬁcoﬁi{@mﬁﬁanﬁ& 450employérg®- (@)(betnlzﬁm)phenyl)acetamlde in place

R RO AR S A

H, 7.25-78.U3d(InfD, %334745(111175}1)(@99(@7—6'862%321{) QSiH)i;J’678?1261 B 06H(t, UHM) | 5. 07
(s, 2 H, doAs, .)(=dS4I]Iz 17H)65 W% ?Jn% (2192(141—2 , 4.07-4.10 (m
2 H, 2.87-2.90 (m 2 206/086484

PCTI US20061004456 Exanpl e 72. Prepar ation of
() - Tr ans- Example 6diPpdiaterdd3 [ y.6dihly éxb 3HZhyirelo3| 20IWi Ig@ihélin-11y [y -j 4~ Buof sphétiy -1 H-

roxyphen} ¥rrf%'dlbl{1' ne-2, 5-dione. A m xture of
(t)- E@—Fﬁ—(—trernzy Zﬂ%phenyl] 4- (5, 6- di hydr o- 4H pyrrol o[ 3, 2, 1-i ] qui nol i
n- 1 yI ) pyr r ol i3difedilydg-4H-piirelo( B2, D-ijtgpinglird ] -ARAHC -{la@ophapy); LFOp Y de-4)-digees

?t: [r eddun»gfrt ared %éghgf@@plehy@?%ﬁng mﬂ&\'@héuygmaamﬂa% piadeaky e was

iltered o rough a celi

purified B¥° E%V?hﬂ‘ﬁ)@wiﬁﬁg"t&gf?@ﬁ cfﬁ @Wﬁ&%g V\}ilt(ﬁ (538 }ﬁ&%ﬂ?hyl

acetate inl Hhéxaﬁi@6(rm2[iﬂ)07/i7ﬂé22 (m, 2 H), 6.83 (d, J=7.2 Hz, 1 H), 665 6.69 (m, 1 H), 6.00 (d, J=
()-trans VAromd j]qU|noI|n1yI)4(4

hydr oxyphggné/ io l 20%) 5;92@6 C}h%%@gﬁﬂgs a light yellow solid.
105-107 C, 'H NI\/R (acetone d6) 400 MHz S 10 27 (s. 1 H, 8.34 (s, 1 H,
7.17-7. 21 fyamh : . ilquinoli

_ , 4.13(d, J=5. 6Fz, 2
S12e-ciope. py epar ation of
7 [ 4- (1H—| ndoI -ABmydt@re (z?f 35(5;dirdﬂ)§rdpo21}5p}drolvy_m b—ijhhhl}))hrfl’yl)01(3-ﬁteﬂlbkyp3en41-)dHhvdr o-1 H

l[_é N/4\1d'06_‘|2 ep?/&rla%ég % m?e@'h‘] .'fv\g%a F&éf %Qé:@%@{ Lq' $ 254 AnRSH AV AnhfEOS mehfR wis |
heated to reflux for 1.5 h. After coolmg to room temperature, the light yellow solution was diluted
with ethyl acetate (200 mL), washed with 1.0 M hydrochloric acid (2x50 mL), water (100 mL}), dried
over sodium sulfate and concentrated to provide a light brown solid. The residue was purified by
column chromatography on silica gel eluting with 40-50% ethyl acetate in hexane to yield (&)-trans-3-
(5,6-dihydro-4H-pyrrolo[3,2,1-ij]quinolin-1-y1)-4-(3-methoxyphenyl)pyrrolidine-2,5-dione as a light
yellow solid. Mp 87-91 °C; 'H NMR (CDCl;) 400 MHz 8: 8.73 (s. 1 H), 7.25-7.30 (m, 1 H), 7.14 (d, J
=7.6 Hz, 1 H), 6.93-7.01 (m, 3 H), 6.77-6.86 (in, 3 H), 436 (d, /= 6.4 Hz, 1 H), 4.24 (d,/=6.4 Hz, 1
H), 418 (t J= 5.5Hz, 2 H), 3.78 (s, 3 H), 2.97 (t, /= 5.6 Hz, 2 H), 2.19-2.24 (m, 2 H).
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CHO/ N N-~OH H To a solution of 7-formyl indole (2.4 g, 16.6 muol) in
1, 2-di chl oroet hane (60 nL) was added am noethanol (1.2 nL, 19.8 muol)
foll owed by glacial acetic acid (2.0 nL) and sodium triacetoxyborohydride

(3.5 g, 16. 6wormde)oseadne reaction m xture was all owed to StgWuRbosHOQALD
tenperature for 16 hours. The reaction m xture was quenched by addition of

water (10 nmL) and 1.0 M sodium hydroxide (10 nmL.). The organic |ayer was

then separ gk aehA0dpt el VRN Srah @ Bl6-ERkifAAT-BHroldd 5 Niflquiioi-£ HhAr@et hane (40
m.). The conpi ned r aql C extracTs wer é washed W th saturated sodi um

bi car bonat idingegesgioneo y 50 niL), dried over anhydrous sodium
sul fate and evapod @tuwidn bﬁ:(+)—ﬁlerny43€{5S-dlh?dtb—@ﬂﬂﬂytrmldplZ—l?n;]Whﬂﬁhlhyﬁ)-éi-eﬂﬂ no] et hanol

e Phono By AR ALEFS PR Al R i d e I PRSI | o

To a sol ut nigngepfvagslpyly Hdded deron fl‘lbydmmt(h? M md@hw@mmw m{} The 1139u1tm|g
1, 2-di chl op ek DRt dPat —‘7@913 5D rﬁng@SQn& ﬁﬂﬂﬁﬁ&ﬁtﬁl‘@ fdrd hg‘l?rs Pﬂhe reaétiocR Mol )

foll owed by, benzyl chl oroformate r"% he m xture was
all owed to mé’%“ir? W%‘t‘"’?'ﬁi‘ﬁ?ﬂ@ rf%‘é'?‘h‘ﬂ'iﬁ?%‘qu Wrthezadﬁ’é‘a? of mefiyggol S{IHW 8¢ e Ytenched
by addi ti onlloafed wath td %Gmlﬁn)pera&mdanﬂi finkdire® aki rogh f&h‘lﬂérﬁnﬁedﬁr 3(Olhﬁmﬂés) TheThe

ir gag: gh: g‘%/egget{oH mlxturs%a%@&eﬁ wi.tﬁ %whlto%le%qnu%)d”lnsll, lnfigs%ed W gl? teed Wgueous SOlee d with

1.0 M hydr bietibapete ¢l Sael)dwiterd 1 frin}) angesaterateq @lunll_C)ﬂOﬂdh(ilédlld)%P orgatiydywmes sodi um

sul fate an@rlﬁ\(ﬁ&%@dﬁﬂs §d31uq{s)6[f@c§ gnd coitentraRk e‘é!a’i’hé}ﬁdiéhfe'vﬁg Biied by 1R gel
chr omat ogr 0% et hyl aceta nes }tDo 40% ef hyl

acetate i na}H@iﬁ?ﬁg)lh? tBrll 8 qa(gpldeh(tl?g WHF%W“&%‘WW dlcgloromet hane (5:5:1, v/v) to give
(1 Hi ndol - f)yanse3-(5y6-Jinycied-4rapyreolsi8,2 d-ijpguiroin-1- @ HU€B-hidoxiPhay ) H2Uidinehs-deck yi el d

f t t I w 9.7
s ERa Pl 1200k ERglds gy, WRyptincHh ORI ko Sl 7B ©
3.85-3.57 GH;J‘QP#IZ) 31551,3H2138@r1r12) 3199 (d, LIENSO.RHE), £93 05 1 HIre8 3lzMe b (d, B3N,
CH2Cl 2 aNOgl4 @ik %q @gﬂ 1€5%. 69T(9 1, $=01| Mﬁi)%ﬂﬁrs 1H) 432(d, 1H J 60Hz),420 @, 1H
o

hyd . ,
ST S .eﬁﬁp HRn0ol o o VLBEL BY) 63 banlr A G PeRAVE Shheg (2,79 9

mol ). The m xture
Example 70. Preparation of (:)-Trans-3-(5.6-dihydro-4H-pyrrolo[3.2.1-ijjquinolin-1-yi)-4-(4-
fluorophenyl)pyrrolidine-2,5-dione.
3-(5,6-dihydro-4H-pyrrolo(3,2,-ijlquinolin-1-yl)-4-(4-fluorophenyl)-1H-pyrrole-2,5-dione
prepared according to Example 67, was reduced by employing the method of Example 68 to yield (%)-

trans-3-(5,6-dihydro-4H-pyrrolo[3,2,1-ij]quinolin-1-y1)-4-(4-fluoropheny!) pyrrolidine-2,5-dione 1-
ijlquinolin-1-y1)-4-(4-fluorophenyl)-1H-pyrrole-2,5-dione. Mp 208-210 °C; *H NMR (DMSO-dg) 400
MHz 8: 11.52 (s. 1 H), 7.40-7.43 (m, 2 H), 7.32 (m, 1 H), 7.13-7.17 (m, 3 H), 6.82-6.89 (m, 2 H),
4.53 (m, 1 H), 436 (m, 1 H), 4,09 (t, /= 5.2 Hz, 2 H), 2.89 (t, /= 6.0 Hz, 2 H), 2.09-2.11 (m, 2 H).

ijlquinolin-1-yDpyrrolidine-2,5-dione
3-[4-(benzyloxy)phenyl]-4-(5,6-dihydro-4H-pyrrolo[3,2,1-ij]quinolin-1-yl)-1H-pyrrole-2,5-
dione prepared according to Example 66, was reduced by employing the method of Example 68 to

yield (¥)-trans 3-[4-(benzyloxy)phenyl]-4-(5,6-dihydro-4H-pyrrolo[3,2,1-ijlquinolin-1-yl)pyrrolidine-
2,5-dione. Mp 91-93 °C; 'H NMR (DMSO-ds) 400 MHz 8: 11.47 (s. 1 H), 7.25-7.43 (m, 8 H), 7.15 (4,
J=7.6Hz, 2 H), 6.82-6.96 (m, 4 H), 5.07 (s, 2 H), 445 (d, /=7.6 Hz, | H), 4.24 (d,J=7.6 Hz, 1 H),
4,07-4.10 (m, 2 H), 2.87-2.90 (m, 2 H), 2.09-2.10 (m, 2 H).
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was cooled to O C and net hanesul fonyl chloride (0.74 nL, 9.47 mmol) added in
a dropwi se manner. The m xture was warned to roomtenperature and al | owed
to stir for 2 hours. The m xture was then quenched with water (30 nlL) and
1.0 M sodi umylaydscasi@e (10 nmL). The organic | ayer was separaiobeoadss t he
aqueous | ayer extracted wth dichloronmethane (20 nL). The conbi ned extracts
were washed with 1.0 Mhydrochloric acid (20 nm.), water (30 nmL), dried over
anhydrous sodi um sul fate and evaporat ed to dryness. Methanesul fonic acid

obt ai ned as2HRYB4- 82 AOL2 PR 2640 BYES e Arigduinglip] -vA)-4{d (60% , DVF
Ovs CBZ CBaydrdypken: hdma- Sdmhanesulfonl c acid

2-[ benzyl oxycar - i 8.61
mTE)l) b di ot h%q%‘i‘"r?&%n tﬁ%g%[“nqii’!zﬁgmayymswlw BN by aER 1Bl O ©
sodi um hydrpdeyradidig-2iSriione (i gl andpPy/C (tﬁﬁ(ewfwe%?ﬁ&ahvamtmeénedemstmamh@mﬂ to
stir at 0 @ydr@éen%ashﬂ%lghtanﬂeﬁ Qagefnfémelffhwoutgm@pmﬂhéut@ﬁd%m%iaea 1d0 n).

conbi nea oF BN Be A Rttt 5o i raBerEP Y ot s o 30 RRpEr inoy o

anhydr ous Sma:dmumpmyldbe:t)eraasqﬁ-(feéfdupmmuléquxtabo[ﬁiﬁyﬁjecsmalnﬂ'hel)Fﬂe(slr due was purified

by silica ¢ tg ord

3Y 4% ai hyar el @*f%ﬁ"” gL £ l“gtaﬂ?’dvp%“ﬁc’é’?%%??é’caﬁ%enz

ester (1. 9%acgtoncrdsg mmaw SelH)fSéﬁ(SE dilépd) (ast H). £8P-6P1 doist B) |439(d HNIVR
(CDCL3) 400=WZH§1H?5 £221d A6= 1.0z, 1M, 4.3 @; ﬂ—?eﬁmzmw(ﬁ ,115@}& 1R),235) .
66648(1% 5.2-5.05 (m 2H), 5.0-4.82 (m 2H), 4.2 (m 2H)),
4.1-3.95 ( 9%2HXGVB(M+H)—307 Step 5 0 CC2Me 3NCBZCBZToa
solution of 3,4-dihydro-1H[1, 4]d|azep|no[6 7, 1- hi ]i ndol e- 2-carboxylic acid

benzyl est gy, 1§7P ] ihy r-lﬁ-t

0C, was added oa V page
portion of : The .m xture was stirred at

0 Cuntil ahdpit he startl ng rrat eri aI has been consuned before being cooled to

-78C. Sodi um net hoxi de J t hanol (0, &M (10 m ) was then added slowy and
the mixture allowed to %, Fdom ¥ enpexarr e 1 hour at room
tenperature the m xture en—dirtuted—wth>et cétate
H NaBH(OAc), AcOH N
CHO 0

To a solution of 7-formyl indole (2.4 g, 16.6 mmol) in 1,2-dichloroethane (60 mL) was added
aminoethanol (1.2 mL, 19.8 mmol) followed by glacial acetic acid (2.0 mL) and sodium
triacetoxyborohydride (3.5 g, 16.6 mmol). The reaction mixture was allowed to stir at room
temnperature for 16 hours. The reaction mixture was quenched by addition of water (10 mL) and 1.0 M
sodium hydroxide (10 mL). The organic layer was then separated and the aqueous layer extracted
with 1,2-dichloroethane (40 mL). The combined organic extracts were washed with saturated sodium

bicarbonate (2 x 30 mL), water (2 x 50 mL), dried over anhydrous sodium sulfate and evaporated to
dryness. 2-[(1H-indol-7-ylmethyl)-amino]-ethanol (4.4 g) was obtained as an oil LCMS (M+H) = 189,
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(200 M) and washed with water (300 ml). The organic |ayer was dried over
anhydrous sodium sulfate and evaporated to dryness. The residue was
purified by silica gel chronmatography, eluting with a ethyl acetate/hexanes
(1:1) to aff ershoosossssd _ _  PCT/US2006/004456 _

7- met hoxyoxal yl - 3, 4-di hydro-1 H [ 1, 4] di azepi no[ 6, 7, 1- hi ] i ndol e- 2- carboxylic
acid benzyl ester as a pale yellow solid (481 ng, 67 %.'H NMR (CDC13) 400
MHz S: 83 WD 2006/ 086484 PCT/ US2006/ 004456 8.26-8.36(m 21-1), 7.22-7.37(m
6H), 7. 10(dd 1H, J=32.8 and 7.2 Ft) 5.11(d, 2H, J=8.0 Hz), 4.94(d, 2H,
J=22.4 Hz), Stép 241~ 4. 48(m 2H), 4.01-4,05(m 2H), 3.93(m 3H). Step 6 0 NO
CONHZ tBuOK N Cr + | N Elwﬁm&mﬁaﬁEﬁi

7- met hoxyoxal yl - 3, 4- d H-[1, 4] diazepino[ 6, 7
acid benzyl ester (481 C de (234 ng, 1.34
mol ) in anhydrous tet uh dro@Mran (14 m) at OC was_added ypot assi um
t - but oxi de (412 ng, 3. 67ﬁnnn . The m xture was stlrﬂ%d 0OC for 2 hours.
Concentrated hydrochloric acid (5 mM) was then added anﬁ:the m xture
stirred for 2 hours at roomtenperature. The m xture was then diluted with
ethyl acetate (300 m), washed with water (500 m ), and the organic |ayer
dri ed over anhydioauslutaddf o4nlHuhdodtr §lmelHyd- aﬁﬁﬂ)ﬂ e&uﬁml alse) o, 2- ﬁi‘clﬂdroayans oi ca gel

chr om0t Sty S L0 5 Py S RIS RS G BT LRRE, 14
azepi no[ 6, 72584 anjl)i lekohistu-va plsoveg I stir atcoah tbeppza}tvre & RepuraThg mhtirg es

3” gnge{—é ed q%@dchéii bé/:'ad@tug)  of &Qter/@ZO mL? VR (VB hg@r)mé@(q 0 ﬁhe O%Anl@ﬁ&g waslH

J=7.2 Hz) sgpaate em@@e ﬁiue%)laye%exwe@ “e@(l?dlmoeﬂﬁn@éo @%éf(hﬁfomed opgaEp)( m

i ]i;hndol e- 2-car boxylic

2H), 3. 95( mxtratkd)were \Easaeupﬂnﬂﬁ 1M h?dhﬁﬂﬂtl’rﬁtatld) (EO(hfL),(water (20 mL), dried over anhydrous
-Trans-7-[ h

| H-[ 1, 4] d| ;%Sée‘lb'ﬁ'gfge 2y "aﬁ‘l’ mgt& s i Pesidbe %asg’hﬁﬁ Blel‘ﬁéz)’ﬁ} o : Mg’ #%0 00 c
M H H 1efyting with RA%pthyt apq:tema i hexanes to 40% ethyl acetate in hexanes to afford (2-hydroxy-ethyl)

(1H~indol-7-ylmethyl)-carbamic acid benzyl ester (2.79 g, 52% combined yield for two steps) as a
colorless oil. 'H NMR (CDCl;) 400 MHz 8: 9.97 (br s, 1H), 7.75-6.9 (m, 8H), 6.54 (brs, 1 H), 5.21 (s,
2H), 4.9-4.6 (m, 3H), 3.85-3.57 (m, 2H), 3.55-3.23 (m, 3H); LCMS M+H = 325.

Step3
N\ MsCl, Et,N, CH,Cl, N
- N
b H
f?l/\/OH r’\j/\/OMs
CBZ CBZ

To a solution of (2-hydroxy-ethyl)-(1H-indol-7-ylmethyl)-carbamic acid benzyl ester (2.79 g,
8 61 mmol) in dichloromethane (50 mL) was added triethylamine (1.56 mL, 11.2 mmol). The mixture
was cooled to 0 °C and methanesulfonyl chloride (0.74 mL, 9.47 mmol) added in a dropwise manner.
The mixture was warmed to room temperature and allowed to stir for 2 hours. The mixture was then
quenched with water (30 mL) and 1.0 M sodium hydroxide (10 mL). The organic layer was separated
and the aqueous layer extracted with dichloromethane (20 mL). The combined extracts were washed
with 1.0 M hydrochloric acid (20 mL), water (30 mL), dried over anhydrous sodium sulfate and
evaporated to dryness. Methanesulfonic acid 2-[benzyloxycarbonyl-(1H-indol-7-ylmethyl)-amino]-
ethyl ester (3.46 g) was obtained as an oil
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N J CBZ CBZ Magnesiumturnings (195 ng, 8.0 mvl) were added to a sol ution
of 7-[4-(1Hindol-3-yl)-

2, 5-di oxo- 2, 5-di hydro-1 H pyrrol -3-yl]-3, 4-di hydro-1 H[1, 4] di azepi no[ 6, 7, 1- hi
] i ndol e- 2- capnlpoxydidsesss aci d benzyl ester (230 ng, O0.44 mMmuoeQT/US0@E@IBWES OUS
met hanol (20 m) and heated to reflux under an atnosphere of nitrogen for
1.5 hours, After cooling to roomtenperature the m xture was poured into
ethyl acetate (200 m) and washed with | M hydrochloric acid (100 m ). The
organic |layer was dried over anhydrous sodium sulfate and evaporated to
dryness. THEPfesi due was then purified by silica gel 84 WO 2006/ 086484

PCT/ US2006/ 004456 chr Raphy usiage®s); 66 et hyl te in hexanes to
yield ()-trans-7-[4-(1 | #3-yH=275 -
di oxo- pyrrolidin-3-yl]-3Ya- d”hydr o-1 H[I, 4] di azepi nof$+7~{- hi ] i ndol e- 2- car bo

xylic acid benzyl ester s_an @Ms white solid (205

400 MHz 8: 11.56(s, 1H), 1¥.0 d, 1H, J=2 Hz), 7.21-A43(m 10H), 7.09(1,

1H, J=7.2 Hz), 6.92-7.00(ncB211), 6.82-6.89(m 3H), 5. 6'4(3, 2H), 4.87(d,

2H, J=7.6 Hz), 4.54(dd, 2H, J=7.6 and 28.8 Hz), 4. 30((;% 2H), 3.92(m 2H).

F;(azpl( (]3- 253 Zr ?g?ra@&lhﬁﬁl dﬁ“f‘l%“eg‘ﬂﬁﬂis ac_;)rd ﬁﬁg;%rﬂﬂ@arﬁanyl-(lH-indol-7-ylmethyl)-amino]-
-4-(1.2. < ydro-[1, .az no - . o

hi I i ndol - 7-5%) ‘?S%if{%ﬁr @?h‘%‘-“ﬂ‘?lsl“h‘?’%ﬁ@%ﬁ’ eéz%mkP’éi’h“hhﬁzbeﬁcﬁ‘)@eﬁmﬁ e TWANENG

H NN H CBa2dded sodium hydride (60%) in mineral oil. The reaction mixture was allowed to stir at 0 °C for 1 hour

()-Trans- 7'a£161ﬂ1€f1§§?!1é%_9ﬂ; tiﬁﬁ %@g}trg_ﬁ Eﬁwg&g AN i“l{eodlcjlilegll{)‘léfé? ¥+J éx%aéédqidg%%&% I H

). 111 NVR (DVBO- d6)

[ 1, 4] di azepi no e-2-carboxylic a enzyl ester (16 , 0.31
mol ) and POYsT ffiat 10apfiduhesAmbiapdrsgrnic ERRACHEIT Yrsked ria Metss Crettialnotried 9% n )
were stirr edhydfaesodhintdulfits RBives hofited (WNINDQER: kadue Was B8 by dii@ gelat al yst was
g?;ﬂ ol grcg.]%g{a%rgr%p e Brir Sl Mo SR metnSndtD Serdi? S 4 oty o A1 ARHERANRE F4. T O
(t) - t r ans- Fjintiblei2reabbx)Bic y¢id behzy] 25t@, (B9 Hg, 7é% carhivkdqidld fodivai sepops mofl@le®, dil-
hi ] i ndol - 7-hviRYEBOL,) 80NRm2s: 76 £\6, 1), 2879, Y], § ©7.8.911h et IP6-583 m, 1), NVR
(DVBO- d6) 400 RIS 4 1.04(3‘6% Pty B, & ﬁz%(, ’37@35-7.45 AT T3l dd,
1H, 1=2.8 awd>-8 @), 507 §dmy 2y 4p-434m, ZDr4)-3.95 Gn.860:d- DY MY, 4. 52( dd,
2H, J=7.2 aup 4.8 Hz), 4.11(s, 2H), 4.07-4.10(m 2H), 3.14-3.17(m 2H).
Exanple 76, Cell viability was determ ned by neasuridg the activity of
dehydr ogenase enzynmes in netabolically active cells b M& tetrazolium
conpound, MIS. The assay wa er fQrmed as descri be n Pronmega Techni cal
Bul letin No. 169 (CellTiter qﬁ Cell Proliferation
N

To a solution of 3,4-dihydro-1H-[1,4]diazepino[6,7,1-hi]indole-2-carboxylic acid benzyl ester
(557 mg, 1.8 mmol), in anhydrous tetrahydrofuran (10 ml} at 0°C, was added oxalyl chloride (238 pl,
2.7 mmol) followed by a further portion of oxalyl chloride (340 pl, 3.85 mmol). The mixture was
stirred at 0° C until all the starting material has been consumed before being cooled to -78° C. Sodium
methoxide in methanol (0.5M) (10 ml) was then added slowly and the mixture allowed to warm to
room temperature. After 1 hour at room temperature the mixture was then diluted with ethyl acetate
(200 ml) and washed with water (300 ml). The organic layer was dried over anhydrous sodium sulfate
and evaporated to dryness. The residue was purified by silica gel chromatography, eluting with a ethyl
acetate/hexanes (1:1) to afford 7-methoxyoxalyl-3,4-dihydro-1H-[1,4]diazepino[6,7,1-Ai)indole-2-
carboxylic acid benzyl ester as a pale yellow solid (481 mg, 67 %). 'H NMR (CDCls) 400 MHz 3
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Assay). Thirteen human cancer cell lines were assayed (see, e.g., Table 1).
Cells were maintained at 37C, 5% CO2. Adherent cells were naintai ned DVEM
media (4.5 efL glucose) supplenmented with 15% heat-inactivated FBS, 10 n
L- gl utam ne, ociidsdEM Hepes pH 7. 5. Suspension cells werg-pi8hil@keged in
RPM 1640 nedi a, é%pplenented wi th 10% heat-inactivated FBS g%% (% MM Hopes
pH 7.5. Briefly, cells were seeded in 96-well plates as set forth in Table

1 and incu I r I Iuted
T DVBO. T Qe Res P AR, TR RRTP IS I B 3R Yol
(final DNB@Hebﬁ%éﬁhhéﬂﬂﬁdﬁ@tZB)33@&@5@bpﬁb3ﬁé@e3ﬂhcubated in the presence of
candi dat e ound for 72 hours. MIS stock solution (MIS 2 gniL, PMS 46,6
ng/mM in PBS) was added to the cells (final concentratiyon MIS 2 gniL and
PVB 7.67 ng/L) and i ncupaf®d®for 4 hqups, SDS was asidedteoa final
concentration of 1 and absgrbange at @8R nM was measur 2d within two 85 WO

6/ 904456 0 ¥ eadeéer . Th- 50 was
tion ound“§ hat @ [

¢reduction in

rated wi t h DMSO
only (0.33% and gal cul at ed using non- Iinea-.éﬁgre55|o anal yswas. | C50
val ues were givendgy Table 2 for the conpounds IN-st¥ed. Table 1 Cell Line
Cancer T e Cells/well C-H69 small ceII Iung @500 Cl-H446 mal |l cell | ung
10000 C-H82 snall 850 cell ol on
2500 NiDA. NB- 291 2y £t soRRRg A T dasBaeole 1HERR BT Sl on
m el o enouskid bkraptiester(280m$ATHEZ nmed)sand 8@6]6}3 amder(ééft ag.e. 33@!@@01) igkalyfiou 8

J0 mé' anone 3900 arosthd 13 rlif 87¢ A 2b8AQota8RmABLRAE (A8 GESH e PhoHSERARLAR4456 M

was stirred at 0° C for 2 hours, Concentrated hydrochloric acid (5 ml) was then added and the mixture
stirred for 2 hours at room temperature. The mixfure was then diluted with ethyl acetate (300 ml),
washed with water (500 ml), and the organic layer dried over anhydrous sodium sulfate. The residue
was purified by silica gel chromatography, eluting with a ethyl acetate/hexanes (1:1) to afford 7-[4-
(1H-indol-3-yI)-2,5-dioxo0-2,5-dihydro-1H-pyrrol-3-yl]-3,4-dihydro-1H-[ 1,4]diazepino[6,7,1-
hilindole-2-carboxylic acid benzy] ester as a bright orange/red solid (1.2 g, 80 %). 'H NMR (DMSO-
de) 400 MHz &: 11.66(d, 1H, J=2.4 Hz), 10.94(s,1H), 7.69-7.75(m, 2H), 7.19-7.38(m, 6H), 6.98 (,
IH, }=7.2 Hz), 6.73-6.89(m, 3H), 6.60-6.66(m, 2H), 4.90-5.08(m, 2H), 4.50(m, 2H), 3.95(m, 2H).

Example 74. Preparation of (£)-Trans-7-[4-(1H-indol-3-y1)-2,5-dioxo-pyrrolidin-3-vy1]-3.4-dihydro-
1H-[1,4]diazepino[6.7,1-hilindole-2-carboxvlic acid benzyl ester

Magnesium turnings (195 mg, 8.0 mmol) were added to a solution of 7-[4-(1H-indol-3-yl)-
2,5-dioxo-2,5-dihydro-1H-pyrrol-3-yl]-3,4-dihydro-1H-[1,4]diazepino(6,7,1-Ai]indole-2-carboxylic
acid benzy! ester (230 mg, 0.44 mmol) in anhydrous methanol (20 ml) and heated to reflux under an
atmosphere of nitrogen for 1.5 hours. After cooling to room temperature the mixture was poured into
ethyl acetate (200 ml) and washed with 1 M hydrochloric acid (100 ml). The organic layer was dried

over anhydrous sodium sulfate and evaporated to dryness. The residue was then purified by silica gel
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chromatography using 50-60% ethyl acetate in hexanes to yield (£)-trans-7-[4-(1H-indol-3-y1)-2,5-
dioxo-pyrrolidin-3-yl]-3,4-dihydro-1H-[1,4]diazepino[6,7,1-Ai]indole-2-carboxylic acid benzyl ester
as an off white solid (205 mg). '"H NMR (DMSO-d¢) 400 MHz &: 11.56(s, 1H), 11,03(d, 1H, J=2 Hz),
7.21-7.43(m, 10H), 7.09(t, 1H, J=7.2 Hz), 6.92-7.00(m, 2H), 6.82-6.89(m, 3H), 5.04(s, 2H), 4.87(d,
2H, J=7.6 Hz), 4.54(dd, 2H, §=7.6 and 28.8 Hz), 4.30(m, 2H), 3.92(m, 2H).

(£)-Trans-7-[4-(1H-indol-3-y1)-2,5-dioxo-pyrrolidin-3-yl1]-3,4-dihydro-1H-
[1,4]diazepino[6,7,1-hi]indole-2-carboxylic acid benzyl ester (161 mg, 0.31 mmol) and 10%

palladium on carbon (100 mg) in anhydrous methanol (15 ml) were stirred under 1 atmosphere of
hydrogen for 16 hours. The catalyst was then filtered through a bed of Celite and the filtrate
evaporated to dryness to yield (£)-trans-3-(1H-indol-3-y1}-4-(1,2,3,4-tetrahydro-[ 1,4 ]diazepino[6,7,1-
hilindol-7-yl)-pyrrolidine-2,5-dione as an off white solid (95 mg). "H NMR (DMSO-ds) 400 MHz 8
11.04(d, IH, J=1.6 Hz), 7.35-7.42(m, 4H), 7.24(dd, 1H, J=2.8 and 5.6 Hz), 7.09(t, 1H, J=7.2 Hz),
6.89-6.98(m, 3H), 4.52(dd, 2H, J=7.2 and 24.8 Hz), 4.11(s, 2H), 4.07-4.10(m, 2H), 3.14-3.17(m, 2H).

Example 76.
Cell viability was determined by measuring the activity of dehydrogenase enzymes in

metabolically active cells using a tetrazolium compound, MTS. The assay was performed as described
in Promega Technical Bulletin No. 169 (CellTiter 96 Aqueous Non-Radioactive Cell Proliferation
Assay). Thirteen human cancer cell lines were assayed (see, e.g., Table 1). Cells were maintained at
37°C, 5% CO;. Adherent cells were maintained DMEM media (4.5 g/L glucose) supplemented with
15% heat-inactivated FBS, 10 mM L-glutamine, and 10 mM Hepes pH 7.5. Suspension cells were
maintained in RPMI 1640 media, supplemented with 10% heat-inactivated FBS and 10 mM Hepes pH
7.5. Briefly, cells were seeded in 96-well plates as set forth in Table 1 and incubated for 16-24 hours.
Candidate compounds were serially diluted in DMSO, further diluted in cell culture media, and then
added to cells (final DMSO concentration of 0.33%). Cells were incubated in the presence of
candidate compound for 72 hours. MTS stock solution (MTS 2 gm/L, PMS 46.6 mg/ml in PBS) was
added to the cells (final concentration MTS 2 gm/L and PMS 7.67 mg/L) and incubated for 4 hours.

SDS was added to a final concentration of 1.4% and absorbance at 490 nM was measured within two
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hours using a platereader. The ICs; was defined as the concentration of compound that results in a
50% reduction in the number of viable cells as compwered to control wells treated with DMSO only
(0.33%) and was calculated using non-linear regression analyswas. ICs, values were given in Table 2
for the compounds listed.

Table 1
Cell Line Cancer Type Cells/well
INCI-H6S small cell lung 8500
NCI-H446 small cell lung 10000
INCI-Hg2 mall cell lung 3500
HCT-116 small cell lung 1200
sHT29 olon 2500
MDA-MB-231  |breast 3500
A549 lung 400
UJ-145 rostate 1000
K562 chronic myelogenous leukemia 1200
IMCF7 breast 3000
PC-3 prostate 3000
SK-MEL-28 melanoma 1000
SKOV-3 ovarian 1800
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102 WD 2006/ 086484 PCTI US20061004456 Exanple 77.
VDA- MB- 231 cell s or

si x-wel |

wel |
VDA- MB- 231 and Paca- 2

Exponentially grow ng
Paca-2 cells were seeded at 1,000 cells per
pl ates and allowed to attach for 24 hours.

in

cells were woapibdosmssassi n DVEM suppl emented with 10% (v/v) pEeW&L0eslsfs6ser um
(FCS) and 5 m Penicillin/Streptonmycin at 37C in 5% CO2. MDA- MB-231 and

Paca-2 were established estrogen
pancreatic carci nona cel
(5, 6- dlhydro 4H-pyrrol o [3 2, 1- Ij] qU|noI|n IyI) 4(1H—|ndo

pyrrolidi
qui nolin
at a con
concentr
al one,

in conju
observed

Wi ght - G

[3,2, 1-i
()-trans
qui nolin
of  NDA-
()-cis-3
pyrrolid
()-trans
pyrrolid
( ATCCH

pl us 10
pl ate).

concentr
t hat the

two days

medi a,

were pl at

r enoved

stai ned wrth_i—%c

Cell co
pr esent

col oni es
pl ati ng

efficien
| C50 con
data poi

Docket No.: AQ0111PCT/16887.142

C

1Syl)-4
efirati

tY20n_ of

i nes,

respecti

receptor

vely. ()-cis-

3_
- 3- yl)

negati ve human breast cancer and

di-ormre—or—()—

(| H-i ndol - 3-y
pn of 10 nM i
0.1. 025 (

tr-ans=3- \:),
) pyrrolidi

n DVSO, and
5 1 ar. 2

6=dihydro=—4+
ne-2, 5-dion

separately a
M_Cantral n

pylruru IJ,T
E wer e each

dded to cel |l s
at.es recej v

2 1-iif]

di ssol ved

5 at a
rd DVSO

it

per cent ad
th the highd

e of total ¢
st concentr

ul ture vol um
ation of drug.

Cell culty

br 10- 15 days
i n (Slgna)

, then fixed
Treat nent w

and st ai ned
th ()-cis-3-

with nodifi
(5, 6-di hydr o

£l

=ty =4

FTmdot—=—3=vy1)

yrrolo [3, 2,

pyTT O drmef

1-ij]

Hne- 2 5. dion
Tre=—==3 OO

N

i hydr o- 4H
el | s or

1H-indol-—3-
hydr 0-4H  pyr

1Y _nurroli

AL ARl
2 cells. See
rolo [3,2, 1-

, e.g., Figu
iif]l_quinoli
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di one was fa
m®ymo 4H py
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AL T
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n

AT TOITTIT O™

jr own i n DNEE
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/A CAT rll
at inactivat
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bo
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=)
flcubat
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days candi
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date compoun
n nmedia and

ds 1 n DVBO a
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various
i vidual pla
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\JUTI\.ICIILj
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freeh-a—was—t
5 3ver e washeg
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dat e conpou

ving fracti
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mned by fit
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il ndol
MB41231 cells
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Ir es wer e
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4H pyrrol o
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cell death
b0 f or

ndol - 3-yl)
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50 cells
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Fd as the
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Compound

3-(5,6-Dihydro-4H-pyrrolo[3,2,1-
methoxyphenyl)-1H-pytrole-2,5-

ij]Jquinolin-1-yl)-4-(3-

dione

3-[4«Benzyloxy)phenyl]-4-(5,6-
1j]quinolin-1-yi)-1H-pyrrole-2,5-

dihydro-4H-pyrrolof3,2,1-

dione

3-(5,6-Dihydro-4H-pyrrolo[3,2,1-

ij]quinolin-1-yl)}-4-(4-
fluorophenyl)-1H-pyriole-2,5-

dione

()-Trans-3-(5,6-dihydro-4H-
pyrrolo[3,2,1-ij]quinolin-1-yl)-4-
(3-methoxyphenyl)pyrrolidine-2,5-

dione
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concentration where surviving fraction equaled 50. Treatnent with
(-)-trans-3-(5, 6-di hydro-4H pyrrolo [3,2,1-i1f]

quinolin-I-yl)-4(lI Hindol

5-dione results
| C53 for

in cell

See,

e.dq,,

-3-yl) pyrrolidine-2, 5-dione or (+)-trans-3-(5, 6-
di hydr o- 4Hpgnémlsssgs3, 2, 1-y] quinolin-1-yl)-4(1Hindol
deat h of NDA- MB-231 cells.
(-)-trans-3-(5, 6-di hydro-4H 103 WD 20061086484 PCT/ 0S2006/ 004456
pyrrolo [3,2,1-ij] quinolin-I-yl)-4(1H i ndol -

- 3oyriyspynesedd di ne- 2,
Figure 3. The

3-yl) pyrrolidine-2, 5-dione

was found to be 0.62 M The ICso for (+)-trans-3-(5, 6-di hydro- 4F+pyrro|o
[ 3, 2, 1-i {HsethpHHA—t—yH—4ttH-nrdel—3—)—pyrroetdine—=2—5-¢di-enrenas found
to be 4. 1aw Exanpl e 79. Recjonbi nant Profein Kinase C (|Cal bi ochem) {100 ng)
was incubé;ed wijith ()-cis-3-|(5,6- dihydrp-4Hpyrrolo [3, 2, 1-1]
qui nolin 1) -4¢1H indol-3-y|) pyrrolidipe-2, 5-dione or ()-trans-3
(5,6-dih pyrrolo [3,2, 1-y] quinol}n-I-yl)-4(1Hiindol-3-yl)
pyrrolid -dione at 0.05, 0.5, or|10 pMfor 15 nutes at ropm
t enper at sequently, radi oactive|Tabeling mx 1in kinase buffer (20
M Tri s- 5. 10 mM Mycl,) containjng 20 MATP, 0.2 G /pl y33p- ATP,
0.2g/1 H s—atded—toreach—sanpte—THhe—ktnase—rencti on
was carr for 5 mnutes at roomtenperature. Reaction products were
anal yzed I%L SDS- PAGE _and} aut or adi ogfaphy Trpatm?JL_o_t_L_ec_aahj_ﬂant
Protein Kga§e for 15 mnutes at roomtenperature wth ()-
cis-3-(5 ro-4Hpyrrolp [3,2,1-y] guinolin-lyl)-4(1Hindol-3-yl)
pyrrolid -gdione or () lrans-3-(5]g;di hydro-4Hpyerolo [3,2,1-]]
qui nol i nt (#H i ndol -3-yk) pyrrolid|ge-2, 5- dione %i the tested
concent r g i e kinase actlvi j I son-to-treat ment
W th car i one. See, e.g., Figure 4|, Exanple 80. MDA-MB-231 cells were
serum depr@ ved @vernight (16} hours) in tpe absence or ijn the presepce of
t he indi gd—TQneentTat T ons{ of the sepafate emnanti oners
(+)-trans§?-(5, -di hydro-4H-|{ pyrrolo [3,2, 1-tj]
qui nol i n-—=y—43HA4-nrdot—3-)—pyrrolidi-ne-2— 5-di-one—anrd-—{—)—trans- 3- (5, 6-
dihydro-4ﬁ1pyrrclm [3,2,1- |Iﬂu qgui nol i n- |)-4(1Hi ndol &3-yl)
pyrrolid 5&-2, _dione. CellkSnere treafed with 100 ng/ W reconbi nant human
Hepat ocyf& GLOWEN Factor/Scafter Factor (HG/SF) (R&D [Systens #2941 HG) for
10 ninut?ii Mholle cell extracts were prgﬁared in lysis buffer (20 fM
Tr was - HC|—pH—+—4—156-—+WNaGH—1—dv-Na2EBFA—1—M-ECGTFA—%Fter—<—100, 2.5
nmM sodi um EPﬁgopfosphate, 1 nM bet a- gl ycefophosphate, 1 oM Na3vO4, 1|g/m
| eupepti p 21" mfi phenyl nethyl sulfonyl flparide) and sonicated Protein
concent r atjd oQ mﬂs measured by Bradford assay using thej Bi oRad reagent
( Bi oRad, | f%rTul CA), according to thelmanufacturer's| directions|y Sanples
(50 g of[%cnelﬁ) were resol ved by 8% SDB- PAGE under regduci ng
25
EE |3 S = S
8 =
S
g . 4 . -
g L 2D L8 a L 2 D
= 5 = = = L i =
2 | Ez: |EE: 12% 2%k
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condi tions,
i ncubat ed |

c- Met (#3121),

(Cel |

and transferred onto a PVDF nenbrane (Bi oRad).

hour
20) with 5% m | k.
TBS-T with Spnskksagd either a polyclonal
phosphoryl ated Erkl/2 (#9101),
Si gnal i ng Technol ogy) ;
5441) (Signma),
extensive washing in

in TBS-T (50

or

whi ch was used as a control

mMv Tr was- HCI

a nonocl onal
f or

pH 7.6, 200 mM Nad ,
Proteins were detected by incubation overnight at 4Cin

anti body agaipastuspieesphar yl at ed
Erkl/2 protein (#9102)
anti body against (3-actin (A

protein | oading. After
TBS-T, a horseradlsh per oxi dase- conj ugat ed anti -rabbit

t ot al

t ot al

The nenbr ane was
0. 05% Tween

lgG (1:50 3 84 PCT/ US2006/ 004456
(Anershad BIOSCIﬂnceS) was addej for 1 hour, &and specifijc protein bands
vi sual i ze S|ng,an enhanced cPeniIuninescence detectidgn system (Arer sham
Bi osci encles 2 wordlnq to the !mapufacturer'slinstructijons. See, e.g.,
Fi gure 5. teggnt with (-)-trans-3-(5, 6-di hydro-4H-pyrjrolo [3,2,1-i])]
quinolin-luyig dlkklndol 3- yl) pyrrolidine-2, 5-dione |inhibits both basal
and HGF-i phdlced tophosphorylajfion of c-Vet at a concéntration of at |east
500 nM (p tran%ﬁB (5, 6- dlhydr) 4H—pyrro|o [3, 2, 1-y] qqlnolin-l-yl)-
4(1H—| ndOPF— py‘||U|EU| Are—2—t+5—ti-onre—has—er partlar Ahi bltory effect on
c- Met phos qé ﬁtlon at greater concentrations (10 to |20 M. Additionally,
(-)-trans di hydro-4H pyrtolo [3,2, 1-y]
qui nol i n- -4 | B i ndol - 3- yI) pyrrolidine-2,| 5-di one decreases the
phosphorylatumn fERK1/2; a well-known downstreamtarget in the signaling
of the c- fyrgsibne kinase receptor. See, e.go, Flgurle 5. Exanple 81
At hym c f n|o" m ce (CRL: NUANU- nuBR) wer e Enj ect ed |subcut aneously in
the flank=uit | MB-231 human ‘hreast cancer| fells (8 (x 106 cell s/ nmouse).
Prior to | Bectign, NMDA-MB-231/cells were culffured in OVEM (Invitrogen
#11965- 09 suppqenented wth 1p@6 (v/v) heat jnactivated fetal bovine serum
(FBS), 1% wepes fuffer—sotrutTon(tmvitroger #15636=—080)) and 1%
Penicilli pgen #15140-122P at 37Cijn 5% C32. Tunors
were all Ln_sL;eF_%ninals wer e
random ze S HBee groups of ofive animals p& group.| At day ten post
i njection, @mce W¥Eh established Runors were tf@ated intraperitoneally with
()-cis-3- - di fydro- AR pyrTot ¢ [ 3,2, 4 quiportn-1yt )} 4( 1H-i ndol - 3-yl)
pyrrolidi di one (160 ng/kg), ()-trans-3-(5, 6-dihyldro-4H pyrrolo
[3,2,1-1] H——y—4{3H-hdel—3—y)—pyfrel-di-re—2, 5-dione (160
ng/ kg) ad tefed in iodinated poppy seed oi|l (lipiodol) as the vehicle
at 10 ng/ = _Or yehicle contr Drug or vehicle was adninistered every
three daysfag aftotal of ten doses (g3dx10). [Tunor size was eval uated
periodi cal By Qurilng the study. [For each subjegct, tunmor pol unme was
cal cul atedusi ngjithe formula (L|x W2)/2 where L and Wwere the | ength and
width of tHe tumpr, respectively. The arithnetjc nean tunor vol une was
2 8
EE |® 2 2
S
S L 2 ® - R =
= R Y A - . :
g glg i Thed |1 03
= I3 E G -~ = & % AN
5 oz RSO S r g ° @ =
= 5 ZE 88 5% 0§ 8 T % g
= |2 TE5E 255 % B g8
g |8 TE g IeE >t =i
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3 A g o q I ol == I D5 o2
Z TS g 2 g g8 3 2 £ 1 § 5
j T2 88, | EE858 . (& .8 =
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cal cul ated for each treatnent group +/- standard error of the nean (SEM.
The nmeans for each group were normalized with respect to the nean starting
tunmor volune in order to determine fold increase in tunor vol une. See,
e.g., FigureVo20psesusent with ()-cis-3-(5,6-di hydro-4H pyei@kfol/fasel-/ )]
quinolin-lyl)-4(1Hindol-3-yl) pyrrolidine-2, 5-dione or

()-trans-3-(5, 6-di hydro-4Hpyrrolo [3,2,1-ij] quinolin-1-yl)-4(1H i ndol -
3-yl) pyrr@bdplag?r.2, 5-di one at 160 ngy/ kg reduced the normalized nean tunor
vol ume of humngxpaneaeh %@&EWEWM“&H@MF@& ﬁcénmem&dapﬂbo@&qsﬁ 5% (p

0.133), respectiv are cle tre ontrol . See,
Fig. 6. 108" 5 Sevel a%feﬁ “US?‘E?@%%E)Q‘{M%BS M%#@dzé 8y P%ﬁﬂyﬁHse’vefeeml e
nude mice (cmﬂ_ed\iUMMuW)emmpcewnm}f%tved fegal bl {ieame@Us) andiSmit he  fl ank with

MDA- MB- 231 P@Mgﬁﬂn/@{egz%%&m&ﬁ@@@ inG® &, MDAMBOB 166d Paeh-TOMREktab IR Ustrd,
i njection, A- VB- i

re cultured i n. DVEM nvitro 9%5 092
RO e MR e e (N R R e DT RIS e o SO
Hepes buf f &5,6divdioidipytblnds 24t af avingihSEHE(| FHBOY-Sayitpytedidine-2, 5-dione or (£)-
Peni ci | |i n/y@hd- 20t Q@M N4 phbib [ﬁ;gﬁy] ﬁﬂ&%@yi‘)&@l{%o@zﬁ) bﬁ&%’m@@s dJLéWDF S

|1
\rl\g:]gomazegm"%ﬁ?tedqt%?58%'6%??86%@”5? ‘%‘?fg "im%‘% %%Fépérsgyﬁgd%t% fﬁ%/a? our post
i nj ection, cacertrafipn of (els 0 3BI0i5S hed 2 tiyhdFontroletatesireceiieMSPalangsethe samseal |y with
().Cs-3- (ch@ermghwlfom AituRY/bRak @s thavadmihisterdd 1ﬂbﬁnﬁﬁbﬁdﬂ'\ﬂr1wtﬂe‘lﬂéﬂe§'ﬂ'l ndol - 3-yl )

pyrrolldlne ( dr.o-4H- rrolo
[3,2,1-1j] ondentraltmrhofn cP 1§/gl )%Qell?i'lgﬂlﬁg)wﬁaeoqbgeéved%?fy or 0 5 da?' tepé]i ﬁxq‘_x)i aad B%lg (80

my/ kg) ad mVrﬁhsWéFf@d WrighPiamprin (fignta): Hregimngit Va%l (*“ﬂ-hlef3xiéﬁ1dé1§/éfoaﬂtff BOoly/ m , or
vehi cl e cons,poly) pithdlAPSHi4 RRRAbIYYI) Fréddifd-2, setibre loe(tMaansa( o difddes ¢k  once

er day for_f G Vi a ofno
Pr eat r%n t gé;elgﬁdﬁ;/g Z(?uufotha\i ‘gﬁ"‘r‘#ﬁ ?lzﬁgjrro l}img 2\05 d; ? rgsqlrt angll gea% olf
t r eat nent A-MBad hiedls errtisep-2 qq}mﬁeesq&g gWiiek T.J,L\?é(l:a@u&’t'é@ A gt t‘)é‘%lq @Hdur i ng
t he study. plftlo€BE D5 gdnodiallyl)BUmindal G miasnech b ithavadfousd B ge 0.5 1. f or mul a

ﬁésge\é\fmé f“:EI‘ f°¥r(+§ﬂgnsl\:/|yrr§eﬁr £h§d?§4h?%%19[3?%ﬁmlﬁonn ?éa?ﬁgﬁ’i’ g?di Sr[or each

t r eat ment g’b’Bﬂﬂtﬁimez* Sdioanyayfguadite Be 0-9¢#M he nean (SEM). Each data point in
Figure 6 represents the arithnetic nean +/- standard error of the nean
(SEM of ei Dlgygmrs Treatrrent W|th () cis-3-(5, 6-di hydro 4H—pyrro|o
[3,2,1-y] qu "norin- | é ndol - %/ pyrrolidine-2,

O ranes 305 6 M APLR-53 mallpkAIRoR g TiEaTe, sros T TGS A% hortymasveed ool -
3-yl) pyrr dovidé feelm?pluﬁl-(thr}EP&JSpmﬁgkieg:lataddm&(énﬂmtdlmes@amostcamr plakuime of
human br easﬁtftep%c“tﬁgfs caﬁcﬁd‘a@egdo ﬁgurﬁy 1n7I§M§(%/°at(\QnousQo&%%traﬁm woive cﬁ%{e(iri)n chQa 375)

respectl vel y nPare f) treat contro
nd added o individual plates such that the final DM SO concentration in the cell culture medla

106

was 0.1%. After two days incubation the culture was trypsinized, cells were washed with media,
counted using a hemocytometer and 500 cells, including cell bodies, were plated in 100 mM plates
in media. Two weeks later the media was removed and the cell colonies were fixed with methanol
for 10 minutes, stained with 1% crystal violet 10 minutes, washed with water and airdried. Cell
colonies were visually counted when there were greater then 50 cells present per colony. Plating
efficiency was defined as the average number of colonies formed divided by 500. The surviving
fraction was defined as the plating efficiency of a candidate compound divided by the plating
efficiency of DMSO multiplied by 100. For candidate compound titrations, the ICsy concentration
was determined by fitting the equation y=Ae®™ to the data points and extrapolating the
concentration where surviving fraction equaled 50. Treatment with (-)-trans-3-(5,6-dihydro-4H-
pyrrolo [3,2,1-#] quinolin-1-yl)-4(1 H-indol-3-y1) pyrrolidine-2, 5-dione or (+)-trans-3-(5,6-
dihydro-4H-pyrrolo [3,2,1-i] quinolin-1-y1)-4(1 H-indol-3-yl) pyrrolidine-2, 5-dione results in cell
death of MDA-MB-231 cells. See, e.g., Figure 3. The ICs, for (-)-trans-3-(5,6-dihydro-4H-
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WO 2006/ 086484 PCT/ US2006/ 004456 Exanple 83. (4-trans-3-(5

6-di ydro-4Hpyrrolo 1-iil quinolin-1-vl)-4(IHindol-3-yfl pyrrolidine-2.
5-dione Induces Cell Death of a Wde Range of Tunor Cells, Which Correl ates
with its Abjdidbosfss Nhibiting c-Met Phosphorviation Ceptmudanlimsise
Expression Constitutive (-)-trans 1Céa (MM levels of c-Met activity of
c-Met c-Met Inhibition CFA H661 Lung (NSCLC) Null no na 5 HA446 Lung (SCLC)
Nul | no na Parrol/3r2. piBrudnedin-1iybvi (Lf&indgl-3tyippyarolitting-RB-4FE vBs E&nad t°|\!49<9|6amrivho 0.1
0.3 QLD 1 thet@nfoMaqlirdig 3 e&s-Bhydrols H-bhr 2 O[30l inyu ol 1 §10-401L BBinQol1-y1 PACA2

Pancreas Hi grt;%l 3%2 59’896%65@‘5%@%:&3?? reas Hgh no 0.5 0.5 H441 Lung

(NSCLQ) Ver Iony Formati on Assay no = Not
Applicable To determ ne c-nmet inhibition, exponentially growing MCF-7 and
VDA- MB- 231 erun@e79.br east cancer cells, DLDL and HT29 hunman col on cancer

cell's, PACA2 an#e?dﬁ‘lb’i}‘fa&t ﬂ?&@fﬁgn a&ad(‘-' @ﬁ’?eh&nf(?&ﬁ% wgse' hé@a@@gltm@-cmééb hurm‘n

non- smal | cell ung cancer um_ starved FBS and
treated wi th‘yii"ﬁtf‘lHe%@'o}?d?’ vl Aviselige IyD-4 Lif-indpled-) pasrofdigg-PnSatienepryprat-o
[3,2,1-i] ] (§)6Hdihedroa - pyyrb o3¢, 144 qmdﬂﬂn-lgyly4()H@gﬂor iyl gymaidihe-255-dioana 0fosy 24
hours as inpdi &%% foﬁ% lnﬁmtew@t al“&ﬁlgerjat%lfe &weahénﬂy'a%ﬁgacme 1§ﬁemﬂy,ln&t ﬁd W' th

100 ng/ mL HGE f tes an extiacts vvereop (8 ol e
cel | |ysat égwieé’@ffa)@%wrﬂse%%%HS By %@Bﬁh@matﬂ%ﬁgw P& ot /ula l1DVDF
menbr ane, &P, abpguiltinced]loWestatt)ums adied enech aspyTisktagredcEGL yaswasiedised t 0

determ ne LAELPHRRRROLLR {eﬂﬂer%@tl’{’e%ct%fn prodV&L werfaf YEON3) s3fbh8RdYy agai nst
phospho (Y1349) c-Mt (phospho-c-Mt) was obtained from Bi osource

| nt er nat i oR%P™24R8r ™ Ynonocl onal anti body agai nst [3-actin was purchased from
I nvi t rogen. Per Gexatmenndfi rdmombmantmirdlémaelﬁ foeld hiputeghe neint tompdratyre with 6~ t he

\?g Ir gnsgggg%lsﬁo("s 6 g@wm FEH’& f3@n.- gﬂ ﬁﬁ)l{-nﬁ%l@?gﬁﬂﬁﬁhln}é 2948} @\%eﬂcg ;ﬂ lazh
? gg‘hﬁﬁ é‘%ﬁ@%‘f’ﬁ% :]]gunaﬁ_l })l) Lp(lg mdsol ? yg pyrrohdme -2, §

for 24 hou 'tralnﬁ%
t r ans- 3- ( 5,d®ndpthyedestedbengyiratiohsalid &t B:dmcellqn]asecpgtmtylm eprdipasijon-telif¢akhanhaith - 3- yl )
pyrrolidi N@ardier ahsndi RHG ., (FiAg'ugérw_O.Ol to 30 M were then added to the nedia for
anot her 24 hours. After hours exposure, the drug was renoved and fresh
medi a was added for the next 14-21 days, allow ng for colony formation.

Cel I s wer e Expeplel8&nd st ai ned with GEMSA (G bco BRL). Col onies of greater

than 50 MDA-MB-231 cells were serum-deprived overnight (16 hours) in the absence or in the
presence of the indicated concentrations of the separate enantiomers {+)-trans-3-(5,6-dihydro-4 H-
pyrrolo [3,2,1-4] quinolin-1-y1)-4(1 H-indol-3-y]) pyrrolidine-2, 5-dione and (-)-trans-3-(5,6-
dihydro-4H-pyrrolo {3,2,1-i] quinolin-1-yl)-4(1H-indol-3-yl) pyrrolidine-2, 5-dione. Cells were
treated with 100 ng/m} recombinant human Hepatocyte Growth Factor/Scatter Factor (HGF/SF)
(R&D Systems #294-HG) for 10 minutes. Whole cell extracts were prepared in lysis buffer (20
mM Trwas-HC1 pH 7.5, 150 mM NaCl, 1 mM Na,EDTA, 1 mM EGTA, 1% Triton X-100, 2.5
mM sodium pyrophosphate, 1 mM beta-glycerophosphate, 1 mM Na;VO,, 1 pg/ml leupeptin, 1
mM phenylmethylsulfony! fluoride) and sonicated. Protein concentration was measured by
Bradford assay using the BioRad reagent (BioRad, Hercules, CA), according to the manufacturer’s
directions. Samples (50 pg of protein) were resolved by 8% SDS-PAGE under reducing
conditions, and transferred onto a PVDF membrane (BioRad). The membrane was incubated 1
hour in TBS-T (50 mM Trwas-HCI pH 7.6, 200 mM NacCl, 0.05% Tween 20) with 5% milk.
Proteins were detected by incubation overnight at 4°C in TBS-T with 5% milk and either a
polyclonal antibody against phosphorylated c-Met (#3121), phosphorylated Erk1/2 (#9101), total
Erk1/2 protein (#9102) (Cell Signaling Technology); or a monoclonal antibody against B-actin (A-
5441) (Sigma), which was used as a control for total protein loading. After extensive washing in
TBS-T, a horseradish peroxidase-conjugated anti-rabbit IgG (1:5000) or anti-mouse IgG (1:2000)
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cells were scored as survivors and percentage of cell survival was plotted
to determine the G50 (-)-trans-3-(5,6-di hydro-4Hpyrrolo [3,2,1-1]]
quinolin-1-yl)-4(1Hindol-3-yl) pyrrolidine- 2, 5-dione was found to
potently i nhwdbdosmgeast h and i nduce apoptosis across a w getmamgeoaiss human
tunmor cell lines. The I1C50 of (-)-trans-3-(5,6-dihydro-4Hpyrrolo [3,2,1-i])]
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(bri ght ”ﬁgﬁr@{)é’ayﬁ %&Qﬁo@ﬁ%ﬁﬂéﬁﬁéses BASH! Tumbr Si %‘s‘e‘v Méd d&ﬂ&ﬁ%ll&%@x@%’lﬂe t hat

speci ficall }/%d Inity to externa Lze
phosphat i dy ¥y Feigac abelﬁért!“?/”ﬁ‘ﬁ‘t“R‘élwaS tcutarfd uEps e f‘B‘P“‘ég‘gb%)ﬁ wherg fiapd,
propi di um i \Goeckethd Bngih agirdddth of e twahea despetivedy. Thaaritladticonrean fumoundime vasng

cancer cel | gichihred ) eé%ftrgatﬂwr% Mu # sttaﬁcﬁxfa%rér éfﬁheﬁnélhf@yﬁi&xp-rf}&h@ﬁs foPk&Rn

[3,2,1-ij] quinolin-]|- - rroljdine- -di one for
hours i nducYPIEry rngzB}/ E#I\Ajgl} gegﬁ% 81§fi1r§¥ g ta/ or volume in ordér to determme folg

increase in tumor volume. See, e.g., Figure 6.

Treatment with (x)-cis-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-#] quinolin-1y])-4(1H-indol-3-y1)
pyrrolidine-2, 5-dione or (£)-trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-4] quinolin-1-yl)-4(1H-indol-
3-y1) pyrrolidine-2, 5-dione at 160 mg/kg reduced the normalized mean tumor volume of human
breast cancer xenograft by 80.5% (p = 0.0037) and 43.5% (p = 0.133), respectively, compared to
vehicle treated control. See, e.g., Fig. 6.
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evi denced by strong Annexin V staining. A small percentage of cells
(-10-209% co-stain with both Annexin V and propidiumiodide, indicating
that a sub-popul ation of (-)-trans-3-(5,6-dihydro- 4Hpyrrolo [3,2,1-ij]
qui nol i n- | - yo 208€ddchdsndol - 3-yl ) pyrrolidine-2, 5-dione tpepustooaiiss were
al ready dead within 38 hours. These data are consistent with
(-)-trans-3-(5, 6-di hydro-4Hpyrrolo [3,2,1-1)]

quinolin-I-yl)-4(1H i ndol -3-y1l) pyrrolidine-2, 5-dione inducing cell death
| argely tBxemgh8acti vati on of apoptotic mechanisnms. (See Figure 8) 108 WO
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Exanpl e 86. Breast Cancer Xenograft Model
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For colony formation assays (CFA), exponentially growing cells were seeded at 2,000

cells per well in 6-well plates and allowed to attach for 24 hours. Increasing concentrations of (-)-
trans-3-(5,6-dihydro-4H-pyrrolo {3,2,1-ij] quinolin-1-yl)-4(1H-indol-3-yl) pyrrolidine-2, 5-dione
(from 0.01 to 30 pM) were then added to the media for another 24 hours. After 24 hours exposure,

the drug was removed and fresh media was added for the next 14-21 days, allowing for colony

formation, Cells were fixed and stained with GEMSA (Gibco BRL). Colonies of greater than 50

cells were scored as survivors and percentage of cell survival was plotted to determine the ICs,.
{(-)-trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-ij] quinolin-1-y1)-4(1H~indol-3-yl) pyrrolidine-

2, 5-dione was found to potently inhibit growth and induce apoptosis across a wide range of

human tumor cell lines. The ICs, of (-)-trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-ij] quinolin-1-yl})-
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nore efficacious than 200 ng/kg. (-)-trans-3-(5, 6-di hydro-4H pyrrol o
[3,2,1-1)] quinolin-1-yl)- 4(1Hindol-3-yl) pyrrolidine-2, 5-dione dosed at
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'of the onset of apoptosis, while propidium iodide is a marker for dead cells. Incubation of human
lung cancer cells (A549) with 1.2 uM (-)-trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-ij] quinolin-1-y1)-
4(1H-indol-3-yl) pyrrolidine-2, 5-dione for 38 hours induced cells to undergo apoptosis as
evidenced by strong Annexin V staining. A small percentage of cells (~10-20%) co-stain with
both Annexin V and propidium iodide, indicating that a sub-population of (-)-trans-3-(5,6-dihydro-
4H-pyrrolo [3,2,1-ij] quinelin-1-y1)-4(1H-indol-3-yl) pyrrolidine-2, 5-dione treated cells were
already dead within 38 hours. These data are consistent with (-)-trans-3-(5,6-dihydro-4H-pyrrolo
[3,2,1-ij] quinolin-1-yl)-4(1H-indol-3-y]) pyrrolidine-2, 5-dione inducing cell death largely

through activation of apoptotic mechanisms. (See Figure 8)
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| Vb, Va, or Vb, or pharmaceutically acceptable salts thereof RA R4 | I ON

OR R HW~(IHR R Hsi,,. ~~\H RB\ QR3 Q NNYX (Na) YXI 9~) m)in
RARA I |l ONOONO R R HHRR He. H QR3 " R R3\" NY (Va) Y
(Vb) X X mwvonooshssags R, R2 and R3 are independently selcgaisedshiem t he
group consisting of hydrogen, F, d, Br, I, -NR5R6, -(Cl-C6) alkyl,

- (C1- Co) substltut ed aI kyI (C3 C9) cycl oaI kyI (C3 Q9) substltut ed

cycl oal kyl Examfy i i

cycl oal kyl py@(ﬂdlmeg, £ %nmzlbﬁmm&um&ewai misi@gl ar yl het er oar y I,
neterocycl VT M DIERSRORIL b B g OB P CROESLINY o1
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C9) cycl oalakpilated akdLls203t falley ko intddEwE@ ko9 r@toved ffdm the-ikter{d eﬂt)lc hedremagycl e,
-0 C(=0) - ( Qoftog@ppc%l szL.’]@arcX gn’serf Qas%eﬁ%ﬁ&e%a (d a6c)lean well containing cell stain solution

and incubated for 10 minutes at room temperature. The bottom of the insert was destained by

incubating in extraction solution and OD was measured at 560 nM. (-)-trans-3-(5,6-dihydro-4H-

pyrrolo [3,2,1-ij] quinolin-1-y1)-4(1H-indol-3-yl) pyrrolidine-2, 5-dione inhibited the migration

across interstices in confluent cultures of MDA-MB-231 cancer cells. The data represent the mean

of two independent experiments. (See Figure 9)

The morbidity and mortality resulting from most cancers is the result of local invasion and

metastasis from the primary tumors to other tissues. This process mostly depends on the motility

and growth of tumor cells. Activation of c-Met by HGF induces a variety of cellular responses

including motility, invasion, wound healing and tissue regeneration. It has been established that

aberrant activation of ¢c-Met plays a critical role in the development and progression of primary

tumors and secondary metastases. HGF has the ability to dissociate epithelial sheets, to stimulate

cell motility and invasion through extracellular matrix substrates and HGF production correlates

with tumor metastasis in vivo,

As shown above, (-)-trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-ij] quinolin-1-y1)-4(1H-indol-
3-yl) pyrrolidine-2, 5-dione inhibited the invasive phenotype of MDA-MB-231 breast cancer cells
with an estimated ICs, of approximately 500 nM. Similar results were seen with brain and lung

cancer cells (data not shown).

Example 86. Breast Cancer Xenograft Model
(-)-trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-ij] quinolin-1-yl)-4(1H-indol-3-yl) pyrrolidine-
2, 5-dione shows efficacy in a human breast cancer xenograft. MDA-MB-231 human breast

cancer cells were inoculated subcutaneously into female athymic nude mice (8.0x10° cells/mouse)
and allowed to form palpable tumors. Once the tumors reached approximately 60 mm’, the
animals were treated orally with (-)-trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-ij] quinolin-1-yl)-
4{1H-indol-3-yl}) pyrrolidine-2, 5-dione at 200 mg/kg or vehicle control daily (5 consecutive days,
followed by a 2 day dosing holiday). (-)-trans-3-(5,6-dihydro-4H-pyrrole [3,2,1-ij] quinolin-1-yl)-
4(1H-indol-3-yl) pyrrolidine-2, 5-dione was formulated in PEG 400:20% Vitamin E TPGS
(60:40). The animals received a total of 20 doses of (-)-trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-ij]

quinolin-1-yI)}-4(1H-indol-3-yl) pyrrolidine-2, 5-dione or vehicle control, Tumors were measured
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al l cyl -heteroaryl, and -O C(=0)-(Cl-C6) al kyl -heterocycle, which my be
substituted with one or nore substituent independently selected fromthe
group consisting of F7 d, Br, I, -OH 112 -SH NRS' R6', -(Cl-C6) alkyl,
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-(C3- C9) S rr(éllxd%negzédgmnyﬁt’zoq %%ﬂig oca,’)()oangﬁ% aﬁ 1%%fontr|oﬁclalily (5( Seglj%v&)g%’&l )

al kyl and fe{oxey b:@%éay degye halidpgt (+-aned-(&P |y droH-pyriol [éétleld qwﬂ@}rﬁrltwé gr oup

consi sti ng 40fH-m@&HE2)) pyarolidindnickionshas Bimulged i PEGY00: 20 Vataaal B/TRGS 0- ar yl

-S-aryl, . gs&&gefl%%kma sré‘d%iiada%t §}v% x%%%.l.t Qfe%ﬁﬁ-f)%xs-?ﬁ SMRshd byt ed with

one oOr uen S In route consi st ng
of F, d, mByrolp [3.2 kibwinelindah: %E}-Irﬁpk%/w) pxﬂ(oézﬁmt%p)S digngips pehi dl kyl ,
-(C3-Q9) cmhealv&eyel measuréd3hCBghosithatricht e the pyEtreainknt |observ@t—i<(r£fibr165)3acha| kyI :

-0- (I - CB) pampégse;emq N quq' Y1, -0 (G300 subst tut ed

cycl oal kyl CI - 0631 al | ca/l , aryl,
-0 (Cl-C4) al ky téwwgh y%@fé%swaﬁg}m KR B [ayimals deged wyith ifher 2 0 g/ o

al kyl - het eBoeyeglke as @ichothefaly sHOWE] sigificafiGyme gropdth inhtbition, with 300 mg/kg being
more efficacious than 200 mg/kg. (-)-trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-ij] quinolin-1-yI)-
4(1H-indol-3-y1) pyrrolidine-2, 5-dione dosed at 200 mg/kg showed an optimal tumor growth
inhibition of 39% (p = 0.006) while 300 mg/kg showed an optimal tumor growth inhibition of 55%
(p = 0.00001). There was no significant change in body weight due to oral administration of either
vehicle control or (-)-trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-ij] quinolin-1-y1)-4(1H-indol-3-y1)
pyrrolidine-2, 5-dione at 200 mg/kg or 300 mg/kg.

Example 88. Pancreatic Cancer Xenograft Model
(-)-trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-ij] quinolin-1-yl)-4(1H-indol-3-yl) pyrrolidine-
2, 5-dione shows efficacy in a human pancreatic cancer xenograft model. PACA-2 human

pancreatic cancer cells were inoculated subcutaneously into female athymic nude mice (5%10°
cells/mouse) and allowed to form palpable tumors. Once the tumnors reached approximately 60
mm’, the animals were treated orally with (-)-trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-ij] quinolin-
1-y1)-4(1H-indol-3-yl) pyrrolidine-2, 5-dione at 200 mg/kg or 300 mg/kg or vehicle control daily
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mis | or 2. 2. The conpound of claim1, where Qis an indolyl group or an
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corrpound Ofwe?éh?-c!ldptc;l-orhlsadﬁﬁllls%ﬁﬁcﬁlqaf EHRMdaRE GRRBr @Qﬂﬁb §I(5 @-th%ro 4H-pyrrolo
(+)-cis-3-( H-|ndoI 3-yl)

byrrol i nd el iarie el S shpisriel, st bppks b gt et
qui nol i n-1yl) - 4Other emighdimeBtsyeye wighin the Falldvine c/@ims5 VWiiilo several embodlments have
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qui nolin-1-yl)-4(1Hindol-3-yl) pyrrolidine-2, 5-dione. 12. The conpound of
claimlis (-)-trans-3-(5, 6-di hydro-4Hpyrrolo [3,2,1-ij]
quinolin-1-yl)-4(1H i ndol-3-yl) pyrrolidine-2, 5-dione.
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13. A pharmaceutical conposition conprising a conpound of formula 1Va, fib,
Va, or Vb as defined in claiml1 or a pharnaceutically acceptable salt

t hereof together w th one or nore pharnaceutically acceptable carriers or
exci pients. 14. The pharmaceutical conposition of claim13 wherein the
compound is (-)-trans-3-(5,6-di hydro-4Hpyrrolo [3,2,1-)]
quinolin-1-yl)-4(IHindol-3-yl) pyrrolidine-2, 5-dione. 15. The
pharmaceutical conposition of claim 13 further conprising a second

chenot herapeutic agent. 16. The pharnaceuti cal conposition of claim 15,
wherein said second chenotherapeutic agent is selected fromthe group
consi sting qimﬁﬁgpxifen, ral oxi fene, anastrozole, exenestane, |etrozole,
trastuzunmab, 1 matani b, paclitaxel, cycl ophospham de, |ovastatin, m nosine,

genti tabine, araG S5-fluoraMIRGInbiinyTRYREHdiRX LS ioMASRIpBYRI of BARAE BYd N,
V|ncr|st|n,]x%ngg K or aﬁgé%@ééé?ﬁkaﬁhﬂéﬁﬁﬂ§ﬂ$§£9pos|de, gencti t abi ne,

epot hi | one, " navel bi né, aunoni br ci n, dactinonycin,
m t oxantrone, ansacri ne, doxorubiﬁhn, epi rubicin or idarub$ in. 17. A
phar maceuti cal conposition for usejin treating a cell proliterative
di sorder, conprising a therapeytichlly @ffective anounpgof M. cgmound of
formula IVa, 114 |Vb, Va,R?r as fined in claﬁ§1
pharmaceutical |y accepZablge salm\t heL#bf, in
pharmaceutical |y accept/@br & car [d'er.»18. The phgF ( )nposi tion of
claim17, wherein said pT N )
condition. 19. TheRphaRgacegti cal conpositiRA™0 , Wherein said cel
ter. 20. The pharpace &fal conposition of
IS I%Tg cancer, golon c ncerHV@ east cancer,
pancreati c cancer, prostate cancer, ﬁ}onic nye\ ogenolis | eukefm a, nel anonmg,
or ovarian cancer 21. T rmaceuti cal conposi tA of claim 17, wherein
said cell proliferative dhisander is a cell proliferaf®ve disorder of the
breast. 22. The pharnmaceutical conposition of claim21l, wherein said cel
proliferative disorder of the breﬁgé IS a precancerous congééion of the

)

breast. 23. The pharmaceutical co in said
precancerous condition of the bredst i selected frongihe Hrou
of atypical hyperplasia ofR%he i {

| obul ar carcinoma in &Xu.
wherein said cel

, consi sting
u, and

N Q
R3 / \ R3

where:

R1, R2 and R3 are independently selected from the group consisting of hydrogen,
F, Cl, Br, I, =NR5R6, —(C1—Cs) alkyl, —(C1—Cs) substituted alkyl, —(C5—Cy) cycloalkyl,
—(C3~Cy) substituted cycloalkyl, —O—(C,—Cs) alkyl, —0—(C;~—Cs) substituted alkyl,
—0—(C5—Cs) cycloalkyl, and —O—~(C5—Cy) substituted cycloalkyl, aryl, heteroaryl,
heteracyclyl;

R4 is independently selected from the group consisting of hydrogen, —(C,—Cq)
alkyl, —CH,;R7,

R3S, R6 are independently selected from the group consisting of hydrogen, and
—(C—C;) alkyl;

R7 is independently selected from the group consisting of —O—P(=0)(OH),;
—O—P(=0)(—OH)(—0—(C,—C) alkyl), ~O—P(=0)(—0—(C1—Cs) alkyl);
—O0—P(=0)(—0OH) (—O—(CH,)—phenyl); —O—P(=0)}—0O—(CH;)—phenyl),; a carboxylic
acid group selected from a group consisting of —0—C(=0)-(C,—Cs) alky],
~0—C(=0)—Cs—Cs) cycloalkyl, —0—C(=0)—aryl, —0—C(=0)—heteroaryl,
—0—C(=0)—heterocycle, —0—C(=0)—~C,—Cy) alkyl—aryl, —0—C(=0)—(C,—Cs)
alkyl—heteroaryl, and —O—C(=0)—(C,—Cy) alkyl—heterocycle, which may be substituted with
one or more substituent independently selected from the group consisting of: F, Cl, Br, [ —OH,
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proliferative disorder of the breast is breast cancer. 25. The

phar maceuti cal conposition of claim24, wherein said breast cancer is an
estrogen-receptor negative breast cancer. 26. The pharnaceutical conposition
of claim17, further conprising a second chenotherapeutic agent. 27. The
phar maceuti cal conposition of claim26, wherein said second
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mis 1 or 2.

2. The compound of claim 1, where Q is an indolyl group or an indolyl
group substituted with one or more substituents independently selected from the group
comsisting of: F, Cl, Br, I, —(C1—Cs) alkyl, —(C;—Cs)fluoro-substituted alkyl, —(Cs—Cy)
cycloalkyl, —(Cs—Cy) fluoro-substituted cycloalkyl, —O—(C,—Cs) alkyl, —O—(C,—Cs)
fluoro-substituted alkyl, —O—(C3—Cs) cycloalkyl, and —0—(C;—Cs) fluoro-substituted
cycloalkyl, —aryl, —O—aryl, —0— (C,—C,) alkyl—aryl, —O— (C;—C,) alkyl—heterocycle,
and —S(=0),—(C,—Cs) alkyl.

3. The compound of claim 1, wherein R4 is hydrogen.

4, The compound of claim 1, wherein R4 1s —CH,R7, and R7 is
—0—P(=0)(OH)z, —0—P(=0)(—OH)(—0—(C,~Cy) alkyl), or —O—P(=0)(—0—(C;—Cs)
alkyl)g

5, The compound of claim 1, wherein R4 is ~CH;R7, and R7 is the

carboxylic acid group as defined in claim 1.
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6. The compound of claim 1, wherein R4 is —CH,R7, and R7 is the amino
acid or the imino acid as defined in claim 1.

7. The compound of claim 6, where R7 is L-alanine, L-arginine,
L-asparagine, L-aspartic acid, L-cysteine, L-glutamine, L-glutamic acid, L-glycine,
L-histidine, L-isoleucine, L-leucine, L-lysine, L-methionine, L-phenylalanine, L-proline,
L-serine, L-threonine, L-tryptophan, L-tyrosine, or L-valine.

8. The compound of claim 1, wherein R4 is —~CHpR7, and R7 is the peptide
as defined in claim 1.

9 The compound of claim 1, where X is selected from the group consisting

of —(NR8)— §, and O.
10, The compound of claim 1, where m is 2.

11. The compound of claim 1 is selected from the group consisting of
(+)-cis-3-(5,6-dihydro-4H-pyrrolo [3,2,1-if] quinolin-1yl)-4(1H-indol-3-yl) pyrrolidine-2,
5-dione, (-)-cis-3-(5,6-dihydro-4H-pyrrolo {3,2,1-77] quinolin-1yl)-4(1H-indol-3-yl)
pyrrolidine-2, 5-dione, (+)-trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-1]
quinolin-1-yl)-4(1H-indol-3-yl) pyrrolidine-2, 5-dione, and
(-)-trans-3-(5,6-dihydro-4H-pyrrolo {3,2,1-if] quinolin-1-yl}-4(1H-indol-3~yl)
pyrrolidine-2, 5-dione.

12, The compound of claim 1 is (-)-trans-3-(5,6-dihydro-4H-pyrrolo
[3,2,1-if] quinolin-1-y1)-4{1H~indol-3-yl) pyrrolidine-2, 5-dione.

13. A pharmaceutical composition comprising a compound of formula IVa,
IVb, Va, or Vb as defined in claim 1 or a pharmaceutically acceptable salt thereof together
with one or more pharmaceutically acceptable carriers or excipients.

14. The pharmaceutical composition of claim 13 wherein the compound is
(-)-trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-if] quinolin-1-y1)-4(1H-indol-3-yl)
pyrrolidine-2, 5-dione.

15. The pharmacentical composition of claim 13 further comprising a second
chemotherapeutic agent.

16. The pharmaceutical composition of claim 15, wherein said second
chemotherapeutic agent is selected from the group consisting of tamoxifen, raloxifene,
anastrozole, exemestane, letrozole, trastuzumab, imatanib, paclitaxel, cyclophosphamide,
lovastatin, minosine, gemcitabine, araC, 5-fluorouracil, methotrexate, docetaxel, goserelin,
vincristin, vinblastin, nocodazole, teniposide, etoposide, gemcitabine, epothilone,
navelbine, camptothecin, daunenibicin, dactinomycin, mitoxantrone, amsacrine,
doxorubicin, epirubicin or idarubicin.

17. A pharmaceutical composition for use in treating a cell proliferative
disorder, comprising a therapeutically effective amount of a compound of formula IVa,
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IVb, Va, or Vb as defined in claim 1, or a pharmaceutically acceptable salt thereof, in
combination with a pharmaceutically acceptable carrier.

18. The pharmaceutical composition of claim 17, wherein said cell
proliferative disorder is a precancerous condition.

19. The pharmaceutical composition of claim 17, wherein said cell
proliferative disorder is a cancer.

20. The pharmaceutical composition of claim 19, wherein said cancer is lung
cancer, colon cancer, breast cancer, pancreatic cancer, prostate cancer, chronic
myelogenous leukemia, melanoma, or ovarian cancer.

21. The pharmaceutical composition of claim 17, wherein said cell
proliferative disorder is a cell proliferative disorder of the breast.

22. The pharmaceutical composition of claim 21, wherein said cell
proliferative disorder of the breast is a precancerous condition of the breast.

23. The pharmaceutical composition of claim 22, wherein said precancerous
condition of the breast is selected from the group consisting of atypical hyperplasia of the
breast, ductal carcinoma in situ, and lobular carcinoma in situ.

24. The pharmaceutical composition of claim 21, wherein said cell
proliferative disorder of the breast is breast cancer.

25. The pharmaceutical composition of claim 24, wherein said breast cancer
1s an estrogen-receptor negative breast cancer,

26. The pharmaceutical composition of claim 17, further comprising a
second chemotherapeutic agent.

27. The pharmaceutical composition of claim 26, wherein said second
chemotherapeutic agent is selected from the group consisting of tamoxifen, raloxifene,
anastrozole, exemestane, letrozole, trastuzumab, imatanib, paclitaxel, cyclophosphamide,
lovastatin, minosine, gemcitabine, araC, 5-fluorouracil, methotrexate, docetaxel, goserelin,
vineristin, vinblastin, nocodazole, teniposide, etoposide, gemcitabine, epothilone,
navelbine, camptothecin, daunonibicin, dactinomycin, mitoxantrone, amsacrine,
doxorubicin, epirubicin or idarubicin.

28. The pharmaceutical composition of claim 17, wherein said treating
cancer comprises a reduction in tumor size.

29, The pharmaceutical composition of claim 19, wherein the cancer is
metastatic cancer.

30. The pharmaceutical composition of claim 29, wherein said treating
cancer comprises inhibition of metastatic cancer cell invasion.
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31. The pharmaceutical composition of claim 17 wherein the compound is
selected from the group consisting of (+)-cis-3-(5,6-dihydro-4H-pyrrolo [3,2,1-if]
guinolin-1yl)-4(1H-indol-3-yl) pyrrolidine-2, 5-dione, (-)-cis-3~(5,6-dihydro-4H-pyrrolo
[3,2,1-i] quinolin-1y1)-4(1H-indol-3-yl) pyrrolidine-2, 5-dione,
(+)-trans-3-(5,6~dihydro-4H-pyrrolo [3,2,1-ij} quinolin-1-y1)-4(1H-indol-3-yl)
pyrrolidine-2, 5-dione, and (-)-trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-i]
guinolin-1-y1)-4(1H-indol-3-y1) pyrrolidine-2, 5-dione.

32. The pharmaceutical composition of claim 17 wherein the compound is
(-)-trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-i] quinolin-1-y1)-4(1H-indol-3-y1)
pyrrolidine-2, 5-dione.

33, The pharmaceutical composition of claim 17 wherein the cells with
proliferative disorder to be treated contains DNA encoding c-Met.

34, The pharmaceutical composition of claim 33 wherein the cells have a
constitutively enhanced c-Met activity.
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