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Cancer cells are by definition heterogeneous. For example, within a single tissue or

20 cell type, multiple mutational ‘mechanisms’ may lead to the development of cancer. As such,
heterogeneity frequently exists between cancer cells taken from tumors of the same tissue and
same type that have originated in different individuals. Frequently observed mutational
'mechanisms' associated with some cancers may differ between one tissue type and another
(e.g., frequently observed mutational ‘mechanisms’ leading to colon cancer may differ from

25  frequently observed ‘mechanisms’ leading to leukemias). It is therefore often difficult to
predict whether a particular cancer will respond to a particular chemotherapeutic agent.
(Cancer Medicine, 5th Edition, Bast ef al. eds., B.C. Decker Inc., Hamilton, Ontario)

Components of cellular signal transduction pathways that regulate the growth and
differentiation of normal cells can, when dysregulated, lead to the development of cellular

30  proliferative disorders and cancer. Mutations in cellular signaling proteins may cause such
proteins to become expressed or activated at inappropriate levels or at inappropriate times
during the cell cycle, which in turn may lead to uncontrolled cellular growth or changes in

cell-cell attachment properties. For example, dysregulation of receptor tyrosine kinases by
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Metastasis Reviews 22: 309-325 (2003)). Accordingly, new compounds and methods for

modulating these factors and treating cancer are needed. The present invention addresses

25  these needs.

SUMMARY OF THE INVENTION
The present invention provides a form 1 polymorph of (-)-trans-3-(5,6-dihydro-4 H-
pyrrolo [3,2,1-i7] quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-2,5-dione characterized by an
30  X-ray powder diffraction pattern comprising peaks at approximately 8.2, 10.8 and 14.1 °20
using Cu Ka radiation. In some embodiments, the polymorph can also be characterized by an
X-ray powder diffraction pattern comprising peaks at approximately 8.2, 10.8, 14.1, 15.5,
17.8,19.9 and 25.6 °20 using Cu Ko radiation. In other embodiments, the polymorph can

also be characterized by an X-ray powder diffraction pattern comprising peaks at
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pseudoephedrine. In some embodiments, the composition can comprise less than 1%, less
25  than 0.5% or less than 0.1% (+)-trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-ij] quinolin-1-yl)-4-
(1H-indol-3-yl) pyrrolidine-2,5-dione pseudoephedrine.
The present invention also provides a chirally purified (-)-trans-3-(5,6-dihydro-4H-
pyrrolo [3,2,1-ij] quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-2,5-dione comprising less than
1%, less than 0.7%, less than 0.5% or less than 0.1% (+)-trans-3-(5,6-dihydro-4 H-pyrrolo
30  [3,2,1-if] quinolin-1-yl)-4-(1 H-indol-3-yl) pyrrolidine-2,5-dione.
The present invention also provides a method for preparing (-)-trans-3-(5,6-dihydro-
4H-pyrrolo [3,2,1-ij] quinolin-1-yl)-4-(1 H-indol-3-yl) pyrrolidine-2,5-dione, comprising: (a)
mixing (+)-trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-i/] quinolin-1-yl)-4-(1 H-indol-3-yl)
pyrrolidine-2, 5-dione with (18,25)-(+)-pseudoephedrine in a first solvent to form solid (-)-
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25  solution in step (d). Preferably, the salt solution is a sodium chloride solution.

The method can further include rinsing (-)-trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-if]
quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-2, 5-dione crystal after step (g). In some
embodiments, the (-)-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 crystal is rinsed with an alcohol. Preferably, the alcohol is

30  selected from ethanol and methanol.

The present invention also provides a method for preparing (-)-trans-3-(5,6-dihydro-
4H-pyrrolo [3,2,1-ij] quinolin-1-yl)-4-(1 H-indol-3-yl) pyrrolidine-2,5-dione, comprising (a)
mixing (-)-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-(18, 25)-(+)-pseudoephedrine and an acid; (b) adding an alcohol to the
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dissolving (4)- trans 3-(5,6- dlhydro 4H—pyrrolo [3,2,1-if] qulnohn l-yl) 4 (1H-indol-3-yl)
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until the level of dichloromethane in the solution is < 0.1% by weight; (d) diluting the
solution of step (¢) in a second solvent; (¢) introducing the solution of step (d) into a

multicolumn chromatography system containing a packing suitable for chiral separation; (f)

pooling the resultant raffinate obtained from the system in step (e); and (g) crystallizing the
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Other features and advantages of the invention will be apparent from the following

detailed description and claims.

25
BRIEF DESCRIPTION OF THE FIGURES
Figure 1 sets forth the chemical structures of (+)-cis-3-(5,6-dihydro-4 H-pyrrolo
[3,2,1-i/] quinolin-1-yl)-4-(1 H-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.
30 Figure 2 sets forth an effect of (+)-cis-3-(5,6-dihydro-4H-pyrrolo [3,2,1-i] quinolin-

1-yl)-4-(1H-indol-3-yl) pyrrolidine-2, 5-dione or (+)-trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-
ij] quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-2, 5-dione on survival of MDA-MB-231 or

Paca-2 cells in vitro.



30 Figure 2 sets forth an effect of ()-cis-3-(5,6-dihydro-4H pyrrolo
[3,2,1-U quinolinl-yl)-4-(1Hindol-3-yl) pyrrolidine-2, 5-dione or

() -trans-8o(2b11/6G9dzhydr o- 4Hpyrrolo [3,2,1- U PCT/US2010/061625
qui nolin-1-y1)-4-(1Hindol -3-y1l) pyrrolidine-2, 5-dione on survival of
MDA- MB- 231 ofrFifas3 2:tchirthsiniofifewt dfl(0)-1raAM3 -204-HiHY dBk4 ARGTOLSP0A, 04061625
Figure 3 sets forth an ef -)-tra 3-(5,6-di hydro-4 yrrolo
[3, 2, 1- ﬂmnoa@rh&sf)ﬁ'nﬂﬁ -{pgipl ayﬁ)lmmi%wf 2] Sgﬁfeynepgrr(#brmaf ﬁe@@ dlE§ Pzﬁ‘ﬁé or
(+) -trang;did B, 51 A 4HRYLY kS f liding-2, | of

/ ) Wy(g_?-’ 7h fiﬂ%ﬂl I—iq)( ( ndiol: 32?7 é Iphﬂ‘ro iding-2, 5-dione on survival o

qui nol i 01-3-yl) pyrrol 5-di one on survival of
VDA- VB- 2dDAcdB-331 nellsiztzmro 5Fi gure 4 sets forth an ef fect of
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activit W]qmmuhhrloyl)m(gﬂl @dbl-3-FansiroAdme2s sidisidon Protdn Kirle Ofactivity in

aut ophosphoryl ation of c-Met by (-)-trans- 10 3-(5, 6-di hydro-4H pyrrol o
[3,2,1- ’WZTqu nolin-1-y1)-4-(1Hindol-3-yl) pyrrolidine-2, 5-dione; Panel B

sets forth ing lgmetds &fA lk_ifgquﬁqulﬁfbwzﬁ%g%gﬁggpﬁbﬁﬂét% oq)é Met by (-)-trans-

(-)-trans-3-(576 ro4 pyrrol o
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fo?’r Po 1 e S5 R b st adusba S rpoprporotn b M35 8- aro-

(-)-tr anﬁf%{v(rélo% di lh%E‘('_jlﬁncﬂhf P )[41 (- hidio?3 1 j))}rrohdlne-%j, 5-dione or (+)-trans-3-

15qui nol i n- i ndol- - pyrroli‘di ne-2, 5-dione to induce
apopt osi(8, &dlhzthnfﬂe‘f pmlbsB 2 ghquanc?hnsb{yb) -4-6{-dah 3efl¥ atoligine-2, 5-dione.
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(-)-trans-3-(5, 6-di hydro-4H-pyrrolo [3,2
20qui nol i n- 1-KigyreqZ %ei#qﬂhcv@ %/9‘ 80 piertsol (%ﬁﬁélﬂm 4Hoyeiedo Bt.bridast cancer

E(e ;10?: Zf c&x @?5 %1) 4 ﬂ Hd lrngb%fiy@ )}jgrr!—%?lgﬁ][ef? 3:@_,?%‘50%£ﬁlﬁﬁﬁne?istatlc cancer cell

qui nol i rinvasyoh) - 4- (1H-| ndol-3-y1l) pyrrolidine-2, 5-dione on human col on
cancer xenograft nodel (Panel gf)éguman ancreatlc cancer xenograft nodel
é (0]

(Panel B), hdighres sy forth anghie ‘£5 trederdrq-pe gy [3.ahd  human
9asL © LANRLI-YANOAATITDYE) pﬁf’%ﬁieﬁ)s BRELOHER L SPLS L Rogy! ot oxi ¢

sensitivity of ltiple c I'I"nes (-)-trans-3- di hydr o-4H pyrrol o
[3,2,1-ij] quiignte hsdts fotth-ag- e@fbbt—ofr(ebeﬁars-yﬂ.‘) 6-;dgh}4dm-4H|-mEF02Q [32,diidne.

quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-2, 5-dione on human colon cancer xenograft
model (Panel A), human pancreatic cancer xenograft model (Panel B), human prostate cancer
xenograft model (Panel C), and human gastric cancer xenograft model (Panel D).

25 Figure 10 sets forth cytotoxic sensitivity of multiple cell lines to (-)-trans-3-(5,6-
dihydro-4H-pyrrolo [3,2,1-ij] quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-2, 5-dione.

Figure 11 sets forth reduction in the amount of phosphorylated c-Met in
histopathological samples treated with (-)-trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-ij]
quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-2, 5-dione by immunohistochemstry (Panel A)

30  or by Western blotting (Panel B).

Figure 12, Panels A sets forth the XRPD pattern of Form 1 polymorph of (-)-trans-3-
(5,6-dihydro-4H-pyrrolo [3,2,1-ij] quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-2, 5-dione;
Panel B sets forth typical 20 values of the XRPD pattern of Form 1 polymorph of (-)-trans-3-
(5,6-dihydro-4H-pyrrolo [3,2,1-ij] quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-2, 5-dione.
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Panel s A and B set forth graphics showing the IR spectra of Fornms 1 and 2
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(-)-trans-3-(5, 6-di hydro- 4H-pyrro|o [3,2,1-0

quinolin-1-yl)-4-(1Hindol- 33 ﬁ/%ér ol i d| ne- 5-di one having a chiral
purity greater than 9@%1%\%11-@@%@ frC HTWQFLWEHNV@(NE@Ml ng | ess than 1%
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qui nol i = -2, b-dione. The present
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quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-2, 5-dione having a chiral purity greater than
99% as determined by HPLC and containing less than 1% (+)-trans-3-(5,6-dihydro-4 H-
pyrrolo [3,2,1-ij] quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-2, 5-dione.

The present invention also provides a composition comprising (-)-trans-3-(5,6-

25  dihydro-4H-pyrrolo [3,2,1-ij] quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-2, 5-dione having
a chiral purity greater than 99% as determined by HPLC and containing less than 1% (+)-
trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-if] quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-2, 5-
dione. The composition can comprise one or more pharmaceutically acceptable carriers or
excipients.

30 Preferably, the highly purified (-)-trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-i] quinolin-
1-yl)-4-(1 H-indol-3-yl) pyrrolidine-2, 5-dione provided by the instant invention has a chiral
purity greater than 99.3%, greater than 99.5%, greater than 99.6%, greater than 99.7%,
greater than 99.8% or greater than 99.9%. Preferably, the compositions containing highly
purified (-)-trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-i/] quinolin-1-yl)-4-(1H-indol-3-yl)
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20 packlng arrangements, all of which have the same elemental composition. Different crystal

forms usually have different X-ray diffraction patterns, infrared spectra, melting points,
density, crystal shape, optical and electrical properties, stability and solubility.
Crystallization solvent, rate of crystallization, storage temperature, and other factors may
cause one crystal form to dominate. Crystal polymorphs of the compounds can be prepared
25 by crystallization under different conditions.
The present invention provides two polymorphs of (-)-trans-3-(5,6-dihydro-4 H-
pyrrolo [3,2,1-i7] quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-2,5-dione.
A form 1 polymorph of (-)-trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-ij] quinolin-1-yl)-
4-(1H-indol-3-yl) pyrrolidine-2,5-dione characterized by an X-ray powder diffraction pattern
30  comprising peaks at approximately 8.2, 10.8 and 14.1 °20 using Cu Ka radiation. In some
embodiments, the polymorph can also be characterized by an X-ray powder diffraction
pattern comprising peaks at approximately 8.2, 10.8, 14.1, 15.5, 17.8, 19.9 and 25.6 °20 using

Cu Ka radiation. In other embodiments, the polymorph can also be characterized by an X-ray



20 packing arrangenents, all of which have the same el enental conposition.
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t 3. |
15501 7 Poul ORI RRE DRy Blss b 18 BOS It PP EPIEI S Br S ©

form1 paH-pywelph3 Qfl (1 Quihlans-yB8-4- 6Ll$aﬂdioih-33€§rl))py4fhblmyr[d’ pbalignz, chadctetdped by
quinalin-l-yl)- 4-(1H.i ndol-3-y1l) pyrrolidjne-2,5-dione characterized by a

X-ray pd\nd?éwrasdmweaétfﬁaﬁlm%@wmﬁm@me@kw apREREM L]y ok it e y28. 2,
10. 8 anqls%é élhK%,Q‘a ﬁﬁ&g 'dﬂ}lén%] ‘th ) %P@]becqp ggb e Qhﬁ’actteﬂﬁed ynor ph

can al so ar ac erlze a -ray [jO raction pattern co risi ng

peaks atana}p-mzliy)p’dvmﬁ&tr@ifﬁa&uﬂm palt@n&oniphsing pakSat approXimdBlyd. Hrvd,23.06 1620 usi ng
Cu Ka radiation. In other enbodi nents, the pol ynorph can al so be

gh?][ act &0 band B8 23 veingu Keyyadpiion o ratharamhadgnents /thene ymopthaga elso be
4
T o 5 hBARBLLFE].F RTRY b8Y0G, BRBIGS b RRELObIZAE S ubrprtBiifyistie 3y

using Cw Kaxmdsatien, 16.7, 172 1be, po.8sENE, 2B/ eBI7i 98 6ahs 90 Aroy usias Ca K@r m 2
pol ymor ph of (-) trans- 3- (5 - di hydro4H—pyrroIo [3,2,1-0
qui nol i fadiagan.- 4- (1H i ndol- 3-y1) pyrrol i d| ne- 2, 5-di one characterized by 5

an X-r ay po\é\ﬂﬁ% ésfeIl{ 1%0%&‘][90% aﬁ)s%t a es a Slt{%% C%m L[%ﬁlﬁ&%@ﬁ?&%ﬁaﬁy&g 6. 5

9.9 and 12 dus'n ion. en ynor ph
can al swflpg- M@Iﬁ(&@ﬂih&ﬁfb JDH-p@zﬁoP@ [B@glm\qdmbllmtﬂ} aq1 Handgles- pl@pm@l@dmé-l sing
peaks at apprOX| mately 6 9, 12.0, , 20.1 and 22.8 '20 using Cu Ka

r adl ati ofm- me@bfltfé?telé%ﬁé*&w ar?e%trgy p@%@fﬁ&%mwt@ahcoamrbﬂ%pe@hwact eri zed by

100,13, faPg kel 300 LEQLOFAEIDOIRY AhRRgR THT oin SRR UL TRELE ¢ 21

30. 4 Z(bntd%lr A®ré&phdtmatadically &deptable carribheoruxefpdnts. i nvention al so provides a
conposition corrprl sing the form 1 pol ynorph of
(-)-trans- 3- ( BhePgp ey HHvEnueR plye pProvisics 3 compogjtion cornprlsmg the form 2 polymorph

G 101 by RS P P11 8,967 -1 aneshBn et Sty

X-ray po action pat Frf)rl I'ng peaks appro
10. 8 anad,3diche'cBfractsiizgl WQuanKe-raypoaddralitiractien pmtmommprmmgpmksmpri se one
or more pharmaceutically acceptable carriers or excipients. The

presént APRUASHAMER Gb.s6 rbiA- el Wb &t fadBoBope P%ma@;sltﬂ%cwmpzwe
23: %gﬂ n- e%fr f&oré plﬁa{f&gée %1%539%9 tg%lgr rgg%:f%(ls%rggfbg&és[ gng (1:hgr acterized by an
X-ray povvder Alddifioreetly] thn coapd@rds of drypresshnigvgeaks foaatexample, the salts of the
compounds, can exist in either hydrated or unhydrated (the anhydrous) form or as solvates
with other solvent molecules. Nonlimiting examples of hydrates include monohydrates,
25  dihydrates, etc. Nonlimiting examples of solvates include ethanol solvates, acetone solvates,
etc.

The present invention also provides a (-)-trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-7/]
quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-2,5-dione-(1S,25)-(+)-pseudoephedrine. The (-)-
trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-if] quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-2,5-

30  dione-(1S5,25)-(+)-pseudoephedrine can comprise less than 1% (+)-trans-3-(5,6-dihydro-4H-
pyrrolo [3,2,1-i7] quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-2,5-dione pseudoephedrine.

The present invention also provides a composition comprising (-)-trans-3-(5,6-
dihydro-4H-pyrrolo [3,2,1-if] quinolin-1-yl)-4-(1 H-indol-3-yl) pyrrolidine-2,5-dione-(18,25)-
(t)-pseudoephedrine having a chiral purity greater than 99% as determined by HPLC and
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20 approximately 6.5, 9.9 and 12.0 '20 using Cu Ka radiation. The
conposition can conprise one or nore pharmaceutically acceptable carriers
or exci piwot2811/079142 Additionally, the conpounds of thePprasemy/osrseention,
for exanple, the salts of the conpounds, can exist in either hydrated or
unhydr ateedta{itife|cathyial N OUS))-1Faois 1B-GL6-aid ySrol-Afdtpgroldd [BI2, bijhqliinskod-v e)-4-(1 -

nol ecul es. imtjing exanpl es of hydrates jnclude. ppnohydrates,

25di hydriafels- ylépxrrolfxﬂs}m Yt 1199 Pesuspphedrips. & faﬂ CRIRRASItOR AN GEMBEi PRSI OF

sol vat es,, 208 A RLesent invention also provides
2 () AR PR RS ENS SEar Bl Sarmen or p RS
qui nOI in-1- y:IBref@w(beﬂhenldghly@uylﬁ):d( -)-trans-3-(5,6- dlhydro 4H-pyrrolo [3,2,1-ij] quinolin-

1S, The (-)- .
Y e 5 BT R paP b syl 255 e BB i gbetind provider gy thos- y 1
pyrroli thﬂ@ﬁtgn\%ntl&@ﬁh\%neﬁdlﬁs'lt&eg@kn& firi sg%@@&%ﬁ@b snegaRr HRAADDISE dr&s§ than
1% (+)-trans-3-(5, 6-di hydro-4H pyrrolo

qui nol i rthan §ALy%4gicater than §2-886 9ngre@tylrﬂ1@n 9&9%& Izefﬁfmhly)rﬂee prepasdEphedr i ne.
The pr esceorr{%niugé/ gil ;hurlgieg? 2 rc?n\él gﬁs -3 @8@3 %ﬁb)ty'rr%[]o ﬁ% l] qumghn 1-yl)-4-

(-)-trans pyr r
qui nol i 4 H=i%dgl=3yl) %bhbﬁ@h@&% mbhe pusrml(m;lpmtiae&mdmmom&i Bplihe instant

(+) - pseudoephedrine having a chiral purity greater than 99% as determ ned

by HBLC laﬁ@tlowrztemllmmam@@%ﬂ%@@&@/@@ﬂ@@ﬁh@b%% HishEhap 80 ohless thag

+)-tra ,_ 3
((]UI) nol i nrw ﬁxfﬁftrgmd?[l—?%cfgﬁﬁgé%ﬁ%rrﬁz l%]_cﬂlémhg dygrﬁe(lp%glu oeB/Il?edrl ne. The
conposi tpyorolidae- mdmnmeMpMdﬂmre pharmaceutical ly acceptable carriers
O B g R i O oot bShinhrtochiometsic o non
51-y1)- §Tc§)%ﬁ1@9ﬁjan?buﬁgs)of@¥fvéﬁﬂ 591'11@%01% éurgi s QB & Rdarl 16 Tr)a;r) REREdaRppedri ne

provid y the instant invention have a astereoman C purity greater than
99. 9% ga@mbésol‘tdmamowum@n gmmsmihmm)ﬁndgme? Yhusgoemingr sblvate. thés%lmnt

o at o1 LR 8% 1t el 0l SRRSO LS Py 1 1o

(1H i ndalcohoialo. F%Mf%ft@s' arél Ed}ﬁrea K mlﬁétﬁm%‘?)oné b1 nidsEMdReRRe dr vher RAiMVi ded
by the instant 10invention contain less than 0.5% |ess than 0.4% | ess

than 0. 3%6 off ghessubstance Ipvwhish thawater resgnitsiowlecular state as HyO, such combination

aut nol | 10 PSR BE O T Biic g solvug maybes dichlorametions, o

" Sol2gat eBCMp@satsol vent addition forms that contain either stoichionmetric
or non stoichiometric anmpunts of solvent. Sone conpounds have a tendency to

trap a fixed FhsinipsensinyeRtion abo revidert Ghvraeu-@so-fhyenetdmyseln Biakidol i d
| d
state, dJrﬁa 5o 10F - mgigfllgggfe ﬁl%yéimpy'l%ohh .- ‘3 d{ ditflo e e#%ﬁdﬁghgﬁgagtﬁaﬁf e

is a hy te, e so or e
al cohol afoenprisingr(aj-eanab€5 Hatingbiody/- pﬁmlo@m;lmﬁ]tqmlmﬂ-ghel ar/-malok3+) ecul es

AL LT SRR R AL WA S
hydrat e. . EQtr tRXP93), &r glddfr ARI\BYE (BN S-6, AUBY IR PABRBRA3,2, 1-i/] quinolin-
1-yl)-4-(1 H-indol-3-yl) pyrrolidine-2, 5-dione dichloromethane. The composition can
comprise one or more pharmaceutically acceptable carriers or excipients.
Some compounds of the present invention can exist in a tautomeric form which are
also intended to be encompassed within the scope of the present invention. “Tautomers”

30 refers to compounds whose structures differ markedly in arrangement of atoms, but which
exist in easy and rapid equilibrium. It is to be understood that the compounds of the invention
may be depicted as different tautomers. It should also be understood that when compounds
have tautomeric forms, all tautomeric forms are intended to be within the scope of the

invention, and the naming of the compounds does not exclude any tautomeric form.
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20 (DCM sol vate. The present invention also provides a
()-trans-3-(5, 6-di hydro-4H-pyrrolo [3,2,1-0

qui nol i n-wWoye)7or91(42H- i ndol- 3-yl) pyrrolidine-2, 5-dionePdiraiscanoasthane and
a conposition conprising ()-trans-3-(5 , 6-di hydro-4Hpyrrolo [3,2,1-0

qui nol i n- | - y Ifhedeofrlouhdil edlts 3y pyodoygs aflthedprieeen? inventibrotud edtist il @verkt hane.
The conpositiaqn _can conprjse greater than 90% 25greater than 95% or

gr eat er 'PHARCYQHRIYS- FIED EUIENGICHPRPHRTG-RRGSNYIHNB tozicopa olohe areenti n-

L y1) - 4iodditibRA P hardimdil xR bl Rk i 81 2 tquorlbR: A MR IRLNATErm, il
conposition can conprise one or nore pharmaceutically acceptable carriers
or exci pinendwomSymedwoimposiidsndfioughenp tasentr mawenddsonbalathegressht i n a

t aut %mer.i c form ]\l;%ch are al so.intended to be enconpassed within the scope

of tRe pPEERRIR S 81l Stomess Of Hedreensep R Bes 1 o conpounds whose

structures diA{@kdmefkedhdteth “ﬁlﬁ’%@gﬁﬁﬁﬁiac&ftic@ﬂ%%e fabfe Wit fdcBxindludé N easy
and rapid equilibrium It is to be understood that {)he conpounds of the

i nvent i cwidwiditins sdbpinctudingdy daodhiasrdemthydebremisics, phpsphatesdudphates ohyslsogen
under st oah At ISR RRTROURGS, AV LIRS (6, bOEMB ALl nagtgreri ¢ f orms
are intended o l@'e \/\Pl%%l ot he %Bope of “THe™ AVERT TN, and "t'hé fan ng of the

conpoundandfes, siRtinaks)| lucietcanyid tattheseiilti hewntatioduch as Na', K, Li', alkali
2011/ 079142PCT/ US2010/ 061625 ,. The conpounds, salts and prodrugs of the
predént erbamtgloaltcashaxMe pPRCEerv@rosganiaynsetltc forns, and such

tautoneric fofik AnhE kN GAMARH WelBbfct H’E‘eaﬁs%’gr%dﬁ& otf?r?ﬁt%oﬁ%’btf a‘cB}ﬁgpﬁng”-
Taut oners exi'st as m xtures of a tautoneric Set In solution. I'n solrd form
usual | y ofnlee prasino imeentivre doarphathescuticwiéy addaptale sahepd gudpher soiayte iecreof,

described, the. present 5 . i.nvention includes al] tautoners of the present
corrpoundgat expl%lts ASIHIE doRERY Vo tRE? éPH%p%’%? ?}'thF STHCYHAYREER Ut i cal |y

acceptable s i de.acih i sal 3 1ding :

hydr ochl ori dgié%usﬁ%ﬁre%%?é%é%%g, ﬁ%’%ﬁ%gﬁ%@?@ﬁ%ﬁﬂ%ﬁ%%ﬁ ’esr?alsﬂlljllg’phat es,
al kyllssulsphdmgtoe sgitaimg| dihk pdron‘atiesg”acenanesingbdnkingt astaticg,tor avebng miheat es,
f umar at es suctcijénai es, |actat g%sﬁk andt.t.artrat e;; al kali metal cations such
as Nali Sika1511250%Pens mRrme. SRking SERSAL S\ P8or Cca2+, or organic ami ne
salts. AR desduhi® fithe plehdit ifeMioN®inae) bd fepdfedispradRgoduet  of

met abol i sm of a conpound of It)he present invention, or a pharmaceutically
accept abixemplkgl pharmpesicptien yracenptahdd predeigshdhe tirms { ‘preprdraghiyl tpgodrugy el ar

activity in.yi t a| onpa of -t rese i v i . As_uUs erein,
the 1 er noreinfori B ATh e BOMRIAS o o oR e Gl R D e GEERIET g
or agitakivng. STite predrigs' &t khéwh e edfRAGSnUThotbiddesBhilEK qhgitied@ft at i ng, or
swirling. The term "agitating" nmeans m xing, shaki ng% stirring, or

swi r | | nharmaceuticie(ecorpBipHEY. Ripavatabififve swtlachwiaat Gton thermpesedsnf the epar ed
o BT SOHSy bBIAILS cofos IEGUAGE L PRSP SRR e
conpoundowbva predrhgastabe presatlyi ckempa cempowrdagmethods of delivering the same and
compositions containing the same. The term “prodrug” includes a compound of the present
25  invention covalently linked to one or more pro-moieties, such as an amino acid moiety or
other water- solubilizing moiety. A compound of the present invention may be released from
the pro-moiety via hydrolytic, oxidative, and/or enzymatic release mechanisms. In an
embodiment, a prodrug composition of the present invention exhibits the added benefit of
increased aqueous solubility, improved stability, and improved pharmacokinetic profiles.
30  The pro-moicty may be selected to obtain desired prodrug characteristics. For example, the
pro-moiety, ¢.g., an amino acid moiety or other water solubilizing moiety such as phosphate
may be selected based on solubility, stability, bioavailability, and/or in vivo delivery or

uptake. The term “prodrug” is also intended to include any covalently bonded carriers that

release an active parent drug of the present invention in vivo when such prodrug is
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20 in vivo. Since prodrugs are known to enhance nunerous desirable
qualities of pharmaceuticals (e.g., solubility, bioavailability,

manuf act worgi1/ede2) the conpounds of the present i nvenPCoUSCEN/0bES25
delivered in prodrug form Thus, the present invention is intended to cover
pr odr ugsadefinisteecdno esebjetty Rebdrugei th@pﬂ&@uﬂd&,enﬁeﬁ El@Cﬂ)isepafedd@J myéifying t he same
and conpositions containing the sane. 186\’/%1 term"” rodru i ncl ude

conpouncfumtmﬁlegrav@s@ﬁ%enw the, GIRPeHY wWey {haf the %twﬁ%ararc?%%

pr o- noi &fiinESin 13 ﬂ%rﬁ?n ?ﬂa@éﬂ &0 8Hlodto e ér)énPcro l[lﬁ& fFlg; s Sqhybi 11 zing
nmoi ety. A conpoun resent i nven i'on may be rel eased from t he

pr o- noi eiompmumdsmfdh@prycsem 1nV@ni1<oiawhme1n amdirery, emzr}cmamlﬂwdlryil egbexypechani sns.

I co tion of the resent nve tion.,exhjbits
e B eatigaREabp SrRPAR] Eoed T RaL bt S de Aoy e O T s BORE ReE RRARTy . and
i mpr ovedyRhafing.aRke sahi, &(Kp'ﬁ‘%%'chr%§x y P &EC RSy BiR P)’reﬁ’@étlbﬁ ysel ected to

C

obt ai n desired prodrug aracteristics. For éexanple, the pro-noiety, e.g.,
an ami no aci CEWI%QSWf(WO@tlgﬁelnCl\ué@ éxutgf@lmbllmlltzdﬁgeﬁmﬁséﬁg seitfeas phosphat e

may be s t ed b|o il and/or in
Tryo, dertyEy ol a0 Bhosphiiss Shle h oo BB 4 1 et ude any
coval entdayoahmme{a gCNNL(ﬁﬁﬁthtyta@ilndS@Hﬁﬂﬁ@ oatrmya@&y\f@ndﬂaﬁﬁrgtrowsu@t@é gtoifs
present invention in vivo when such prodrug i

WO
2011007 deg26by) as5rH 1rpElBesthaegticsicsy ef exbexl @@d@p@@@ounsfﬁmcmlg@rwm%e
pr esent ey P fURGEL 9RALing FOLR:
t he conpo%nﬁnécﬁ&@ucrﬁ%&évay tsg thP[I S d%fdlré%g.tl o%éé are C efavegnﬁe%(?@ﬁ)@f in
rout i ne axemeputails,detady aridenel vwers bﬁkéthﬁae qimlra&dﬁhydefmmumhl gRyupdiinigs i ncl ude

Car boxy CopPosBdy AR Briot 18 boredundesiny 1 opgo phal Pogis BBl ePeaved i n
Vi vo to ffiofme N&es oy dixeanyl 19§5?ee am no, free sulfhydryl free carboxy or
free carbonyl ‘group, respectively Exanpl es of prodrugs i ncl ude, but

arelfot limted to, esters (e.g., acetate, dial kylam noacetates, formates,
thﬁl'_sglha s,[ :..;tif. 6b zatderllv_{;i1 c_ .‘!f _:.-

10(e.g. Ig,hl@jﬁhmgg grcﬁ@ner@d;rﬁb&jﬂdgloet hanol esters) of car boxyl functi onal
groups, Nacyl derivatives (g N-acetyl) N-Mannich bases, Schiff bases
48

and enani none%‘,aftﬁaﬂhﬁ*ﬁnﬁ@tlﬁmﬂﬂm dpgmdlpgs o ghenprsparaiéen efi osgarkemelesulgad enol
t f ctl a Q oun romula |,
ond- ¢ e g TR A A RTINS DI Gy BB PR D RIS rtbab, T o

Yor ROOxf@6whs( dﬁﬁﬁ)obt&ﬁecﬁ&@hhﬂéte&v@ﬁt s(cre)nnﬁe difgatdrd dr, fﬁnﬂsthy@brr@r&u—epw rolo

[3,2,1-0 quinolin-l-y1)-4-(1Hindol-3-y1l) pyrrolidine-2, 5-dione Conpounds
textbooks in the ficld.” Although not [imited to any on¢ or several sources, recognized

reference textbooks of organic synthesis include: Smith, M. B.; March, J. March’s Advanced
Organic Chemistry: Reactions, Mechanisms, and Structure, 50 ed.; John Wiley & Sons: New
York, 2001; and Greene, T.W.; Wuts, P.G. M. Protective Groups in Organic Synthesis, 31
25  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.
The present invention also provides a method for preparing (-)-trans-3-(5,6-dihydro-
4H-pyrrolo [3,2,1-ij] quinolin-1-yl)-4-(1 H-indol-3-yl) pyrrolidine-2,5-dione, comprising: (a)
30  mixing (£)-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 with (18,25)-(+)-pseudoephedrine in a first solvent to form solid (-)-
trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-if] quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-2, 5-
dione-(18,25)-(+)-pseudoephedrine; (b) washing the (-)-trans-3-(5,6-dihydro-4H-pyrrolo
[3,2,1-i/] quinolin-1-yl)-4-(1 H-indol-3-yl) pyrrolidine-2, 5-dione-(18,25)-(+)-
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Standard synthetic nmethods and procedures for the preparation of organic
nol ecul es and functional group transformations and mani pul ati ons, i ncl udi ng
t he use ovOpomiesetszve 20groups, can be obtai ned from t heCralSemansie2s
scientific literature or from standard reference textbooks in the field.

Al t hougtpsawdocphdtirine dolidfoainyd angep(a) SEthemadqusalsmiiesire betodinstzeeche{®r ence

t ext books of organic synthesis include:

Advancede@t@gﬁlilec&ﬁ Q?& d ln@é%ﬁ%wolﬂ/&%ém]s%mﬁ;@nhy@r%& mdelvay@n ed.
John WI NeYL.(YQr :

Protecti Ogﬁhc?%r%sl n Or §r?.@c( 3& %ﬁ ?ge,(ﬁn% St_gpmm lw{ng?/mgm%nns anI\llg,\w

Yor k, 1%97enﬂ'mei 1ﬁ<dhﬂmgmhngrgdnamdaqut0|f drwemﬂtas‘gmﬂllrtm Od)rvmshmgsheamrgaldeﬁygned to
illustr n [i.m t e ceduresfor r on of.
Comgundior Fp ko o vt brse SR SoRen WE SRR 1R  ahoaRrERERe feShedls a

net hod fiferRREPARE bRBuit of the &R8nPBsdlver® ifihRYERAAH s 1RAP5 Lo3ard () O

qui nol i n-1-y1)-4-(1Hindol-3-yl) pyrrolidine-2,5-dione, conprising: (a)

30mi xi ngrysfaltiviap o g oma(mohlymron 4iep ) rand deyipgthe rasultant (-)-trans-3-(5,6-

I 1 lH-
(15, 25) LR AL rchioP DU USRS o PPl &-gioge under
trans- 3-yabufin othé'néﬂy proﬂhblag I(J)ems{zs(s% a,m(_é)dmmplyna}d 32154 qéihbtin-ndej43- y 1)
pyrrolldlne 2, 5- dione. - (+) - pseudoephedrine; (b) washing the

(-) -10r ardHlzndg; ?syaupwah@naﬂ, Wm@l é?rfffsrahlyﬁl@ produced (-)-trdns-3-(5,6-dihydro-
|
3832?0;9@%@?@@% aﬁ%iﬂs oep e?j(rél}nngp}égql%ﬁgﬁen%é& @m(esﬁesﬁ wth

an aqueahbasn Mfoxkesy thawDd. 705 desithizmt 0. S%Io\téems thaphd). 1 % €aptting3 i fhé-dihydro-4 H-
(-)-tra 6- di hyd yrr lo,[3,2,1-0 . . :
qui nol i rpyrmipl@ %lfJiﬁ}l}nﬁg’&ﬂ o) ﬁ)l ?(%kﬁ -y Ripyeobdine-2, 5-dione.

o>-di one. (1S, 28y dsoR%ﬁH%%haeﬁUd ef)ﬁsos%‘l\%tn?pP&R‘)faM%r tihe ARt ﬂfﬁg hddudn

organi ¢ solvent and isolating the organic layer of the resu sol ution;
(d) hhashiohgnt tva ‘tmrrgahmol | ctlyemol, BEctomtrst.ap a(ixfur¢ éieranddiThg secose s@lnehts:ah vent

to the ani c | aye f ocntrt'n he or c,layer unt t he anopunt
of the SEcua-tREoNEAL FEREHTu R iRl pasEn ERi g S pphanel” 2T

cryst al ldyzingg aéét@[mﬁlb EorQIaRRALrE tHeRE T Sorsd &RbETicARkhE KddoRE sbiRentrig il t ant
(- ) trans-3 -(5,6- di hydro 4H pyrrolo [3,

qui nol i riameyas yaid firstisoivarto In gthgrigmbsdiment, dhfn%ecgrlld splygns rediffaeat fromeaidm
her eb
Eqwe:lgl ?/nf% S%&l‘I elnpgﬂg %rﬁﬁ n%o%}tgl-??/t%) g%%?%?méhkﬁp tx%aﬁ)%ﬁ)d&l gdr?e I& ?er ably, the

pr odQc ed:n(bohtrhént@ ise organiC Paycbisdi 3yl @ith4aRy6ludd®id Sep(d}- Ereferably, the salt

quinolin-|-yl)-4-(1Hindol-3-yl) pyrrolidine-2, 5-dione conprises |less than
1% |essso{qﬁlaﬁmamuméé@rndﬁéwum%% or less than 0.1%

+)-t 3-
éw) noIr ?ESI ("%- j‘n %&&/ 15‘51;&11&1%133% (_éilt}rzlﬂgsg_(sg diydro-4rpamolo 32141 | ot
can be mummitmalmb@lu@ﬁénidmbﬁﬂyl) Breflidmak, - dlbﬂmecrfystalsaftenstnp ég)udnseme

embodiments, the (-)-trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-ij] quinolin-1-yl)-4-(1 H-indol-

25  3-yl) pyrrolidine-2, 5-dione crystal is rinsed with an alcohol. Preferably, the alcohol is
selected from ethanol and methanol.

The present invention also provides a method for preparing (-)-trans-3-(5,6-dihydro-
4H-pyrrolo [3,2,1-ij] quinolin-1-yl)-4-(1 H-indol-3-yl) pyrrolidine-2,5-dione, comprising (a)
mixing (-)-trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-ij] quinolin-1-yl)-4-(1 H-indol-3-yl)

30  pyrrolidine-2, 5-dione-(1S,2S)-(+)-pseudoephedrine and an acid; (b) adding an alcohol to the
mixture from (a) to form a slurry; (c) heating and stirring the slurry formed in (b); (d) cooling
and isolating (-)-trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-if] quinolin-1-yl)-4-(1H-indol-3-yl)
pyrrolidine-2, 5-dione; (¢) washing (-)-trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-ij] quinolin-1-
yl)-4-(1H-indol-3-yl) pyrrolidine-2, 5-dione isolated in step (d) with a first solvent; (f)
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15sol vent can be methanol, ethanol, acetonitrile, or a m xture thereof. The
second sol vent can be a non-aqueous solvent. Preferably, the second

non- aqueow® 280lo7ersk can be net hanol, ethanol, acetonitriPC&USo010A6T6RXt Ur e

t hereof In sonme enbodi nents, the second solvent is the sane as said first
sol vent .didsolviigh@)-rrenhddb 6&hhﬁ1roi4lﬂﬂpﬁﬁﬂor[|}12,say]vc§mmmsl -gh){4-@reiidof-8gim sai d
first solvent, The grganic solvent in ste

met hy| t SOFRHGEeE drdigne ‘Pfll&?ﬁée}z‘é‘}é‘rﬁﬁ%}dn?‘@ﬁ‘te@ QOtfH@n arselé}ﬁpeo (eagdding & thigk hed
with a sg \;erltst(altHé &&ﬂtldﬂn%Qﬁagdgigs%nﬁlgg e ?51?94)1}’ Rnﬁlhﬁ"e Q‘ﬁbﬁ 9P 4E 5QR3nk SoReiOdi UM

chl oride sol ution. can further 1nclude rinsing
(-)-tr ansﬂ&:— fohytdnds hepsithon 484 [Qly)crrgadtdhkﬁgz )-thrdzﬂy -3-(5,6-dihydro-4 H-pyrrolo [3,2,1-if]

i | 1)-4-(1 ft t
(o " Al LB RO R ool s Sdips o spbinaEh Mol o 13,5, 100
qui nol I fb’pltloﬁaill)y 4ddidh e soh?e'éag)\féf)eraw \Ezﬁ’ﬂef)% Rftgde tRe amag Y E)AG) 1S

rinsed with an al cohol. Prefera tHe al cohol is selected from &t hanol
and net Hsglating the crystailsrféorp t(léb@rftltratmne flo)ivershimigglae w&ivlsd@s;n 8) withlaodixfue of

repar dr
Eu. hol : A8 gh“)f)so ™ t_stﬁ% f%ﬁ“‘?‘g )4 £ mé?%ee“%%%lsé 061%181‘) YEHF Y Ry (a)
M xi ng (thgreby ?ﬂ@ﬁu@lné @)@ra@k-}})@l’@dl‘ﬁ?ﬂl@%ﬁ-@bﬂdﬁi&Z llypqumohn 1-yl)-4-(1 H-indol-
qU|noI|n | - (1Hindol-3-y1l) 30 pyrrolidine-2

5- dilfne. 3 1% Pwhqlﬁfi'zp%éméephedrl ne and an acid: (b) adding an al cohol to
the mxture ffh%"%o A1 & ‘?lﬁe%gﬂl%oﬁléﬁﬁaﬁ%l of iR {h@&o?”ﬁhéﬁ%& Dt LhgpShurry

formed in (b) c00|ng an
(-) - tr an®naq(Eous-sdivieyd rRye by thicofist fidh- é?quleehﬂ solvent can be methanol, ethanol, or a

?UI) n? lr ;P{gfxélr% Sﬁe? é IH hlg, ggcgrllqulﬁvgtrca%/ gr Olglog-lagg%)%s soSIVgrlltO T’?eferag? , essgicorh

qui nol | V. r step (d)
wth a feraredoRReh e by %%‘f%%%%%V%fﬁ}é%%%%%%@%%ﬁ%?%@ﬁ g

(-) -16r arfyef3rably, tits tird yndn-aqddsup polvahtaah Be Methadol, ethanol, or a mixture thereof. The
inolin:l-yl1)-4- dol- 3- I 25d f t

decond SBPELIGTE CFLpHAL TP S Bt P Ei B o the

solution in (fhe p’%&fénﬂﬂn%ﬂddn‘ A pro@dsed hhteth@ﬂ foiBrbpartnl Pe{ -emns-(0b-dgRideb-second

solvent in the solution is less than 5% crystallizing

(-)-tr arf‘ﬂ BW@O@&»lhyhmmlm-by'i)r%(b’f-ﬂlgiowﬂ}d pyrrolldlne-2 3- dlone comprising: (a)

o (o) TP e st SR o U fuingi e S ATl o
nat ype tﬂi@roﬁﬂbh%lzaBsdléﬂeqmdﬁélﬂoroﬁidhahé %@"sbl'agn% ﬁl‘%_(ﬂ]%kﬁbis bramydrb U Ry
filtration; (k) washing the crystals from(j)J with a m xture of the third

sol vent pg/mi»ld Bui, 4] sloinohm{l -ylhﬁdl(-lil)lddryyh gyytrhbdloc-ﬂsﬁ-al[cmefdndlh@rom)ethander
h h -
u ot | oF S el (R e S 6K ory ot Tl el e Hhinadigd)
al cohol llﬁfﬁe@%hﬁ&@ 1clﬁ5§6‘ﬂfé@ﬂa ]9% a?iréps&lrvgﬁte c?la?s'ﬁﬁ RS s bf s%&?ﬂv(‘g)zt can

can be non- aquéous solvent. Preferably, the rst n n agueous so
be net hamal theée\rtdmﬁdil,chloromethmctm Iﬂ® toheroao$ <Phis bgcomghts@l) vlétnﬂmgjan be a

o e RLYENL ) 1L a0k S SRR Tors et sohvent,
multicolumn chromatography system containing a packing suitable for chiral separation; (f)
pooling the resultant raffinate obtained from the system in step (e); and (g) crystallizing the
raffinate from step (f) and filtering the resultant (-)-trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-if]
quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-2, 5-dione or evaporating the raffinate from step

30  (f) to dryness, thereby producing (-)-trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-ij] quinolin-1-
yl)-4-(1H-indol-3-yl) pyrrolidine-2, 5-dione. Preferably, the produced (-)-trans-3-(5,6-
dihydro-4H-pyrrolo [3,2,1-ij] quinolin-1-yl)-4-(1 H-indol-3-yl) pyrrolidine-2, 5-dione
comprises less than 1%, less than 0.7%, less than 0.5% or less than 0.1% (+)-trans-3-(5,6-

dihydro-4H-pyrrolo [3,2,1-if] quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-2, 5-dione.
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15Preferably, the third non-aqueous sol vent can be nethanol, ethanol, or a
m xture thereof The fourth solvent can be an aqueous solvent. Preferably,
t he fourtwo=olwents2i s wat er. The present inventi omrCaltseolpoomeiies a
met hod for preparing (-)-trans-3-(5, 6-di hydro4H pyrrolo [3,2,1-0

qui nol i n-1 - IBre%fe(blj'l-thd’lﬂ@’[ AG-ydukeomysol adnk Chmlﬁelﬁeﬁiaﬁblpe‘tbanodz @imisturg: (a)
dissolwﬂ 9'f) t rans- g, 6- di_hydr o- 4H-pyrr éé]

qui nol i rb§regf )L S(scmd.Sﬁ Gt %bf)a IRHAAIEHS @ ‘i’?@t zPre Iy ie sgqond non-

di chl or ‘@mi I 4 yrrol o
[3,2,1- a@%&t}ﬁﬁg n- a?%% n%th H-| n oia%ert%?%yoﬁréﬁxglrgggg&%ﬁd)rgne

di chl or qefetubhe 1he(s‘@¢omﬁ mmedqmemg; s(o)vent ansnirb of Sretiahyldmd-adétopyrileol o

[3210qU| éln- - (1H-|nd di ne-2, 5-dione
b etBor omat hasrte g ded S o B oG b R g ORS of st ep (b)
until t henlmeiel Skﬁ’%hl? ﬁbﬁ@&@@%aﬂl@allpﬂdm )SPAMLI-096 dthydrd 4 A%yeslongi gt ;. (d)

diluting the 2 fon of step (c) in a second solvent; (e) introducing
t he sol ux]mmocbm lsyléﬁ (1&h-indak-3yd nyololidimet2. rdietss Wmfhtrmgrraqihlmoslpwérh%) of

¢ acut t aroPRPRREHBRGSHSE ROk S ERAB P IR AT L2 ) RERU I DA

crystal |(|1HLlﬁ60lt319l)pzf‘r lidiate, §ldshesprefent. OP@n’@‘aBlylﬂlewﬂgostnr@sro@ﬁiplrﬂ:s@oy
(-)-trans-3-(5,6 dr o- 4H-Pyrrolo [ 3,

qui A8 i HransyLed, érd(hylim Hdorrrelo/(B)2, Wﬂ ﬂblﬂlphlilﬂéd)z“ -(EHunéme-vhy pewalidipeei frg t he
raffi natcﬁorge[ k%gﬂr%t gﬁ&@%}rgﬁéﬂ %Op eé%?% r b @9 %b/n %ieater than 99.6%,

(-)-trans- pyrro gui noli
y1) - 4- ( Idrkdterdbdn 3. 7%) giyter dlah @0r8éo & gr‘éatﬁt thae 99 PPef Rietdodbly, thdeorppaitions d

o ol | rromiyies logs (e Hadpesandnd 55y Rt iod O Jesseben B A%. keniiin &% Pbss ¢ han

1% | A tBangRvE% ; . . 6-
15 A 01T B T 1 20 et

pyr rlél i dil e lidined?, dﬂ@one WO 2011/ 079142PCT/ USZOlO/ 061625 Pr ef erably, the
first non-aqueous sal vent b et ha or a mxture thereof
The second- sarvaReToR e gttt dbusi FLiE WhsbuRe e Suys Shiobecond
NoN- aquRPSdaRL RNt &2 t@?oﬁﬁéer@lﬂ%olat@'ftﬁk@@ @J)mp@s@t%r@ Rbfnptikifg hdhlPchttafkur e
t her eof More pref erabl he second non-aqueous solvent is a mXxture of

met hanolPusha)- ér@éi ér(§16r h]édroﬂéirhtélﬁ@lolﬁ Brlodi} @arolin- biyhrit h4nstol-8138) pr oduct i on
f th ti 9%
of the 'p?y?%oﬁ? ne P gpéﬁf@ ﬁ;dh% nﬂﬂe@{qg %Eﬁéc% rT&Ifl %?m(a?og?apﬁy 0o,

purity) ans pyrro

qui 2ol i rtheist@té&)méhc(shl‘ﬂ-rbs'dﬁiﬁﬂon%ﬂd%arméﬂdiﬁ)éticdbs’wutﬁm 5-dione, with mninal
anounts (< 1% of the undesired enantioner

(+) - t r ans- 3- (18 stspdi Afypehsoablilgiding @ oqmpound 4)) waytrersed with ogalylchloride to
1H i nd
Conpos, 15 szt Syl iy ort Q0 QAL e ShbRLAD The afdon ot

qui nol i méthyrib) was cdfficientiolafry fhe mtyrrnedwtdka&eﬁe;r 5; 6-diilgnieo-Hakpyrepla [ LRl £ al
purity greater. th 99.3% greater tha 9 5% th 99.6% greater
than 99, vﬂ%ulr@#@a@ﬁ%%ﬁ% B! Ghien it o Tos8ener e HBFYO-t he
conpasi t@&ﬂ? &nﬂi@%héﬁldbfesﬁaéé?@fﬂldg(@ﬁnpbﬁﬁ& Shj‘@fere%ﬁ%inéd%%r&dﬁl@&% $% |ess
than 0.3% less than 0.2% or |ess than

(+) - t r anBh Bk ¢-8/Bpydidig G, &-MH—qWIqlml- byD3i- (ZHEHid]Dl -3rylrpoiriots-2- yrddong- ( 1H-i ndol- 3-
15y1) p%trogllﬂo%lnﬁ%) "AS descr?be%’ in detail in the following examples, it is not necessary to
isolate intermediate Compound 5 to produce Compound 6. A solvent swap from MTBE
into tetrahydrofuran (THF) was necessary prior to conducting Step 2, since both 5 and 5a
30  have very poor solubility in MTBE. Following the addition of Compound 5a to consume
Compound 5 in THF in the presence of base, HCI was added to complete the reaction to
afford crude Compound 6. Crude Compound 6 was then purified from DCM and heptane to
afford Compound 6 of sufficient purity to proceed to the next step. A detailed description of

this process is shown in Example 1.
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As shown in schenme | and described in detail in the follow ng exanpl es,
various procedures are utilized to produce and isol ate these conpositions
conpri si myologhi7gi4ehiral ly pure (-)-trans-3-(5, 6-di hydr @2RSpy10/061605
[3,2,1-U quinolin-l-yl1)-4-(1Hindol-3-yl) pyrrolidine-2, 5-dione,

i ncl udi ng butCeapohnds tred hirdrogenstdd wioh paitadatn aparoeige APHY, errﬁlsmltast;iiuﬁntert-
20di astereoneric salt resolution or dynamc kinetic resolutio

step 1 Jnuteddretioproduce; |cn@|e|tmnﬁéaC@@@Fﬁp(5§rmam3 (Mlhyﬁ@aﬂﬁd)m%B 2,1-]

oxal yl c e 2 gL byt MTBE)
reacti onqugl{ I@elnﬁ'ﬁ 41}?%‘5?31&5?% %C?Y‘}J y"%lﬁ hjg(r%lo lgné@dyué?ll}ngé Lgt%/es%{ eH T([ﬁtk{e

i nter rTECBxalﬁlpleK,ethep&‘Ip&ﬂ’atloﬁof Goipoyifld &; 4&tspivt reguive fhz, @olélnodﬂfdnuderml n- 1- yl)
oxoacetic acid nmeth ester (Conmpound 5%11 In Step 2 of the reaction,

Corrpéunda@%@(#)rﬁ%gﬁ S-ibvstrart By D i Sdrid %‘éif)ohnelr ¥ ott-inda 65 Dpr oduce

oot SRS Rt 3o O i Bl

exanpl e&,ondi&10h§w6&'£md$tﬁﬁ&$8ﬁ&’fﬁecf thelisoharizatioméd Rthaegduhirg Gaminnmw B dim. produce
Compound_6. A sol vent swap from MIBE i nto tetrahydrofuran (THE) was

necessar JPeFETHHing pyogess @ERf’thleﬁg]‘ iy tpcondioh key ’é‘&ﬂﬁlt@s Hheompoand §ave very poor

sol ubi I'i i

Conpoundgbémﬁgalw‘gﬁnﬁggi%@grs gcé%%zlya?'gggdscgan Cl was agl‘gT @tnglggﬁg ﬁ% t he
r ead®i orvatabysatmmploged rsye adionpoudnekide. KotasdmnCenmploutoxidéisvd® dddedtpthei i ed
from DCM and heptane to afford Conpound 6 of. sufficient urlt ta proceed
to the MEAIOBIHSURACRPERPIcRe HOBERPHRor drte iﬂsbfm}@élsosf B3 PEJSEWAS i
Exanpl e Sjmwn\ﬁpﬁgg};q;l/e@mMZPCT/ US2010/ 061625 Conpound 6 was

hydr ogenated with pal | adi um hydroxi de, THF, and potassiumtertbutoxide to
produce cr udelhermens Comamameuﬂ‘(}’)mt@mmlmd(%lSGyldpﬁibd@om{waﬁr Singe[ 3, 2, 1- U]

a0l IRt B S B IE R R T RO RERRMS )
t he 1|5s ol @émpournd 7 cﬁroudmumc‘aﬂ&ﬁ@cﬁmmogrﬁpw GAGE| Fhén Rivky gﬁ@ryétldﬂs%)r olo

[3,2 qui nolin-I-y1)-4-(1Hindol-3 yl) pyrrolidine- 5-di one (Conpound
7). Rat mpyiidig utiheedh ey Pﬁb’éﬁh@ﬂ%ﬁ? ltsg wwcmmhwe it i Fhefefore Ascessy to

Todi {1 enlu B Eflic BP ulo300Ed & 2 dufflo la 4 Mok RPLchAThaCEIRAAG By Moe! tu-

The resul' I'ng S provi con mpuritres’in

Conpoundt &as a@aemﬁectﬂnhi the @ﬁ’gmfr(cbrﬁpouﬁmas cHuld bk hryiprotvh&thmaghtSeMtwe carried
out in THF sal ven nd the 10 catal yst enployed is pall | um hydr oxi de.
Pot assi m&taélfl%atwa@éﬁ&a@eﬁ frogy wrogyalventy Qnssurierlyate mﬁea % to pronote

t he »ihso i 0
Rl AR L SR R A S s e ke
ConpoundAsshoSinno eclComnplo thedCampeund SEGMc,Vhasrfatmed hzy dissobang tleudredd y di fficul t

to predl t the ut sorrers 1 7, from.Mul ti

o brmt JGBAPEREDCRA G (R8T ity BTGB oA st ROV iBE 1 ied PO 1 n
order t QrRRsiuhfssh@hnRWasta¥dR @KL thd éryétﬁlhz&tﬁ%rtﬁfc@fn%letlﬂﬁC&ﬁ&ﬂﬁd’laﬁi&l by
increase the purity of the racemate, Conpound 8, prior to enantioneric

resol ut ifdhratyyn @V@Gemm’alwébuﬂfetle&ldmlﬁeﬁenmmelt W@upmr prlmﬂnw@@%ti’p&‘aﬂbul d be

Lor 73 ol RU R ABIERL SEOPM RAR earb b 8 bafibouil & F b i el aM G hiOi R

Conpoun dreﬁoml\th@pidaessempuhn@tprmﬁmn@hddq@5 1989%)(CofiPfind $\as 8 kauh of theschene

|, the Conpound 8 DCM was_ f or med b%/ di ssolving the crude Corrpound 8 |n DCM
and t herlYSEwanaipnandrsanesvizetigns t Aldstailpd descripiigiwingisumeccseisdhpwn in Bxample
criticaly mass, heptane was added to drive the crystallization to

conpl etion. After isolation by filtration and renoval of bul k residual

sol vent underThegeenem inCartpaymnolvi8esDEd iy ircsal tipn 25 dantal cnedtiding@s 0f 9 nol es of

DM WI ' hC(EI?l[S)El?lﬁi 8 E)()Cﬁobr;pl\gl%%d a58 sho-lx;bnI 1?1 Sscgler\rllfejl eTﬁe X/fég lerlla{n%lghlleglg separation
process provides an advantage over separation by HPLC batch chromatography in that it can
provide high chiral purity (> 99 %) on larger scale (> 20 kg) than batch preparation. MCC
resolution can be carried out in either methanol, a mixture of methanol and ethanol (1:1 vol)

or methanol and acetonitrile (9:1 v/v). The chiral stationary phase (CSP) utilized is either
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removes the process inpurities present in crude (95-98% Conpound 8 as a
result of the hydrogenation and isonerization. A detailed description of

t hi s procwe=oiig7stsown i n Exanpl e 3. The present inventi eaTasSoMiodes2: he
chiral resolution of the two enantioners of 30 Conpound 8 DCM by MCC, as
shown i rCiseityeaeA D .or At¥eplytiEsed &oin Chedl iTeclamhatiat N The carsstrpiodwifdes an
advant age over _separation by HPLC batch chronat ography i. at it can
provi de rﬁ?%ﬂ‘f‘t%ifﬁeg é&uﬁm 151y theranee oh 20500 gy fEsierably) @e(ss%g%iﬁ 1%%“539%
Prepar athofupaldion L5 94iLde0n. £40-H &am'gﬁm% lofb &4 18 gIELNANAY-42

m xture o? et anoﬁe and et(tzll}an%[} (%-:’1 vgid or toﬂbaﬁé%’ 22& acet o(r&l%ri le (9:1
v/ v). THéHehiolad-ybpatrobdiacy?, pliase ((E8Rpowtd 10)zed costamirighed % MOT)-trans-3-
2011/.079142P UsS2010/ 06 Chi r.al pa D or £ rchased. fro i ral
Tochriol dgaum R PHaoducartt dnei e DekE el PR s GRS s i n

t he ranq@og{p&gd ~g/L. Preferably, the specified chiral purity for the
separation is > 99% of (-)-trans-3-(5,6-dihydro-4Hpyrrolo [3,2,1-i]]

qui nol i n- 1- y Npedificgliysiradasions ageldarge us by dirgparing afeqdi sohdion©dmgsstme 10) and
cont ai ni < 1% of (+):trans-3- 5, B¢ di hydro-4H-pyrrelo [3.2 1-

ot nol 1 rCmPodud, 8 in BTN pRy3: PRHRRE 3 R fo® Confutina By
Speci fi aafihitialls @ReslaingQRe matctialiarhétBshod Uthduhr@h&padabhig parahfeds setdt i on of
racem ¢ Compound 8 in the chosen nobile phase. This so[puti on i s prepared

f r orf0CorgstirAEd Pripcia mpdudtion; #nd fnabpriamizetionyWeneonsueted during Merpitinblifars orrhe
chromat Qﬁpé‘BP%Ae,gaﬁ%ﬁgP&l% rf%d‘ék%[ﬁioﬁ%%mﬁh{%? fiéd s cBl‘i’edPJdg;ﬁH bt APt f@pd final
atron u ays o

optimz S conducte ring the itnitia ours or Separati on
of the fohadl moltuspeificailertke matcriabivas reagdledinso thelfteiciodioditol rapobt theet t he
chiral purity specification, the material was.recycled into the feed

sol ut i oYU HWpDREC OPFRLBE DRTBIFICrO0CBCY ARCCHEHa bl Pﬁ%‘?@gd,ﬁ%e meet
speci | GRhiifs o BN RSkpRbi-AChirl YEIERUHHLLQIA MRT PnBBRduf thel O

separate the entire me eed solution. Throughout the 15operation,
CongéundptttinasCempbend ¢6 vas colletadadsfthevatfenast steeam, ppaedl.enid canebntrated.

trated. Th t finat h ith trated t
e yness TsoReriaed dTERSiabet i Bera BRL lRfedS (na rec TR It A1 Toat ton
of ConpaigReenk@icdznd keedss &b ﬁlhpcécx?gam&wil stasshpin® of 5 kPl Pr AGRESIcH S

shown in Exanple 4. In addition to MCC resolution, a classical approach for
t he resolestrinionef thihproggssat shpsvmio kxempdsds t hr ough the formation of

L AN | . _eith
aci ds o basdt “BAtPR DR fs o BR L Eee! Bk i 386 enlRPRBY Bt arieCL no

det @0l etbrdasseiroash tidifodhatida®e YiastckconmdicShasttRal cthpRysd!Th shd @keed from
the enationers of Conpound 8 with pseudoephedri ne have vastly different
sol ubi | i¢9mpewrd 1QLither aciipor basos spuld bepred singe Hic rpleeilp iswpofIchi zed to

al I ow f qrollto%gr £3Qhid QReRlof gﬁ%%ﬁ&@, B was shown that the salts formed from the

enatiomers of Compound 8 with pseudoephedrine have vastly different solubility profiles in
some solvents. This relationship was optimized to allow for the resolution of Compound 8
25  using (18,285)-(+)-pseudoephedrine to afford (-)-trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-if]
quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-2, 5-dione-(18,25)-(+)-pseudoephedrine
(Compound 10-(18,25)-(+)-pseudoephedrine) sclectively. A detailed description of this
process is shown in Example 6. Another process provided by the instant invention is to
racemize the undesired enantiomer, (+)-trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-i] quinolin-
30  1-yl)-4-(1H-indol-3-yl) pyrrolidine-2, 5-dione (Compound 9), ix situ using Dynamic Kinetic
Resolution (DKR). A detailed description of this process is shown in Example 7.
In both the MCC resolution and classical diastercomeric salt resolution process, the
undesired enantiomer, Compound 9, is isolated. This undesired enantiomer can be

isomerized to obtain racemic Compound 8. This is accomplished by implementing the same
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25usi ng (1S, 25)-(+)-pseudoephedrine to afford
(-)-trans-3-(5, 6-di hydro-4H pyrrolo [3, 2, 1-U]

qui nol i n-woypd)7o91(42H- i ndol- 3-y1) pyrrolidine-2, PCT/US2010/061625

5-di one. (1S, 25) - (+) - pseudoephedri ne (Conpound

10. (1S, Zhocepufctpr porucio@pliedrii-mes dlanpomal ¥, to Affdet auliesatemcemati on of
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sol vent, such as nethanol, and a Form 1 seed crystal of Compound 1
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¢ solution was then concentrated azeotropically and atmospherically by distillation
25  to reduce the volume of the solvent, e.g., THF. The temperature of the solution was reduced
to 50 °C and stirred for at least 4 hours. Aliquots were removed to confirm to formation of
the desired polymorph. If required, the polymorph can be redissolved in THF (30% of batch
volume), polish filtered, concentrated and seeded to obtain the desired polymorphic outcome.
When the desired polymorphic form was obtained, a solution of 50 % aqueous methanol was
30  added at 50 °C and the solution was agitated for an additional 2-3 hours. The solution was
then cooled to ambient temperature and held for at least 2 hours to allow crystallization.
Upon completion, the crystals were isolated by filtration, washed with additional 50 %

aqueous methanol, and dried under vacuum at 65 °C for at least 12 hours. Polymorphic Form

1 of Compound 10 was isolated as a red-brown solid.
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The solution was then concentrated azeotropically and atnospherically by
distillation 25 to reduce the volune of the solvent, e.g., THF. The

t enper at Wwe 20f1/a7h2sol uti on was reduced to 50 C and sti pPcedstaw/oate2s east 4
hours. Aliquots were renoved to confirmto formation of the desired

pol ynor ph. Imeﬁmn@M§Mquhﬁ'@phym98ﬂﬂ6aﬁhmb@4$Eﬂﬁﬁﬂoﬂyed §IrquitdFing BYPedof

bat ch vol une) ish filtered, concentrated and se tain the

desi r ed %Hr%ﬂr%ﬁb@me{ idigereg. S WS Cﬁﬁégaé?éipf@&r a PYe msfg eﬁ&

obt ai ne S f Qpa9 s 30added at 50 C and the
solut|oﬂ%ﬁgglgég%gggé%#géggn ??P§%ZF£ ﬁgﬁ?s The solution was then
cooled to anbient tenperature and held for at |east 2 hours to all ow
crystallization. Upon conpletion, the crystals were isolated by filtration,
washed with additional 50 % aqueous nethanol, and dried under vacuum at 65
C for at least 12 hours. Pol ynorphic Form 1 of Conpound 10 was isol ated as
a red-brown solid. Form 2 pol ynor ph of
(-)-trans-3-(5, 6-di hydro-4Hpyrrolo [3,2,1-0 quinolin-I-yl)-4-
(1Hindol-3-yl) pyrrolidine-2, 5-dione can also be prepared with the above
method if the Form 1l seed crystal is replaced by the Form 2 seed crystal.
WO 2011/ 079142PCT/ US2010/ 061625 Met hods of Treatnment The present invention
provi des nethods for the treatnment of a cell proliferative disorder in a
subject in need thereof by administering to a subject in need of such
treatnment, a 5Stherapeutically effective anount of a pharnaceuti cal
conposition conprising (a) (-)-trans-3- (5, 6-di hydro-4Hpyrrolo [3,2,1-0
quinolin-I-yl)-4-(1Hindol-3-yl) pyrrolidine-2, 5-dione having a chira
purity greater than 99% as determ ned by HPLC and contai ning | ess than
containing less than 1% (+)-trans-3-(5, 6-di hydro-4Hpyrrolo [3,2,1-0
quinolin-1-yl1)-4-(1H indol-3-yl) pyrrolidine-2, 5-dione and a
pharmaceutically acceptable carrier; (b) a form 1 10pol ynor ph of
(-)-trans-3-(5, 6-di hydro-4Hpyrrolo [3,2,1-0

qui nolin-I-y1)-4-(1Hindol-3-yl)
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pyrrolidine-2,5-dione characterized by an X-ray powder diffraction pattern
conpri sing peaks at approximtely 8.2, 10.8 and 14.1 '20 using Cu Ka

radi at i orwoand/ioas2or nore pharnmaceutically acceptabl e ®aTmAiSee19/061625
excipients; or (c) a form 2 polynorph of (-)-trans-3-

(5, 6-di hydro-4Hpyrrolo [3,2,1-0 quinolin-I-yl1)-4-(1Hindol-3-yl)
pyrrolidine-2,5-dione 15characterized by an X-ray powder diffraction
pattern conprising peaks at approximately 6.5, 9.9 and 12.0 '20 using Cu Ka
radi ati on, and one or nore pharnaceutically acceptable carriers or

exci pi ents. The cell proliferative disorder can be cancer or a
precancerous condition. The present invention further provides the use of a
conposi tion of (a) (-)-trans-3-(5,6-dihydro-4H pyrralo 20[3, 2, 1- ?7]
quinolin-1-y1)-4-(1Hindol-3-yl) pyrrolidine-2, 5- nthaw ng a chiral
purity greater than 99% as determ ned by 3—y3LC anyls dght a'rgni ng less than 1%
(+)-trans-3-(5,6- dihydro-4Hpyrrolo [3, 250> ™
quinolin-I1-yl)-4-(1Hindol-3-y pyrr0|ld$‘,j’13-2
pharmaceutically acceptabl e ca er ;8 jgb) ?é form1 ym)r ph of
(-)-trans-3-(5, 6-di hydro- 4Hp¥\0£) [23§ 2, 12D
quinolin-1-yl1)-4-(1H i ndol-= pyrg otidite- 2, 5-di one characterized by an
25 X-ray powder diffraction n sconpri sing peaks at approximately 8.2,
10.8 and 14.1 ' 20 using Cu Ka @: ation, angd one or nore pharnaceutically
acgeptable carriers or excipients; or (c) al/form2 pol ynorph of
(-x-trans-3-(5, 6-di hydro-4H-pyrirolo [ 3, 2,1-?7] quinolin-1-y1)-4-

(1¥8 i ndol-3-y1l) pyrrolidine-2,5-dione characterized by an X-ray powder
d|$fract| on pattern conprising |feaks at appfoxinmately 6.5, 9.9 and 12.0 '20
usgng Cu Ka radiation, and one |@&r 30 nore pharmaceut I |y acceptabl e
caRriers or excipients for the pzreparatlon 6f—a»nedi gatrent= useful for the
trgat ment of a cell proliferagi \tme di sorder. (N fﬁ es?nt i nvention

al go provi des ne Olif ef at i ve di sorder
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amdunt of a
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Y B- 4H pyriroljo [4,2,,1-0
201/ 079142PCY/ 0207 61625 gui nal i ]:)El) 4- (1Hi ndol- 3-y1l)
pyEr ol i di ne- 23

ione having a chira gﬁ%rlty great er than 99% as
det er m ned by:HP C ang contai ning'l ess Tfan containing less than 1%
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(+)-trans- 3¢ %dlhﬁdro 4H—po|oﬂ[32 1-0 g
qui nol i n-P ;zﬁ; (1H kridol- 3y Lpygrol i dine-2, 5-dione andia
phar maceut% |35 a;&cep&t“’abl ecaryier 3 { by—aform1 pol ynor ph$ of
(+trans- 345 Sqi‘hy dEo- 4H- p) 5X2,1-0 Q F
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qui nol i n-1-yl)}-4-{1Hhindol- 3- y{

X-ray powder d%ffractnl on patte corrprl ng peaks & roxnmately 8.2,
10. 8" and 14. IY 2 usw@Cu Ka rfadi ati on, agld one or &m
acceptabl e cafr c&r;@xm pients; or (c) a form2 pol pE of
(-)-trans-3-(5, hydr o- 4H-pyrro|o [3, 2, 1"’0
quinolin-I-yly-4-(1Hindol-3-y1) pyrroli d| Re- 2, 5-di one. char§cter| zed by an
X-ray 10 powder dgiffraction patTern conprising peaks a@ approxi mately 6.5,
9.9 and 12.0 'éo l:gSl ng Cu Kg ¥ ad| at t@n,s and one or norg pharmaceutically
accept abl e car Li rLLSQ or excipr¥nYs, é@@%one or nore pharjnmaceutically
accept abl e car|§|O 15” or exci pi® s t@ %%ubj ect in need jof such treatnent.

The cell proli férnative disord ah®be cancer or a pre cerous condition.
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15[ 3, 2,1-?7] quinolin-1-y1)-4-(1Hindol-3-yl1l) pyrrolidine-2, 5-dione having
a chiral purity greater than 99% as determ ned by HPLC and containing | ess
t han contwionong7drgs than 1% (+)-trans- 3- (5, 6-di hydr o- 4RCpyuse@bo6i635 2, 1- 0
qui nolin-I-y1)-4-(1Hindol-3-yl) pyrrolidine-2, 5-dione and a
pharmaceutically acceptable carrier; (b) a form1 polynorph of (-)-trans-3-
(5, 6-di 04 rroI [3,2,1-0 quinolin-l-yl)-4-(1H i ndol-3-yl)

pyrrol i Ml-c %Izlrﬁuguuc go characterized by an X-ray powder diffraction
pattern corrpm&lpwseﬁemkauaﬁl r2eadexhembey Hr thedrealferd o dell froliférdveusi ng Cu
Ka radi ation, and one or npre pharnmaceutically acceptable carriers or
exci pi erftisprd Q;rlneéylbjg_ctfl@pﬁ@dzthg@p@l?ﬁ)@cbwn@fermg to a subject in need of such treatment, a
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manmmal can be e.g., any nmamal primate, bird, m)use rat,
fovvl dcﬁgapprammatdeS 2h<b6§etndgédt°29mamglCu Iéhef@cbatmn ambolgs orfmerer abl y, the

used herein, the te I rativ
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neopl asmiridest &eigieHi®rs, nalignant tunors, pre-cancerous conditions, in

situ tunors, enca[)sul ated 5S5tunors, netastatic tunors, liquid tunors, solid

tunors, | rrrruﬁﬂk‘dg lpzolifeigtve élsondémnd?edgn@qlorﬂ@ﬁ@ﬂ@cer@m@ed@oncah@ DreSeRis,

I eukem as and ra he,term
"rapidl ym%ﬁnt% di ng cgfﬂ“&ég eulésee Rerel nEh éf% K'g'gméqg 3a 61 alhpl 1rot‘hatp yﬁ?k?l des

at aor at[8,2{ hgl q@ﬁ@lﬁﬁd@l)@t (1 8-ifHo3t @y pg‘zﬂmmlmws d@nehmﬁg e hi@4l p@hs;er ved
anong nei ghborin uxt aposed cells within I Ssue.

prol i f erggaterehen %@é fieiieﬂ%m%bg HPLG; @@aﬁ?@&aﬂmag leés %@}3 rle(t&act@fnéu%(%ndu tion.
A cell Qﬁﬁ)}tdr(f)-@rfﬁlgwcﬁo %,§9[ﬂ%ulﬂdﬂlﬁll- P—Qﬁ-ﬁ-ﬁ%ﬂﬁﬁﬁlﬁ -@i)eﬂﬁ{o% né:2, %hfone and a

pharmaceutically acceptable carrier; (b) a form 1 polymorph of (-)-trans-3-(5,6-dihydro-4 H-

pyrrolo [3,2,1-i7] quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-2,5-dione characterized by an
25  X-ray powder diffraction pattern comprising peaks at approximately 8.2, 10.8 and 14.1 °20
using Cu Ka radiation, and one or more pharmaceutically acceptable carriers or excipients;
or (¢) a form 2 polymorph of (-)-trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-ij] quinolin-1-yl)-4-
(1H-indol-3-yl) pyrrolidine-2,5-dione characterized by an X-ray powder diffraction pattern
comprising peaks at approximately 6.5, 9.9 and 12.0 °20 using Cu Ka radiation, and one or
30  more pharmaceutically acceptable carriers or excipients for the preparation of a medicament
useful for the treatment of a cell proliferative disorder.
The present invention also provides methods of protecting against a cell proliferative
disorder in a subject in need thereof by administering a therapeutically effective amount of a

pharmaceutical composition comprising (a) (-)-trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-if]
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nmet hods provided herein are used to treat or alleviate a synptom of cancer.
The term "cancer"” includes solid tunors, as well as, hematol ogi c tunors
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sar agsi g3,20epequiesiaf-ply i SRR$8Syl idse-0s3-8RRe hdshs a cBirdfdurier sus- host
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10.8 and 14.1 °20 using Cu Ka radiation, and one or more pharmaceutically acceptable
carriers or excipients; or (¢) a form 2 polymorph of (-)-trans-3-(5,6-dihydro-4 H-pyrrolo
[3,2,1-i/] quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-2,5-dione characterized by an X-ray
powder diffraction pattern comprising peaks at approximately 6.5, 9.9 and 12.0 °20 using Cu
25  Ka radiation, and one or more pharmaceutically acceptable carriers or excipients. for the
preparation of a medicament useful for protecting against a cell proliferative disorder.
As used herein, a “subject in need thereof™ is a subject having a cell proliferative
disorder, or a subject having an increased risk of developing a cell proliferative disorder
relative to the population at large. A subject in need thereof can have a precancerous
30  condition. Preferably, a subject in need thereof has cancer. A “subject” includes a mammal.
The mammal can be e.g., any mammal, e.g., a human, primate, bird, mouse, rat, fowl, dog,
cat, cow, horse, goat, camel, sheep or a pig. Preferably, the mammal is a human.

As used herein, the term “cell proliferative disorder” refers to conditions in which

unregulated or abnormal growth, or both, of cells can lead to the development of an unwanted
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docri | asi a 30 dr. i s f i d | odyspl ast i
oy nar orSe B BLP L PRYTI? b EGR ks 8t Pogw e cus SUE. CERBRRD o
nyel ogenpisint&UkedHl8 cabdidRniii&l B} BistoRIdk@Ntypingd B grﬁcﬁhgofrzyﬁ%ﬁasaamﬁe (epic

nyel oproliferative disorders, nasopharyngeal cancer, neurobl astoma, oral
cancer, anapsycawpte). Eanesscellsrapergngargesdells sarcee identifaed thrpugh lesetse odvar i an

epi thel i al necer i ow nmal i gnant potential tunor, pancreatic
cancer,Eﬁgréﬁa%g?weﬁgﬁé?%§9%t cancer, paranasal sinus and WO

201126079142 PAicbip2iH b6 2o asaditioayver disozddis alcludeabitabyfictilhieAneer ,
peni |l e cancer, pharyngeal cancer, pheochronocytoma, pineobl astoma and
supr at erfhgnapidihgisy 1P Bap@gheys AUBISRIRE disgrisy ymnbppiglifrive @ReHions| asm

cel I neoplas af9rﬂ 'rﬁéuﬁlagoei V?ifﬂgﬁ*asﬁ'sﬁk’g‘%{s;*g&ﬁ%@ agﬁ%‘ﬁ% ndli@RL Riscancer,

rectal cancer, ena ureter, nsition cel P cancer )

r et i noblsaptioshack;r dndb@avyshedl; @oam;negal viesapsys; gb-aa shdsk apedrome pastthga; fadodt | y of

sar conma tunDrs,ngposi ar conm, s?%% tissuelsarcoga, uterine cancer

Ut er i ne SSRGS AISGRYSYRANEE: ChiRBly- AR RRIIM AR hIRSHESTTOHE PHRSREY. rer kel

cel bsskiipnsamaline rﬁ?ﬂaﬁﬂﬁ@ﬂob bRV QRMideh&; CREMHES dis%é;tpsbﬁﬁég' @cRAlL H[BRrati®UANMOUS

cell carcinoma, stonmach (gastric) cancer, supratentorial primtive

neur oectolas;mahcreatrofilrosis dephicufibnosis arvusr andichranae repalnd svase; titrgabderdhowelhy moma

and thym c.carcinong, tﬁyrold cgnfer,.tr%nijtignal cel.l. '
syndrome; pyresis; resteriosis; cerébral malaria; stroke and 1schenii¢ 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;

30  cachexia; malaria; leprosy; leishmaniasis; Lyme disease; Reiter’s syndrome; acute synovitis;

muscle degeneration, bursitis; tendonitis; tenosynovitis; herniated, ruptures, or prolapsed
intervertebral disk syndrome; osteopetrosis; thrombosis; restenosis; silicosis; pulmonary

sarcosis; bone resorption diseases, such as osteoporosis; graft-versus-host reaction; Multiple
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10 cancer of the renal pelvis and ureter and other urinary organs,
gestational trophoblastic tunor, urethral cancer, endonetrial uterine
cancer, uwenone@7ssgecona, uterine corpus cancer, vagi nal PCRAISRIL0/09162Y ar
cancer, and WIlm s Tunor. A "cell proliferative disorder of the

hemat ol ilgosydtmnt fib®nayatgd; | ADrSodndf eli@tvirdabdidéas ey cheh as Aealey Zoget élcrsesof t he
hemat ol ogi ¢, syst em cell proliferative. disorder of the 15 henmatol ogic

syst em cHRPIFTIGdk MHHFBROYELS aNd Gk IOmgaIoNEL SN dHEEISH BEHEYS mast cel |
neopl asms, mygly kﬁﬁ%ﬁdn@ﬁ&‘é,%t IR AnRd @WEHﬁéal da¥h raipkd
granul omat osi s, Fynphomat ol d papul osi's, polycythema vera, chronic

ny el ocytreletedeakem, & 1D8gologd hyrophyed, end camstea phasctal caanat, ensentfitlal anal canal,

t hronbocythem a. A ce oliferative disorder of the hematol ogjc tem
can_ Pric anaedr pioehh G5 a0 Gt SR i hort oot bl SR RS bl 5D
hemat ol Q@j§nchy:s blBMcardefRhaRd¥nont9,BIRE| bARRAS cfahbfic BlI€ &g tadcBY ENt i on may
be used to treat a cancer selected fromthe group consisting of a

hemat ol dgirahcpatisdele dudt camrsr, plagdderrpangonweimatydiadder eangrsnhone kadjiognt eericer,

prolif eroa%ei éla?cocrjrilas %Eicrir?arli Ogmtt DR HEEGE ¢ rlnarll era?l%licg er '%reple E[ruaritl Orl QI%{ Cot& B Sha of

t he presgn VRO EaH éfu@e ﬂﬁr?iﬁle nye?oﬁa, Pynﬁ%ona |nc§uﬁPﬁg
Hodgki n' @rdby iR asidsytoned) céiebigkisirosythamphdiRant fghbmd,mfp@ﬂwmﬁmoms, and

| ynphomas of 251 ynphocytic and cutaneous origin), [eukem a (including

chi 18hogaedudaRlaspma, sypratsptrl pripgtijediguoccipdgineal tymphorisualdaflovavetida, "acut e
nyel ocyty 1 i {1 L&~ 60 | C ocytic
ko gl ARE ot b8 Sl ot TRRACHE! fch Rl ro bR Y el o1
neopl asnmstasintestmsl n@ebis syeoplcasies nekolicestempymphdras, atntied nelivewrsgetemof  t he
lung” is a cell groliferative disorder,iﬂyolvin%g30cells of(%he,lung. Cel

prol i f erFAPHEHTE SFYBSS ST WEPPORYE, CAHCH fer g df hogdangersicheanig
prolif erlgwﬁgr{@ﬂb FORMEES RIhRGh) MGzch BRI ARMS chfdid mPEIghiofiRiARe R oflicor der s

of the | n include lung cancer, a precancer or precancerous condition
of tlhe oty cabem) giorgrtdwiher autdnesisdiirselblfymphemb Uupgpheid deopbsng mayrosigr owt hs

or lesigns of t e.IuEg% and(gﬁtas aﬁic | esions in tissue, and oLgans in the

body ot HEPEFHESSEALY PYMOMer SASMEHI) canesmsesdiiep e S FT 1 R AP RELRT™

2011/ 07 94h3PCh{rbSAAA8) L6h&2D tihve B thMBp ARYbiR&lUdE&E céOcfd @aterl Rdo&MICEr OF

cell proliferative disorders of the |ung. Lung cancer can include all forns

of cancenclaforphgctinghlgstomangplibladderrcapent, gagigicystemael) icarrgntgastimefesisebl asns,
. A et ver o it oo |
Ciing. caniiglir b RO R ARG pbHESE), oY oG aRlor Drafil GuleH (™"

| un@ocang®br, gedadual fropHobhfic StaiomaNiddE nkcic@nker, HEGta@NGler (liveguanous
non-smal |l cell |ung cancer, squanous cell carcinoma, non-squanous cel
car ci norfanceiddofskty lympheoma. hypapharmgenl cangcs InGrasular Bclieoma) eculas £HIcRb act

adenosauaTRia iip S ShAGER), AEkTBROHIlIATRun HAG P ARES KAAY, difckude

"scar carcinonma, ron ar carci nona, car cl noma, spindle
cel | carletyngenh cared akbate gempledblastie lukemdg ecutasycidcienkbemaia, throigccancer can

i ncl ude | ung neopl asnms havi.ng 10hi stol ogi c.and ul trastructual heterogeneity
(e.g., Fyeelecstt fekgpesshiops ye m%w%emﬁm deykemys lyhed oG vy,

i nchyde @hlerf 1Babr, ffll caREQ! AdnEinddlf 81 1B SOMES! Smal E&CluhPBardIAIDSL ! S.

Cell proliferative disorders of the lung can include |ung cancer,

pr ecancerlbted I[ponbidmia,oves-tbdddgkhelymphgma Gedtharyreentrfl ecatouy systing matgosnaof t he

g Ay e Yt b3 2 AR AR o h RS By ung O
melanoma, merkel cell carcinoma, mesothelioma malignant, mesothelioma, metastatic
squamous neck cancer, mouth cancer, cancer of the tongue, multiple endocrine neoplasia
30  syndrome, mycosis fungoides, myelodysplastic syndromes, myelodysplastic/ myeloproliferative
diseases, chronic myelogenous leukemia, acute myeloid leukemia, multiple myeloma, chronic
myeloproliferative disorders, nasopharyngeal cancer, neuroblastoma, oral cancer, oral cavity

cancer, oropharyngeal cancer, ovarian cancer, ovarian epithelial cancer, ovarian low

malignant potential tumor, pancreatic cancer, islet cell pancreatic cancer, paranasal sinus and
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15can i ncl ude asbest os-i nduced hyperpl asi a, squanous netapl asia, and benign
reactive nesothelial netaplasia. Cell proliferative disorders of the |ung
can i ncl e 20api7aenent of col umar epitheliumw th str &Cirfusedosesaious
epithelium and nucosal dysplasia. |Individuals exposed to inhaled injurious
envi r onmesdlhviagencsr, paathyasd cugar, pehite cioéepladidn @abesitas phmyhdmoajtoma,

i ncreased r'hsk for éievel oping cell proliferative disorders of the Iunﬂ.
Prior | UpgFobiagiemagad suprateperighpymitvsdiewigsdedsmgl tymasapitiitery s ripsmste of
cell praly ' [ r I [ kg rstiitial
R b b SR LA AT SR S AR T gt ]

di sease,pcbas el dosr,gransitibeslstil camler, petenobrinsionias rhabddeyasatcosiassaliveqyegareld
pneunoni as, idi.og thilc ul monary fi t?{ﬂosi S ranul omat a, asbestosi s,

fibrdsi g vae! ?a}f%l,y TABHIKIN™S P@éb'é%l%O%AS@ SPUGTBFPPEY WET)E

di sor derca@ter DRrfR! QRcorh$ skirf 8dceP (RInlhehAdhYEsidh SHBLImdIMeph i Herkerddls of
the colon. Preferably, the cell proliferative disorder of the colon is

col on cagesarcimpragd, smabl|igiesting epasst tSoSriss et sardomap s@Ereus cell eartinomamay be used
to tr eatstocn?allc%g gsgﬁ]c(::)er e scelralte orlr(i)allli %irenri 1\tf i V& odeic§o%1reldn?a{1% Ofr tt%eticc?a{r%gﬁce%bl on
cancer can inceude”art %o or O CaRter o "HRE O onT "EOP S RAnCE A

i ncl ude thRar @scér, iyehonel, fintoia/artiah phiccRARG RIS, tKyRbidas@RathsitidNalicog| ude
30mal i gnant cal on neopl asns, carcinonma in situ, typical carcinoid tunors,
and 18t y piabedr of theapin pelvis gpdrster anr Qfhcrasinaorgamp, gepatienabtrephehlsstisrtemabma,

squanmous, Gal| o %rﬁédgi‘aﬁ?gtrﬁaﬁ&tgriﬁ‘@'@a[h%éﬂ H?eﬁ%'%arﬁ(g%%,elgél-ﬁrfeiéa ik A fANCEr can

be associated w editary syndrone se rom-the group-consisting
of her ediahatryvutaarpehgepasidSWdol’ oTeadbal cancer, fam lial adenomatous

pol yposi s, Gardner's syndraome,  Peytz-Jeghers syndrome, Turcot's. syndrome
W0 2011/ 07914 el b TBIes eSS Hlejlﬁ%?@?ﬂ?‘i’%c wt%og%asqeﬂ@a%f%ra&mcer can be

caused %{so@dé}‘?ﬁ&‘cﬂbihg"céﬂlssc}‘fﬂﬂé R&Raté%%ﬁ%??t‘émf MO L& BF PP dRBRRE 8 BT Of
si's col orectal “cance m'l 1 al

heredi tary nonpol yp r, fa I al adenonat ous pol yposi s,
Gar daer 'lensyaldgionpsterPean mcllelg hpnshays deudimm)a, Myrebod heopdasnohs mast calld j uveni | e
pol yposis. 5Cell prolifer.ative disorders of the colon can include all. forns
F LorT ek GhoHRS tebi TR by b e QPR STl pii b ve
di sor derl%@ﬁo&ﬂ@i&@'pﬁfbsﬁ??bl&é}%éﬂﬁ@ veRl BitofRIERIocyHE EGRBSEY, apifogepiddi ti ons of
t he col on, adenonat ous pol yps of the col on and nmetachronous | esi ons of the
col on. Anyaold meteplagiaaad cwenid! spadocyhemite Acetlbprobifasativieslispader adéivorma.  Cel |
proliferati 1.SO r f.Lh ol.pn..c . Char Ll erpl asi a,
Domet apt GoflSTodlk SRR S Bt B0 e R IR BGr b AR dbaMRAL Ty

pr edi0s pafeenakdloiiiv ks gitérh S PiederdBly et appis itton® bf e lpresphitohi-dreioa thhayebediss @ Ei@sas aof

t he col on can I ncl ude %ri or colon_cancer. Current disease that may,

pr edi spdaBeqr selpgted ramsthe gravgeenypiiet adremailpgis canqer af BeiPyesci IBFER 8T of

t he col eI e -Sdidh I8a5E q ive it Sy

prol i fe?‘g%ei ve lggl ggrggglrm%f@gﬁidlg%@on cgﬁﬂ%%éﬁég@ggﬁg%eé%\%ﬁl Ldl%1%@%n§t§ ]% {’)fn in a
gene selteepesert inentibrecgriacipde ondipdt mygloafa, lynhbsa (nesudidgRodgkdn’®CC.  An

v oL e, TS, syl oYt et Sk B FRishon o, 8 cell proliferative
f romst hqy@hRsuYtie AN bothhddds 8fighT deulicafia (iFARIRABh MM ood 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
30  cells of the lung. Cell proliferative disorders of the lung can include all forms of cell
proliferative disorders affecting lung cells. Cell proliferative disorders of the lung can
include lung cancer, a precancer or precancerous condition of the lung, benign growths or
lesions of the lung, and malignant growths or lesions of the lung, and metastatic lesions in

tissue and organs in the body other than the lung. Preferably, compositions of the present
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A "cell proliferative disorder of the prostate" is a cell proliferative

di sorder involving cells of the prostate. Cell proliferative disorders of

t he prostwiDeorizidacl ude all fornms of cell 20proliferatiPce/useaon6BR2S
affecting prostate cells. Cell proliferative disorders of the prostate can
i ncl ude iprvasivaneydensed (o @cap hdQanter oo telppetfunadrealisrdsen df the dumgOfLunlge

prostate, benign gro s or |esions of the prostate, an | i gnant grow hs
or | esi GRECH LY H’éﬂbiP\ngt s Ofleﬁaraceﬁ@? therlupg. cLyngGe86E PR H%q?‘é‘gﬁéaléﬂ%m&l‘l@%ns in
t he bod t.hak - RE . : if ' '

pr ost at élegglﬁﬁﬁ%cc IQ%QE ylg g ?%1 [ gl, Ca%{l(lgg P%rg{)ﬂg’, ﬁ?ﬁ%ﬁ% glfl%gfog&%?noﬁi e]t“lt&flg

pr ost at ean@&pAati oeldde pmallictl hatg caecati(SSCIIET), ndn-sthall sl hhg icancar EANICLC”),

proliferative disorder invaolving cells of the skinp. |1 proliferative
b SordergnstupHRRian el e e e piow nor-eelliccl e Bses ORI S or der s

af f ect i n@ekicthod®l, hén-s§RimouRcll tdemdhiaV £dcHbSREIHEME, Plall RE GlditbrgaMarp&cl ude
a precancer or precancerous condition of the skin, benign growhs or

| esi ons astl cateenosid, adeneequantiva celiedrrigaant andeheseteliomadlwtehesnceredan gedurte

growt hs.‘ocr: rlcgrscl'noonsa’ f1r Elqlel ﬁkéorf rc%?cq o?ﬁ%rm a%tei bt i!negllaorf)%ndlg b csa%clzjrelor?lgd
organs i RO 58 boc%’o?l?e? Phan %he SR BT p?ofl PERE” i SO deY8™of t he
ski n camnidngbt dell hypednabasiccardBérap! Beh@eanddictad Yisqh@sluag BopldiensHHaving A
"cell proliferative disorder of the ovary" is a cell proliferative disorder
i nvdOvi rustelegicqndultrasrugiyalpteraganpity feg.j meredicell &mgplsor ders of the ovary can

i nclude all feoy Pﬁferﬁl‘%)eldisg!f&lrg éﬁ%gﬁ gléectaﬂ -('ia&c%(%?a{}lsfo%} 8%311’}%&1%%4&%” the

ovary. Cell pro erative disor
2011/ 07 9iigh2Red AIS2E0MRSABRS5 Cedprolifetatide dBoniesadithe ungrecap irebaizdenesicer,

condition of the ovary, benign gr hs .or | esjons of _the ovary, oyarian

cancer, DHBIPEHaMC Bffapﬁgfe@:eqw&i@%m@prehpeﬁweé{m?&rs afy eﬁ&gﬁfl&eql 9 esi ons

in tiss r i . a : . i ative
;@rpg;s@ats%éag%@dsﬁ, aﬁtfdﬁggxla%tﬁ%mhg el Bﬁolﬁé&aﬁTv d&%&rsagai ylgﬁ

di sorde n can I nclude hyperplasia, metap eaS| a, an asi a of
cel 11$ ofcah elaleaashestaAntdeeidhypemplasfagspiainges dictptadry arof banhgn lepgast " i s a
cell proliferative disorder involving cells_.aof the breast,. | |

o ol i FerBEPHEnth BOPHRNE bl PHU B LRSS o IUHES S F B s PeoRmeR of

prol i f er@tinyur SpaiRN el §itRkiramtddnguith@asdpite8lilns, and@hdcobdl Ayb I atih¥i@iduals

di sorders of the breast can include breast cancer, a precancer or

pr ecanc expoddonthetddanuppus evitoneastel agsatsi ngﬂh &Y GETRgC ynokceandabesyts mave
reast, ang ﬁ}?&k&i‘ﬁ& fod 518%1(25?%11 O{Eer%f Qerﬁlelf’eg%g;%; d(i){o? eeg?{%ﬁt%% yned %oﬁ%@?&i%}gh%

| esions 1n i §Sue and 0Org an e brea

pr ol20f erthitinyg; legiopsie iisdividuilb e deRpncatsf deligroltherabiyp aisptdass ¢f theRhapha@asi a,
and dyspl asi a of the breast. A cell proliferative disorder of the
breast dBfludechione draiidsldurg dssgr-micaiptismerEnenagys discaseosdadMans of t he

presert AIEILASH.TRY e Uagd ek OB SE Nl CoRdLY AR ALy
hyper pi adiopatbfc ful@otmre dibtgsis, granulomata, asbestosis, fibrosing alveolitis, and Hodgkin’s
disease.

25 A “cell proliferative disorder of the colon” is a cell proliferative disorder involving
cells of the colon. Preferably, the cell proliferative disorder of the colon is colon cancer.
Preferably, compositions of the present invention may be used to treat colon cancer or cell
proliferative disorders of the colon. Colon cancer can include all forms of cancer of the colon.
Colon cancer can include sporadic and hereditary colon cancers. Colon cancer can include

30  malignant colon neoplasms, carcinoma in situ, typical carcinoid tumors, and atypical
carcinoid tumors. Colon cancer can include adenocarcinoma, squamous cell carcinoma, and
adenosquamous cell carcinoma. Colon cancer can be 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
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15ductal carcinoma in situ (DC'S), intraductal carcinoma, |obular carcinom
insitu (LAS), |obular neoplasia, and stage O or grade 0 growth or |esion
of the brwezvifwIy2, stage 0 or grade 0 breast cancer, @®CTAB2COOIERS i N
situ). A precancerous condition of the breast can be staged according to

t he TNMapldgswinfle palypodis. Sli@neanasr @abephedd by athrecditanr dyddromkoicidcteddromt t ee
on Cancer (AJCC), where the primary tunor (T) has been assigned a stage of
TO or TitBe Stoug co 1%@2 herRditary GoBRRAY PO EARNER) Faﬁaﬁ%l MY gned a

st age of ; g I t i i age of
V0 The R B e S e RE s e e SRS p e e B

Pr ef er abdoyypossnposi ti ons of the present invention nmay be used to treat
breast cancer reast cancer includes all fornms qf. cancer of the .breast.
Broast cancerCHBRONREHGAG PPy TEErRGR HE B el dpTDeUa U IR dat
cancer CH&brids helRingRBRArRIE.NCY¥NhMNifdriey di§38rs bB tHePBRINVAH iRNuRidddn t unor s
such as | ynphoma, sarconma or nel anoma. Breast cancer can include carcinoma

of the mapessiprechueerals eandations oh thsfcoldye adanemstous pebypk af thegplintada of t he
breast, undi.fferenti ated.carcino f t.he breast, cystosarcone phyl | odes of
the or et B SR B o A Pabboo e SR PR TR IOE AR O o7 cast

Breast caBf&ha.casll prdifdraeyveStiggaerk of the,colonl dn bk lchBactbtizdd wBndpeMiigast 30
cancer. Ductal carcinonma of the breast can include invasive carcinong,

i nvadi venetaplasinand dysplasia of e colopr Baensalamdispasey Baumenpredbnperiagividuals
I nf | ammgf, ‘aég’elgarﬁ&ﬁtof‘é@[‘@%pferé’tﬂ% AsoPHG BF hE A5 BN AT detcd%%r g&%ﬁ%ancv&.t h a
y sel ecte go onedo,

hi st ol ogi C e romthe group consistin MUCI nous
(col | oi dyyrramedistdsattlyat magguédigroge widisHdhatsmphizy tlopmiemfdfice atedifenaapd dikadyrs

scirrhous,, and tubul ar. Lohul ar. carci poma of the breast can i.ncl.ud
i nvasi yé)flﬂb%‘_‘tﬂq"al} _C%P@fl%hﬁp it HiScap lili?refm‘:l%élﬁ@rr%8%@@%@3@@1%@2@80@& of
pr edom MA0toIbA e B SRTRON WMha hiR4ASH }a bARULRLE Hofil MOToupAdbilld 4 rati ng

| obul ar carcinona. Breast cancer can inc e Paget's di sease, Page
di sdase pdi3t tusi AdPaddOE&T. Sanmdividna camhevdRagaevascddiskedslevelpping armelisi ve

ductal carcinoma.,. Breast.cancer, can_i ncl ude east ..neopl asns havi

ot ol ogTaiie AR s PHER B op SRR & s BhS: ity Ro SRR R Ay

SPr ef er ah¢ ¥roup coMNTRREE p88, e pr eseplcd. nvention nay be used to treat
breast cancer. A breast cancer that is to be treated can include famli al

breast cancerA “wlhprehfratygeserdear Rhtheipsostachis aqel areleferasivie diserdggmvebdradi ¢
breast ¢ A S : s . rj i mal e
I R R R S T S S D e
subj2ect .préliferatias disealesiffdciag prostatedcdie. Celptaeratve disdgersiof ik froanenrapausal

femal e subj ect or a postnenopausal o )
include prostate cancer, a precancer or precancerous condition of the prostate, benign growths
or lesions of the prostate, and malignant growths or lesions of the prostate, and metastatic
lesions in tissue and organs in the body other than the prostate. Cell proliferative disorders of
the prostate can include hyperplasia, metaplasia, and dysplasia of the prostate.

25 A “cell proliferative disorder of the skin” is a cell proliferative disorder involving
cells of the skin. Cell proliferative disorders of the skin can include all forms of cell
proliferative disorders affecting skin cells. Cell proliferative disorders of the skin can include
a precancer or precancerous condition of the skin, benign growths or lesions of the skin,
melanoma, malignant melanoma and other malignant growths or lesions of the skin, and

30  metastatic lesions in tissue and organs in the body other than the skin. Cell proliferative
disorders of the skin can 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. Cell proliferative disorders of the ovary can include all forms of cell

proliferative disorders affecting cells of the ovary. Cell proliferative disorders of the ovary
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10f emal e subject. A breast cancer that is to be treated can arise in a
subj ect equal to or older than 30 years old, or a subject younger than 30
years ol dwOAolwesasie cancer that is to be treated has arpSgus2a0acsadHj ect
equal to or older than 50 years old, or a subject younger than 50 years

ol d. A hneasdludvangecanctadr pr&cahcerd®s dohgadoa df darovary, denigh geovetibpeletiorgefal to
or older than 70 years old, or a subject younger than 70 years ol d. 15A

br east é%%earry’tq’(&flalil cancer. [aligpay sAr lsaiopy plige PESaI'in@rﬁitm?t?Sté“‘f leMPPs W or
spont anetgg'ée %éxf% n b tﬁlﬁg%%her e{ Pedt &1ﬁéﬁe§éd1§&ﬂe&roftﬂéasﬁqﬂ§a nt 0 be
treated can aving a FERD gen I cation
overexprleslsdmkyypdﬁ%sﬁmeluetapdamasndhdymh&g;laaoﬂaml/w of mbeolvamydl ate or high level of

HER2/ neu exp ssion. st _cancer tha ist treated gan b ped for
e brer ool R e Mol e Bonds OE Bled et iy B st BTttt FSudtiare el("éé

pr OQGSt eAN6f the GERALO rCe(lIPﬁleePd!%@hs%Rl&'@éﬂﬁé bEa VMR 11{&&‘({&.{11 foRAERE Q- 2

Ki -67, CAl15-3, CA 27-29, and c-Met. A breast cancer that is to betreated

can be tp}ple@ra@s’e Emomk&ﬁffﬂ@tlnﬁbmaiit@hﬂbrcﬁkpmb&fatlw disaeders otthedegastdrat is to

be treat.e as ER-negative or t

by oao - CIRaeBeRs RS ey IR Sl SRIRPR ph ST oRiBh ool B 4

br east qaﬁ&ﬁrofﬁﬁé/bﬂ@@tpﬁlﬁfrﬂilfgﬁdntagioﬁﬂis ok Qistohs ioNtHIWEsQ @h & meTastalié esioh in
(2004). A breast 25cancer that is to be treated can be typed as PR-unknown,

PR rli0ch tissugrdgsesns i therhedyothes thaarthg brgest; §ellé’f<ﬂtfeltaﬂé%1ﬁi’é€|fd§§rpft§]@,ﬁ bigpéd as
PR- negat re S to be treated can be

t yped asda}r{zlécg%d[ea&) Z%SH é%tagﬁ s?aécrgcfb{lysﬁf’aﬁfégogttl{lé\)%% \ breast cancer that is to
be treat ed cak c&iepttoylﬁmhmdlhﬁdesrg)f dlssloeasacadbow piecadcenak ednditiondf the bedast. of
CA 15-3, %’F or both. 30A breast cancer that is to he treated can
i ncl ude %PTPHE&M“EQ BTV EIH N BRayAs Usedh (o freat ¢Precapeaspus 4pgeition of Hicpe

treated ggn; | ﬂ?r(!quﬁ 1%%9&1&8{1 JF AR RERRSI ﬁﬂ%e htig{%ﬁlzlﬂﬁ)e\gaﬁ 186h ¥ thB bRast,

negative senti node bl opsy. that I's to be
t redted duanl ca*rcﬂnunhe zeszttzuffb(EISOflntrhxhlcmi eastnontaatobuklr asrsmoimatie ditnf LGS,

iti t h SLN).. bi A b t hat to b
P omt e oo neop s SRE B ot BoSHEY: teniaf of B neERRRS e i “Vo
2011/ 07 Yl RETAIISR O Q4RbERTN Qftu YAl feR@SébLY ordiXtidn! Fitle bkiRRaBEgggedher €

the axillary Iyrrph nodes have been staged by any applicable net hod A
br east c@&mrémgtth e THM @a&ﬁé“lqaﬂelaﬁ@@neaﬁ apeepiaddyy the Aarpicapfoint{eothmatiastont hat

has been bR 2 NS Rl B oS hahUSE R s TNSIRLINR) O

nodal p05| @J ’tus e po I've ancer t I's to be

treaped Vﬁl@dﬂe theebgldﬂalaymymwdgf(Nb hevdhwrasdigichatstdpa s NSt asd afbzeigktd® ot her
| ocations in the body. A breast cancer that is to be treated can be
cl assi flfé?fa%@%@@l??éh%‘%&@t%@iiﬂéﬁg?@ MO.ocation sel ected fromthe group

consi SLing of AR prbkBRvL NEaue O PR cufvBERAS fBNOBrcithipt, | ® Lo De

treated can b accor aracteristic se ect fromthe
gr oup commp@sutmgs oﬁthaptea&ttamvemloﬂl nraglbemeed tortegt bmadt calhaecaBraaethanml ,

| ocal |y di st ant, | t.i cent bi | at eral psi | at er
Locont | driaray F g Juchrsad e BisAb ot g H}CH&%@H&W& Cpifictial byeast

compgundaBfers. hﬁreﬁﬁt%ﬁﬁ&tr chiDMRMdb @BnBRYinReni S @ bhQist & ol R Y ANEHimBrscel |
proliferative disorder of the breast, or to treat or prevent breast cancer,

in a subjuelts lyaphagaasar¢amesr @aseldnwm&kBoerastd@ue&rccpn rmg:htdeeammqmmo%ﬂle bedast, i ve

breast CURpLpEPafisat % doRlRRRInght ot F ok’ SRl ettt
with a fiaebledsthdystoRbdto@t pRENERE F thaibsdRt, ﬁn@ﬁsa@é&ﬁ@&f B ABERLL, aY SridRhgCt Wi th
an i ner el?r?qe)goma of the breast. Breast cancer can include Stage I, 11, IIIA, IIIB, IIIC and IV breast
30  cancer. Ductal carcinoma of the breast can include invasive carcinoma, invasive carcinoma
in situ with predominant 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. Lobular carcinoma of the breast can include invasive lobular carcinoma with
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ri sk of devel opi ng breast cancer relative to the population at large is a
femal e subject having a germline or spontaneous mutation in BRCAL or
BRCA2, orwbabtro7duagubj ect with an increased risk of develCofiSagobsmsast
cancer relative to the population at large is a female subject with a

fam |y hirsdodfiarafin biteeshp@@nG atvasine labulpe carcinone, ad Sifidtritagdchidarut ati on in
20 BRCA1 or. BRCA2, or both. A subject w.th an increased rjsk of devel oping
breast RIS Prepstranges C%fh’élcb‘gﬁ peRtisgHseate, Paggie discase wehtedysial i s
greater &natm3 ,g%{&g%geyt%'a%ea&lmgﬁﬁ fvalilaud HRHSE! BreaflctRlcPlat BRSO Vvears

old, greater t ears old, greater than 70 years ol greater than 8
year s olbocasoneoptasatsdwvingaust@ogigead sltokauctdal hateyaaeheivy ety anixcdcelégpes). ri sk

cubj dct w1 h bEEDn oBR b 1 Bepteh Tevratol BRYS vl ed oot BT ofe 4 o1t
(DCIS), Yredst a6t thht i6 8 6 ROAR canQRULEE faGALSIIERBcAnBeS I A BrebstChRor tha®Rbar
neopl asia, or a stage O growh or |esion of the breast (e.g., stage 0 or

gr ade 0 lsriecated cem de sppradigrlybasbaanciin A bragyt cancer thah iptodwdreatedrrerprishiat i s

to be treated ca i st ol.oqi cal.l v. ar aded acgcording tqo t he .
Soart 1 B ORERERG, AL B R oRER Iy js3b B RLaRE SR 81Uy h3rrhilE subet AlEPYned

M t 0Si S @AtHthad 6Pto®eAfcaRd cdn addse i@a pPemandPdGlat Bmddé QIHER PR bdinsaeHsNf 1,
2, or 3; a tubule formation score of 1, 2, or 3; and a total
Scarlff - Bewalnsrbiertart Bastsanscs tht igferdeated camarisy in A sgbisgistqualdaospldehat i s

to be tr e I C I Jnter iyonal
ConsensyLa PR hIH R RP oo R 2 03 S o OR PRl ahbr WP s B O
consi st ihag anfengn adebjtet qualde ot oRler thaade y2ars gidadea Rulgectgpuggeadan30 ycud

2011/ 079142PCT/ US2010/ 061625 A cancer that is to be treat can be staged
accor di iyl éﬁ??ét KPEFY tgatds bl (AISE bk SUBAGHE £9U ﬁen‘efcﬁgemﬁﬁn g

cl assi figatd - Anus¥st R WMRLE7d Rardyger _(T) has been assigned a stage of TX,
Ti, Tnic,’ 'IKI a,u ﬁléﬁti) T%c, T2, {?_%r T4, T4a, T4b, T4c, or T4d; and where the
regilénal | ynphbrmestasndithdtaste Hedmatedsan haeded te idrgefyof fatiial NOspdyitanedzy N2a,

5 N2b, N3, N3a w10 ;o an re di stant netastasi an be
oot oneariabeminAREALBREAS o8 PR Exabid B o TR E%s P b PORIES be
staged apeRpG MBRDMcRBerd¥ R FRAtidRIal by &FeRpredsiREH PR N as hAVIRED low,
classification as Stage |, Stgﬁge HA, Stage JIB, Stage II1A Stage I11B,

St age | linermeshatsoafighilgrvel af HEREarcutchpressien. o bigasticaresr 8wt tsdp beérealsdicgihed a
g;aggs Zgogeg[géjé;dn% g%ea?l?_e,ré‘glgge& kr%ﬁlstihfe ig?o%tpi c%ﬂsiﬁ?ng%f%gt?og%(l rg&'pgo'r’(EﬂS,ade cannot
20  progesterone receptor (PR), human epidermal growth factor receptor-2, Ki-67, CA15-3, CA

27-29, and c-Met. A breast cancer that is to be treated can be typed as ER-unknown, ER-rich
or ER-poor. A breast cancer that is to be treated can be typed as ER-negative or ER-positive.
ER-typing of a breast cancer may be performed by any reproducible means. ER-typing of a
breast cancer may be performed as set forth in Onkologie 27: 175-179 (2004). A breast

25  cancer that is to be treated can be typed as PR-unknown, PR-rich or PR-poor. A breast
cancer that is to be treated can be typed as PR-negative or PR-positive. A breast cancer that
is to be treated can be typed as receptor positive or receptor negative. A breast cancer that is
to be treated can be typed as being associated with elevated blood levels of CA 15-3, or CA
27-29, or both.

30 A breast cancer that is to be treated can include a localized tumor of the breast. A
breast cancer that is to be treated can include a tumor of the breast that is associated with a
negative sentinel lymph node (SLN) biopsy. A breast cancer that is to be treated can include
a tumor of the breast that is associated with a positive sentinel lymph node (SLN) biopsy. A

breast cancer that is to be treated can include a tumor of the breast that 1s associated with one
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10 G ade 2, G ade 3 or Gade 4. A cancer that is to be treated can be
staged according to an AJCC pathologic classification (pN) of pNX, pNO PNO
(I-), PNWwOR#IL/07PMO (nol -), PNO (mol +), PN1, PN1(m), PRC&/USBNDbs16ENLC,

pN2, pN2a, pN2b, pN3, pN3a, pN3b, or pN3c. A cancer that is to be

t r eat ed qraort positickeadllinyiphiph hadeshaberb @eraxdibire iympiegodes hbee beea Stagbdiby or

equal to about centineters in dianmeter. A cancer that is to he treated
cpBle udg

can i nclay&rali pd.¢ Adreashernseidhatdetebs et (28 BEuds v ehthedresst apout
5 centi i i tiel; . i _ i -ude a
Durmor t RS bbdh GhATE e ARANREAIIC Mt .4 RN AANLFE, AR pAGhIAS

cent i metseatss (erz., dicdmpbsative)A A brvegrcandeathat & to beleated ean edlclan tiimot ofttbe a t unor

t hat _Bhas been deternined to b eater .t ha centineters jn diapeter. A
Cancdr dHat hat i Tl daotshloba i b Bhods” B PH FOSERE P4 Bear ance. as
vel | di fifafankh 8t efssilToAL) Bv&lyme@dhdifQrientib @i scleasd kyndht bryugnt i at ed, or
undi fferentiated. A cancer that is to be treated can be classified by

m cr oscophsstappehoandengilivar, vebpettA bisasticeast thag sunte tatgd camboelassifadd cel |
di vi sion)_or.nucl ear plei.onm i . 0., chan in.cells). (A.cancer that
'sto betrPintlG e BB R TRIR Rd frehromb SRRt BBl i SEPRET
associ atregiomalf lbcaltregidndlf 1008Ily Ablaficdded@tant, af@8&nic, )o@l Apsideganer ati ng
cells). A cancer that is to be treated can be classified as having an 25
abndPral cortplpsralgewly dipgpescd nrcawritrad ipenelYe.of chr onpsomes, or havi ng one
or nore chro I r hat is to be
treated can gégﬁgﬁd@gﬂr&%@%@]ﬂeﬁg g?g,e%ttrgﬁl% toolr?r &tﬁegfggeplf oid, or as
havi ng gmolifctative disptdetr dfythe Are@ar)oeto tidaadr previm bbest caeadrei acsaubjdoehaligsai fi ed

as having a chro mal translocation, or a deletjan or duplication.of an
entire e%?rswé‘@ﬁ%*?? g?ve&fpe%gg T6H! SANCGEIMTNG O hEAIPHIEHPR Biatse AhDac Wil on of
a 30 porhiinfteRddise BF @M?@ﬁ@% lfreast cancBr RENRR%o ¥H%ﬁ%gh§tti5ﬁ’ alErdeli€kgehican be

eval uat ed by DNA cyt onet ow cytonetry, or ge cytonmetry. A cancer

t hatl5i s subjebtewith e &ineidly biatorper porped! bistomaed brgast 08ce2 086sulfostywit08g insBU5ed60%
70% 80% ,or. 90% of cells in the.synthesis.stage, of cel i Visio e.g., in
& phase MhETSEHs SFameth Gest TR tasRom TR e i fomste Subledhebiethag

i s to beychhameer spitarRBud MRBEoA BRUAGEBRON2 Sortfvas eAfsuetd with & a hi gh

S- phase traction. As used herein, a "normal cell” is a cell that

cannot bacredsgd sisk pedevgtoppeg brewtt cancepwllgtivete thcfnopalatioe alaegsrigia femal@a nor mal
cell | acks. unr | d a | [ 5 d to the
Govel oo BB B Eon Rlo RPN ea RO o8R! O b RBhoqS LR O (0F)

pOs 2@s s asROAN e BRC A2 e bbdni Agubget hithyaligcredred kislo b Nl cvewpingdbre e ¢ixadi SNS.
As used herein, "contacti n? acell" refers to a condition In which a
conpoundBHveiorbe PeRIHFI atilaac Bfa ieprtcevhe & grepterithait0 ¥eswt eldt ergptenthan é@) | |

or is cl ' desi ' L Gy [ lh. 10As
e R T o G N L
i nvent i quedtéraharh@® ydaeeoldpor guedter then P@stasoidn Arsebjoct with @n inkreasddrriskarf i n
vivo bio|ogical assays, in arder to determine if that conpound [s likely to
elicit éjeaglgpmg&rw&aaa?r&aﬁa%? (6 PR Ta B g s s URIg G D _atxpggLe, syst em
gg'nd@%lja?{eyp%%fh STHRL bieBstPRICRY cSRHBRTa iRYit@ (D€ BHAMEAGKctA CafciddMaS IdMar A

[

carcinoma in situ (LCIS), lobular neoplasia, or a stage 0 growth or lesion of the breast (e.g.,
stage 0 or grade 0 breast cancer, or carcinoma in situ).
A breast cancer that is to be treated can histologically graded according to the Scarff-

Bloom-Richardson system, wherein a breast tumor has been assigned a mitosis count score of
30 1,2, or 3; anuclear pleiomorphism score of 1, 2, or 3; a tubule formation score of 1, 2, or 3;

and a total Scarff-Bloom-Richardson score of between 3 and 9. A breast cancer that is to be

treated can be 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.
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conpound is a pharmaceutical conposition conprising (a)

(-)-trans-3-(5, 6-di hydro-4H 15pyrrolo [3,2,1 -7]

qui nol i n-wWoya)vor91(42H- i ndol- 3-yl) pyrrolidine-2, 5-di onePoawisagoacwhs ral
purity greater than 99% as determ ned by HPLC and contai ning | ess than
cont ai ni ng | efssartdeathafliXotq b treatadsardbd Saded dictordingtd Hhepymeitam Jodht2, 1 - 7]
quinolin-1-y1)-4-(1Hindaol-3-y1) pyrroljdine-2, 5-dione and_a

phar mac &ﬂm@ﬁwn{é@éﬁt%flg%ﬁﬂ\ﬂ icga.sS,lﬁe%)onantsmnw erﬁdh@%}%ﬁ%@% been
(-)-tranggigs agt (YEX or A RNE MALOT I3 B 112, A3, T4, Tda, T4b, T4c, or T4d;

qui nol i ﬁn‘?TlgI)l/l -%1 1Hi n’g%i- 3- yél’) S’yr r%l i'di ne- 320 2, S%Ei B’ne Char acci:’taélrdi zed by
an X-r aywlpoewterregipfidl daoph oodgedlN) bave lwenpssigicdg spmalos N, NN loN2ndiel y 8. 2,
10. 8 .and_14.1 20 usin _Ka, radi ation, and one or re. phar maceutjcal |y
accen atab 2 Noars b, & titenfere Bkt et ST Soup BF s oce of MR
(-)-trangodor NiP, A- GhBYdRA 1M RMFdaRldQah Be Ztaded ddcording to an American Joint

qui nolin-1-yl)-4-(1Hindol- 3-é1)‘ pyrrolidine-2,5-dione characterized by an
X-ray pdvaiemitgicfonrGaarerdmIpgd clsniicaiopres Siagg pHaksilAt Sapp bk Sige dlln, 6. 5,
259.9 and. 120, '<20 ) Ka,radiation, .an ne, qr re pharmaceytically
rccept abtadonfh stk 1B g St Bt AR e S Fleo B B AR o
be the tiaceadmgnd apfAJcanaasificiiién B Gladgigzale. @F gt oabt ESRERED, Geddche
treatment or prevention of a cell proliferative disorder. In vitro or in

vi vdObi dPigde édbrads 3y Sredart i Achigss thap i to e drepse cpi e staged ascordina i ¢

activity 4 ! K hit er ne
assays, j?}nﬁt%\}?iytrﬁ%logigl ﬁéséﬁggf{n?@wgggggéggb glﬁgf(h’le as%r ),/SPN?B{S?@ ?’bpé\g(? her ei n.
As used (hmi-ei AN1, Pis h@tiheNajay PNl &f BY kc, pdi2t pie2aek2bi g3 giNXanpNBb.arpiNigl e
active or therapeutic conpound to a sulject in need thereof Preferably,
monot her apy it FHICRSE a0 Ratiried i B B Furaor s B ‘E%?Wneéift_f)g’éﬁ?sée
amount  Qf gy e’%«;ﬁ&l‘ B EbEAPRUARetFOM EXAGRL €A cHRRF Blat 105 B BeLR@PYat¥nbRiaeqe of
t he conpound of the present invention, or a WO

2011507 StdpPEaf is2ed0dG6heasd mhiar inero eboutdatolapoutcceptialstees maliametpr. odir ug,

met abolite ol ynor. or .solvate thereof, to.a sybject in need of . treatnent
o cancern R T B AT ey B LG AP e R e HEERar PO PrEragy ot AP uht ch
a conbi nLhla aBbutBUchiiRkRrAiatdiMBet6i0 M i thabis36 Bt Rtst&EftincRUSheirA y with
each conponent of the conbination present in a therapeutically effective

anmount . tha bgs been detgadncd tenba grdatar dinp Wsanhmetas pbametchf Achrcep thas isrip be
i nventi I ff. ive.th conmhi i.on _t her. -0 A i.hg.a desired
bi ol ogi q%la{e?fcgg%? N Fas;lﬁg& Bﬁuéﬁgé&gpﬁeaﬁgg%%%kﬁtar Sat id’r%ggl}égerl ﬁﬁ#’?@% egcat%gscri bes
t he 20anafiffeentiated)Go6ay diftdrertiaped! biewidiffaentidial. pAcpasethaf isao kbatitod can be
di sease, condition, or disorder and includes the adm nistration of a
conpouncFlsificAbY BHEDSFAPIG pRASAIENEMWID rePPE e YOS KBUR At sguBof cell
conpl i Cacfibi@i%ﬁ? of mf%lejapgf %?ﬁosrﬁh'sﬁqgg!, tché)[{ke(?ﬁ cgiﬁorAq;%'hcerQﬁattié)toede' PRGN t hE
di sease, condition or di sor der -

be classified by microscopic appearance as being associated with areas of necrosis (e.g., arcas

of dying or degenerating cells). A cancer that is to be treated can be classified as having an
25  abnormal karyotype, having an abnormal number of chromosomes, or having one or more
chromosomes that are abnormal in appearance. A cancer that is to be treated can be
classified as being aneuploid, triploid, tetraploid, or as having an altered ploidy. A cancer
that is to be treated can be classified as having a chromosomal translocation, or a deletion or
duplication of an entire chromosome, or a region of deletion, duplication or amplification of a
30  portion of a chromosome.
A cancer that is to be treated can be evaluated by DNA cytometry, flow cytometry, or
image cytometry. A cancer that is to be treated can be typed as having 10%, 20%, 30%, 40%,
50%, 60%, 70%, 80%, or 90% of cells in the synthesis stage of cell division (e.g., in S phase
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The conpounds of the present invention can also be used to prevent a

di sease, condition or disorder. As used herein, "preventing" or "prevent"
descri beswpeduagi7ag2or el imnating the onset of the synpPOREISR#10/061625
conplications of the disease, condition or disorder. Treating cancer can
resul t iofcall dadiei)l oncdngesthates of batréasedean b typaﬂimtﬁaamgiarlos/i&phasé fiactldét unor
may also be.referred to as "tunmor regression.” Preferably, after treatnent,
t unor sﬁ%éﬁ1§1$§@@@égwﬁ9n596or greater relative to its size prior to

treatnent; ”DAseud%gglE%E@Q"‘)‘mnﬁé{%Qﬂ” RlaZR111tRat c%ﬁb@?er ag lﬁ&f/asgdc?uc f?atcgﬂ, or €

preferably, reduc 20% or greater; nore pre Y, by 30% or
greater]xumkeumedhbnEbeAnbeduﬁemlmysAﬂ&@mawgbeaMﬁnnwbgenﬂmmnboﬁméﬁErabIy

redu ed % reater d nost pref erabl reduge greate an 75%
et o e EPbEeindian dnphisd bt sl enp i e bR cdtbans o

rreasur er}%aresseI%nﬁalgemﬁéuauﬁglé@lrcyaﬁychl@wam%uﬁe@l A&hanidhamet er of the

t unor. Treating cancer can'result in a reduction in tunor vol une.

Preferably, a4 @qedthpe:at, neentacting el mf@méo B goncb@medwlmh Ewmpogrdetmoélner

relative_to i rior to.tr eat.ne npre. p i

reduced BY' pféli glratet g ARt 80 p‘r‘cetfwelr adb? Ot %&E%SSSH%‘%%OW o ﬁé‘&s%e;‘l’t

nDre preﬁ@bgmeﬁﬁkeﬂquu by 30% or greater nore preferably, reduced by 40%
reater; even nore preferably, reduced by 50% or greater; and nost

pr e%@r ably. risuisddcin, geaidsic ¢amapoundtsciers & & sempPOUNTldhe RISSUFEIVRBYOhe
measur e%é%aé‘ﬂé(enroﬁ% ng%%%%fécﬁ&@r%g? m%flr Wﬂg e HPVQ%O blE[ogf'éa'r Qs%agsa ﬂﬁg@eﬂf gsul ts

in a decrease In nu ter eat t unor
nunber idetarméhecé thabyorbpouni igtikdy v clicd @addsired bmldgna:ﬁber mpdical respnke mad adint ;

nore preferabl t unor nmber is.reduced 10% or greater;. nore .
pr ef er apiSjuc; ﬁlé%‘i]%@ﬂ“fﬁyl S that dsbdng S%Fﬁ%@ Bperalbr T clinibigB ey CRRAiad9s or
greater ’COHH)"oﬁn(PfSeJ Hafhhdbutit £ HmBHsifdn &b @sﬁn%il(as?@?-?f ns %V(%Qs gRy&onief erably,

reduced by 50% or ‘greater; and st preferab uced by greater than
75@M5NuqbemmnﬁilUﬂ@nsmnay4bﬂ)ﬁéaﬁunédﬁhyb@Myohép&@d&dumbmamegm&haﬁl

2011/ 079142PCT/ US20 61l h nber
e oYY S B o C Ry R hed RSB Shart (M H p iy ﬁ@a
nmagni fi c, l(entm;Pstﬁt%@b{wm B ey ERES [T, 2 g/ mRailihiicAy 4o A mdé3-yBX, 4X, 5X,

10x, or 50x. Treating cancer can result in a decrease in nunbéer of

met ast atnyaerIhémedn § dipneoanqer phenacsuBeallyracernyeiie carrist dhita formrh nohemeiphedr y

tunor site [ n ta si ons
i's reduc d%g”" %g%eater:?%ﬁéﬁg%eﬂﬂémﬁﬁﬂ érﬁggﬁbﬁ%Po ff@@@ﬁéjﬁmngore
pr ef2er algl, y- dlotnb ehm&bﬁiedqa‘y AEX as} péwderldeFiaoticn pBterechisgehilypchQYaor greater;

nor e preferably, reduced by 20% or greater; nore preferably, reduced by 30%)
or gr eatd@proxppatelypt- f &&atidy14.1 °260 using Cu Ka radiation, and one or mote

pharmaceutically acceptable carriers or excipients; or (¢) a form 2 polymorph of (-)-trans-3-
(5,6-dihydro-4 H-pyrrolo [3,2,1-ij] quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-2,5-dione
characterized by an X-ray powder diffraction pattern comprising peaks at approximately 6.5,
25 9.9 and 12.0 °20 using Cu Ka radiation, and one or more pharmaceutically acceptable
carriers or excipients. The biological or medical response can be the treatment of cancer. The
biological or medical response can be treatment or prevention of a cell proliferative disorder.
In vitro or in vivo biological assays can include, but are not limited to, enzymatic activity
assays, clectrophoretic mobility shift assays, reporter gene assays, in vitro cell viability
30  assays, and the assays described herein.
As used herein, “monotherapy” refers to the administration of a single active or
therapeutic compound to a subject in need thereof. Preferably, monotherapy will involve
administration of a therapeutically effective amount of an active compound. For example,

cancer monotherapy with one of the compound of the present invention, or a
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reduced by 40% or greater; even nore preferably, reduced by 50% or greater;
and nost 10 preferably, reduced by greater than 75% The nunber of

nmet ast at iwol2esli/oasi2may be neasured by any reproduci bl e meaES2@0/061625

measur enent. The nunber of netastatic |esions nay be neasured by counting
met ast atpharrh&suicadly\ucsdpdbée $ait, plodrpgkethbelie, polyabrgh @pebiatd tereof, to a
magni fi cat]j on. Péffﬁrably, the specified nagnification(js-éx, gx,-4x, 5x,
10x, or SHBKECt Mrnged 9 Efqgﬁﬁgéﬁcﬁéﬁ“r%gﬂP craRy &Y heoataded wit FeMaRetYr vi val
time of F.RopyYh @/thﬁcq%]rh &fmb]iﬂtfo?%f%g?h;b{@a Nk oﬁﬁagoi%aﬁlﬂﬂft&%dﬁgefé%ﬂlﬁt ion
receiving carrier alone. Prefera , the average survival ti I'S 1'ncreased
by nor e witlaeacB@oo@yssnt wbthe combiretiab ipyeseldyn avharapcdutoal BOfGatiss amoure. In

preferably, by nore than 90 days; and nost preferably, b e.than 120

Gays> AP AREASPTOMeRe Edes CHRDTTR OISR GmT IVBERN ArTobe CHey 6d easur ed

by any rpiuasiieohhRapiEansduciy 4 NGIEABRIdIcA¥AEAJe survival time of a

popul ati on may be neasured, for exanple, ZObg cal culating for a popul ation
¢

the average |/ngieR heteirs (jtroatingl” of Glir¢atWilesgribesithe mrenegement andecarorei patienh an

active qund. An.increase j.n_average survival tine of opul ati on nay
al 5o be Hedsu e PhroAaR St ERelner HoStsr i et any S Aar age

| engt h off assdfipouiad of ik peweiGn €D € 2105Vidd thd shinpsimy Grwoehplitatigneat ment with
an active conpound. Treating cancer can result in _an increase in average
sur Vv aldiscasee cordidomedisaitderonr fclipgpate dheasegpbicarditon or @spfdelri son to a
popul ati on of ' - - I e viyal tinme is
i ncreased byrﬁ%&%hﬁﬁgﬁﬂ§§q@%@%%%ﬁggéﬁ%ﬁg?@f%%“%ﬁﬁggK%@%gag%g%%% “days; nore
pr ef er aldoyiditioy ordiserdehafs 8 ddeyss, “prayentigs” qor ‘efeet@b ldyscribys rdueng ban 120
days. An _jincrease in average survival tj.ne of popul ati on.may bge measured
by any reFHBRing! ¢ anSFEgbe )ﬂ{HP‘iO%rOéQ%@Pll?P“é?%P&&é disgpssi eonditiqorer diorder.

popul ati on_ e RASHCES resliy 8BS in3P0rGALGYE &l bl BlindiRQpY at i on

t he average | ength of survival owng initiation of treatnent with an
act ilve dompouiay alsdeireferredteasi ‘turavercagssisut \Brofgtably, mfciofcampapuinatrison  may

| be . d l.e,. by .cal cul ati f | at i th
engt b o FOUF BT g oS g LB ol BT [ eaunge PG GrotF P RERE wi i
an act i g r&@RosNIY, oV ARE & PEARRETY, HR0dPH PHIB 2B greater; mdFeqabfcilg ancer

can result in increase in average survival tine of a population of treated
subj ect gedured birpabd eragicater; mopopigfathlpricdessdbyi4Qte ersterthie cegymaict h a drug
that is c o/t sent i .Qn, _ar har Leal |y
acoept ata et FRBAES S0v. ol BrRlsF Gl mbBAFRLAEH: Rled BLALIER R 157 c:

Pr ef2er aldryatert Sezcoofer tag@r 54k b iddastiredBy afy topedRRbbsmbinsroTmeeabitament. 3khedays;
nore preferably, by nore than 60 days; mopre preferably, by nore than 90
days; arfEeri@ttumpemay Apmeasyed ant diaigkes ol s tHB9S . An i ncrease i n aver age

survival ti mﬁrre;ﬁng RARIcah F D TRY R HEARULAE: DfuRRY pHABLOGUE RafifRRS . AN
I ncrease I n average survival tinme of a population may Dbe asur ed, or
exanpl e,tulngr ealhmglistadngedftorS% op grutcatdlaivetth éts aize pageto teraghéntpfosur vi val

following initiation of treatne i.th an active co nd. An ingrease in
10 aver é%%‘fle?{lﬁw WP ol b*rreéucﬁ%@fwgﬁ Yrerhs 8}°§%Prﬁgl)“?%§é§ﬁﬁ_i‘é?&d by /‘g%mpl e,
by @3l culratéhthotOprefrRPUt&ided 'B%ItSb% SVEEAGE nl ROFler ALy SaYdM By 4094 bowi ng
conpletion of a first round of treatnent with an active conpound.
greater; even more preferably, reduced by 50% or greater; and most preferably, reduced by
greater than 75% or greater. Tumor volume may be measured by any reproducible means of
measurement.
Treating cancer results in a decrease in number of tumors. Preferably, after treatment,
30  tumor number is reduced by 5% or greater relative to number prior to treatment; more
preferably, tumor number 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%. Number of tumors may be measured by any reproducible means of
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Treating cancer can result in a decrease in the nortality rate of a

popul ation of treated subjects in conparison to a popul ation receiving
carrier awvorel1/0fpHati ng cancer can result in a 15decreageTius2alodéreRital ity
rate of a population of treated subjects in conmparison to an untreated
popul at ira¢usurtheat. | Tig: aniee bf tators ey bt maasared 8¢ ceasmgitombize/idiblettathct y rate
of a population of treated subjects in copparison fo a popul ation receiving
monot her®BF§4 RGN 242 dPSs lﬁmaegmécaﬁ@p- grqiﬁrﬁg@/um SB?CI%%HI&%E&%O%%&%on, or
a phar eg;ilq)?l bys@acceptabl e salt, prodrug, netabolite, polynorph or

sol vate thereof. Preferably, the nortality rate is decreased by nore than
2% 20 nore prreftergatahyer chy rasolt én § HeoreB5e4n numberprf efatasédbicyiesidng imothert han 10%

and st.preferably,,. re than 25% A decrease in.the rtalit at e of
A obor aisPis o P s BBt P e s EheTa et Mot e BR e M S an.
A decr efb‘f@nétébtéti&ﬂed?&_{stiﬂédwed 15 LA g?e_a%?%lhﬁl‘l}é t8rhudir Pﬁoﬂ@ IRHINRG; thée
exanpl e, gﬂ}é cal culating for a popul ation the average nunber of

di sease-nrefeebbd thtenmtst pémetasiatic 14sipns fsotclowidby 0 o1 greaton nafre predereblent wit h

an active,caonpo . 25 A decrease 1.0 th Lt al, rate of a l.ation may
'so”be TAEATRLA0% ortefun RbeRRfiyRul by 20t St Bhfn Pl P BB I T or age
nunber abdbcd 888169 & @t demt MsreREfctibly, réduo®d bpboRWr BecacR@ldahé®n of a
first round of treatnment with an active conpound. Treating cancer can

resut inefsrabbs resased brigtcaivhhagraiit T hearuenbeppbmetagigtiy lesioms sraytbeaaganeist
turor grb&%gdéﬁBgudit?le rrrfeq{fggﬁmgé/su?etmén?a?ﬁe IHB&| AT Y Rl 104 hayd O 1O
pre y, t

treat nent, nor e era unor growmh rate 1's reduced by -at | east
10% normegpuet dyabliyting redugaeic kyioat visibésto tRORMkedeyeopiatef peabity, reduced by

at least 30% nore _preferably, reduced. at .| east 40% re preferably,
reduced B C%ﬂ@%ﬁ%@%lye AP @%ﬁ@l§¥%wpy§ f%éefu@éé%%g&apr Phnst 50% and
nost prefer abfr¥ati1f;§%%i_%@at@¥esﬁft i Soslrchodm al £ sﬁrvR)M ﬁm@ %ngg?ﬁMatl?&l sEeasur ed

by WD 2011/07914 S2010/ 061625 any reproducl bl e nmeans measur enent .
Tundb grtmated spbjeets cacorbpariven sua popdgcorrdéagng oarmict WangePicfershipthe di anet er

per unit tinme. Treating cancer,.can resulf in a decrease.in tunor, regrow h.
br ef e abl'§ e Ea PRI, HESHENE IS RO Ao 5 SmPBILC L rATh By en 00

pr ef er ablays; rhataDkefE@BIOBY thorStha® 98 dhiraand st prefefabPR e ies@han 1008k§s.t han
20% rmreaypref erably, y:’)kes?ss t han BO%Wrmre pre%raﬁ@l ess than 40% nore

pr ef er ablyIncreassintayarags o%yivel Bricob p dopelatien mpy e meased b ansepsodasidlnpst
P;SI 35321#%@8-' %‘%@Iﬁésrg%g iIrYTg\Z 42 Egsrrlrlrgvrni%félet%eo O ahpgﬁﬁ/ati%g n%%rabse%ggupeﬁ, A7 %xarnple,
20 by calculating for a population the average length of survival following initiation of treatment
with an active compound. An increase in average survival time of a population may also be
measured, for example, by calculating for a population the average length of survival
following completion of a first round of treatment with an active compound.
Treating cancer can result in an increase in average survival time of a population of
25  treated subjects in comparison to a population of untreated subjects. 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. An increase in average survival time of a population may be measured, for example,
30 Dby calculating for a population the average length of survival following initiation of treatment
with an active compound. An increase in average survival time of a population may also be
measured, for example, by calculating for a population the average length of survival

following completion of a first round of treatment with an active compound.
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Tunmor regrowth is nmeasured, for exanple, by neasuring an increase in the

di aneter of a tunor after a prior tunor shrinkage that followed treatnent.
A decr easwoiznivarpme regrowt h i s 10i ndi cated by fail ure ®CTiUSREI0B61605 r eoccur
after treatnent has stopped. Treating or preventing a cell
proliferativerdatag daccrcanrdsel i inctdas@inraediagt boniviahtiinb@f e @bpulefiorced | ul ar
proliferation. Preferably, after treatnent, the rate of cell ul a{l

prol i f erEafcdiFublscts &3 ERMPATISON it @ pRRIdFticsgFCeyng Hmneﬁ@ra@mwth pyrugithatdnaqt 21 9oy
mor € pr &f, p%ghd’ of tR¥ pAdsehtGRINtiAR or agﬂl e {1&{1@@03@ teﬁﬂe E %%({/Qbom%r e
preferably, by at gast 40% nore prefera a{) A) even nore
pr ef er atpojo;mduphat scbleasttheﬁ@% Peafctahiysthepuvetfages atrivyal '[hlyle aastmb]eaﬁ'd by5hercThem r at e

of ¢ rolifer n b sured by a roduci bl e ans o

meassr eniie SrRue B bR BEoar B O i Gralk oS et PSS affbl o
by rreas Uhb A @rdrrab I upPsorOthadli Y0 dhRIAGShdrSask T ﬁvetrég%ss‘tlﬁvn%ﬁmeeoﬂ:h%o URkibnt i me.
Treating or preventing a cell proliferative disorder can result in a

reduct i onay be mh@sumldrwdrr@pr@du@ble pme@nr fan amqrrrrge @ewegagelsneﬁearl élmeyof af t er
treatment . fhe orteaonr g fogr oln[r1 erbatcra Cg aem srar ) rueaq OlI £ast 5%
nor e preﬁogrl TR RS 01O ré’ l; %b? p%’ Ieast %/e 8Ybr e
prefer abiﬂsurvwdl adud\mg Init@Pén dmreemwhemhahlamvdacon@ouheagh iAG¥schi®r e
preferably, by at |east 50% even nore preferably, by at |east 50% and
nost!Opr efveregp pyrvivigy tizge of @ pepulatiog m?hélswgemﬁawech foyr exgppll, pEcalcplagng &r1as  may

De mea it B ESBE RG] B TRADSIA! 0@ SRR SOPH ot RO RST B D

proportio proli |s neas exanp by quantifying
t he nunb)emhafaaﬂiv\zlcdmpgumbl I S reI atl ve to the nunber of nondl VI d| ng cells in

a tissue sanpﬁ The proportion of rolifgqﬁatr n cells_can ivalgnt to
the mitotic ifg@ingcancer CalTFeéalttﬂIh@ “BF &Y tnil‘?’f& 15y kg of gopo) %‘U@P frgae

di sorderg,6Rpshe éé’rh#aﬂs@n@o HBGHBARR tebeivin né%aﬁ)ler §ldn&r ?f%af*?ﬁ &Er b E&I iHlar

proliferation. Preferably, ter treat size of an area or zone of
30cdbl uldecrepseohithemattilay rats orf e@uplddtiduyofateateelassbj cb%oim edrapansen t@an tigreicle
prior to tr ment; .nore refer educed | east 10% re

b ef or adipuPii bttty el SadttBigle SERERG ity ikl e erdiichof east
30% norieaRideliBlaRliy cohpdeR® H olﬁnaticﬁra&&elélﬁ indiBiRrdpyelied 2By thitednaad by
at least 50% even nore preferably, reduced éat | east 50% and nost

pr ef er alsloppopediaidd pespenttinyangion, orsophaghacsuigal yrcegpéablosaltz preslrug, meggbolifear
prolif erd W&PE s&v te Yfgrgoql %e%%% EI%O%%Q};? te g]d%gr%as%ﬁ% L1J:n01r(gt % Ay
(,p ans ? [0}

r epr oduci of “neasur enment . Fea or°Zone céllul ar

pr ol20f ermbic picBRYlyD By FRAS thaf 3 %8 Snéie resmbgT bpmovd ﬁl’aﬂi\ 10%; amnd amosigpréferabone of
cel lul ar prolrferatron Treatin preventing a cell proliferative
di sor derbydnerepthan 15% A deCreass @ég%moﬁaquyéate ofa populatlon of treated subjects may

be measured by any reproducible means. 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.
25 A decrease in the mortality rate of a population may also be measured, for example, by
calculating for a population the average number of disease-related deaths per unit time
following completion of a first round of treatment with an active compound.
Treating cancer can result in a decrease in tumor growth rate. Preferably, after
treatment, tumor growth rate is reduced by at least 5% relative to number prior to treatment;
30  more preferably, tumor growth rate is reduced by at least 10%; more preferably, reduced by
at least 20%; more preferably, reduced by at least 30%; more preferably, reduced by at least
40%; more preferably, reduced by at least 50%; even more preferably, reduced by at least
50%; and most preferably, reduced by at least 75%. Tumor growth rate may be measured by
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5 nunber or proportion of cells having an abnornmal appearance or
nor phol ogy. Preferably, after treatnent, the nunber of cells having an
abnor mal worphal7eyy i s reduced by at |east 5% rel ative POTIUSS0IBI0E®B2Hri Oor to
treatment; nore preferably, reduced by at |east 10% nore preferably,
reduced day rgirodhedisit n2@f§ ofMmesupheher Glhy; groetucedcdnybeahcdse@d tac@R¥ngnon e
preferably, reduced by at |east. 40% nore preferably, reduced by at |east
50% evenapgsia typondiamgiespeunittiBticed by at | east 50% and nost preferably,
reduced by alrbgftlcaf Stbcahfes@iOL BBLoREN Hini rBRBER PRGEBy. IRRRALAGY, By
be neasured by an repr03u0| e nmeans of measurenent. An abnormal cellul ar
nmor phol dgyocegrdyethneksuthed 5%y mure pesaalgy, tumog regramgihng laanthand 89t exbre i ssue
cultyre mcroscope. An abnormal cellul ar norphol ogy can . take the farm of
ucl dar THETERTo e of A Bisd kb elen tenal Lorits wERBHT ey dhe
t endi N9 hercQpGbfabBL 1c8s tHafl 389, LU GAMBRG efcPab® Sosh e 4; ARd iR pickeraflpt her
popul ati on. The conpared popul ati ons can be cell populations. Preferably, a
conpoundesftha & %pr Bgeenregiowdih magbe nerasered hzenntwmeducild peascd preabliemsal. t
pr odr ug 1. [FE4, 40011 ROLYIR BN 50! XA SRS 0l S!S ekaailrehy on @
cancer or preg%ﬂ et SUSTREM BUt* NI “on BT Ml c@Fﬁ.lﬁre?grgﬁ y, a
conpoundy@br 4fie ars @ithor shvi@RddeQRat flovadd tReapantec @stiréagald tine eqpdwidl ie
salt, prodrug, netabolite, polynorph or solvate thereof, acts selectively
t o rifdulindisateshby flueeof amorpiogaeccpealier treatmgnt hagiieprgddes not significantly
nodul at e anot - - - : i i ] ion
al so provideéﬁg&ﬁgﬁkgggkgénégﬁgg]P&EF%“FAE%%gﬁfﬂaﬁ?ﬁg§§%%%%?g§§g?ﬂgﬁﬂé
enzyne, «uchulaspralifiratasePreRiratley el yeatarene YientatcosfaelislaspdoéiGratical iy i n
population A relative $o population B if it occurs greater than twy tines
more 25 TFHuGAENEf iFaste }de‘%Fé’ﬁ%fﬁ{% A3 atclaﬁ%AP%od Moge 5%&59% tyratacasig oy ent
occurs sebeakitighY, b af ka@B0YUF Saddé BRESLLIY N atlitAL40% BSrIRER TS BYGRL | Y P10
popul ati on ?. An %@e%? o%curs selegﬁivg?gh@?aitaoccurs gﬁgatér fhgn ten
ti md$ ndewst 50%geremtrhyreiprefprplyl, by kolkash50%mred mostree@bibly, byrekusr75thabhd i fty
times; even ref.erably reater than 100 ti ; and st preferably,
g oat er THRE CSHOY T e PRI Y SO B A e SO o
popul at iR rBe JFREINE¥ATBiRratPAGEead@t, for¥RUP 1D By firthéiring tRERUNbERIFECt i Vel y
in cancer cells if it occurred greater than twce as frequently in cancer
cel | s aglividmgeaclslin otissoe panple gbl wnit time. A conpound of the present
i nvention or r eut J. I bl t odr. I l.ite,
pol ynmor ph or %8@3%(02%5 %Vle%l{eug?lfl C%igﬁr%ﬁgeg%tfvaet(gsot%%er Cg%? %Sgﬁtlﬁggﬁdﬁtl%ﬁle%%l ar
target (gogbrtiofoNBo)iferdvaglietls. iPreferadlysbficr tecathertlthaptdp@ritun dfiproldctating an

ivi . u :
act ty of . a nolecul ar tagget WO 2011/ 079142PCT/ US2010/ 061625
Pr ef er alficlls isgedussp buistilcast Xhangre Psdpiablynhrat et | Atvamoss psfaradydotatyeasy of a
nmol ecul aypot. i ' : i phichi i (\o, 1 f cul ar
Fargot by Bt repsyitrgbly, it bWE067: Hort BRkiriliy, R 1BEL A o meb AR gt
under t hae lenstn®%6;avdn tiooeprebardblly Aokdt nepsoF%; drdemqnt psderablyoby stdeabt E6¥pound.

More preferably, a co und of the present inpvention | ates the activity
50f a nﬁﬁt f@cﬂﬁmﬁﬁ%?fé@f%at}% <ol gy R dacasired RK By f@rqdﬁlggbi%@aewﬁf of the
ol esul afcdsafcatht, reRatlgand ?IgPI)IQﬂoﬁ’of folif@tﬁﬁﬁ% dlrsfiohdasuddd, Fgashmgl; ol d,  at

C
| east 50-fold, at least 100-fold relative to the activity of the nolecul ar
t ar get undetifyingghe awpbomfdiitidogschuteldtiae ké thg nonibgr ofeondredisp celloh asai d

conmpound. The actiyity of .a | ecul ar target be syr ed. .an

Fopr odudissreiniinet iraborsp 5T bl na S B Yo Fu R A et e 1 1
vitro or in Vié@ingfipr&xaing & cellProliR@atdeldidorddt cah r@uliPh @AtradsciiRkigebt My be
measured in vitro by an enzymatic activity assay or a DNA binding assay, or
t he act iapiarss @fzoge pbedlular arolifeiagen. Frafprably, giestieanentnsivg dlanaycaeiszapr 8§ f or
EXPr@ssi - t.er C d.. of. i tion, or
o Dy ! o2y P RRLE S e R by oy oot SSROLREPhind Do B0 BEERenb YL

sol vat e gréferadbdf, redioesbnatlesst 0ot moanprleferamdutdiced bhat Ratti2ond; ymeat a 15

nol ecul ar target if the addition of the conpound does not stinulate or
i nhi bi t RIAEraRbe reduesd by atlpest ARYoe Borapretesstjetrctyred by st KasttRgn Mo r el ati ve

to the aﬁ&ﬂ bl r@fuctdGy TOLSF YbAL 8%%&9&% E%t@#%l;{ ReuSaEy S0 56N Pbst

| acki ng only t'he presence of sald conpo
preferably, reduced by at least 75%. Size of an area or zone of cellular proliferation may be
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As used herein, the term"isozyne sel ective" neans preferential inhibition
or stinulation of a first isoformof an enzyne in conparison to a second

i sof or m ovoantierigpae 20(e.g., preferential inhibition oPCItisaubasticeh of a
ki nase i sozyne al pha in conparison to a kinase isozynme beta). Preferably, a
conpoundn@isutcd ®yphe sgnbdducible nchayofdacmogiteat. €Bhesing ¢fi amumaodr zané oficel futdrd
differenti preferably a ten fold dlffer tlal nore pr bly a fifty
fold di fﬁr%hlfl@WPalmaylh? f???é“@és’:‘é@éharﬂéf‘cﬁ%}“ ragdihplappreaas Z&%?&%@ﬁ%m ef fect
Preferaﬁhgh oAtigRmpound of the present invention denonstrates this

differe across the range of 25inhibition, and the differential is
exenplified éﬁeMﬁgcﬂ@&ﬁwnhngapdbpﬁmﬁ&Mnmubund@nanhmnhanwﬂb@cukamﬂmarget of

i nt er.est Adnlnlst ri a. co und of the present ven or a
s Koo aisrhes et poReen L Bheding AR arhekraBo oT reP SIS B SRS oo vat o
t her eof , affePtrath@hd, R MY BF &4fs halin! g%ﬁ%ﬁ&iﬁ{a@ﬁ{orﬁ%gy% WducedbyRdedsasd,on

(i.e., stimulation or inhibition) of an activity of a kinase of interest.
30The prreltne toi itpvaze prin toFreatingals mese hisdyally, raé@@ééymt&ﬂaww/alm@r@u vity of a

i nor 1 rPrRey ATl By i3hest 20 BRORD S SO LAl s 0 o

purity gireRtadly, Trmfje&ﬁ%tasasde()%r ﬁao&eplretbya Ledwrd bgantcaitrHiong elv@s&lotehan
containing |less than 1% ( +)-trans -(5, 6- dthdro 4H- pyrrol o g 1- U]
qui A1 i rraferebly. sedueed byiad eass 5)%) ansmpginreferdlyz redsced bnat legshy>%: #A8r m 1

(5 6. o nar MR ppsr R S D GEr Y R 0 i produg ol g of

pyrrolidnaem%nﬁmdi@mebmhﬁmhﬁﬂmhﬁnﬁﬂpmyogma%lmayapmmdéwrdmﬂﬁcagmkgnuMagtern

conpri si ng peaks. at pr oxi mat el 10. 8 20 us

radi at i cﬁalmis@‘rﬂe?éw% RRTA DI 9htor a‘aﬁor@a @Pgﬁmp g an take e rorh of
dlhydrolﬂkhg ERNR bR, 1-0 quinolin-1-yl)-4-(1Hindol-3-yl)

pyrrolidine- 5 di one 5characterized by an X-ray powder diffraction pattern

congbi si ng peéaklssedtheapprthmermf sdlgctiGely, nBads @wnding 20 OccuR @t aikighgr f@ukecy in

radi ation. . In one net an a based, on mati.,c activity can be
i1 zedmeppron Bal it By R ST SR SRy PO S A oB e 1y
i's frompefeldbhs Q.cofpothSEsf 8 hRistnt inknfids Sr afphhBhscch@callyladbPeattd @ags of
enzynes whi ch catalyze the transfer of the y-phosphat e fronlATP to 10 the

hydr oxyIpredegpnetabelkie polvieotohar rolutte Srgofhactorelepiively engregnedros and pepti des
and are a'né%]eé é/eu'buY Ved %Maﬁ“éelf’ %;f A V o%Hc?o {ﬁgga%s%&tmv Gliion,
t A : ra S d

functio s aps nDs |on erentration, and

pr ol2iof eroattalphann%etﬁ@llgraec@sduld@m@groﬁmgbmmute 3019@1@@1 &lsoRate thEreb g iatts
ki nases in the human body, and although each of these phosghorylate

par t i culsglechydy & mpéléa&euoaé qulwiaré%régt (egh&ymef) butiydags net ey Heantly dpeship
subst r at %ot‘h-gf)nfofbcﬁlamag%@ Ye %51:{-‘09&5 %Mfsg O%thveﬁﬁ%&)sé&?ggfesyi'ﬁ“et}ﬁgfnase

oncogene products are in tyrosine Kinases hei r
activi tweleaﬂvdbﬁﬁmﬂshmgwhetaonhmdf dncenzegink, fuoh pmd kmase. Atrefeerbdyy lay evtdt@ckurnase

assayed | Fectlvetlgll gnogolprlll atlléln%s ?atlve to population B if it occurs greater than two times more
25  frequently in population A as compared to population B. An event occurs selectively if it
occurs greater than five times more frequently in population A. 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 more frequently in population A as compared to population B. For example,
30  cell death would be said to occur selectively in cancer cells if it occurred greater than twice as
frequently in cancer cells as compared to normal cells.
A compound of the present invention or a pharmaceutically acceptable salt, prodrug,

metabolite, polymorph or solvate thereof, can modulate the activity of a molecular target (e.g.,

c-met). Modulating refers to stimulating or inhibiting an activity of a molecular target.
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A change in enzymatic activity caused by conpounds of the present invention
can be neasured in the disclosed assays. The change in enzymatic activity
can be chaipaotier7ped by 20t he change in the extent of plrosalisesploatezdn of
certain substrates. As used herein, "phosphorylation" refers to the
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activity that is carried out by c-Met. For exanple, a function of c-Met

i ncllQdeshepdiiphief ¢inaalpawmardargaionms be Bgasuret igatitre by f Praymatic ReHVIE#8AY Ons  of

2011/ 0791 PCPHeeg 10T GRTASAAN R s e PO SR o 1, and
1oty omckmtpre gueh, 8 b, S Pk D0 ST, e
gn phar maceut i’ 8‘1’@90‘5’6@33??%5@%6“% E}Vg?“‘ﬁ’o BQE Bg?mﬁ‘ﬁ?l&’:%ﬁ}’ g‘éieptﬁgfey“ rPRIYE
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nodul ation (1.e., ation or i1nhibitron activity of1 RK 1 or ERK
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stimulation of a first isoform of an enzyme in comparison to a second isoform of an enzyme

20  (e.g., preferential inhibition or stimulation of a kinase isozyme alpha in comparison to a
kinase isozyme beta). Preferably, a compound of the present invention demonstrates a
minimum of a four fold differential, 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

25  inhibition, and the differential is exemplified at the ICsy, i.e., a 50% inhibition, for a
molecular target of interest.

Administering a compound of the present invention, or a pharmaceutically acceptable
salt, prodrug, metabolite, polymorph or solvate thereof, to a cell or a subject in need thereof
can result in modulation (i.e., stimulation or inhibition) of an activity of a kinase of interest.

30 The present invention provides methods to assess biological activity of a composition
comprising (a) (-)-trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-i] quinolin-1-yl)-4-(1H-indol-3-yl)
pyrrolidine-2, 5-dione having a chiral purity greater than 99% as determined by HPLC and
containing less than containing less than 1% (+)-trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-if]
quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-2, 5-dione; (b) a form 1 polymorph of (-)-trans-
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of being activated al so has an unactivated state. An activated conposition
of matter may have an inhibitory or stinulatory biological function, or

bot h. WO 2Bl i@7at42on refers to an increase in a desire@Chiuskagiocshs
activity of a conposition of matter (e.g., a protein or a nucleic acid).
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Pr ef er aBiJAs ANt B OIS ABERY of a conpound of the present invention, or

a Sphar nmaceutA gidrgy iReeAR1a80 et E8 dausddl t30aiehouiBd @t bictent OB Béh &
sol vate thereof is not
measured in the disclosed assays. The change in enzymatic activity can be characterized by
20  the change in the extent of phosphorylation of certain substrates. As used herein,
“phosphorylation” refers to the addition of phosphate groups to a substrate, including proteins
and organic molecules; and, plays an important role in regulating the biological activities of
proteins. Preferably, the phosphorylation assayed and measured involves the addition of
phosphate groups to tyrosine residues. The substrate can be a peptide or protein.
25 In some assays, immunological reagents, e.g., antibodies and antigens, are employed.
Fluorescence can be utilized in the measurement of enzymatic activity in some assays. As
used herein, “fluorescence” refers to a process through which a molecule emits a photon as a
result of absorbing an incoming photon of higher energy by the same molecule.
Administering a compound of the present invention, or a pharmaceutically acceptable
30  salt, prodrug, metabolite, polymorph or solvate thereof, to a cell or a subject in need thercof
can result in modulation (i.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
c-Met. For example, a function of c-Met includes phosphorylation of downstream target

proteins. Other functions of c-Met include autophosphorylation, binding of adaptor proteins
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significantly cytotoxic to normal cells. A therapeutically effective anmount
of a conpound is not significantly cytotoxic to normal cells if
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an aspect of the i1 nvention
checkpoint regulator may have stimulatory or inhibitory effects, or both, on one or more
functions comprising a cell cycle checkpoint. A cell cycle checkpoint regulator can be a
protein or not a protein.
Treating cancer or a cell proliferative disorder can result in cell death, and preferably,
30  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. A number of cells in a population can be measured by
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10As used herein, "conbination therapy" or "co-therapy" includes the
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¢ present mvention re ates to a method of treating or preventing cancer by
25  administering a compound of the present invention, or a pharmaceutically acceptable salt,
prodrug, metabolite, polymorph or solvate thereof to a subject in need thereof, where
administration of the compound of the present invention, or a pharmaceutically acceptable
salt, prodrug, metabolite, polymorph or solvate thereof results in one or more of the following:
accumulation of cells in G1 and/or S phase of the cell cycle, cytotoxicity via cell death in
30  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.
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are snmal I aci S
Exenpl ar%}m?;blf o%ynrgﬁﬁeﬁlgéﬁels et aélé/ an%%{bﬂ%ge%ﬁo ulit 19%?6 Coﬁ‘{bl&qmgg\gg%ll%zunab
(tanget prafehverBloBW 2992 (targets EGFR and Er b2) Oet uxi mab/ Er bi t ux
(targets Erbl), Inatinib/deevec (targets Bcr-Abl), Trastuzumab (targets
Erb2), Gefiti ﬁomhlmaé@gé R getrderdet 9 cmpsae pAminkdIstioR af hesesthorpmtic
Pegapt a inib
(& ar get ooy o Syl ahner Wnpleb e Rt bl ROl it Biercd g it |
572016/ Tapatas mic adiatmsyitetion Of dregethsrapfiRity dgch@) or dPdruist twoLofahd\hetapbitic

(targets EGFR ndetinib (targets RET 7080 rrultl | e.targets

i ncl udi r‘?@elﬁﬁ'lg‘é‘r? gﬁ?@@ﬁ'ﬁy faug |rﬂal{nle51;\§$?) P@gﬂl@“ﬁ jeoup mﬂ’é%raf 8’&r gets
EGFRE,  (aR®E hbddnIShed (3 xahpld 8 %dﬁ@:&m%gﬁ%hé wb?&{ Dsin éﬂe"&?é@é’h@sﬂﬁ
(targets EGFR and FLT3), Matuzunab/End7200 (targets EGF 5 EKB- 569

(tar get SEEFR)Q on@Sthrqneamg&e@t &GRRdh pleVEEERCapIRIKS- fw1®cl(1 phathgehgapgEGr and

FLT3), Vat | b/ Pt.k787/.ZK222 CER- 7 t ts FLT3
Saors (e Setients o SRERaT P Bh e RN kitogeT poati hub B R R 52
(target %e@f%@ﬂedcbéll 95@5&0{)&@6@@&@1@%& BMS03 D29 16t hld8hies, IMeavenSld - 606
(targets SRC) 690 (targets JAK), AG490 (targets JAK), WH - P154

(target §outAK)1ntrwws0Fd@3r.LOU(tQSaargﬂedlgecy asprpimg tgepgh myceysNesEbBAC (15%1% etle RAF

D ni MRt e g W Rect b PIREERp o el Ml 6, Wo byarmale, o

al | HER gpfiet tﬁbﬂpeutlcm'gehiﬁﬂ'the cd‘x@l’ﬁlﬁa&m é@ledteﬁhﬁ)@{ﬁbaetcﬁuﬁiswﬁr@ﬁi}smmﬂ§ PDGFR,
and c-kit), Denosunmab (ta inphibits SRC), AM3388 (tt arget s HER3),
and AP2 45@9{“%1“@? ﬁ‘le@ﬂteélﬂtféatpa?u‘ilﬁ %$*°1%ﬁ ‘?fd q:ﬁQrB'?lnatlon may be administered orally.

Alternatively, for example, all therapeutic agents may be administered orally or all

43



25Exempl ary serine/threonine kinases include, but are not |limted to,

Rapamune (targets nilTOR/ FRAP1l), Deforolinus (targets miOR),

Certi can/\Eoenald7odg (targets mlfOR/ FRAP1), AP23573 ('t ar geCs/ust@arioqrieail) ,

Eril/Fasudil hydrochloride (targets RHO, Flavopiridol (targets CDK),

Sel i ci cIth&ré@(ﬁzagéﬂ@ﬁﬁg\bbtadmﬁlﬁstéﬁearbg&ﬁ@av@'ﬁ)lﬁ)s, infobite() SPHBNGu B¢ d3R hichahget s
Eom staurin (targets 5?5 Pkc41 (targets PKC), Bryostatin

(targetst @R@utlcﬁéell@ﬁre@éﬁgmﬁe dehet nereyly &itieeds (targets Pl3K), VX-680

(targets Aurog B Qi Sa ikt A% Yhepapeutic agent

Any- 142886/ 253 éﬁﬁg lm?t ar%@%ﬁ /“( ﬁr%%g s%ad%%% (@a?%gigs MRS VERS T SR8 1323

(t ar get sleh@xiteNk)ve I@Cutk c@tndmgaabs withitGther Gk did84 a(dtiaﬁ gersdiditknd md PD

332991 (targets. WD 2011/.079142PCT/ US2010/ 0616 Preferred

conbPnat6hk Berifst 151 ST L e o P TP & @aﬂ?%shefapy further

(-) - tr angmrisS SnordifydFcamiddt AME h&H-Brug3redirded? may be conducted at any suitable

qui nol i n-1-y1)-4-(1H i ndol-3-y1) pyrrolidine-2, "5-di one having a chiral

purity grrefam ng ham bogYicss effeqté‘qumi ﬁ@@owtlmppﬁhawambmatlaﬂ af thg thasgpeutinan 1%

(+)- trans i hydr

qui nol | nan f§‘§ ﬂo?a tre&or_nl_etg 1sp %’Lc)hleveg r O?I’ edﬁa é)?ez n g)pr%laéen casesy ahe beneficial

phar mac esﬂfebclalshu adli6RAtvaInah € AsH-teY tre(aﬁl)letﬂ i t@ﬁi@ibﬂall@@bﬂiﬁ@d’dﬁlfbrﬁfthe

(+trans- 345, 6- di hydro-4H-pyrrolo [3,2,1-0 quinolin-I- 1¥1) 4- (1H i ndol- 3-y1)

pyr rl8l i cidpanistraion of e @ﬁ%ﬁl@t%@@f@dp%lyap&rbymyw PEMIEEkyi ffracti on pattern

conprising p o

radi ation, %%&m l%)nr%1 %ﬁ%ﬁ o a(r?nléggtﬁ%} cama‘g%g%%:&%ﬁ agcggr rﬁ%egrglst%b!ﬁ%g’

exci pi errhstabcﬂfte (p@)ynabrf)b pmdvfe thepmif phaypbe administered in combination with a second

(-)-tran?1 %} dro 4H pyrrol o %3,2,1-0

qui nol i FPFTY ra@e%ti §At ohhecgand GhrmogITHcHIAC 2295t EoRe? BNEa Rt BIOPAHICby an

X ray_Pafisliodhh LABELY DR GbRGRTRELE DD CRlBoRbmBRRE PELARIELY, 6 5. 9.9

and ) 0u5| ng Cugl aeFa |1at| on, r%'e % g @?e r[lglhar ce(g??cg%/

acc d|5t abhtgetedrrmm]@nbnmlror@o@cpndmmsboad i mitsbicred aimolcondi taei arenaynh (e g.

Erl oti -3-(5, 6-di h -4H 3,2,1-0 ..
Ui nol | g AR s SR drE; frnEEh "8 ahelhdndadr g wwiep o
purity oeeplittiot FRatHI8 oS i fAE L BbRIFARIai¥ trbFIE RBEcGMY RiaLHG, | ess than 1%
(+)-trans-3- (5, 6-di hydro 4H py rrolo [3 2,1-0

qui nol i rHER@E))TN? c.tmstunumab)samzvd;ﬁ } GiniatiinAn, PAXOLS (onditard), a

phar maceut

(-)- trari:é/c%pﬁ%sp ara} !Qfﬁ’p%ﬁ{nzrjs:uger ggg) iq'blorouracll (Fb)cfl mealotrexate (MTX),
qui gl | WAXETERW(abbdtMle@mbEw(go@éﬂeﬁhﬁen@nanﬁlvﬁmsﬁﬂa{o%ga&uezed by an

X-ray powder diffraction patt n conprising peaks at approxi mately 8.2,
10. 8 andeninoside, 2@pegdeGAYZAR Keemaditang)oenothiteae orerclhncpregraptothecin,

phar mace a{ﬂlca‘%lc ?gc(fmgt algl c Ct%rarlltl%r 2 a?r %\r)%CI I eonr% 1 (ra 1(1% cm)f C 1rub101n

ol yror g i, fRB Y Cine i Sl e, Moreiupiginfagniczhycin). S

qui nol i rorldatdhicth: ThiSedond @heBothdjappitid @plehtiande, FtakitckBaGaCser i zed by an
X-ray powder diffraction pattern conprising peaks at approximately 6.5, 9.9
and 12. derapplogtesglony SKaluf B Aaqtern, Ageapened of thﬁ@reéerpiﬁamﬂemnacm ly

3G cBL ARSI Sf S BB Ml R bAOTRETAL! ARy o
qui nol i redhyiyidfered-ia ]:bhlbmadoﬂw&hyadlammrmeﬂapyh Ae:ompoﬁndj bbHthe phmzntngvemﬁoh; oral
er tha 99% as ,det er m ned d containing |l ess than 1%

pur it y gr

(+)-tr ar?sp%@npgcegtl Wwp@t 1i’ ipfﬂd&l% gl%abfl? ymorph or S0 Vate thereof, may

qui nol i rbe]aﬂﬁ)mlﬂfefe%l% 'c81§{191]na§015/ th Rkl cﬂbﬁl@ﬂ%rap? cgfngﬁﬁtléﬁkds&‘h 25, but not

phar maceutical ly acceptable carrier; (b) form 1 pol ynor ph

(-) - t r arrsstBeted f6 (NI R yehctpphbbpimmids, meEIB)t@xelte endybifhiokdumacil) y@z)\F4 (1H

30  (cyclophosphamide, adriamycin and 5-fluorouracil), AC (adriamycin and cyclophosphamide),

FEC (5-fluorouracil, epirubicin, and cyclophosphamide), ACT or ATC (adriamycin,
cyclophosphamide, and paclitaxel), or CMFP (cyclophosphamide, methotrexate, 5-

fluorouracil and prednisone)

44



30i ndol1- 3-y1l) pyrrolidine-2,5-dione characterized by an X-ray powder
diffraction pattern conprising peaks at approximtely 8.2, 10.8 and 14.1

' 20 usi ngvOuroKa7v|adi ati on, and one or nore pharmaceuti calCirusSaciopteabl e
carriers or excipients; or (c) a form2 polynorph of (-)-

trans- 3- (5, 6-AlicbyipgsrdddfHtixy iy ettion] 8; 2pHarthacgutioslly deckptylly sdit, (ptddrugdol- 3-y1)
pyrrolidine-2,5- dione characterized by an X-ray powder diffraction pattern
conpr i sifAg? 5%§0§>fm0rvb012@>mt®ﬁm Pegy hfsm@}%i(g% &B&qbwmfépy 6.5, 9.9
and 12. %n'z%ge,%bﬁlgs Q‘écléﬁiof @lq{O%LHGQébto ﬁia,sg.']@ec%‘gtoggﬁ(?n -?erc%&ek'ihhs%glok the
acceptabl e carriers or excipients admnistered In conblnation wth

sor af i niibvenktion eey, faiavampleotirostmt Ispasas susgriectthroonipakinests. Kewse wdsbisors of
conbi_natjon of .Erlotinib, adm nistered as, 150 opce daj.ly,. in conbination
Wi t h5( } )tll? yRtion 18 15%151- m%}ea:ﬂlgal_s ﬁwlrcf%? 601?53 pg%y%gpt}c{és,- or anjtlllz)éldles-. -

Squi nol i n- 1- yedendhidrd ihrb IHO kindsdé Il bt drélhd8iRite ProdBONRizuatBI (Rirsker ed as
360 ng twice daily. I'n other enbodi nents, a subject or patient receives a

conbi nat Yo@aFbBIB&n2292 ddricete EGiRnind Eibd), & tuaymaGiobifvg/ (pRgdth Ertdyenous

i( [1; EJtS Ir gﬁgn% {el{b@%_e\%cgg%g% S %%g?ﬁﬁgl t%Flglfl% @afl)rlré}e)tis rﬁ?’éi)?aeﬁéiﬁig/lressa (targets

qui nol i fE(IiFB()lR-aﬂi’o(zlﬂrhdbr(d@éetﬁVEﬂFg, Rgaptahibdtanect?VEGHY Bigini U mice Sitated as

mouth twice a day or 1 by nouth 10 twice a day continuously.

360 b 0
R AR A AR AN R et B O S IR R ) LW e S
fini i B e v Sontithat i
sor af i ni g Rk 65645 (A0 TAEk WEGe Al hoPOERbNARS W)

qui nol i Vdndyfinib4tatdets REGOIEGFR)L E70%0 (rolilkigdicrterg2ts ifeladiog 8 Tadidi VIEGFRY,ed as

??)0_ waﬂrgmgigrétﬁgﬁ?é% |P?<§TS ]g%[e(@];ée,rtsﬂr_rﬁﬁ%ﬁs, Canert%nib/CI-. 1033 (targets EGFR),
qui nol i nsdnam%wtsgj: { M%nysa%l% géfgﬁge)Em Lo Fﬂﬂrgﬁ l\gatuﬁfngdbmﬁiiﬁgglrgp%g ts PBFRG €

not 15limte , a capsu and a tabl et armaceut 1 ca Itions

The 151 e S80B-56A\@rgctORGER 5 CdoH &4 (taiests pHaFRrack VEIGER!), RISGpUSi(tirgris VEGROT i si ng

L ot 1 ) A SR TR B ¥ Ry CRE9) Gares v W0 S8 4 £ a

purity qiRedSFLTRRMINNYbRGardat eLIBed J99 (tdl%’%&s BNE3 c -3 N{thGedsggT3H han 1%
(+)-trans- -35, 6-di h dro-4H—§ rrolo [3,2, 1-

qui nol i rA%05 39 (areetsI AR (IABMB AR Siprecst SRINGI:605- @irants SBRY GP-690 (targets
phar maceytyc rd&h; I r

DI TR S RO S8 RIS, GRS (s BukpaukohS] WIRERNAR,

qui 129l i redrafilihANex it faf@esIR BF kinas@WEGFR di, VEGER -d] YASFRIAIFDGER B,4dThy an
X-ray powder diffraction pattern conpris eaks at 25approxi mate 8.2

_ | ,

10, 8 and (113 andRE Ds Piisptiod RervE el ABSTY ORL 4@ rond Cor2(Hacts s hededts cal | v
: . e RErrd , ;

acoept ARy AR HERER AR HAHENC i B, ) b QA ROy TR PnGER,

qui nol i rend-cyki)); Beddbtiniab tadee8- RANKpy inhdbitsdB RE€), AMGHR O (argetidiBRI )eandzed by an

X-ray po iffraction pattern ri sing peaks at approximtely 6.5, 9.9
and 12. &%3&@?‘} 1P ta%&“rl&&*f@flﬁ@i@ﬁnd one or nore pharmaceutically

accept abl e 306518y S e/BXGh R Bes include, but are not limited to, Rapamune (targets
mTOR/FRAP1), Deforolimus (targets mTOR), Certican/Everolimus (targets mTOR/FRAP1),
AP23573 (targets mTOR/FRAP1), Eril/Fasudil hydrochloride (targets RHO), Flavopiridol
(targets CDK), Seliciclib/CY C202/Roscovitrine (targets CDK), SNS-032/BMS-387032
(targets CDK), Ruboxistaurin (targets PKC), Pkc412 (targets PKC), Bryostatin (targets PKC),

30  KAI-9803 (targets PKC), SF1126 (targets PI3K), VX-680 (targets Aurora kinase), Azd1152

(targets Aurora kinase), Arry-142886/AZD-6244 (targets MAP/MEK), SCIO-469 (targets
MAP/MEK), GW681323 (targets MAP/MEK), CC-401 (targets INK), CEP-1347 (targets
JNK), and PD 332991 (targets CDK).
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A "pharmaceutical conposition” is a formulation containing the conpounds of
the present invention in a formsuitable for admnistration to a subject.

I n one emvodnmTPi42t he phar maceuti cal conposition is i nPomUS2@0/061628iNi t
dosage form The unit dosage formis any of a variety of forns, including,
for exanpl e, Raefeapsvbm@binawriaMhbagicsandhade, Blit, aranst livgite! PGP (-Puraan-3-(HO-

2011/ 07 d%@)ﬂgCT/ US20 0/ 061625 aerosol i nhaler or 2)le| al.. The quantjity of

active i -2 L nalingt-yar-de-indel-¢iydanslidineohy ﬂ‘&PIEﬂVl%It
hydr at e1a&ﬁ’1‘a}/€l§ a%r9do}1§§ &a@ﬁmh HpLE A336nQf mﬁmaﬁw;ge s an
effective ano Is varied according to the parti ar treat

i nvol vedmi@rﬁe(Ss(k dihlyénb 4 H-pytreloai3t 2, Wifl] huiapbméqu)&#élﬂhadiolﬁt—yh) pysoindihe- ﬁeﬁ-
nece r routine variati ns t.0 th e depe age
P Soalor e R et i et T B S e eR T G e e
admi ni Stdil?&dr@-ﬂH—é&rﬂ 6'[?2,\1 zﬂf u’irﬂﬂ'ﬁneﬁ-yﬁ-r@(l?PﬁfdﬁﬁPJy@)tp%groh'dﬁfé@ﬂJdﬂﬁheor al,

puI nonary, recta parent era transSdermal, subcéutaneous, intravenous,

i nt r amusihatagterizéchioy @tpéirriav @neétr diffraetipmpaténra compiisiabcaks abtiptepisately 8.2,
e for for the

i ntrapl heca nt r.anasal ,, and the l.ike.

topt oal G arisEhERhATRE s e PR i oPe B BTG S5 et AREnt | on

i ncl ude PEVNEIEHSex CHRERY Dr (é)'a%f’fﬁ DisdlyRéph 6% gﬂ))-(f‘ﬁa% 5,0-8hi, @084 H-9HhSlo

sol utions, patches and inhalants. I'n one enbodi nent, the active conmpound i s

mi xd@ urldgsl-g1 ewinolén- ome-(1 idridokidt ) pyrmisdmm%,étdlomlﬂagﬂcm@ecbbﬁbm@ Lk ( er
and with an rvatjves, buffers .or propell ant t wre

oea et BEER SN Bl R oo iy DSBS % DY PR d A

conMpoundgy, rdR4REhinPbrie or%@@ﬁhﬁﬂa@&&waﬁ?ﬁéde@fa&le @mie!r%r sSQsAass,f or ns whl ch
are, within the scope of sound nedical judgnent, suitable for use in

cont act agitinisteted inicembastion withfateting, (a<- )atn@hsaﬁw(iq@idélqu hautyrokecEssi v

commens it }-Pi 8RRt HERBRTES 5rlndti Fly LR RSt ERMY ™ ' "

accapt abyjoe, exddt@nendd b}fYHBDS aaa cemainmgella@s thhlﬁﬂ % (S)Jﬂsz@fust(slmdla@drarmar Ing a
phar maceuti cal conposition is generally safe, non-toxic and neither

bi ol ogi darioo iFet. 1 vt HBmRiiad id}rék(éﬁrla Ig3 yla\mrrph@pelaeé-d&@@@pﬂ@nt that is

t t
2P o Gk RS L AREARAS S TR DR DRI GRS O
cl ai ns |py@ﬂo|1tdB$2 bof] kuimoén-dng)-Ai H-ih el rB-oh @ysulidine2(S-pioaaithar@bdized by an

pharmaceyt i cal orrp ition of the inventjon is fornmu) ated to be conpati bl e
with it graeéorwaﬁﬁamqugtsr%&neaks at@eamr@%te{yf 8.2:00t ndok4.1° gl

admppi st S?['Kl(l% 13?811 91'.35‘3 ﬁlr @Bte Igh% aceu’uggll(ryaa\égé%b(?[e cérﬂ&%%?%&ﬂﬁ"gnts

SUbCUt aneo t1on trans topi cal

t ransnuaege) a Merpcﬁymartthiﬁ (-)Salnst3- ((Srfsdthlydmuw@@ﬁbmr[s ABgliqiaolipargnd-eral
i ntradermal , or_subcut E\‘irileous application can include t EeFi | 1 owi n

conponerft §-indols}-uh ipyeobidingrent dighe hasactatrd O3 anPEFaY R actgogm
sol uti on,J X p%'a St a @Joééaml g%rs%gj G025 © ﬁ%ﬁgg&ﬁuIaaﬁﬂqu,%gggg%fogrOr

ot her syntheti ven acterl agents s benz

met hyl pﬁdsratpeaﬁnacamdaﬁy |ad@pta$>1es¢aﬁ:ﬂ1eraslr asisieds adamiderod usa;inMﬂatinnswﬂtﬁ ite;

chel ating agents such_as et §| enedi am net etraacetic_acid;  buffer such as
r

acet?at esZemeitabine.ad o) fhgepiar@d-diydrogdtnysolods. 2 nidl auiplay hyhr4-6¥1 oni ci ty
such as 306i39n p8rdide 205 dARX HEGRE a chlFEl Rt 8RR 1AHI98S fetermined by

HPLC and containing less than 1% (+)-trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-i/] quinolin-1-
yl)-4-(1H-indol-3-yl) pyrrolidine-2, 5-dione and a pharmaceutically acceptable carrier; (b) a
form 1 polymorph of (-)-trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-if] quinolin-1-yl)-4-(1H-

30 indol-3-yl) pyrrolidine-2,5-dione characterized by an X-ray powder diffraction pattern
comprising peaks at approximately 8.2, 10.8 and 14.1 °20 using Cu Ka radiation, and one or
more pharmaceutically acceptable carriers or excipients; or (c) a form 2 polymorph of (-)-
trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-if] quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-2,5-

dione characterized by an X-ray powder diffraction pattern comprising peaks at
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WO 2011/ 079142PCT/ US2010/ 061625 with aci ds or bases, such as hydrochloric
acid or sodium hydroxi de. The parenteral preparation can be enclosed in
anpoul es,woi2spagatake syringes or nmultiple dose vials nmaaeTafS2glhass2odr

pl astic. A conpound or pharmaceutical conposition of the invention can be
admi ni stpastith@ed G35.SUPhRC12.0 R20@iYg 0f Kdridivgibh dnamme ofeidieds currently
used for chenot herapeutl c treatnment. For example, for treatnent of cancers,
a conpouthdrmadcentieallypgeaptabbmcaragrs 96 ckeipisets admaniptered iy combimatiompith sorafipdet ed
into th | [ | ugh
the sii narea SRR S0 EPH AR RocBlysh PESRLRRRn Y Bl PR B RLTE

ef f ect i wg 150 egt ordidaldiitin ROMbB@AtIbh @Iﬁhz{é)-ttmsea@s@dih@amcﬁmmhb&) [Sixkijef f ect s.
The state of the di sease condit ancer, precancer, and the

li kep arfdigdhis-hxbidd Fomdphé- YBa{tYI@Hth@hgérCHmﬂf‘r é@@ﬂ%?rﬁd B3¢ BgdMcefidiyt or ed
during alﬂ%tﬁe‘?"e %o& ?fe’ﬁ%“é?ﬁtﬁed%%? h&?en@’ﬁéc@fve& 5 € B"%Qﬁon emchJB‘?net erm

"t her apeuti cal ctive anou as used hereln, fers to an ampunt of
a phar rraxdﬁumsteedd ‘t@g]é}@() ngint figetvenausehfusioa oeer mmpnmasmmte aneeklgl,emt i fi ed

di sease or .conditi or t Lbi t det ect hera jtory
ol foot . CPITRRPBCYITaRTHE- FEb MO BdosgHayroNs Coy T-48 SHeOHEd WA RAEng art
The pre lﬁlt?yrﬁ‘dlfd%%tl Vsedigh® Wakidiftered §l3@d) bynbt th(i@/R%thh RPN20 Wb@tﬁt' S

body vvelc}}g si ze and1 heal t kll ' trhe anat urﬁfe:gt % léxt ent ofalyt he cg%dl tion; and

t he 0hertapesut day contivemisiyn &t dnothes fmbhéineps atsubcisw|pat e dedepyes adombinstiont i on.

Th ti cal.l t f t t d
by out 1 Heoaupl b RTar e AT TR Py ey R Bl T MRS FBBamert o the
clini ci afhydro-481-pyrefie[3,ed-igspeddlin- 1-h9-4di19£a861- nyclﬁﬁ«mﬂltihﬁm Bltiendye treated

is cancer. In another aspect, the disease or condition to be treated is a

cel | pr GidpTigisigradyas 3&0@@%@@6 daily. Prefergd dosgeeciorpoinid-)-trans- 3 Rei-dibadior ik | y
effectiv [ St t t l: ays,
oo, of ARk TR T R GRS P phePhANED, SRR b o B3

r ablist s, limliegistp, ®tappulgsnd Theblani mal nodel may al so be used to det erm ne the
appropriate 25concentrati on range and route of adm nistration. Such
information can then be used to determ ne useful doses and routes for

adm ni stpiabh QRulidhl eMRRStiodEr @apeuti ¢/ prophyl actic efficacy and toxicity
may be determ ned by standard pharnmaceutical procedures in cell cultures or
experi nment al Eipredest 1nee1g1opBIIEQ)r()v1kies rlesmatcnecd pentpd o dhsycoafirsotgi (a)a( )-n 50%

ofthepoul D50 (t e leth % t on). The
dose rath {%gﬁ“@ ey dﬂ}?hg'ryiﬂ‘é‘]ﬁ?h %éfl}gé?g ; lf%g?Pﬁ‘g&é% {21 g
i ndew, afighd Kavidh QEraC ¥R $s@erakart 998, halétérmined by HPLC and containing less

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

pyrrolidine-2, 5-dione and a pharmaceutically acceptable carrier; (b) a form 1 polymorph of
(-)-trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-ij] quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-
2,5-dione characterized by an X-ray powder diffraction pattern comprising peaks at

25  approximately 8.2, 10.8 and 14.1 °20 using Cu Ka radiation, and one or more
pharmaceutically acceptable carriers or excipients; or (¢) a form 2 polymorph of (-)-trans-3-
(5,6-dihydro-4 H-pyrrolo [3,2,1-ij] quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-2,5-dione
characterized by an X-ray powder diffraction pattern comprising peaks at approximately 6.5,
9.9 and 12.0 °20 using Cu Ko radiation, and one or more pharmaceutically acceptable

30  carriers or excipients.

A “pharmaceutical composition” is a formulation containing the compounds of the

present invention in a form suitable for administration to a subject. In one embodiment, the
pharmaceutical composition is in bulk or in unit dosage form. The unit dosage form is any of

a variety of forms, including, for example, a capsule, an IV bag, a tablet, a single pump on an
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LD50/ ED50. Pharmaceutical conpositions that exhibit |arge therapeutic

i ndices are preferred. The dosage may vary within this range dependi ng upon
t he dosagwofzorm7enpl oyed, sensitivity of the patient, amdTtuseowoertses of

adm ni stration. WO 2011/ 079142PCT/ US2010/ 061625 Dosage and

adm ni stacaisbbinhaeeoradyinls tHE quantity@V acevesuflediehefte. | efoehslatbn bhhcact i ve
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account 9iffées§ éomﬁ@l@é%fé?]it’tfky%ﬁfte’tsﬂléfa@iOéé%%ﬁrélieé?@, et 495196 SPNACHHOR he
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ent rappl ng,” or 1 yop ZI Ny proces euti cal conpositi’on
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acceptabl e carriers conprising excipients and/or auxiliaries that
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used phga%%ﬁ%‘ﬂ&n'ts?aih'&ﬁe e%o&%? ghe 126 ¢ 2BRLOR ; hﬁx&%@# @ttehf%%h&moPs
e the ute of 4 on

15dependent upon ro m ni strat chosen. armaceuti ca

conposi twitng peariaabiteall paccepiabletcalrl ce, andevitnalyydescstagived, duffoe@o psopsbhnt | ons
or di speLsi ons and sterile powders for the extenporaneous preparation of
steril e N#j2EC4BYe sol uti ons or di spersion. For intravenous adnministration,

sui tabl e carri i : i< i : I (3] i I
& errophor ELTA | BAGECHEHE M BhaglEaiaRl hiRpuBRY ARG HRR CotBhflds,

(PBSY. Imatatidls,caspesitivhe cawieposid/ondpsagesforme whichraré,evitnu thetsoopedofizeufid ui d t o
the extent,.t hat, easy syringeability exists. |t nmu be stabl e under, the
condi 11 GReticH yeeitinh SuuTle B o tiolipet st Tie At Get hudta BB BphiTees ne
cont am NRkidlg caekdifhtoRfcity] ©H@a6H AN SIGrcSHsiRe, 3% obRE hRIVl@n 8PEbhmi@tion, The

carrier can be a solvent or dispersion nmedium containing, for exanple,
wat er, eORERIIsUragoV o b rqaserabéodeampfiériskgiafieer ol , propyl ene 25gl ycol , and

| i qui d pol yet . I he .l ike) ui.t.apl 1L Xt ures thereof
The proper flﬁwﬁ 506%%2&@%&0%%? %Eléuepﬁcelgl,e E %eaggg%%fééé lggtfﬁ%tﬁgeu%eg%l %f a coating
sucl20as gregirinBiaphabiadchicalbompeyitddiciBaol gti@allyesid, nod-tedt bhdChéthst ze in the
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agents, JoQhinGXANRIaE wel Ak 8REAS ph&HQ8RRUE &R0l A «RIEAN cuti@FEUPLRabie

excipient” as used in the specification and claims includes both one and more than one such
excipient.

25 A pharmaceutical composition of the invention is formulated to be compatible with its
intended route of administration. Examples of routes of administration include parenteral,
(e.g., intravenous, intradermal, subcutaneous), oral (e.g., inhalation), transdermal (topical),
and transmucosal administration. Solutions or suspensions used for parenteral, intradermal,
or subcutaneous application can include the following components: a sterile diluent such as

30  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
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30acid, thinmerosal, and the like. In many cases, it wll be preferable to

i nclude isotonic agents, for exanple, sugars, polyal cohols such as manitol,
sor bi t ol ,weandiiar79siedi um chl ori de in the conposition. Pr@eCongedoabses ption
of the injectable conpositions can be brought about by including in the
conposi twitinadds @dasds, wuhal hetéltoallsriahsidropsodiom Hydfox@d@ﬁ@ie@qar@lteiﬁrﬂ num
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&he
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20  to be treated is cancer. In another aspect, the disease or condition to be treated is a cell
proliferative disorder.

For any compound, the therapeutically effective amount can be estimated initially
either in cell culture assays, e.g., of neoplastic cells, or in animal models, usually rats, mice,
rabbits, dogs, or pigs. The animal model may also be used to determine the appropriate

25  concentration range and route of administration. Such information can then be used to
determine useful doses and routes for administration in humans. Therapeutic/prophylactic
efficacy and toxicity may be determined by standard pharmaceutical procedures in cell
cultures or experimental animals, e.g., EDsg (the dose therapeutically effective in 50% of the
population) and LDs (the dose lethal to 50% of the population). The dose ratio between

30  toxic and therapeutic effects is the therapeutic index, and it can be expressed as the ratio,
LDso/EDsy. Pharmaceutical compositions 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.
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For adm nistration by inhalation, the conpounds are delivered in the form
of an 25aerosol spray froma pressurized container or dispenser, which
cont ai ns woO=oitehi4se propellant, e.g., hydrofl uoroal kane®CT/US2010/061625

chl or of | uorocar bons, carbon di oxi de, or a nebuli zer. System ¢
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sprays ordzuiglposi tories., For trinsdernal adm ni stration, .the active
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gener al | ynkmgired daily & Y § o 4 WRs28kH QEIL42BRI NS4RS Q63828 pdiuenast | ve
conpounds can be prepared with ph_ar maceutical |y acceptable carriers that
Wil | prdtaéfclnfetahécgéwp%w eigh¢ narticulapiogmelatiginat i on from t he body, such as
a controlled 1cheel %seacf otricrglll at i folem I{Sncch{.égniinég itf\ngl ant s I{;Hﬁdof%ecrrosee%gapsul at ed
delivery systerrsp. Eflogggr adanP ey oc?orrpart1 Bite 68???1%@ can beUsed, such
as et hyligiativh Aly tRGeirAFRurd®a yaahydithdesgenelllydnyeal &.6., B¢httansott | agen,
pol yort hoesters, and polylactic acid or m xtures or copol yners of

pol Y8st ogveneppdaxingy fispeluingr srengating deageernfabingn loatgabng mulsiipeg.appar ent
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cormer of 1y Al Aprbbindic vl AR Bk R, PRk AR ek e R i may e o o
suspensifonsulétcd ¢l adomgntibnzd semes dsarggeiced nicve phdraatadicelky hsepiable canivoc| onal

antibodies to. viral . antigens) can also. be used as. 10 _pharmaceutically
accept alfCBIEigg caFigien reaﬁ?ls%e%%tpfa?@altea%fes?sasna@f I AeHY R EEPRHdRN t o

those skl Ilﬁgpa!reﬁio&l*s" Bhat bdn li)é e gﬁaﬁ%'ﬂPchutic%ﬁ%l.qg?HuirsQeﬁleiaBg%dgﬁate&@ﬁnulQ@on is

4,522,811. It is especially a nt ageous to fornufate or parenteral
congdési tdepaslentumoghgeutmif adionistritoon dmsen. of admi nistration and uniformty

of dosage. age unj.t form as used herei.n. refers to, physically discrete
ni ts o0t ed HHOTTAANAFY) B BgReRaalh Sratisr BLE oo ELR IS et ach uni «
cont ai NigBAItRNPHEASHRLIThINEM SO bbwNer®Forakd EMEMPOERIE Prepatativh AF §drile0
produce the desired therapeutic effect in association with the required

phar macduicrieble sehitioneer. digfeesiep eldorfinteachows ddorinishatiane seiggblaearticrs arobulcof t he
char act Py Spfal iR UG e AT bl PR Rbbef |
ef f et  thobharChirRy&alid® (PBS)Nah ap @ik GhaBithpéslidOomast teRerilosrugsuRfbet he
phar mac eflljlficli Sc:oatlhe %}?tgg‘? t?llatt elag); Syrlijnséggbiiigr exists. It must be stable under the conditions of
manufacture and storage and must be preserved against the contaminating action of
microorganisms such as bacteria and fungi. The carrier can be a solvent or dispersion
medium containing, for example, water, ethanol, polyol (for example, glycerol, propylene
25  glycol, and liquid polyethylene glycol, and the like), and suitable mixtures thereof. The
proper fluidity can be maintained, for example, by the use of a coating such as lecithin, by the
maintenance of the required particle size in the case of dispersion and by the use of
surfactants. Prevention of the action of microorganisms can be achieved by various
antibacterial and antifungal agents, for example, parabens, chlorobutanol, phenol, ascorbic
30 acid, thimerosal, and the like. In many cases, it will be preferable to include isotonic agents,
for example, sugars, polyalcohols such as manitol, sorbitol, and/or sodium chloride in the
composition. Prolonged absorption of the injectable compositions can be brought about by

including in the composition an agent which delays absorption, for example, aluminum

monostearate and gelatin.
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accordance with the invention vary depending on the agent, the age, weight,
and clinical condition of the recipient patient, and the experience and
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20  sodium carboxymethyl starch, alginic acid, Primogel, crospovidone, or corn starch; a

lubricant such as magnesium stearate, stearic acid, sodium stearyl fumarate, or Sterotes; a
glidant such as colloidal silicon dioxide; a sweetening agent such as sucrose or saccharin; or a
flavoring agent such as peppermint, methyl salicylate, or orange flavoring.

For administration by inhalation, the compounds are delivered in the form of an

25  aerosol spray from a pressurized container or dispenser, which contains a suitable propellant,
e.g., hydrofluoroalkanes, chlorofluorocarbons, carbon dioxide, or a nebulizer.

Systemic administration can also be by transmucosal or transdermal means. For
transmucosal or transdermal administration, penetrants appropriate to the barrier to be
permeated are used in the formulation. Such penetrants are generally known in the art, and

30 include, for example, for transmucosal administration, detergents, bile salts, and fusidic acid
derivatives. Transmucosal administration can be accomplished through the use of nasal
sprays or suppositories. For transdermal administration, the active compounds are

formulated into ointments, salves, gels, or creams as generally known in the art.
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15acid or base salts thereof Exanples of pharnmaceutically acceptable salts
include, but are not limted to, mneral or organic acid salts of basic
resi dues woehtizgam nes, al kali or organic salts of aci @#cg/usesioderss such as
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references to pharnmaceuti cal I% acceptabl e salts include solvent addition
fornms (90l thapeigyc efrareqtgrsstigs of e getiyopwmnesnphsd thgpaistlan dieranspias pifechto t he
sane salt.a J%e d:orrpounds of the present invention can al so be prepared as
Ccnicved. .

esters, tor exarnple, pharnmaceutically acceptable esters. For exanple, a
car poxyl i ¢ adhthdrapratit @pplPations, the ddsddes 60 iRl 2aitidae cerapoetidrBAisédini t S
corresponding ester, e.g., a nmethyl, ethyl or other ester. Al so, an al cohol
group i rRCEOTERMSAVIHYhE AvoBHOR BHY dep@yingrr the aggits tBs pahdyhghtedglinical g an

acet at e’coﬂaﬁghg?ﬁfeqreafiieﬁg ﬁh@irent? $hP e experience and judgment of the clinician or

practitioner administering the therapy, among other factors affecting the selected dosage.
Generally, the dose should be sufficient to result in slowing, and preferably regressing, the

25  growth of the tumors and also preferably causing complete regression of the cancer. Dosages
can range from about 0.01 mg/kg per day to about 5000 mg/kg per day. In preferred aspects,
dosages can range from about 1 mg/kg per day to about 1000 mg/kg per day. In an aspect,
the dose will be in the range of about 0.1 mg/day to about 50 g/day; about 0.1 mg/day to
about 25 g/day; about 0.1 mg/day to about 10 g/day; about 0.1 mg to about 3g/day; or about

30 0.1 mgto about 1 g/day, in single, divided, or continuous doses (which dose may be adjusted
for the patient’s weight in kg, body surface area in m%, and age in years). In preferred
applications, the dosage can be approximately 400 milligrams twice daily (b.i.d.). In specific
applications, the dosage is 360 milligrams (mg) twice daily (b.i.d.). More preferably, dosage

form is a capsule or tablet and is administered as two or three capsules or tablets with a
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The conpounds of the present invention can also be prepared as prodrugs,
for exanple, pharnaceutically acceptable prodrugs. The terns "pro-drug"” and
"prodrug"wenelilltouged i nterchangeably herein and refer ProTASgo1006BRRINd

whi ch rel eases an active parent drug in vivo. Since prodrugs are known to
enhance couibiricouivs ghesif3a0 nelllipuahs (rh@)s Tofis gdsagare@ut bdmainsstéred gvice dailyufoir i ty,
bi oavai | abi | ity, nanufactur % etc t he coggounds of th reseg%

i nvent i dhta %%e@é%rm IgFap dnhg pﬁaloerft?gﬁ%?rﬁpunr & phagpacpiticdepgent Bt i on i s
| nt ended,fien GOV flcs B 861cUGRIPldchi e ERGBLNa L hoRE b6 PR, ofBhb0dS of
del i vering t e sane a 3 0 conpositio containing the sane. "Prodrugs" are
i nt endedjuabfiehabsader.akgr erxamleemgrqssbo rod edumanmiaqraﬁemthnay lv@mems:damit]act ive

par ent dr of t he ent. i nvention in.vjvo,.when sy pr o
D A sBRES: 19 B SRTaEor ashgr RSt i R g O B Me. pr epar ed

by modi frgpeidl Rek064 isH QURicR8 $9 Milrd of heghdt e fichirsdmbnehasay t hat
the nodifications are cleaved, either in routine manipulation or in vivo,

to the pémead. é@m@@jmemﬂh@énrmg‘kiosam@lqﬁ@etl@nmdmﬁ@s f amént pf asagitve

i nvention wher m, NQ fh dr carboxy or carbonyl group
2 bonaea il gl diiveg B ea LG MOS8 Y orm ot e

hydroxyl, fremeifafacchti@e combdditiéisyan bk ﬁxﬁﬁl&amb@wnt@melf heek, 6aiRpeaKtr gr oup,
respecti velﬁl Exanpl es of prodrugs include, but are not limted to,
est dfs (tegggher vadeinsirectiogs Hrpdmastindiguet at es, hydr oxy, phosphates, sulfates
and benzoate r ﬁ‘{%%

N, N- di net hyl arlﬁ‘l{%ndoE:I@togonyc?ftﬁl@]?ir g&gr oxy dﬁ%g% ona ff&p%%rpfgfrnm tsaél}ss ?ll of

et hyl eshekdornmarphieb iconateinp Rl WlelﬁhehieSS)copé ofthe bxyibd inwatianonal gr oups

N-acyl derivatives (e.g.,. N-acet: N-I\/an i ch hases hi f.f bases and
enani nones of %H*ﬁeaé‘g P]ilaéﬂ‘éFe 6‘3;%%00%% lgsalts a’fﬁéfiéﬂ @“"ﬂ%‘t’eé thehd enol

esters éh&@ﬂ%ﬁtlé%ﬁ&ﬂe&r{ﬁé %M otdind W‘?nodlﬁedb makin
2011/ 07914 R el Bt conpounds of the 1Hvention, and the Ike, See
Bundégaaacdl orthase fédtsitlymeadt ERrmgles @6 phapinadditickll es@eptable SN@/\mMmdk b@xm@mt

(1985) The 9 ounds ha ceut.i.call accep table salts, .esters
orpr odr {Led el Ohpeeant el liS PG EHAYS sl Y FyMmeR ARURE oRginisy

pul monargyis bnbiliatdsenat boch 4 BEBBk V1Yo ackDhABY dlkk Y Thé phdthdad@giching oneal |y,
subcut aneously, intranuscularly, |ntravenously, rectally, intrapleurally,

i nt r at heasedntablepadts pagledst the apnventionnl some-taxid sadis e Hic quatsenay ppoREIN salts of

o O SR A Aty BRI e R ALl bl BERSM AR ARG c0eS,
CONMROUNctKamPles aidh%ﬁehﬂuanamrtdﬁa geltsintinde budsicaiby hﬂlﬁteﬂ as s defedduidri g
type, species, e, weig sex and nedi cal condition of the patlent t he
10sever i pgreaic @ﬁ OFEIAi amdé nelegied dropt Fasceryberols. dablrryetns srléniaerdis: t he
r enal a n h i r und or
sal t thggggﬁﬁ B&%g%gﬂﬁ%g% ngbﬁaﬁﬁﬁﬁ%gﬁi% éﬁﬁgﬁhggéggﬁgé%ﬂ@gpgﬁﬁﬁggian can
readily ukkémnemﬂﬁmndﬁpnmﬁnghhehqm@ﬁeﬁjmxmkwgm&mmunﬂy@ﬂwtggaﬂbmgmnémulred
to prev count.er. or arre%gw% %) 1) res condi t|on chni ques for

of Te
f or nul at eéwr%ﬁﬁllaamym@@% l%rgehygra a&i,rommﬁlﬁtc 15

| nvest h?ﬁdﬁcﬁ(’}n%tﬁcﬁé' riglctmenlBelrawtgwbm&h@ 1§ﬁyp§ﬂﬁnﬁnﬁlal%ﬁ@%dlﬁ%9ﬁd£har mecy,

methane sulfonic, napsylic, nitric, oxalic, pamoic, pantothenic, phenylacetic, phosphoric,

ic

polygalacturonic, propionic, salicyclic, stearic, subacetic, succinic, sulfamic, sulfanilic,
sulfuric, tannic, tartaric, toluene sulfonic, and the commonly occurring amine acids, e.g.,
glycine, alanine, phenylalanine, arginine, etc.

30 Other examples of pharmaceutically acceptable salts include hexanoic acid,
cyclopentane propionic acid, pyruvic acid, malonic acid, 3-(4-hydroxybenzoyl)benzoic acid,
cinnamic acid, 4-chlorobenzenesulfonic acid, 2-naphthalenesulfonic acid, 4-toluenesulfonic
acid, camphorsulfonic acid, 4-methylbicyclo-[2.2.2]-oct-2-ene-1-carboxylic acid, 3-

phenylpropionic acid, trimethylacetic acid, tertiary butylacetic acid, muconic acid, and the
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Mack Publishing Co., Easton, PA (1995). In an enbodi ment, the conpounds
descri bed herein, and the pharmaceutically acceptable salts thereof, are
used i n pNernHdsatsecal preparations in conbinati on w t hpaTaisaswmemses i cal |y
acceptable carrier or diluent. Suitable pharmaceutically acceptable
carri er dikendlhg ghecsciantensioh iatho fehtdrepssarsaldd fomdnd s/hamdn stidicipretoagusontin 20 or
organictﬁolutions. Th conpoundsﬁrﬁll be present i uch pharmaceuti cal

t

1 P ]
conposi ttNeRECHFORMeYRT sithes iy ieplagest DY st & St- 178 2Helimelal 188, ARGunt i n
the ran [ | B . i i: unl ess
othermﬁg%ﬂﬁﬁgﬁgggggPHg@ghgyhét%%ﬁ?&gﬁgk%ﬂ%%fﬁ%?négg%gﬁggéﬁﬂ%ﬁggégﬂ%ages of
t he pr esbethanotargint) tonthandamppatremtthimorn Naecthiyfglemente, enditipllds. The

rovided exanpl.es.jllustrate different co nents and neth | o useful in
D or ot ci na s bR e RS SR B Bt atnatte e o el me
inVentiQHduﬁﬁﬁﬂQn@Hd&H@nRﬁﬁ@%ﬂﬂwﬁé 6%&@%%?&%&§Q§h' bﬁMSﬁﬁkkﬁﬁ&i&ﬁ&ni&ﬁntify

and enpl oy ot her conponents and net hodol ogy useful for practicing the
present theiseng $abin. EXAMPLES 30 Exanple 1. The present exanple

describes th regarat

i f 3- - di. hydr o- | -]
o el et oo SRR Rl P S N BRARPad iy Fod bhmple, | g

102280- Sharthadedflc g )aclpeamoenists 4Fbiex26 TR chiboXAse fdfi@edod Grodp in a
appropriately cleaned and dry reactor vessel followed by nmeth tert-butyl

et el (WPBIEPU VDB YIULPCTAUSTOIGGSYERS ¢ 79Ky ol peptherasrimy bo
Pubi 1 cat 5 Ror3b0e Pin 9 PR B8 PERGE LT Ryarond L RTE, £BPw oot

m ni mumagttateQpropimbeorathet bsta’s C. A sol ution of oxalyl chloride (56.6 kg)

in MIBE (370 kg) was prepared in a separate vessel. The lilolidine solution
was then add etCGH%PHER%é)fIt PrepAng MIVEBUGL AN Ao PIEPAE %rw%%qj% mai nt ai n

the t e”&%ﬁﬁgg{ ?hQﬁa@éﬁt@gll}g,accIﬂ%bl%fp?&&hgsV‘ﬁﬁlertEﬁ%e%rWdﬁg’%ﬁgi“%lioﬂﬁ@’ » oMTBE (1162

kg) and add o the reaction m xture. The batch was irred at 715-32 C for
a mlai musedint¢ralmnigoahl y hgreingndtrefea fred nysiosnpoyndRbCh rvleses ehectnegrrénd drugas

determned.to be co IetﬁJ met h nolha 90 kg) was a qed nd the batch was
Sti 1 ed 17 615 SHETALTB 1 KB Wb 0 STl eGP SAUYAES 8Bt or m ned To be
conpl et gnadmdRlficald@NAl WhibSity! h1aRAbKilitM@fndfasturink edc b, ah S8R FBUNTRbEIY 80
gallons. It is not necessary to isolate the
present invention can be delivered in prodrug form. Thus, the present invention is intended
to cover prodrugs of the presently claimed compounds, methods of delivering the same and
20  compositions containing the same. “Prodrugs” are intended to include any covalently bonded
carriers that release an active parent drug of the present invention in vivo when such prodrug
is administered to a subject. Prodrugs in the present invention are prepared by modifying
functional groups present in the compound in such a way that the modifications are cleaved,
either in routine manipulation or in vivo, to the parent compound. Prodrugs include
25  compounds of the present invention wherein a hydroxyl, amino, sulfthydryl, carboxy or
carbonyl group is bonded to any group that, may be cleaved in vivo to form a free hydroxyl,
free amino, free sulfhydryl, free carboxy or free carbonyl group, respectively.
Examples of prodrugs include, but are not limited to, esters (e.g., acetate,
dialkylaminoacetates, hydroxy, phosphates, sulfates and benzoate derivatives) and
30  carbamates (e.g., N,N-dimethylaminocarbonyl) of hydroxyl functional groups, esters (e.g.,
ethyl esters, morpholinoethanol esters) of carboxyl functional groups, N-acyl derivatives
(e.g., N-acetyl) N-Mannich bases, Schiff bases and enaminones of amino functional groups,

oximes, acetals, ketals and enol esters of ketone and aldehyde functional groups in
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internediate 5, 6-dihydro-4Hpyrrolo [3,2,1-ij] quinolin-1-yl) oxoacetic
acid nethyl ester (Conpound 5 in Schene |). Tetrahydrofuran (THF) (840 kg)
was addedawoOaottmgotsat ch and the vol une was agai n r educedPCo/Usp@ooxiodnt el y 80
gallons by distillation. This solvent swap process was continued until the
amount  abonlbBidsufabeimtcntiont bed thatlikb, SeeBunatitgdayd, W] Dbdign 4 Ribdnew, yed83el was
char ged vi/lth i ndol e- 3- ac% m de [ CAS 879-37-8] (61.3 kg) (Conpound 5a in
Schene 15leseyianoney Yiovk-9 ?élﬁﬁkg) The resulting solution was then charged

to the batch gl &nfRlfidsS Hﬁéha]tr&%&euh@eﬁ ch’&%ﬁ?ﬁ% gél?s Y8 %Pg%ﬁﬁlsg@‘%ﬁer@&f dre- 25 C.

The vessel containing the utron o acetamd rinsed with
THF (1401dhgl)lste£ﬁdd)l‘alll‘be nasarhlszetrmdemdrlﬂgdpulmonm mhtlehonallyebenplly, suelssmbllyas

th h ed . tert-butoxid t 581
BRI R e R e e S LA S
resul ti ngtrsAkdallyaRd lﬁ@t%nt%ffdllryr @ﬁl oﬁ‘é crBodimeft, HRN cotpBuid MM Bhistehidegalnpur s

When the starting materi al been consuned as confirmed by HPLC "anal ysi s,
aqueous @mskql&dnn the @ wllk@):ogvage thd @drngages ateerain mutestofadmimisiratienper at ur e
was mai ntain | ow tirr t. ni mum
of 30 nut eol et eoREn LIEPRHE eiBudh Ny RE e inddor R i el by
HPLC analfyadtsrs it Ng §/paapedics) Mzb ek ghtl S a8 Inttidi AN criddtish of thepatRAd ek Wm | e
mai nt ai ni ng the reaction terTPerature bel ow 40 C, until the pH of the

mi xtllr e SRESity of the cppditienitnbe treod: dlen ontsrpfadmaningatione beapral eEi beRafic (462 kg)
d agit
e A L S S

organi c skﬂledtphgmcmm Badiisdriahlcen rd:adﬂﬁmateﬁnmaahdabgesmt& théeffectiot atdoantsdfar t i ng

vol ume. Et anol E@ﬁ 1120 k?%l was added, and the g lLati on was conti nued
to redudB® G TBHIESH 1O BIYRR naisﬁraszﬁm%mrygrﬂwfgtw ot hanol (2B, 1120

kg) was agai nrRfgedos t%P?orPnﬁlPatMH'aH&'ﬁdﬁlﬁgs‘f&ﬁgnBPth%%ﬁ’scﬁ%lflél9 odﬁﬁ% B the1400 kg)

was then added to the batch to induce precipitation o e pro duct. The
bat di vvasveanglpnaaretje foond an Remingum: ofe Soivnchoud Eracind of Rlearsoicy,d9 wditmn, sol at ed

by filtr 079142PCT/ US2010/ 061625 en taken
L T o e g G e L LS AT
purify tﬂweu@ra@dtﬂﬁé phaf@héQWtAg, Rfta1E 04ltsQherb b aRtalsedid Har@hcdugagt two
hours, the product was isolated by filtration. Follow ng conditioning on

t he fil trsenaraiimps oxeqralisation)yih g ghqrgrogutispllgaceptab-carriny @r dilugat pHritadle o [ 3

2,1-1j] élgﬁm&%utééaﬂlg]acc%%&b]e ca%%% i ac?%c%t 1§ert Xgi @P{é’rg Or Jil?ue%Ils a%d s%n?@ u%ous

(Conpour? as a Hi'S conversron of

ConRounchrériamiCRMRuEdThe tEMPHOIS W1lm b&pfh@éﬁi 11|1 lsuch phaM’&ceutlcal cornposmons in
2011/ 079142PCT/ US2010/ 061625 Exanp present_exanp

descr i bednQuRts syHEpent 40 poidsthe sieserﬁéﬁgsage @Bloenfdpﬁwaagm SﬁS}P?dollleéelm 2,1-0
qui nolin-1-ylyp 661(33‘[#5é€@q8& Tatiod Ju%ecpyerr&ﬁ,l RS terwRe ‘fjﬁ&&%d, are by weight.

Other features and advantages of the present invention are apparent from the different

examples. The provided examples illustrate different components and methodology useful in

25  practicing the present invention. The examples do not limit the claimed invention. Based on
the present disclosure the skilled artisan can identify and employ other components and

methodology useful for practicing the present invention.

EXAMPLES

30 Example 1.
The present example describes the preparation of 3-(5,6-dihydro-4 H-pyrrolo [3,2,1-if]
quinolin-1-yl)-4-(1H-indol-3-yl) pyrrole-2, 5-dione.
Lilolidine [CAS 102280-97-7] (70 kg) (Compound 4 in Scheme I) was charged to an
appropriately cleaned and dry reactor vessel followed by methyl fert-butyl ether (MTBE)

55



5Pal | adi um hydr oxi de (20wm % Pd on carbon, 11.5 kg) was charged to a
properly prepared reaction vessel. THF (340 kg) was added to produce a
slurry, awo2he@7emtal yst was prereduced with hydrogen (BROTAS2m9i08162Conpound
6 (115 kg) was charged to an enpty vessel followed by THF (353 kg). The
resul ti @75kt Uriblidas redyi bo @achustd Eomlinsadllytar preparesl a8 dogdrided in TS Parhut i on
of Conpound. 6 was then transferred to the sl urr of the c qﬁgr%%?A 10

sol ut | orme;ﬁ icatigmRehligationeiNe - HIPOMLAEY 1Ths Raylinerigtch was g i§E@® t o an
enpty r 0‘%?‘ T |t | so
transf e??{e‘lgq{ugﬁﬁh gPlr’ng%f’(? o:rllﬁlr:%h&t%ér Hﬂ é&ﬁggnkgg%am%% g% 1&?2@% h
THF ( 34Q)rk1g1)red Mheschatehvesms Thehlohdat edlutlon 445 Ben @ddetdterth&éxB80 ghiridef

hydr (gge SO 1%1011 ?&wﬁ;? rnt'eé\gg Ssartgwﬁq %?Ig)le?a%ﬁrﬁ 1%@1 C{E ‘?é mﬁf?e' getsgel%ass r{n%g(f'\ w1 fle 0)-

Cc

qui nol i rh‘dldrtﬁb%ﬁl Mﬂaﬁh bRUEland-adlidd RYhE BacHbMBridured ThbDafthANE stikedPOLYIgh 7 in
Schene I) When the reaction was determ ned to be conplete by HPLC

anal ysi sC fiohe njamam patvd hwr@p@@r tolanadugih brélAlie W(blelrl dreovectiohevasat al yst and

A (R e P e N I R e

r epeat etnirB @@OTewd ho®rs. W&n&h@wabﬁmﬁ@hmét@-ﬁnmotblaQam\pw&sﬁmm brine
20(580 kg) prior to being concentrated to approxi mately 300 gal |l ons by
di stl0l | aplypis. thpbaiak wes 65011k jo anpsoramaisty, 8herllonpeltbubtncopssaryita isplafedict o

| ddi
D e (BEBLUESS SRR ot P AGARLBIOATSR0at a5, AGRARHER i BICL M9
Hept aneq Coatjidtndd) inizhemt e T eard bhadto fuban Q‘EHE)G(SM kg) wist atdedto thé batek aml oduct .
Th d t 356dhd 4 0q | | -y1)-4- (1H
25 ndol ‘%1'%3 W%??g%t} Fednfie tg'ap ng%ﬁ'érwgézﬁr%ﬁ @‘S‘iﬂ#t’%‘h ﬁgﬂoﬁvréwa%%p)sm af ed
by filt rp?& LQ0wa0EL RN fihtANRdarhQuiftf ffMT?Bégaﬂes&Q it %é"@atéﬁ%ésr@l%%za negg%t purity

of -96% |s materla?da | so contained 1. OAc and Thi s
mat dbi alnewa@smdmfas chaded witb ugrold- &{aoctammey{CsA&V@ 3D§h(6lt3elsg)|(ﬂgnt[mubd Sef

(5. 6- i Mpoeb Db uREST S5 G Rl B R o loph S honb R e baen

pyrrol i ditagate suértﬂhﬁﬁ@te%e?dt@ﬂé'v@is%ﬁﬂaﬁﬁﬁ af P c@ndhe @8@kddn@iinily the
mul ticol utm chromat ography (MCC) or for direct use in crystallization of

t he di asobitien®éindelas a@etaragied@ese’mwbwth A HEtA&e), @ed ghd rifisq veay @d«ﬂqﬂ todbg ng

eXAMD! o5, V0 204 OTOLAZPC TN HSAOUABRERT, SATR) e spying g Lo

exanple escri aratlron o ro

[ 3, 201- OTIgEL SSQHnglaﬂld YEF-(35( kg I"ﬂh@@&l‘uﬁoij{ k)as BLSb fa@diécﬁbﬂﬁe Batclﬁ-addi ﬁft&eMﬁg It is
preferred to chem cally puri f%q npound 8 Er oduction of crystalline ()-
5t r ans- 30{utiog V%HSHVH?%@ DTG G rpgl@u@-(ﬁ ﬂaf@? o n Whep the startingmaiensd - 3- y1)

pyrroli 4jA%eén cotisumed as confirmed by HPLC analysis, aqueous HCI (conc., 273 kg) was added

at such a rate that the temperature was maintained below 50 °C. The batch was stirred at 40-
50 °C for a minimum of 30 minutes.

25 When the reaction had been determined to be complete by HPLC analysis, aqueous
ammonium hydroxide solution (conc.) was added, while maintaining the reaction temperature
below 40 °C, until the pH of the mixture was 9-10. Following the addition of ethyl acetate
(EtOACc) (462 kg) and agitation of the batch, the layers were separated. The organic layer
was washed with brine (182 kg NaCl and 1022 kg water). The resulting organic solution was

30  distilled to approximately one third of the starting volume. Ethanol (2B, 1120 kg) was added,
and the distillation was continued to reduce the batch volume to approximately 240 gallons.
Ethanol (2B, 1120 kg) was again added, and the volume reduced to 240 gallons. Water (1400
kg) was then added to the batch to induce precipitation of the product. The batch was

agitated for a minimum of two hours, and the solids were isolated by filtration. The solids
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di one DCM ( Conpound 8 DCM in Schene 1) prior to the process of enantioneric
resol ution by MCC In one exanple, the reaction vessel was charged
wi t h et nioab11(iz2e2kg) and Conpound 8 (52.5 kg) and t hePcediskatioogiens xt ur e
was heated to 55-65 C. DCM (557 kg) was 10 charged to a clean reactor. The
sol uti onvat tiearmplaung i8 didsorbimethahs ASHE (§4ckd)paridieptapactddl kepwemi aidag DCM

through an inline filter. The reactor _was rinsed with DCM (134 kg) which
was al sdoPrahsthe prasyct Hiodloymng seatagipn P%ﬁheiawi* E%f qtdepst oyo haysy, ébwrﬁguqt Res

reactio ] ; : i TN i rior
o the st fd B, R o g PR R e Prto MRt L RRRT R | Pe
for at l(@édsdihfdardfpursloddd,l-fbpqisanpl -t-4-0l fH-bel-B ) gyrtdle2exteme of
crystallization. W the filtrate concentration of Conpound 8 was Qhel ow 65
o HEDREEA GG Mt lued SR GT ot iy S atvaRr PEGORURIRI %Y case
one hourt Congpdimddiswaswh esciear!igd to 0-5 C and the product was isol ated
by filtration. The solids were conditioned on the filter and dried in a
vacuumtray drier at 45-55 C for at |east four hours. Conpound 8 DCM (48.3
kg, 92% HPLC 99.0% was isolated as a tan solid. 20 The conversi on of
Compound 6 to Conpound 8 DCM described in exanples 2 and 3 are shown in
Schene 111. WO 2011/ 079142PCT/ US2010/ 061625 Exanpl e 4. The
present exanpl e describes the chiral resolution of
()-trans-3-(5, 6-di hydro-4Hpyrrolo [3,2,1-U]
qui nolin-1-y1)-4-(1Hindol-3-yl) pyrrolidine-2, 5-dione DCM by MCC and
S5isolation of (-)-trans-3-(5,6-di hydro-4Hpyrrolo [3,2,1-0
quinolin-I-yl)-4-(1Hindol-3-yl) pyrrolidine-2, 5-dione. A feed
solution for nulticolum chromat ography (MCC) is prepared by dissolving
Conpound 8 DCM i n net hanol . The resulting DCM net hanol co-solvent is
distilled until the residual level of DCMin the feed solution reaches a
| evel acceptable for contact with the 10Chiral Stationary Phase (CSP),
i.e., <0.1%by weight. The batch is diluted in a m xture of
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met hanol / Acetonitrile (9:1) to a concentration of 50 ng/nL and introduced
to the chronmat ographic system Chiralpak AZ (CSP) can be utilized. The
raf fi nat ewoo0mmdt4er ed by chiral HPLC anal ysi s and chr omratrage@piose2s
paraneters are tuned to obtain >99% chiral purity of
(-)-trans-3-(5, 6-di hydro-4H-pyrrolo [3,2,1-U]
quinolin-1-y1)-4-(1Hindol-3-y1l) pyrrolidine- 152, 5-dione (Conpound 10 in
Schenme 1). Raffinate is pooled and concentrated batchw se as the separation
proceeds. The collected raffinate is taken to a | arger reactor and the
volume is reduced. Conpound 10 is then isolated by crystallization. Exanple
5. 20The present exanpl e describes batchw se generation of
(-)-trans-3-(5, 6-di hydro-4H pyrrolo [3,2,1-ij]
qui nolin-I-y1)-4-(1Hindol-3-yl) pyrrolidine-2, 5-dione fromthe undesired
enantiomer, (+)-trans-3-(5,6-di hydro-4Hpyrrolo [3,2,1-ij]
quinolin-1-yl1)-4-(1Hindol-3-yl) pyrrolidine-2, 5-dione. In sone instances,
for instance when resolution is achieved using MCC, it is desirable 25to
i solate and racem ze the undesired enanti omer,
(+)-trans-3-(5, 6-di hydro-4Hpyrrolo [3,2,1- U
qui nolin-1-y1)-4-(1Hindol-3-yl) pyrrolidine-2, 5-dione (Conpound 9 in
Scheme 1), in a batchwi se manner. In one exanple of the process to generate
crude Conpound 8 fromi sol ated Conmpound 9, the undesired enantionmer (6.46
kg) was charged to a 100-L reactor. Ethanol 30(60 L) was charged fol | owed
by the addition of solid NaOH (1.05kg, 1.5 equiv). The resulting slurry
was heated to 65 C for 13 hours andsthen allowed to cool to anbient
tenperature over 4 hours. The m xt i e was sanpl ed and anal yzed by chiral
HPLC show ng a 54/46 ratio O nant® oners. The chemical purity was
degerm ned to be 94. 6% (AUC) HPLL. The slurry was then polish filtered
t hgeough Celite, and the pgad
20F1/ 079142PCT/ US2010/ 0642625 €thanaf (13 L). The material that was renoved
wag a brown filmof solidg Wthe-Ro % arge chunks. The sol ution was then
regharged to the 100-L ré&actp n:? MHCL (13.1 L, 1.5 equiv) was added
ovér 35 mimutes—buring the Qgﬁ’ ian, a thin slurry formed. The m xture was
thgn stirrec at anbi gnt terrperaturech(after 5 hours a thick light orange
T
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5 obtained). Water (25 L) was then added over 45 mnutes, and the m xture
was stirred for 2 hours. An aliquot was renoved and filtered. The batch was
t hen heatwo 200/6014€ and stirred for 8 hours, and then alPCowsdomwoscwkdHw y
cool to inmprove the filtration properties of the solids. Crude Conpound 8
[5.12 kg, 75.7% (accounts for 4.5 W %ethanol)] was isolated wth chem cal
purity of 99.39% (AUC) by HPLC. In this case the purity was sufficient to
further E}@ﬂ%%ess thi s material by MCC. The purity can be enhanced, if

necessary, t i I

Compound 8 D?Jr\ﬂ%ﬂ% dé) %QJ%%E% mnm]ixf(n‘yilﬁmgrg 5? ?lﬁg&?e‘t% ng of
Conpound32,1-6] @ﬁﬁmﬁumq’lm-dm@mddbedylp pyrE)daimi 2, bdene. shown in Schene IV.
WO 2011/ 079142PCT/ US2010/ 061625 Exanp pr esent exarrpl e

descPi bes t hePellidium hydemdg(ZHr"nyd ep&%rtbeneldn%kg)cvv%%ﬂh@raeért%pmﬁr ¥nd
I sol at ' elc§ re)lctgorna{&se@"l(}ﬁ? @4@ l{&? Waf aé‘dé’dmf 'fd:&u Lgl’uﬁcylancf'&le catalyst'&)svas

qU|noI| I ndol-3 pyrr ol |d

al ter natprmedmaadwhtlrlatdrmmdﬁw b @si) b okipOund 6r(éstﬁ)lkgl wanchafgadhe agraptyi oner s,
Corrpound 10 Iso e achj eved by the preferential
Formatt oot el TP e Bb T o aRs RS oes gl Foe L SAHETE S r ude
Conpouncoét@d PR SMYES éff@oﬂngoﬁnd 6 WadRRndraaSfeRedid e s h%%ftﬁé)&w&&' A
[3,2,1 - quinolin-l-yl)-4-(1Hindol-3-y1) pyrrolidine-

5- dilfne.sphEoa®) potaysiumsettivepidsdt iord i Thikp o6 ke) was charged to an empty reactor

10. (1S, -(H) - S

o e o APt Lo P A T RER LR o Z SO B s B0 B e BBt bremistiureny s
di ssol veldllbWedbeimaddifiordaeritHSNIHFL34@kE). Fhevakch ds thbiohdat&idoG5agpbcst i rred
for approximately 30 m nutes past dissolution. Crude Conpound 8 [2.24 kg,

96. 4% (Am@yr ®y8¢psiQf hydrogsuli & sonos @dedssarCHBONafelthe intermeiajeofiy ragematsddd- 50 C

and t hen hfl t d t ad of I| | ution
i s added” €?§g§ 4;5 agﬁlﬁ OH ﬁ:gq l]i]éf fin1 +§’ @&@88@%&@? ?gglle Son over
20- 36 mdamda(sjoaﬁp@mmmmh@ne@ce the resul ti ng solution begins to
crystallize, shortly after conpletion of the Conpound 8 addition, the

mxture i s stVherthegpnctipn was dpiswnipcd bblp%cqrwlatﬁ@W&RL@ anhiyis the batch wan
S Lo RS, AUGERL OB A0 B R RTINS g,
st eel nuiggh@hé bigaric sahtion inwas edkhicetwituadquceds HEN (@B KHION. KIT1,290&g2vata)) . The
shurry | Shls process was repeated a second time. The organic solution was then washed with brine
20 (580 kg) prior to being concentrated to approximately 300 gallons by distillation. /PrOAc
(1690 kg) was added, and the batch was distilled to approximately 400 gallons. The
distillation process was repeated by adding iPrOAc (1000 kg) until the THF content was <2%
by weight in the solution. Heptanes (2000 kg) were then added to induce precipitation of the
product. The crude (+)-trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-ij] quinolin-1-yl)-4-(1H-
25  indol-3-yl) pyrrolidine-2, 5-dione (Compound 8 in Scheme I) was isolated by filtration and
conditioned to afford 111 kg (95%) having an HPLC purity of ~96%. This material also
contained 1.7% iPrOAc and 6.3% heptane. This material was confirmed through laboratory
scale “use” testing to be of sufficient purity to proceed with preparation of the (£)-trans-3-
(5,6-dihydro-4H-pyrrolo [3,2,1-ij] quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-2, 5-dione
30  dichloromethane (DCM) and resolution by multicolumn chromatography (MCC) or for direct

use in crystallization of the diastereomeric salt, as described in further detail in the following

examples.
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filtered, and the solids are slurried again with CH3CN (5 L, 2.3 vol).
After drying on the nutche filter for 1 hour a sanple is analyzed by HPLC
| f the sowodsiiomt4ai n a hi gher than desired anmount of treTArSAE9I061AS

di astereoneric salt, the solids can be re-slurried using 25CH3CN and dri ed
before repeaf¢ hg the anal ysis. The solids are then dried under hot N2 (51
C) overnight. Typically, analysis of the Co

10. (1S, 29) - ( SheguessaoRBmpd: 996 RN HRDAEHIOfE ( 4m'é5h%1e§ edlihydie-figpysrole 999,

(AUC) by, HPL . Using 1H NMR

anal ysi 35/[351 @@nﬂo@‘ ?g}ln)p?éllg l][Illlde"?téu ﬁ;%rﬁff{ﬁeggﬁgﬁﬁgg@% % CH3CN. 30The
Conpound 10. (k% g&ferfet)to Phanido@phadyiCEnpaind @Bﬁpﬁﬁu@t‘iﬁﬂ/@&ﬁﬂalhﬁe @gnpound

10 by treatnent with acid and crystallization from nethanol or ethanol. A

 epr 8seritanst 6. (Aot B-nysolsl b 4bwsnoterpdlfidl H-indol-3-y1) pyrrolidine-2, 5-

L S

m xt ur e gyoMOgach a final pH of 1.6. The resultlng solution with a slight
WO 2011/ 079142PCT/ US2010/ 061625 anouynt of solids is stirred for about one
hour to di ssdNWESERERls tPﬁEGaCﬁWéVWﬁéNﬁs@h%ﬂad Hithaptiaanoh(l@oked prd t hen

separ at %’omggﬁl@g gﬁ%%%j M%e fe%umg la?gt a%ttgg 3 2@’3 | d@}f?;éﬂé’gF ut [ sy

250 ) arate -B et hano |s a nis
t herl Ocornberged &t &dlcdiovaactoo PHOsaitticnal (émapymatis faas thdaTidRsicond enthe @ehcfbrwt 9% .

The sol uti on is ish filter.ed,., an SCo ound 10 dded
55 Lo DR Pt Eife g vsmeed SO @3 2kef iR Dor ng

t ake N pafiseioC@dnsirh @'hr@{i@{ hé %ﬂtef Rf thQ?éHER)‘r' @S‘nt&ﬁ%u{getﬁ@kél'cﬂ&l ikthiee THRt her

liquor. The resulting slurry is filtered, and the solids are washed with

2- B et hanth wastgrthted fattremgsinutsof0emiuics gribbto thb outoduétiaseofenmpound 8 vacuum

oven at t 60 'v ound 82. 7% .,99. 60% ( AUC) by
i G, 0 1868 eel ki, Pl R ited o el oot i g fed €7 2
di agtser Qﬁﬁﬁﬂa& tﬁ@éiteﬁt%f@fystauozau@ﬁ (eréa@hmﬂltﬁtet@n@maumf tonfjpuanisbess i n
Exanple 6 and the recyclin npound to Conmpound 8 described in

Exanpl e Blayy 65 g1eowh. hoptaoeh H@ k\g) were Eided\@l@ tetatrhorsabetd (32 195086 25

hour. The batch was then cooled to 0-5 °C, and the product was isolated by filtration. The

solids were conditioned on the filter and dried in a vacuum tray drier at 45-55 °C for at least

four hours. Compound 8 DCM (48.3 kg, 92%, HPLC 99.0%) was isolated as a tan solid.
20  The conversion of Compound 6 to Compound 8 DCM described in examples 2 and 3 are

shown in Scheme 111.
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Exanple 7. The present exanple describes chiral separation by dynamc
kinetic resolution (DKR). As an alternative to chiral resolution by MCC or
a traditiwoabiki7amei ¢ resol uti on by 5di astereoneri c sal PCTarsaEbioors2s a
dynam c kinetic resolution (DKR) of the enantioners Conpound 10 and
Compound 9 can al so be achieved by the preferential formation of a

di astereoneric salt of Conpound 10 with sinultaneous in situ racem zation
of Conpound 9. In this process, crude Conmpound 8 can be converted to
Compound 10. (1S, 2S)-(+)- 10 pseudoephedrine using the foll ow ng
representative procedure. Crude Conpound 8 (1.25 kg, 96% AUC, 9.1 wt %
sol vent content) and (1S, 25)-(+)-pseudoephedrine (559 g, 1.0 equiv) were
slurried in 2B- ethanol (11.25 L, 9 vol) and heated to 50 C for 3 hours.
The slurry was treagied with 21 wt % NaOEt in nethanol or ethanol (110 g,
0.1 equiv) and he to 59 §.®After 40 hours, the m xture was quenched by
adding 1 M HClo(§3 , 0.d @gmiv) in water 15 (786 nlL, -10% wat er

)ano oyer %@gutes. The m xture was stirred at 50 C for 1
hour, and theg alll owed to EoglSto anmbient tenperature over 0.5 hours. The
slurry was stihrgeAn_roomztgnPerature for another 3 hours, and then
filtered. The goFi§s merg omaghed with 10% water/2B- ethanol (3.75 L, 3 vol)
and dried in a va ov m(80 C, 2 trays) for 18 hours. The solids were
anal yzed and showegd_CoOnmpound 10. (1S, 2S)-(+)- 20 pseudoephedrine [1.22 Kg,
74% 99.3% (AUC) by HPLC, 99.2% (AUC) by chiral HPLC]. This process was
carried out on 20 k4 of Conpound 8 to afford Conpound 10. (1S, 2S)-(+)-
pseudoephedrine [1B]/9 kg, 70% % 98.8% (AUC) by HPLC, 99. 1% (AUC) by
chiral HPLC]. 2 The dynam c kinetic resolution of Conpound 8 to
Coppound 10 via ound 2%l10. (1S, 2S) - (+) - pseudoephedrine is shown in
Scheme VI. WD 208/079142RCT/ US2010/ 061625 WD

2051/ 079142PCT/ US£010/ 061625 Exanple 8.
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The present exanpl e describes chiral separation by dynam c kinetic
resolution (DKR). As an alternative to chiral resolution by MCC or a
traditi ormslD 2kimepise resol uti on by 5di astereoneric salt fPormstéloneleas dynam c
ki netic resolution (DKR) of the enantionmers Conpound 10 and Conpound 9 can
al so be achieved by the preferential formation of a diastereoneric salt of
Conmpound_ 10 with sinultaneous in situ racem zation of Conpound 9. In this
process,Ex@Mp-Conpound 8 (111.4 kg), Pd scavenger resin (PL-TMI-MP, 3.5 10

kg), and met hﬁ{%?d&s(eéts&%nt%e n%@Eﬁbe%Qﬂ@&i%aﬁre%oﬁ%ﬁ%kQﬁft{%%ﬁﬁgﬁgdﬁgﬁ Cfor

at least 16 hou pon etron o e reactio

filteredgyrols BMYE]ighmoRa 1sdpdgngendslesiyn pyirbidiaeal sddivaie el byl MEEdand t h
met hanol, (104 L). The conbined filtrate was distilled to -600 L.

(1S, 25) -ipal3tignfflosgHetit - prdiydio-A 7y roa B - bt guBrolipA ne)-th (1 igeingolatrelbd t o
the filt Sdintestgs ting solution was heated at 45 C for 3-4 hours.

Sol i ds re precipitated 15and anal yzed by HPLC to ensure the reacti on was
proceedi ngl y & é&edabiutien fék mualticéluom cbforsadgraphyn@d 60X isdecpancdiey diasvdiing21% wt

6.1 kg) s the d follo b .ha 11 L), and the resultin

i xtur e SO SN g PET H oS o b Ls SO e Ty SRS «t ur e
was analiyz gdidayl 1604 6 DXV 6o MRl f8dd Qutffn khdicE h YSbPAdchFablk 96): cobRRNWRRAR! et i on
of the crystallization, the reaction mxture was treated with HCl sol ution

( 3. 30k g)Chirl StationaityiPhescA@SPha . chas@ | YoTeweighiu| Thierlyptahi ix dinted was mivtoteeaf t o

ambi ent t erature.a aqitated for.a mni num.of ours, . The solids were
Fron s ahEMBRIAL LR AR AT S ifibebRiidt sl e Rt CalRieRa R, 0L oo vt on
of met hamedmasgrapet eystérdl Chiralpak AC. (CSP) @8PBE LAY JThe FATeinkte lid ®onEake byas

colorless (if significant color persisted in the solids, the washing was
r epeat edhiral HBhpvwaalypis apd plypmatoprphicopargactarsrase gmpep etiaig PPy dyiralipyidly at

55 C . i 3 A:n.th
noxt. St o Gl e A B2, £ AR A N 090 e
The 1pr esk stdiexai@ingp alasick( ineSshams DHurRaffinet ool qaxlepacatrated batchwise as

-)-t - 3-(5,6-di hydro-_ 304 3,2,1-0 .
((]ui) nol i ribs se;p(fsaﬂ&n @'iqq-ye?#?g Jil@pﬁ%eey%{f%fﬂt?[ ditphenzo adargergigector and the volugidhd

10. (1S, = () ﬁgﬁ i sol uti on of aqueous HCl
(1M 250 %C%d'anog tﬁgﬁrgﬁggﬂfggw&%?@%g rr%lgzggo,@and the resulting slurry was

heated to 50 C and stirred for at |least 2 hours. Upon conpletion of the
reactiorlz( th? ilurry was cooled to anbient tenperature and stirred for a
m ni num yur. The solids were isolated by WO

2011079142 P20 @escribes batchwise generation 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 the undesired
enantiomer, (+)-trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-if] quinolin-1-yl)-4-(1 H-indol-3-yl)
pyrrolidine-2, 5-dione.

In some instances, for instance when resolution is achieved using MCC, it is desirable
25  to isolate and racemize the undesired enantiomer, (+)-trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-
if] quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-2, 5-dione (Compound 9 in Scheme I), in a
batchwise manner.
In one example of the process to generate crude Compound 8 from isolated
Compound 9, the undesired enantiomer (6.46 kg) was charged to a 100-L reactor. Ethanol
30 (60 L) was charged followed by the addition of solid NaOH (1.05 kg, 1.5 equiv). The
resulting slurry was heated to 65 °C for 13 hours and then allowed to cool to ambient
temperature over 4 hours. The mixture was sampled and analyzed by chiral HPLC showing a
54/46 ratio of enantiomers. The chemical purity was determined to be 94.6% (AUC) by
HPLC. The slurry was then polish filtered through Celite, and the pad was rinsed with
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filtration, washed with a 50% sol uti on of aqueous nethanol (200 L), and
dried under vacuumat 65 C for at |east 6 hours. The crude Conpound 10 was
di ssol vedwOreofii91496 kg) by heating the m xture to 50 CPCThiS2010861625 ng
solution was polish filtered, followed by the addition of nethanol (200
kg) . Thectismblt(i3h). vitise hberialchacesticabed] wacobloop ftlal dfsodidgwith no large

at nospherically by distillation to reduce the THF cgﬁtent. Once the vol une

of the SHFEES dmewalitioas deenirgeiagedito thiegHiOr b senstor 3ad RAMSICL(2Hd L) -was
added, : ' : ted i r.9c

Fepoat o anr 1 RSAFEF T8 hERp 1065 ORARRES B Y R BCT TR TS ).
Duri ng twwes thetdstirredrat efnbroet fearpetaturo f&ftarrS hvorsen trokdight sraofe Sompowasd 10 (300
g) re also jntrod in aorder, to facilitate crystallization. e

&) yeSar St WAGHES Ty Seaei Soras miaSkea iR TiE Pt L B b
aqueous HyataPhliqual dadFdnflcH RAE Filt¥RE UURE BhtcB X aStHcAmedled kEBGtC ddd SIS -
Crude Conpound 10 (60.6 kg) was isolated as a red-brown solid. Exanple 10.
The pr edlend hewanpiddheresltoadds slovdy oealyo rmepreve thedilispteqraprepEoenefithp etlydsor ph
of (-)- A5trans-3-(5,6-dihydro-4 rrol 2ok 7l . .

qui ol 1 (CEE 9 TptubR st doe 7 TR TR iy 4315 % itaply s isolated igh .
Conpounchdfisdpuritly P80 8dYARAWESEY HREC. imthixanPpihe plrityThgs sufficlent@@mieiend 10
was di ssolved in THF (96 k by heating the m xture to 50 C. The resulting
sol U0i orProgess ey matsripl iyt The prritigss bsyenhaecgdinedesanothmpghaortieno0 kg)
and For el OfcgpConpound 10 as seeds to inpart polynorphic control of the
crystall1zation process. Seeds to inpart pol ynorphic control were taken

f rom r epr eseritetdhwel fesdloti@sofi Gompoaind 8 MEC Nicth &F o rapad i mah1 ddsari biaid n dxafiptared
that the crystalline eri al s of the sjre ol ynorphic form The

sol ut i or 4kt Frspel ma?w“gﬁ%@f’mapegqu U ﬁﬁ@ﬁﬁ@éi Eaphymip
distill ajdeRetr@ reduce the THF content. Once the volune of the solution was
reduced to 250 L, additional nethanol 25(200 L) was added, and the
concentration process was repeated. This process was repeated until the THF
content was reduced to less than 5 % (vol./vol.). The tenperature of the
solution was then reduced to 50 C and stirred for at |east 4 hours.
Aliquots were renoved to confirmformation of the desired pol ynorph. If
requi red, the pol ynorph can be redi ssolved in THF (30% of batch vol une),
polish filtered, concentrated and seeded to obtain the desired 30

pol ynor ph. When the desired pol ynorph was obtai ned, a solution of 50 %
aqueous net hanol was added at 50 C, and the solution was agitated for an
addi tional 2-3 hours. The solution was then cooled to anbient tenperature
and held for at least 2 hours to allow crystallization. Upon conpletion,
the crystals were isolated by filtration, washed with additional 50 % WO
2011/ 079142PCT/ US2010/ 061625 aqueous net hanol, and dried under vacuum at 65
C for at least 12 hours. Pol ynorphic Form 1 of Conpound 10 (60.6 kg) was

i solated as a red-brown solid.
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Form 2 pol ynorph of (-)-trans-3-(5, 6-di hydro-4H pyrrolo [3,2,1-0

qui nolin-1-y1)-4- (1H i ndol-3-yl) pyrrolidine-2, 5-dione can also be
pr epar ed wot2h1ttdier4above nmethod if the 5Form 1 seed crystwalr/tussowspicated by
the Form 2 seed crystal. Exanple 11. Exanpl e 11 descri bes a net hod

to generate XRPD diffractograns of pol ynorphs of (-
)-trans-3-(5, 6-di hydro-4Hpyrrolo [3,2,1-0 quinolin-I-yl)-4-(1H i ndol-3-yl)
pyrrolidine-2, 105-dione X-Ray Powder Diffraction patterns were collected
on a Sienens D5000 diffractonmeter using Cu Ka radiation (40kV, 40my), O0-0
goni oneter, divergence of V20 and receiving slits, a graphite secondary
nonochromator and a scintillation counter. The instrunment performance is
checked using a certified Corundum standard (NI ST 1976). The 15 software
used for data collection was Diffrac Plus XRD Commander v2.3.1 and the data
wer e anal yzed and presented using Diffrac Plus EVA v 11,0.0.2 or v
13.0.0.2. Powder sanples were prepared as flat plate specinens.
Approxi mately 35 ng of the sanple was gently packed into a cavity cut into
pol i shed, zero-background (510) silicon wafer. The sanple was rotated in
its own plane during analysis. The details of the data 20col | ection are:
Angul ar range: 2 to 42 020 Step size: 0.05 020 Collection tinme: 4 s/step.
25 Exanple 12. Exanpl e 12 describes a nethod to generate XRPD
di ffractograns of polynorphs of (- )-trans-3-(5, 6-di hydro-4H pyrrolo
[3,2,1-0 quinolin-1l-yl)-4-(1Hindol-3-yl) pyrrolidine-2, 5-dione Hi gh
resol ution X-Ray Powder Diffraction patterns were collected on a Bruker D8
30 diffractoneter using% Ka radiation (40 kV, 40 nd), 0-20 gonioneter,
and a divergence of V4 andlregeiving slits, a Ge-nonochromator and a
Lynxeye detector. The i@strurgent performance is checked using a certified
CoEundum st andard (N SF-1 m%ﬁi The software used for data collection was
Diffrac Plus XRD Commander=z¥2:5.0 and the data were anal yzed and presented
usgng Diffrac Plus EVA v 140370.2 or v 13.0.0. 2.
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WO 2011/ 079142PCT/ US2010/ 061625 Sanpl es were run under anbi ent
conditions as flat plate specinens using powder as received. Approxinmately
100 ng ofwoheligaspke was gently packed into a circul ar eaviusgoloOsie2ht 0

pol i shed, zero-background (510) silicon wafer. The sanple was rotated in
its own plane during analysis. The details of the data collection for the
generic groc?dure are: 5Angul ar range: 2 to 42 020 Step size: 0.05 020

Col | ecti 5 s.step-1 Exanple 13. 10Exanpl e 13 descri bes XRPD

patternsfro r, r&ol . 2.1-0
qui nolin-1I - nfgﬂ%% %lsl%ilii{ ?%333 J%& ?és tﬁ?é:lgfﬂ ée??\gﬁlgh 'B)é/qgﬁg E)Gﬁéegﬂi&% SﬁR_F@\B’[?},%Og

non- soI mtiesj)lq:tmlnwﬁlj{)ﬁhmseﬁf (56 ﬁﬁnydan‘ﬂsHayy(lﬁlﬁ[Sdl hyidlqoindkhyyl -4 bHFiBdE;3E- O
quin i n-1- ;%5# .Nndol-3-yl) pyrrolidine-2, 5-dione: Form1l and Form 2
(See F.Yém ‘a 135‘6 15Form 1 shows a XRPD pattern conprising 20

val ues in deg&@ﬁﬁalﬁéﬁm&vg to dflra3 r&PRitibA bF MCELL resblubbh 8f thé candiohahs.e 1)
Form 2 shows a XRPD patter conprising 20 values in degrees of 6.5, 9.9 and

12.0. ( Seempeunglt@anBCamporndYecan)alspals @hmv%b]mﬂm geferengalgfomationTaftaal
diastereomeric salt of Compound 10.
In one example, crude Compound 8 can be converted to (-)-trans-3-(5,6-dihydro-4 H-

10 pyrrolo [3,2,1-if] quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-2, 5-dione-(15,25)-(+)-
pseudoephedrine (Compound 10-(15,28)-(+)-pseudoephedrine in Scheme I) using the
following representative procedure. (1S,25)-(+)-pseudoephedrine (601 g, 0.6 equiv) is
dissolved in acetonitrile (CH3CN) (11.2 L, 5 vol) at about 50 °C and stirred for approximately
30 minutes past dissolution. Crude Compound 8 [2.24 kg, 96.4% (AUC) by HPLC] is

15  dissolved in CH3CN (11.2 L, 5 vol) at about 50 °C and then polish filtered through a pad of
Celite. The Compound 8 solution is added via a drop tank to the (15,25)-(+)-
pseudoephedrine solution over 20-30 minutes at about 50 °C. Once the resulting solution
begins to crystallize, shortly after completion of the Compound 8 addition, the mixture is
stirred until it slowly cools to ambient temperature, then stirring is continued overnight (about

20 11 htotal of cooling and stirring). The beige granular solids are filtered through an 18”
stainless steel nutche filter and rinsed/re-slurried using CH3CN (7 L, 3.2 vol). The slurry is
filtered, and the solids are slurried again with CH3CN (5 L, 2.3 vol). After drying on the
nutche filter for 1 hour a sample is analyzed by HPLC. If the solids contain a higher than
desired amount of the undesired diastereomeric salt, the solids can be re-slurried using

25  CH3CN and dried before repeating the analysis. The solids are then dried under hot N, (51
°C) overnight. Typically, analysis of the Compound 10-(15,25)-(+)-pseudoephedrine
shows an overall chemical purity of > 99% (AUC) by HPLC and a chiral purity of > 99%
Compound 10. Using 'H NMR analysis, a typical sample is estimated to contain < 0.5 wt %
CH:CN.

30 The Compound 10-(15,28)-(+)-pseudoephedrine can then be converted to
Compound 10 by treatment with acid and crystallization from methanol or ethanol. A
representative procedure is as follows: Compound 10-(15,2S)-(+)-pseudoephedrine (50 g)
is slurried in Methyltetrahydrofuran (MeTHF) (500 mL) and water (250 mL). 1 M HCI (110
mL) is added to the mixture to reach a final pH of 1.6. The resulting solution with a slight
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amount of solids is stirred for about one hour to dissolve the solids. The organic and aqueous
layers are then separated. The organic layer is washed with a water/brine solution (1:1, 250
mL), separated, and 2-B ethanol (1000 mL) is added. The solution is then concentrated down
to 200 mL and analyzed for MeTHF content (4.8 wt %). The solution is polish filtered, and

5  Compound 10 seeds (0.2 g) are added (T = 25 °C). The mixture is stirred for about three
days with samples being taken periodically and analyzed for Compound 10 remaining in the
mother liquor. The resulting slurry is filtered, and the solids are washed with 2-B ethanol
(70 mL). The solids are dried for about three hours in a vacuum oven at about 60 °C to give
Compound 10 [28.84 g, 82.7%, 99.60% (AUC) by HPLC, 0.54 wt % ethanol, 0.08 wt %

10 MeTHF] as a beige solid.
The diasteromeric salt resolution of Compound 8 to Compound 10 described in

Example 6 and the recycling of Compound 9 to Compound 8 described in Example 5 are

shown in Scheme V.
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Example 7.
The present example describes chiral separation by dynamic kinetic resolution
(DKR).

As an alternative to chiral resolution by MCC or a traditional kinetic resolution by
5  diastereomeric salt formation, a dynamic kinetic resolution (DKR) of the enantiomers
Compound 10 and Compound 9 can also be achieved by the preferential formation of a
diastercomeric salt of Compound 10 with simultaneous in sifu racemization of Compound
9.
In this process, crude Compound 8 can be converted to Compound 10-(15,28)-(+)-

10  pseudoephedrine using the following representative procedure. Crude Compound 8 (1.25
kg, 96% AUC, 9.1 wt % solvent content) and (18,25)-(+)-pseudoephedrine (559 g, 1.0 equiv)
were slurried in 2B- ethanol (11.25 L, 9 vol) and heated to 50 °C for 3 hours. The slurry was
treated with 21 wt % NaOEt in methanol or ethanol (110 g, 0.1 equiv) and heated to 50 °C.
After 40 hours, the mixture was quenched by adding 1 M HCI1 (338 mL, 0.1 equiv) in water

15 (786 mL, ~10% water relative to ethanol) over 5 minutes. The mixture was stirred at 50 °C
for 1 hour, and then allowed to cool to ambient temperature over 0.5 hours. The slurry was
stirred at room temperature for another 3 hours, and then filtered. The solids were washed
with 10% water/2B- ethanol (3.75 L, 3 vol) and dried in a vacuum oven (50 °C, 2 trays) for
18 hours. The solids were analyzed and showed Compound 10-(15,25)-(+)-

20  pseudoephedrine [1.22 Kg, 74%, 99.3% (AUC) by HPLC, 99.2% (AUC) by chiral HPLC].
This process was carried out on 20 kg of Compound 8 to afford Compound 10-(18,28)-(+)-
pseudoephedrine [18.9 kg, 70%, %, 98.8% (AUC) by HPLC, 99.1% (AUC) by chiral
HPLC].

The dynamic kinetic resolution of Compound 8 to Compound 10 via Compound

25 10-(15.,28)-(+)-pseudoephedrine is shown in Scheme VI.
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Example 8.

The present example describes chiral separation by dynamic kinetic resolution
(DKR).

As an alternative to chiral resolution by MCC or a traditional kinetic resolution by
diastereomeric salt formation, a dynamic kinetic resolution (DKR) of the enantiomers
Compound 10 and Compound 9 can also be achieved by the preferential formation of a
diastercomeric salt of Compound 10 with simultaneous in sifu racemization of Compound
9.

In this process, crude Compound 8 (111.4 kg), Pd scavenger resin (PL-TMT-MP, 3.5
kg), and methanol (1507 L) were added to a container and heated to 45 °C for at least 16
hours. Upon completion of the reaction, the mixture was filtered to remove the Pd scavenger
resin. The container was rinsed with methanol (104 L). The combined filtrate was distilled
to ~600 L. (15,25)-(+)-pseudoephedrine (51.4 kg) and methanol (416 L) were added to the
filtrate. The resulting solution was heated at 45 °C for 3-4 hours. Solids were precipitated
and analyzed by HPLC to ensure the reaction was proceedingly selective. A solution of
sodium methoxide in methanol (21% wt, 6.1 kg) was then added followed by methanol (11
L), and the resulting mixture was heated at 45 °C for an additional 18 hours. The reaction
mixture was analyzed by HPLC for completion of the crystallization. Upon completion of
the crystallization, the reaction mixture was treated with HCI solution (3.5 kg) to neutralize
the base. The resulting mixture was cooled to ambient temperature and agitated for a
minimum of 3 hours. The solids were then isolated by filtration, and the filter cake was
washed with a solution of methanol and water (411 L to 46 L, respectively). The filter cake
was colorless (if significant color persisted in the solids, the washing was repeated to remove
the color). The solids were dried in a filter dryer at 55 °C under vacuum for a minimum of §
hours and released for use in the next step as Compound 10-(15,2S5)-(+)-pseudoephedrine
(101 kg).

Example 9.
The present example describes a slurry method to prepare (-)-trans-3-(5,6-dihydro-

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

Compound 10-(15,2S)-(+)-pseudoephedrine (100.7 kg) and a solution of aqueous
HCI (1M, 250 kg) and methanol (240 kg) were mixed, and the resulting slurry was heated to
50 °C and stirred for at least 2 hours. Upon completion of the reaction, the slurry was cooled

to ambient temperature and stirred for a minimum of 1 hour. The solids were isolated by
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filtration, washed with a 50% solution of aqueous methanol (200 L), and dried under vacuum
at 65 °C for at least 6 hours. The crude Compound 10 was dissolved in THF (96 kg) by
heating the mixture to 50 °C. The resulting solution was polish filtered, followed by the
addition of methanol (200 kg). The solution was then concentrated azeotropically and
5  atmospherically by distillation to reduce the THF content. Once the volume of the solution

was reduced to 250 L, additional methanol (200 L) was added, and the concentration process
was repeated. This process was repeated until the THF content was reduced to less than 5 %
(vol./vol.). During the addition of methanol, one or more crystals of Compound 10 (300 g)
were also introduced in order to facilitate crystallization. The crystals were isolated by

10 filtration, washed with additional 50 % aqueous methanol, and dried under vacuum at 65 °C

for at least 12 hours. Crude Compound 10 (60.6 kg) was isolated as a red-brown solid.

Example 10.
The present example describes a slurry method to prepare Form 1 polymorph of (-)-

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

dione.
Crude Compound 10 was prepared as described in Example 9. The crude

Compound 10 was dissolved in THF (96 kg) by heating the mixture to 50 °C. The resulting
solution was polish filtered, followed by the addition of methanol (200 kg) and Form 1 of

20  Compound 10 as seeds to impart polymorphic control of the crystallization process. Seeds to
impart polymorphic control were taken from representative batches in which characterization
data had confirmed that the crystalline material was of the desired polymorphic form. The
solution was then concentrated azeotropically and atmospherically by distillation to reduce
the THF content. Once the volume of the solution was reduced to 250 L, additional methanol

25 (200 L) was added, and the concentration process was repeated. This process was repeated
until the THF content was reduced to less than 5 % (vol./vol.). The temperature of the
solution was then reduced to 50 °C and stirred for at least 4 hours. Aliquots were removed to
confirm formation of the desired polymorph. If required, the polymorph can be redissolved
in THF (30% of batch volume), polish filtered, concentrated and seeded to obtain the desired

30  polymorph. When the desired polymorph was obtained, a solution of 50 % aqueous methanol
was added at 50 °C, and the solution was agitated for an additional 2-3 hours. The solution
was then cooled to ambient temperature and held for at least 2 hours to allow crystallization.

Upon completion, the crystals were isolated by filtration, washed with additional 50 %
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sample was gently packed into a cavity cut into polished, zero-background (510) silicon

wafer. The sample was rotated in its own plane during analysis. The details of the data
20 collection are:
Angular range: 2 to 42 °20
Step size: 0.05 °20

Collection time: 4 s/step.

25  Example 12.
Example 12 describes a method to generate XRPD diffractograms of polymorphs of (-

)-trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-ij] quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-2,
5-dione
High resolution X-Ray Powder Diffraction patterns were collected on a Bruker D8
30  diffractometer using Cu Ko radiation (40 kV, 40 mA), 6-20 goniometer, and a divergence of
V4 and receiving slits, a Ge-monochromator and a Lynxeye detector. The instrument
performance is checked using a certified Corundum standard (NIST 1976). The software
used for data collection was Diffrac Plus XRD Commander v2.5.0 and the data were

analyzed and presented using Diffrac Plus EVA v 11,0.0.2 or v 13.0.0.2.
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20
Example 14.

Form 1 is more thermodynamically stable than Form 2 as determined in
interconversion experiments. Form 1 is orthorhombic and contains four molecules of (-)-
trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-if] quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-2, 5-

25  dione per cell. Form 1 has a melting point of ~218 °C recorded in DSC (See, Figure 16).

Form 2 is comprised of birefringent rod-like crystals. No discernable change in

crystalline form or purity was observed upon storage of multiple batches of Form 2 at 40 °C/
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The IR spectrum of Form 1 displayed an intense vibration centered at ~3300 cm™ that
20  was not observed in Form 2 (Figure 15, Panel A), whereas the IR spectrum of Form 2 showed
a relatively intense peak centered at ~800 cm™ which was not observed in Form 1 (Figure 15,
Panel B).
Form 1 and Form 2 have different equilibrium solubilities: Form 2 = 0.61 mg/mL and
Form 1 =0.51 mg/mL. Figure 17, Panel A shows the solubility of Forms 1 and 2 in methanol
25  from 0 - 70 °C. Figure 17, Panel B shows the intrinsic solubility of Forms 1 and 2 in 50 mM
pH 6.8 phosphate buffer/1% SLS.

Example 16.
Exponentially growing MDA-MB-231 cells or MIA PaCa-2 (also known as PACA-2)

30 cells were seeded at 1,000 cells per well in six-well plates and allowed to attach for 24 hours.
MDA-MB-231 and MIA PaCa-2 cells were cultured in DMEM supplemented with 10% (v/v)
fetal bovine serum (FBS) and 5 ml Penicillin/Streptomycin at 37 °C in 5% CO,. MDA-MB-
231 and MIA PaCa-2 were established in estrogen receptor-negative human breast cancer and

pancreatic carcinoma cell lines, respectively. (+)-cis-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-if]

74



VDA- MB- 231 cells were serumdeprived overnight (16 hours) in the absence or
in the presence of the indicated concentrations of the separate enantioners
(+)-transwB-208/0G914di hydr o- 4H-pyrrolo [3,2,1 -j] PCT/US2010/061625

qui nolin-I-y1)-4-(1Hindol-3-yl) pyrrolidine-2, 5-dione and (-)-

trans- 3-qubnddndi -y A A kdpy 8 0} BrioBidde R, SiokibrTed-kiant-3y3 Y= dihydibk4mndol- 3- y1)
pyrrolidine-2, 5- 25 dione. Cells were treated wwth 100 ng/m reconbi nant
human Hepaokeld ! -Gl awnelird crlbf/(SFandedr3-Fa ovoelidipg? SHjoneRere syebdisglved

(20 o 71+ Sope i e R SRR E RIS SR R RO R B B o
X-100, 2.5 0md, deilwmmymntmsmmptae:,s rdcefid VIS0l ylerey; apthosphapacertagedfNa3VOa,
liug/ml | eupe phenyl| et h | sul fé% fluori de%] 30 and sonl cat ed.

Prot &in te@h@éﬁw é‘?lP’élﬁ aﬁésat ﬁ@agmt@a By coay wtiep avlféég%bl &t RN RS

r eagent , I t i ons.
Sanpl es (%‘—E%E&@l?cél 1&3@ %fg?sﬁmﬁ g§(rﬁgs%: {/%d % 9%{] ISPS%IH%(ﬁ(;:IAetg Hﬁg{ uci ng
condi ti dNSlgHﬂQGlefrﬂsam&ire(Sigda)) MEreatenckRMBIth r(&DI'—bfséﬁ?é ¢-BihgRad) H-phheloBiht-gihe was
i ncubated 1 hour in TBS-T (50 mM Tri sHC1L (pH = 6), 200 mM NaCl, 0.05%
Tween 20)uiRglingl stﬁlEkmdplr &m@rOJaélrI@ 2 SrdieneRr (@rtrwwa3 ~(5,6-dihydro- 4H-

2011/ 079 0 n a 5%
m |k andD1 f% P géfl{ngf |bo%%6§¥xﬁ9 h&iﬁ&zp g%oy eel{ Se§§§n {%];Aﬁe 121)
or GIOWDIIQ‘MDAEIMB%IQBII&HM@)MBQ@ Ilséllsl Seacd ¢ NFighreH4he ICS BT8))-cWBi(§lB-was used
as a control for total grotel n |l oading. After extensive washing in TBS-T, a

hor ser adlikydrodforyrerie &3.¢drjluyancdia- biibid-rldbhidpl-3 g8 ny1to5doe)2, Srdiest Wasrouse

1 gG (1: 200 0S¢ . far hour ecific
pr ot ei n%gg%%@wuwgmgl ‘z‘)ev&l}.?rs}cﬁgi))a{rfméfﬁgd 'gﬁlyg??é ™ Olr?elg’rchg]n@ det ecti on
system (q%'i‘i?&lr‘ﬁhﬁm)ﬂ' G?ﬁirﬁ89§-§z)) py%%%@ﬁfé@g ché?net NEs fHRRY fcfﬂ"@é ®!58M S
| nstructions. : Treatnent wit

(-)-trans-3-(5, 6 d| hydro 4H-pyrro|o [3,2,1 -7]
qui r]% =l - -4 (1Hi ndol- 3-y1) pyrroI|d| ne-2, 5-dione inhibits both basal
and L-aut ophosphoryl ati on 100f c- NEt at a concentration of at

least 30 nM NID ACRIH- Q@FEells((A)I‘GG‘ #H$B326()5grﬁwﬁluli1mllEM4ﬂ'ﬂu pspz)rhelltqneﬁc%vasea 7]
qui nol i n- I-é;L) 4- (1H i ndol- ffhﬁEﬁEg yrrolidine-2, 5-diong had onl ]éna m ni num

i nhi bi t detpl bavieeseren plusNghm rpﬁ bﬁi@ﬁe@datmmrﬁﬂgn@atp&t%dam tcsblé@ti ons

(20 i1 M, uman I cancer
cells i r’P agglgd) Eft%t a({ gk‘ %ﬁs(%ate , rb[é V\(?e?tlxﬁa wer Ceont%?lgaattloas ]f ei t her
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[3,2, 1-i] qU|noI|n1y1)4(1H-|nd013 %_p rrolidine-2, 5-dione for 38

hourtd beklceltugdnadinnand.1%. Adtsr fwe dredpaibpti senkiung vagrte@sinizeAdeells 500
Pr opi d | abel i
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(-)-t e @3?@?@) i %r%r e %wl?tg rfmuﬁ& %}%ﬁPﬁ%WFtH-ll% gryyalgviolet for

10 minutes, washed with water and air drled. Cell colonies were visually counted when there

25  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 I1Csy value was determined by fitting the
equation y=Ae"™ to the data points and extrapolating the concentration where surviving

30  fraction equaled 50. Treatment with (-)-trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-ij] quinolin-
1-yl)-4-(1H-indol-3-yl) pyrrolidine-2, 5-dione or (+)-trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-
ij] quinolin-1-yl)-4-(1H-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-pyrrolo [3,2,1-if]
quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-2, 5-dione was found to be 0.62 uM. The ICsy
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(1Hindol-3-yl) pyrrolidine-2, 5-dione works primarily through a cytostatic
or apoptotic 25mechani sm cancer cells exposed to
(-)-transwl-208/6G9d2hydr o- 4Hpyrrolo [3,2,1-ij] quinoli nPCT/US2010/061625
y1l)-4-(1Hindol-3-yl) pyrrolidine-2, 5-dione were stained with

f 1 uor esden)yrdraidel Sectditiydexd H-pyrioly [SeN)1-4/] yoinesc-endpi-(aldn@uldeylgi um i odi de
(bright magenta flugrescence). Annexin Vis a well-validated reagent that
speci f i dariofidmicrd §-dipncives fguidiforbet 4 yWM.o ext er nal i zed menbr ane
phosphati dyl serine, an early marker of the onset of apoptosis, while
propidiumiodide is a 30 marker for dead cells. Incubation of human | ung
cancer delahpld AB49) with 1 2 ilM(-)-trans3-(5, 6-di hydro-4H pyrrol o

[3,2,1-ij] quinolin- Ibg 4- (1H i ndol- 3- yaé rrolidine-2, 5-dione for 38
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(-)-tr ar@o'@ckl@l@gy/hﬁﬂﬁpqrequql—jbgy M) wa§ glded o pgch sample. The kinase reaction was
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free 10 SEBSIPUQE wabaudbradiedraphy.i ndi vi dual inserts and incubated for 24 hours
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t he Tnse ton |nser rans erred to

a clean d/r@{d orQ@}lFr@hﬁB{lqg ,6Chydre - ?y@&b 3, qur]]aqiﬂndrrﬁcupgmgﬁ HdolL@-ym nutes at

room tenperature he bottom o he insert was destai ned by incubating
in extr goriobdinga), atdigne aibler t@Eed\e@lcneta@mnedldamotwbwﬁ Kinase activity n

( transﬂpagsr’dn toqllreg‘}ﬁqen?ﬁntﬂ_ﬁé{&% o%e[ éebl ge éuﬁqll“ nol in-1- yl) 4- (1|+

i ndol- 3-Yy yrroli e mgration across

interstices in confluent cultures of MDA- MB- 231 cancer cells. The data

represent t he mean of two i ndependent experinents. (See Figure 7) 20The
ditgéﬁﬂﬁﬁlﬁbrtality resulting fromnost cancers is the result of |ocal

st on and (BRI L g P BT (8 PRl HoaBi{fge o <

process nostly depends e notl nor ce
Act i vat ithapeberee MEthehydibiEEd torduntesions vsﬁthieebyara% caaltionlcay (H)e&;mrﬁsé%

i ncl udin ilLjty, inyvasiqn, . und Q, a i ssu re e .ation. It has
been- estilbiirenbpiipte PLBdrAGae -yt onDeoS PYgiod [iShcd (ol e i n
the dev eth%rm 6-aﬂl‘§d1%54ﬁfp9/%%9|%' DN huRblifALy)-bY mrlﬁd&}rydyﬁ %91%'1%5&’ 2,5-
met ast ases. has the abil to di'ssoci at’e
25  dione. Cells were treated w1th 100 ng/ml recombinant hurnan 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 Tris-HCI 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 Na3sVOys, 1 ug/ml leupeptin, 1 mM phenylmethylsulfonyl fluoride)
30  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 Tris-
HCI (pH = 7.6), 200 mM NaCl, 0.05% Tween 20) with 5% milk. Proteins were detected by
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epithelial sheets and to stinmulate cell notility and invasion through

extracellular matri x substrates, and HG- production correlates with tunor

et ast asiwWOi201 1179132 As shown above, PCT/US2010/061625

(-)-trans-3-(5, 6-di hydro-4Hpyrrolo [3,2,1-ij]
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human breast cancer xenograft. NDA-MB-231 human breast cancer cells were
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doses of ]\% )-trans-3-(5,6-di hydro-4Hpyrrolo [3,2,1-ij]

qui nol i iM)-ySee. ag¢ FIgWheto1- 3-y1) pyrrolidine-2, 5-dione or vehicle control .
Tunors were neasured throughout treatnent and the post-treat nent
observation period. Each point represents the mean SEM of ten tunors.
(Seds Fiknanel820.15Treatment with (-)-trans-3-(5, 6-di hydro-4H pyrrolo

[3,2,1-i)] qumolln I-yl) 4- (1H- i ndgl- 3- y rroljdine-2 5-dione as
monot her apy vt Oeumas; P@%C%}@%@%W%g a%&mar 300 OYV st hWeshi bi t i on

f t &
(i nac R Sl £ DATSO S MY 1 o O o, P PRI U s
statisti[eall-y] qmgdsmf-ll@a)qzl (I[ﬁ)—uﬁicﬁ[’-ﬁ%@ﬁl?ﬁ)yrro'lﬁ‘lﬂﬂi@2 vﬁaloneﬁms@mohrmﬁ@re@bamgﬁ in
body wei ght _due to oral 20adm ni sSratl on qf the veglcl e or

(-)- trarfg lﬁwﬁwrww#@em\é {grgend a; 5Q0fr?1f1}qwamo ici(agenfa,)final
A CfF | ndadontad oY LA 0V 1R ot e kot 2%, YR TR ihroPREPL R 2B 201 1 2

human col on cancer X aft ook human co on cancer cells were 25
i nocul atrethuty ielldvesdeduislage atjudsifi@nal deanatyRisrasthgrind €100 dreagcbCytot@ter
cells/mouse) and allowed to form %%épabl e tunors. Once the tunors reached
appr oxi riBeefpasowas, Inghwith AP % reated orally with either

((]UI) nf)lr ?ESI 3 (150- %t%yﬁgﬁetﬂ& 1§ra;§y? r(%éldglll}?]dg)%kﬂ-%yndo 1o t[13e2 alttlj] q(l)unOlm_ R é‘ r 300
ng/ kg, dﬂHv1atiq>le3 yl)(p(yrrbhdlhedaﬁ {dyongSvorks primarily through a cytostatic or apoptotlc
25  mechanism, cancer cells exposed to (-)-trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-ij] quinolin-1-
yl)-4-(1H-indol-3-yl) pyrrolidine-2, 5-dione were stained with fluorescently labeled Annexin
V (green fluorescence) and propidium iodide (bright magenta fluorescence). Annexin V is a
well-validated reagent that specifically binds with high affinity to externalized membrane
phosphatidylserine, an early marker of the onset of apoptosis, while propidium iodide is a
30  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-yl)-4-(1 H-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] quinolin-1-
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consecutive days, followed by a 2 day dosing holiday).

(-)-trans-3-(5, 6-di hydro-4H pyrrolo 30[3,2,1-ij]
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ny/ kg or 300 ng/ kg as a nonot herapy showed si gni ficant tunor growth
inhibition, with 300 ng/ kg 5being nore efficacious than 200 ny/ kg.

(-)- trar}_&aﬁmqje'izﬁ di hydro-4H pyrrolo [3,2,1-1]]
qui nol i n- (1Hi ndol-3-yl) pyrroli d| ne-2, 5-dione dosed at 200 ny/ kg
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ei ther W@ﬂt&'%o&ﬂ@? E&th @Il sh nélbﬁ(hﬁa%oﬁé’_bnﬁaﬂbrm @wroeﬂdeuslﬁwﬁ rsélhﬁ‘l firéd 2, 1-1 ]
qgui nol i n- % (1H i ndol-3-y1l) pyrrolidine-2, 5-dione at 200 ng/ kg or 300

my/ KE. Thedien) eaphcast in(individualnsscts @Bd Gradbhipd Far-24thopysr at 37 6C[ Fh2 bottpin]

| | 1H- dol- 3- 5-d t ed
Tanor artelibihiige (e oapaiel ShaRY BE R ity Rne e e ARG o0 "
cancer MhAiRAGRR RO Sus BB SShd cImE: AIOSIAhSukSyGERERTy R B3 our &

9, Panel C) and human gastric cancer MKNAS5 (Figure 9, Pane . The cells
wer e t r dzare thawntehiof of) the isags @4th®, @ttdi Hppkdoswil: diach disort &8 Zhen-tignpferred to

"ol ot o BB AR BRET R B B oSG, 3 hefRARRREPY

6- dishy drie-tboRydsfrted Msér8wds dedtdihediby Mehbatmk iy d3trabtibd k‘blhﬁ@iﬂéﬁ(ﬁ@D]@'aS

pyr rol drilga%urzed at Sgd I?l\r)le (S)I tgclz’};sfi ?Sag t(illh%ldirothPplytrr%?o E3u2rr? rl]] q{unolnrl]- -yl) 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 7)

20 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

25  progression of primary tumors and secondary metastases. HGF has the ability to dissociate
epithelial sheets and 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-yl)-4-(1H-
indol-3-yl) pyrrolidine-2, 5-dione inhibited the invasive phenotype of MDA-MB-231 breast

30 cancer cells with an estimated 1Csy value of approximately 500 nM. Similar results were seen
with brain and lung cancer cells. That is, the results show that (-)-trans-3-(5,6-dihydro-4H-
pyrrolo [3,2,1-ij] quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-2, 5-dione inhibits metastatic

cancer cell invasion.
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Exanmple 24. (-)-trans-3-(5 ,6-di hydro-4Hpyrrolo [3,2,1-i]j]
qui nolin-1-y1)-4-(1Hindol-3-yl) pyrrolidine-2, 5-dione showed significant

cyt ot oxi cwOyorgabragt nul ti pl e cancer cell |ines. VariougCtarse@wo/o6sRs | i nes
were treated with (-)-trans-3-(5, 6-di hydro-4H-pyrrolo [3,2,1-i]]

25qui nolExaniplydd.- 4- (1H i ndol- 3-y1) pyrrolidine-2, 5-dione at indicated
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ki nases. (S_Bb@hﬁﬂrbalPBEﬁ%lol[Bl 2 Jiag] @11201%11:9[)54 (I&Y-ﬂﬂiol Bafl) pyrrolidine-2, 5-dione
(-)- tran53(56d| dro 4H— rrolo

qui N8l | nfvan_s-fymjmlate(il EQd¥9: 2@ Y}ta@wﬁa'l) J@) Bhejpymalsiraeaimdaigtabaf y
Met t t
crmt | noRsSe Sy RLBARs SRR ﬁ‘?%ﬁ%ﬁf%ﬁ (BRI JR b 295" ot @
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an inhibjtory constant 60 nM agai nst c-Met. Tabhl e 2 Kinase |Cso
CAMKI | 6 & Lej_go HiepiEIgnE 0bse atlon perloc? lga hpo?n represents th/brnean i%E?\/I of ten tumors.

(See, Figure 8)

15 Treatment with (-)-trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-1j] quinolin-1-yl)-4-(1H-
indol-3-yl) pyrrolidine-2, 5-dione as monotherapy was effective at slowing tumor growth.
Tumor growth inhibition of (-)-trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-1j] quinolin-1-yl)-4-
(1H-indol-3-yl) pyrrolidine-2, 5-dione was calculated to be 79% and was statistically
significant (p = 0.009). There was no significant change in body weight due to oral

20  administration of the vehicle or (-)-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.

Example 23.

In a human colon cancer xenograft model HT-29 human colon cancer cells were

25 inoculated subcutancously into female athymic nude mice (5 x 10° cells/mouse) and allowed
to form palpable tumors. Once the tumors reached approximately 60 mm?, the animals were
treated orally with either (-)-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 300 mg/kg, or vehicle control daily (5
consecutive days, followed by a 2 day dosing holiday). (-)-trans-3-(5,6-dihydro-4H-pyrrolo

30  [3,2,1-ij] quinolin-1-yl)-4-(1 H-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 treatments of either (-
)-trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-1j] quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-2,

5-dione or vehicle control. Tumors were measured throughout treatment and the post-
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-16 [tMPAK3 -6.6 [tMPim1 10 [tM (33 %inhibition) 10 Exanple 26.

A human col on cancer xenograft nodel w th HT-29 human col on cancer cells
was est abWwoshad7asti2descri bed i n Exanpl e 23. The tunor - beariusgowiocs2ner e
treated with a single dose of (-)-trans-3-(5, 6-di hydro-4H pyrrol o

[ 3, 2, 1- itjchtragnt 0bsdrationyptyiod.-Kathpbind eshbrSeiytd Xhqyiearot S@ivhef t2n tmetis oi$ee,( 300

ng/ kg). The reducEi gn of phospho-c- Met was detected 15i mmunohi stochem cal ly
24 hour §18¥e&r Pakl §)gni fi cant decrease in the amount of phospho-c- Met was

visualized V"'Jh*ﬂhi% H%}#&iﬁgggéss chﬁ@%’FfSﬁc@l@ﬁﬁnﬁﬁ’ﬂ§ &fc{E'e&RH?ﬂh%Yﬂhgrgzuo&m /k

di am nobenzi di ne, Ields an in rown reaction pr Fﬁgure
11, Paneir 38) mg/iés dex mohbtbetapynghafedt dignificemd tunsargodethf iohibploas pitb 360 key'kg

e S B e L T
Tyr osi neptidl@seyl- Pﬁﬁfdo@{\:/il)) p3fotiaiR- 2R idhelddsM & ﬂ]@%?/ﬁk@h&w&f Anscription
Fact or) - Associ a%,ed unors. npounds of the invention al's6 denonstrated

ef f i cacyoptimah tyseargsew thinkibitned 39%e(pl = ¢ 8P mhile 380 Teéksthodicd gn detimel bed i n

(ne o e95abe SR BRGSO R Sl ot ] oy

I nhi bi t aycigt dub€o 6raMedmin@ERELP b EiHc@ SEHIE clkbR@S T (-)-trans-3-(5,6-dihydro-4H-

(-)-trans-3-(5, 6-di hydro-4Hpyrrolo [3,2,1-U] )

qui 8l i yrojorhd. 4141 Hmynﬁa@-ﬂ:gf—ﬁi)lH-mdol-S-yf) pyrrolidine-2, 5-dione at 200 mg/kg or 300
mg/kg.

The efficacy of (-)-trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-1j] quinolin-1-yl)-4-(1H-
indol-3-yl) pyrrolidine-2, 5-dione was also tested in xenograft models with several other
cancer cell lines: human pancreatic cancer MIA PaCa2 (Figure 9, Panel B), human prostate

15  cancer PC3 (Figure 9, Panel C) and human gastric cancer MKN45 (Figure 9, Panel D). The
cells were treated with (-)-trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-ij] quinolin-1-yl)-4-(1H-
indol-3-yl) pyrrolidine-2, 5-dione as a monotherapy at indicated concentrations. In all these
models, (-)-trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-ij] quinolin-1-yl)-4-(1 H-indol-3-yl)
pyrrolidine-2, 5-dione significantly inhibited tumor growth.

20
Example 24.

(-)-trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-1j] quinolin-1-yl)-4-(1H-indol-3-yl)
pyrrolidine-2, 5-dione showed significant cytotoxicity against multiple cancer cell lines.
Various cancer cell lines were treated with (-)-trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-ij]

25  quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-2, 5-dione at indicated concentrations ranging
from 0.03 to 30 uM. The sensitivity of these cells to (-)-trans-3-(5,6-dihydro-4H-pyrrolo
[3,2,1-1j] quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-2, 5-dione was measured by a standard
cytoxicity MTS assay (Figure 10). Human cancer cell lines expressing c-Met and/or phospho-
c-Met were sensitive to (-)-trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-ij] quinolin-1-yl)-4-(1H-

30  indol-3-yl) pyrrolidine-2, 5-dione. In contrast, human cancer cell lines with no
immunodetectable c-Met or phospho-c-Met (Figure 10, SK-MEL-28, MCF-7 and NCI-H661)

showed little sensitivity.

Example 25.
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pyrrolidine-2, 5 -dione is a selective inhibitor of c-Met, a receptor

tyrosi ne ki nase. When WD 2011/079142PCT/ US2010/ 061625 abnornmal |y

acti vat edvoconMatropkays nultiple roles in aspects of huneoTase@ensiezhcl udi ng
cancer cell growh, survival, angi ogenesis, invasion and netastasis. The
dat a descri be(q) 2ovE(3lentingid-atepyrivad [32, )-ij] lqainstis-1(A)-8-(drHhindslo34hi pyrrol o
[3,2,1-0 qui in-1-yl)-4-(1Hipndol-3-yl yrrolidine-2 ,-dilone inhibits
c- Vet adbiiel msr% ?rﬁl%W%ﬁeaS?eéﬁ opits ﬁ?}ﬁﬁ t@ r‘lPrPé‘?lt% rge mebgﬂ,: %ﬁa%&ma

cl ear C%ﬁaséérﬂ%”@ama s”}i?)%slﬁ%bﬁe@ de Jﬁd{ﬁﬂﬁtea?ﬁa& Kr-glnyan@%@('g[@&h%%@iﬁ-&;y%ﬁa”
tunor xenografts. In clinical stu treatnment wit

(-)-trars; 231—(]5qlﬁnmmj!dnl)e4-4]ﬂ-p13d0rldl-yi) pRrdidin®2, 5-dione inhibited only c-Met to a

i | 1- 1H | i.d h | |
ol esar dietiteh ded Pt Sl e e B ohaga g s R ORBE T SR e s ease
across g[)ota&ins[ﬁ(‘ﬂ@%ilfgfdrd -YADY 0@6‘[3!5 E"Pﬁﬂ%lum%ﬂﬁ 1)-5715-'215(@?1‘ Bdé123-y1) pyrrolidine-2,
, 6-di hydro-4H pyrrolo [ qui nolTn-1-y1)- 1H-|nd01§ i’rr

pyrrolidi- dlenQShC&Vedchndnlelbm C@ﬁﬁiﬂt‘rtl(gﬁ)e?fed@ @Maagﬁmsi etMetwi t h cI ear cell
sar cona. br] gartlcul ar, (-)- trans-3-(5,6-di hydro-4Hpyrrolo [3,2,1-0

qui nol i ntd ) 4- (1H-| ndol- 3-y1) pyrrolidine-2, 5, - dione denonst rated a
partial responsef as definagasby REC/ ST |(Responsgvaluation Criteria in
Solid Tunor S), i b—a n:\f ept—with clear lcell sarconma— 15TFhe Obj ecti ve
response to (-)-1rans-3- (%’*%Kgﬁhydro 4|—|—pyrro|blo[@/[2 1-0 quinolin-1-y1)-
4- (1Hindol-3-yl) pyrrolidifgg- Z, 5, -di one adm nj Sfpjati on was seen in a
cohort of patients affected by a nolecularly- I|n group [of sarcoma tunor
types for which there is mAKIfective t|reat nent.6 Based on |t his response,
(-)-tl‘anS-3-(5,6 dlll_y\.uu'-rr IIUIUL3,”,1 0 o/ :

qui nol i n-1y1)-4-(1Hindol- S‘H’y]i) pyrrolildi ﬁ)e“j\é,(“sf’-“mﬂ?iﬂ@)i s admini stered at

a dose of 360 mlTigranms (ng) 20twce daily (b.1.d.).

(-)-trans-3-(5, 6-di hydro-4Hpyrrolo [3,2,1-0

qui Al i @@92@.-(1H-i ndol- 3-y1) pyrrolidine-2, 5,-dione is administer ed to
patients with T (Mcraophthal m a .Tran Factor - associ a edtu
pRLIents 0y Ml MiShBRLIEL LA T BRSSO ARl aRast Shegat Vo0,
sar coma dsABRMkdan destch@@déirﬂ@;@impl@ wsm@tu@icﬁd)eaﬁﬁ@hn&eabére e@htel Rofie (ITE) , are
| i nked 25 bi ol ogi cal t hrough a common chr onpsonal abnornalltg that is

r esponsidsseof (J}'Wﬂﬁ%3r§gérdih§ék9'r4§]sﬁmo 6324 -iMetuinadigig] yhrig(lifhindek3gdv el oprrent
O o NS SR T, 3y OALTRL B LR A oo
i nvasi abhyndn@hatochemically 24 hours later. A significant decrease in the amount of phospho-c-
Met was visualized with the use of an immunoperoxidase system employing
diaminobenzidine, which yields an insoluble brown reaction product (Figure 11, Panel A).
Western blotting of the tumor sample for phospho-c-Met confirmed the
immunohistochemical analysis (Figure 11, Panel B).
20
Example 27.
The present example describes the inhibition of c-Met Receptor Tyrosine Kinase in
Clear Cell Sarcoma and MiT (Microphthalmia 7ranscription Factor)-Associated Tumors.
Compounds of the invention also demonstrated efficacy in a patient with clear cell sarcoma.
25  The studies described in the present example used (-)-trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-
if] quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-2, 5,-dione, a small molecule inhibitor of the c-
Met receptor tyrosine kinase.
(-)-trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-ij] quinolin-1-yl)-4-(1H-indol-3-yl)

pyrrolidine-2, 5,-dione is a selective inhibitor of c-Met, a receptor tyrosine kinase. When
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During the first stage of a study, 23 patients were enrolled and treated
with 120 ng of (- 30 )-trans-3-(5, 6-di hydro-4Hpyrrolo [3,2,1-0

qui nol i n-wWoye)7or91(42H- i ndol- 3-yl) pyrrolidine-2, 5,- di oRe€ThiS201d/06t60%irt een
of these patients were shown to be evaluable for efficacy. In addition to

t he pat iabnormwdlliyhactihecd; @llict iegk maltipicadolas és pgiests of hemaw tarche imhadingbdreer
patients have denonstrated stable disease. WO 20]111/ 0793.42PC'I(’1/ S2010/ 061625
The obj &&tSRVE} pHiYival al@%g%ﬁ% g dpeipptgsiy. The data described above

(-)-trangadng at@fk%'t Q w&1§19&1‘8 AR P?g&loglslz 1- z%] qlanolin 1 B/J ZI-&lH-lndol -3- yl)

qui nolin-1-y1 pyrro I one S upon th
dat a \/\hlmzlnrohtimméd 51-6uane krhuimtsmﬂMeoacti\faffommmwsi@rmgemf hghiRhiAurserpgetldssed c- I\/bt

expr ess d the h of. human cl.ear cell sarcoma cells in
o & B0 Rg el e e o B et By e Bz R e F e Rt al v al
in pati 8ithsg . hIanﬂhc%ﬁﬁQ@ﬂe@tn%‘dtrﬁéﬂﬁ‘aﬁt% (Lbsﬂr&% 1(9 6-&1(@('&?0 H?H- 10103 [3.2, 1 -i7]

in -

(56d|hydro 4H pyrrol o qui nol i n- | -y1

pyrrol i divieoliR;1-8l)-4d Glﬁﬁéldohﬁnﬂ:)fpm@ildmo'&b\nﬁ -giont hasbrse rwalloiplevdted/and hﬂ@l udi ng
obj ective Jeshonses i nhi bit

prot oi n e e bR AREREE A art%eé St R oA G IR b
claimed dosgs. 1. A poI ynor ph of (-)-trans-3-(5, 6- d| hydro 4H—pyrro|o [ 3, 2 1-0

qU| nolin-I-yl)-4-(1H ndol-3-yl) pyrrolidine-2,5-dione characterized by an
rdf powder (drfemsatil-ondipara-amygwipld. 3 g qy@@ka 1a1’1)'édéﬁol9@ﬁ?rla3t sy 8.

10 8 an P/}r%héngZOSU&QHQW%I a8t 'isq &‘H Qg thn?wﬁﬁ*&?eaf’&’élb’éﬁ%o‘?ﬁ‘a 9 ﬁ)é{t?ch%

char act y’'ah X-ray po tion pattern conpri si peak’s
appr oxi nedat(586-2ihydfd-&H-piéol [31231 5] qllﬁ’loBm-l;L}Q) 9-(aHdn@8-By!) POrrolsding 2 Chi- Ka

di Th I h of cl db X- owd
B?f := ?2&4’ 1o9¢ %ﬁqnéﬁ?ﬁe 6%%?{&&6.%50%%&% b"ﬁ?ed;%aﬁﬁﬁ?%@gyo@g 5%21}_@1@? @Emf n
14.9, 15%id Pufndks), fla ﬁatlea%?wﬁhcﬂe%r@eu s%;lcolna 21.9, 23.0, 25.6 and 28.4 ' 20

usi ng Cu Ka radi atl on. . A pol ynor ph
(-)-lbrans- 3- (The&bghchydrﬁﬂpdlﬁem( I)Wfams-[32(,523 -dih@dro-4 H-pyrrolo [3,2,1-ij] quinolin-1-yl)-

I 1 Hi ndol- 3- | i di 2, 5-di h db
X ay. poutdl WP hELTERI: Y & AME A Aok o R g RO RS R 6. 5, 9. o
and 12. (hffegﬂéd%g'ar}ﬁol@hllﬁﬂ’y liakddatrb@Ref saPeomd ¥@nidR kpp® Fdrhviath Gler i§d cffective

characteri zed an X-ray po er diffraction pattern conprising peaks at
appr oxi riggaengnt 6 Basedgnghisrosponsey 6.)7;anG-(6 Casidtyd-B1-pygoled P Rgl -@liqwnolin-1-

a1 racorb AT R TR RIAG, EQUIE SNRIACHTA] £R5hc D 280 Myl PRBTS
16. 20 1GwTce dily20.029. 1, 20.3, 20 8, 22.8, 53.7, 28.6 and 30.4 ' 20 us ng Qu

Ka radi ation. %8 trans- (5 ,6-di do4H—p rrolo [3,2,1-0
qU| nol i n- 1- y 1)) fZIG’(Sl Prdéhndne- §@)PYE§W‘? B3 &iﬂfr]élllthB 1leérﬁé1 rlé}H‘Plo} -3htet hane.

L e L e
Factor)-associated tumors. M1T tumors, which can include clear cell sarcoma (CCS), alveolar
soft part sarcoma (ASPS) and translocation-associated renal cell carcinoma (RCC), are linked

25  biologically through a common chromosomal abnormality that is responsible for the over-
expression of c-Met resulting in the development of these tumors. Tumors with this
abnormality are resistant to current therapies and, in the absence of successful surgical resection,
are invariably fatal.

During the first stage of a study, 23 patients were enrolled and treated with 120 mg of (-

30 )-tramns-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-ij] quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-2, 5,-
dione b.i.d. Fourteen of these patients were shown to be evaluable for efficacy. In addition to

the patient with the confirmed partial response, ten of the evaluable patients have demonstrated

stable disease.
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9. The conposition of claim8 conprising greater than 90%
()-trans-3-(5, 6-di hydro4H pyrrolo [3,2,1-0 quinolin-l-yl)-4-(1Hindol-3-yl)
pyrrol i diwe-2811/6G9d2one di chl oronet hane. WD 2011/ 079142 PCT/uS3200616051625
10. The conposition of claim9 conprising greater than 95%

() - trans- 3- ( STHz-abijdeyicle oMidegiyedpohse dethonsttated ﬁwi(:)crk&m -3-(yad-HikddfoliFipydolo 3- y1)

orpr | silAg. i bARBE I A 0l I P P BT 24y S Ay HF) e Lo i
QUI noI ' r%hbw &)haﬁkﬁ&c%i%ﬁt%}{lﬁ %@ssﬁﬁ“bgglﬂ{fiﬂ Oﬁltpgregédcy _OREedrShlaraaet hane

trans-3 ydr o-4H-pyrro
qUI nOI | nmpegck) thd gloktth iofi iarhaiB ebgdr) cell sarcoma cells in vitro and in vivo. This finding led to

Compr st ansr o g Ry SRR Sin fprduSRTRS R 8"
qui nol i E}S levdihy &0(4%&1@61@? 3- IYZ}]) quinolin-1-yl)-4-(1H-indol-3-yl) %yrrohdlne-2 5,-dione,

pyrrolidi ne- di one. (1 (+) - pseudoephedri ne. he conposition of
claim 13Nl@©lwbata sshpwg agtl@atl@rr a@mw, g@%d(mg) ol ecdivs t@n¢zcepagis¢dy dy walHapiher ol o
[3, 2, 1- i nol 1H—|n

5-dione qg “5Q1Th¥ seu %%H“Hrln QMX&%QH¥% pahmu%s?%?%wﬁgfh ¢3$n114
conprising greater than 95% (-)-trans-3-(5, 6- dlhydro4FprrroIo [3,2,1-0
quino lin-1 -y1)-4-(1Hindol-3 -yl1) pyrrolidine-2, 5 -dione. (1S, 2S)-(+)-
pseudoephedrine. 16. The conposition of claim 15 conprising greater than
99% (-)-trans-3-(5, 6-di hydro4Hpyrrolo [3,2,1-0 quino lin-1
-yl)-4-(1Hindol-3 -yl1l) pyrrolidine-2, 5 -dione. (1S, 25)-(+)-
pseudoephedrine. 17. The conposition of claim 13 conprising |less than 1%
(+)-trans-3-(5, 6-di hydro-4Hpyrrolo [3,2,1-0

qui nolin-I-y1)-4-(1Hindol-3-yl) pyrrolidine-2,5-dione pseudoephedrine.
18. The conposition of claim 17 conprising |less than 0.5%
(+)-trans-3-(5, 6-di hydro-4Hpyrrolo [3,2,1-0

qui nolin-I-y1)-4-(1Hindol-3-yl) pyrrolidine-2,5-di one pseudoephedrine. WO
2011/ 079142PCT/ US2010/ 061625 19. The conposition of claim 18 conpri sing

| ess than 0.1% (+)-trans-3-(5, 6-di hydro-4Hpyrrolo [3,2,1-0
quinolin-I-yl)-4-(1Hindol-3-yl) pyrrolidine-2,5-di one pseudoephedri ne.
20. Achirally purified (-)-trans-3-(5,6-di hydro-4Hpyrrolo [3,2,1-0
quinolin-I-y1)-4- (1Hindol-3-yl) pyrrolidine-2,5-dione conprising |ess
than 1% (+)-trans-3-(5, 6-di hydro-4Hpyrrolo [3,2,1-0 quino
lin-1-yl)-4-(1Hindol-3 -yl) pyrro lidine-2,5 -dione. 21. The chirally
pure (-)-trans-3-(5, 6-di hydro-4H pyrrolo [3,2,1-0

qui nolin-I-y1)-4-(1H ndol-3-yl) pyrrolidine-2,5-dione of claim20
conprising less than 0. 7% (+)-trans-3-(5 ,6- dihydro-4Hpyrrolo [3,2,1-0
quinolin-l-yl)-4-(1Hindol-3 -yl1l) pyrrolidine-2,5 -dione. 22. The chirally
pure (-)-trans-3-(5, 6-di hydro-4H pyrrolo [3,2,1-0

qui nolin-I-y1)-4-(1H ndol-3-yl) pyrrolidine-2,5-dione of claim?21
conprising less than 0.5% (+)-trans-3-(5, 6- di hydro-4Hpyrrolo [3,2,1-0
quinolin-I-yl)-4-(1Hindol-3 -yl1l) pyrrolidine-2,5 -dione.
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23. The chirally pure (-)-trans-3-(5,6-di hydro-4Hpyrrolo [3,2,1-0

qui nolin-1-y1)-4-(1H ndol-3-yl) pyrrolidine-2,5-dione of claim?22
conpri si yolzesig7ptaan 0. 1% (+) -trans- 3- (5, 6- di hydr o- 4H pgTrusk@0/081625 1- O
quinolin-I-y1)-4-(1Hindol-3 -y1) pyrrolidine-2,5 -dione. 24. A nethod for
pr epar i Whét-i} elaimgsis3- (5, 6- di hydro-4H-pyrrolo [3,2,1-0 quinolin-1-yl)-

4- (1Hindol-3-yl) pyrrolidine-2,5-dione, conprising: a. mxing

() -transt 3- (%A o 6F @)rayy-3-95 8-ditdyde-4 2 rrolo [3,2,1-if] quinolin-1-yl)-4-(1H-

qui nolin-1-y1) 4 1ﬂgﬁdéirh' prrr%ﬁldlneﬁ%T 5[d|ohﬂ(%n h yh-4

(1S, 25) -ipdgl= 3pElé nm@%é@rﬂaSn@on%cfwrw@r%d 8B lap éirfasftmwfd@r ﬁdaf&@ﬂtm pattern

(-)-trang-3- h dro-4H p
qui nol i n cornyi 1n§ p(e B%Tf§§n ?Yﬁpgl dnﬁl a4 %9 using Cu Ko radiation.

5-dione. (1S, 2S)-(+) - pseudoephedrlne b. mashlng t he
(-)-trans-3- (5 6- di hydro-4H-pyrrolo [3,2,1-0 quinolin-|-yl)-4-
(1H i ndc- 3- yhhe n@;l/ym@ph@if plaim 1 c@ar@pf@ﬁéed(h}sa@érar Pywpgelitfee bwemttem solid

fornmed in ste an. a e |rst

Fonct s ngommpey R aby At BERE T ki D00 7R bRy B A iney Koy 4.
(1H i ndgddidtoynt) pyrrolidine-2, 5-dione. (1S, 2S)-(+)- pseudoephedrine from
step (b) with an acid in an organic sol vent and isolating the organic |ayer

of the resultant solution; d. washing the organic |ayer fromstep (c); e.

addi ng sec h

S0 3o BB Ph f Bk BHABRAed S Y Bt AT PR e
anount  aoniphiginggralacht approeithately 8t23&0$pﬂ4111; p¢]9|1555 asd, uham%%lmdl 1,
g.crystallizing fromthe organic |ayer in step (f) and drying the resul t ant
(-)- tradsd 33@52%6@%32&{402%81@%@ rgdiationy - 7]

qui nolin-I-y1)-4-(1Hindol-3-yl) pyrrolidine-2, 5-dione solution under
vacuum thereby producing (-)-trans-3- (5, 6- dihydro 4Hpyrrolo [3,2,1 -7]

qui nol i nt.| - y1A pétytbirhi GELH3ny3) 5, p)diliyRire-diHagyrolo §3,8i1af 1 uinodib- 1-fhel-(Tei-hod  of

claim 24, wherein said first solvent is_a non-aqueous solvent. 26. The

met hod dRdelt3ayiypmolidines? S dionashararsiizad b o <& Rewyler didtr ?ﬁsmemtwm et hanol ,
acet oni tJOhl&)?l’Sl‘ﬂ% \Peglfsr%t)séfbgro%tﬁﬂag%q 9. 923,7n I-Er@ jge&sg(%dcq)_& Crla 1%4 wher ei n

sai d secon non- aquéous s vent d of claim 27,
wher ei n sai d non-aqueous sol vent is nethanol, ethanol, acetonltrlle or a
m xture thereof 29. The nethod of claim 24, wherein said second sol vent is
the sanme-as sHieolymaerph o plaand characterized by an X-ray powder diffraction pattern

comprising peaks at approximately 6.5, 9.9, 12.0, 16.7, 20.1 and 22.8 °20 using Cu Ka

radiation.

6. The polymorph of claim 4 characterized by an X-ray powder diffraction pattern
comprising peaks at approximately 6.5, 9.9, 12.0, 13.2, 16.4, 16.7, 17.2, 20.1, 20.3, 20.8,
22.8,23.7,28.6 and 30.4 °20 using Cu Ko, radiation.

7. A (¥)-trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-ij] quinolin-1-yl)-4-(1H-indol-3-yl)
pyrrolidine-2, 5-dione dichloromethane.

8. A composition comprising (£)-trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-if] quinolin-1-
yl)-4-(1H-indol-3-yl) pyrrolidine-2, 5-dione dichloromethane.

9. The composition of claim 8 comprising greater than 90% (£)-trans-3-(5,6-dihydro-
4H-pyrrolo [3,2,1-ij] quinolin-1-yl)-4-(1 H-indol-3-yl) pyrrolidine-2, 5-dione

dichloromethane.
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30. The nethod of claim 24, wherein said second solvent is different from
said first solvent. 31. The nethod of claim24, wherein said organic

sol vent iwobep7e142s met hyl tetrahydrofuran 32. The net irati/uskololoaions 24,
wherein said organic |layer is washed with a salt solution in step d. 33.
The nethod of claim 32, wherein said salt solution is a sodiumchloride
solution. 34. The nethod_of claim 24, further conprising rinsi ﬁ%dro

(-)-tr and: 3. (’%%GG)_OH}I)H?I&PB pﬁp}ﬁw P&pglppglpg ,gg_eajceir]than 95% (£)-trans-3-(5,6-d

qui nol i = - s 3 Py o] di e _ONE 3 stal after step
(9). V\gﬂégﬁ%l(gi%(%}? %%12%%,}%46 62%15&0%%.}}]%%0@%0%%3?1%{5?& m 34, wherein
(-) -t r anBelBerohebrade.hydr o- 4Hpyrrolo [3,2,1-0
quinolin-1-yl)-4-(1Hindol-3-yl) pyrrolidine-2, 5-dione crystal is rinsed
wi th an al cohol selected fromethanol and nethanol. 36. The nethod of

cl ai m 24,1 wherRi dnfRbidoR bOEdREd0 Qoﬁnpﬁﬁﬁ%%reﬁte@ Thad-odb gL At Y-tk ro-
[3,2,1-0 quinolin-I-yl)-4-(1Hindol-3- pyrrolidine-2, 5-dione conprises
| ess t haﬂﬂ-mWQI@)[S,2tlr-éh@m@oln(-5,3'@-‘&(1&{#&%1-4Hdb}yyrmhdane[-%,?zc,hmn@

qui nol i n-il 1y -eﬁl-agléu—l-i ndol-3-yl) pyrrolidine-2, 5- dione. 37. The nethod
of clali rfji % erei’n said produced (-)-trans-3-(5,6-di hydro-4H pyrrolo
[3,2,1-0 quinolin-l-yl)-4-(1Hindol-3-yl) pyrrolidine-2, 5-dione conprises
| ess than 0.7% (+)-trans-3-(5, 6-di hydro-4H pi/r rolo 53, 2,1-0

qui nol i 2 - y 14 (Aarsr @eodihzdipsdHpytrelel [B i el guinglingil vihled-(1/38ndok-3n#) hod f or

prepari Y=t r-ang- 3- | of - olo [3,2,1-0 quinolin-1-yl)-
4- (1Hi rdo Ilgl-n%l?ggi/oireg?‘?’%?)%?%%gg%gﬁﬁ%onpri sing: a. mxing ()-trans-3
-(5 ,6-di hydro-4Hpyrrolo [3,2,1-?7] quinolin-1-yl1)-4-(1H ndol-3-y1)

pyrrolidine-2 5-digone with, cyc]ohexy|e yJ[,a jne jn a first solvent to form
solid (- trah§orsPeBiig AR (1) rﬁwf%-é%g- I@fgzeffbpﬁamlﬁﬁ,%:ﬁ-wo-ll&:1-

(LH T ndaly 3xyA)RYre.0b bohaktize. 25 AbADG DXL ONROHUGIU AR e b. vashi ng ¢ he
(-)-tra sZ 3:((5,11613-di hgltbjk)gﬂ-r4l—l-lp§/r’ro(ﬁo%[n§, 2, 1-( qu%{n(g%pi n-1-y1)-4-

(1H i ndol-3-yl1l) pyrrolidine-2, 5-dione.cyclohexylethylamne solid forned in
step (a), wth_,an agueous m xture of the first sol t;, Cc. re i t he

(o) bt and 3. (BRGoRMSEPE. el Rt G B g n fqpy EBe-alare

(1H-i ndoflgByirdib [BYII-9] dndhe18r-Ry1)D4-0i AMRIcE-BC) |detdry| Rafone (fg29n(ss-ep (b)
with an acid in an organic solvent and isolating the organic layer of the
resul t arfiscedsicphqdsiic. d. washi ng the organic |layer fromstep (c); e. adding a
second solvent to the organic layer; f. concentrating the organic |ayer
until the amount of the second solvent in the solution is |less than 5% and

g. cryst@al | i Zingohipositibhef olagani eomphsing ifeateh efan(d5y0 eneq«ds-BL(8®-dihgdro-
resultant (-)- trans-3 -(5,6-di hIdr 0-4Hpyrrolo [3,2,1-0

qui nol i ADy9lod3 21l ertiealing] yy4-plinslol-di ibpyrroluling-Sriedigne (4S -(tihder
vacuum ﬂs@&do%f?ﬁ[ed?i%@dum ng (-)-trans- 3-

16.  The composition of claim 15 comprising greater than 99% (-)-trans-3-(5,6-dihydro-
4H-pyrrolo [3,2,1-ij] quinolin-1-yl)-4-(1 H-indol-3-yl) pyrrolidine-2, 5-dione-(15,25)-(+)-

pseudoephedrine.

17.  The composition of claim 13 comprising less than 1% (+)-trans-3-(5,6-dihydro-4H-
pyrrolo [3,2,1-if] quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-2,5-dione pseudoephedrine.

18.  The composition of claim 17 comprising less than 0.5% (+)-trans-3-(5,6-dihydro-4H-
pyrrolo [3,2,1-if] quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-2,5-dione pseudoephedrine.
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(5, 6-di hydro-4H-pyrrolo [3,2,1-0 quinolin-I-yl1)-4-(1Hindol-3-yl)
pyrrolidine-2, 5-dione. 39. The nethod of claim 38, wherein said first

sol vent iwoaonamequeous sol vent. 40. The method of cl aiPerd3S20mberses n sai d
non- aqueous solvent is acetonitrile. 41. The nethod of claim 38, wherein
sai d seciond stHewentpobision oficiainad8eomprisiog snthan 0425 (Mheaned-fd-difyded-diim 41
wherei n said non-agueous sol vent i.s nethanol thanol acetonqﬂﬁ?al l.e, or

m xt ur e RHOIQs2 143 quirgeneylhdd | Grindela] Mﬁ@srmu%@? 2 mdiens BCudesmadER vent | s
the same as said first solvent. 44. The nethod of claim 38, wherein said
second solvent is different fromsaid first solvent. 45. The nethod of

cl ai m 3&80. whek ehimlk;qiuzﬂifmdgaﬁ?@ssb(izédthyﬂm-éﬂqp'mld S, Zrbizjl]uthmeﬁnalﬁmﬁof uran

46. Th h f..cl 38,, Wh. d d

ai t S0l (E BT RFEoITe 3 HECHEPRULE G BPaT o 8- ooy O Car L ¢
solutio 1§ of claim 38,
fur'tJ hlarrbgg?}la(ﬂ%?ggq rla[}l%;bllﬁgll-ﬂ?ﬁ(?ﬁgg&? f%??ﬁ?%ﬁ??%ﬁg@rrm o] I[3 2,1-0

quinolin-1-yl)-4-(1Hindol-3-yl) pyrrolidine-2, 5-dione crystal after step

Egg tr g%é,l -Cl%-h( msthho BWSQZP&’%@??'Q mﬁg’gﬂ) ﬂ_HdJyrrolo [3,2,1-if] quinolin-1-yl)-4-(1 H-

qui nol | rindolyslgrl? ﬁyl(rallrhmmczldlane/@lf)cmﬁfI(D&d Iﬁben Lesﬁthdm one, chyuedml3-(5s6-ri nsed
with an al cohol selected from et hanol 50. The net hod of

cl ai m 38lihygreré-pyred 3.3l odlérplin- - ylr)r"aﬁﬁ 31d9133fy1)onyﬁls%l wed-fgigmeol o

[3,2,1-0 quinolin-1l-yl)-4-(1Hindol-3-yl) pyrrolidine-2, 5-dione conprises
| ess than 1% (+)- trans-3 -(5,6-di hydro-4Hpyrrolo [3, 2, 1-0
qui nol i 22l - y Ihedh{rAly pmddd-rBarnpl3- (m-ldﬂqld'rcdﬂH@yﬁOkSB 2li-of) guindlin- 1T§f19}4¥(ﬂ3Hhod of

cl ai m 50, erein sai.d produced ans- 3- (5, 6- dr o- 4H pyrr
[3,2,1- Gnéﬁﬁzﬁlﬁpml@ﬁs s 1911%?%%}@ élr prbwflawg%é% (- ff’:ﬁ”é'r?ég eSpri ses

l th 2 1101 101
qﬁlsf]0| i ﬁalﬁg{%ﬁﬁ%@é ?ﬁgg%‘]]gcﬁl;&—lﬂl h%so glﬂ@xrﬁ%ﬁaﬁl gink: %%d 0Aemet hod f or

preparl ng (-)-trans-3-(5, 6-di hydro-4Hpyrrolo [3,2,1-0 quinolin-l-yl)-
4- (1Hi %01 3F1%lelc)hng 3r1{)1?rlel(- I—tlrf]c(zans23 ?g,g-idﬁl@%fo-&wygo?oi B?i,l-z’j] quinolin-1-yl)-4-(1H-
indol-3-yl) pyrrolidine-2,5-dione of claim 22 comprising less than 0.1% (+)-trans-3-(5,6-
dihydro-4H-pyrrolo [3,2,1-if] quinolin-1-yl)-4-(1 H-indol-3-yl) pyrrolidine-2,5-dione.

24. A method for preparing (-)-trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-if] quinolin-1-yl)-
4-(1H-indol-3-yl) pyrrolidine-2,5-dione, comprising:

a. mixing (£)-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 with (1S5,25)-(+)-pseudoephedrine in a first
solvent to form solid (-)-trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-ij] quinolin-1-
yl)-4-(1H-indol-3-yl) pyrrolidine-2, 5-dione-(18,25)-(+)-pseudoephedrine;

b. washing the (-)-trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-ij] quinolin-1-yl)-4-
(1H-indol-3-yl) pyrrolidine-2, 5-dione-(18,25)-(+)-pseudoephedrine solid
formed in step (a) with an aqueous mixture of the first solvent;

C. reacting the (-)-trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-ij] quinolin-1-yl)-4-
(1H-indol-3-yl) pyrrolidine-2, 5-dione-(18,2S)-(+)-pseudoephedrine from step
(b) with an acid in an organic solvent and isolating the organic layer of the
resultant solution;

d. washing the organic layer from step (c);

e. adding a second solvent to the organic layer;

86



a. mxing (-)-trans -3 -(5 ,6-di hydro-4Hpyrrolo [3, 2, 1-?7]

qui nolin-1-y1)-4-(1H ndol-3-yl) pyrrolidine-2,

5- di one. (W6,288)0791p - pseudoephedri ne and an acid; b. addiPeg/sroloewhdl t o
the m xture from(a) to forma slurry; c. heating and stirring the slurry
formed in (b)f, d. @ﬁ@éﬂtﬂagn@.ﬂﬂ drgeoli @laiyarginfil Yhetaneousit 3f thd sécotld Rylgrem-id thepyr r ol o
[3,2,1-0 quinolin-| 1H-i ndol-3-y1l) pyrrolidine-2, 5-dione; e. washing
(-)-trans-3- (5, 6-dP 18%5 3 Wééqamis 2,1-0
quinolin-1-yl)-4-( _step (d)
with a first ]QSO| ve &ﬂtéﬂ?ﬁﬁ%l SSo 3% alh? ];agétrrqgr%%péé %gﬂgn%ﬁ%rrgstu%%nﬂp rrolo
[3,2,1-0 qui nol i n-theng3-€546- dﬂnlyidmdw p@frry)lb) [3s /0 kb hie-1 21)-8~+ iiHendo13-pln st ep
(e) in a second sol vent for. Iut ad a third sol ve

the sol ut; on i (Mprahginscritiag e werueLint ey PR e dP Sai g
second sol vent in edif Pdri 4Py irSlo![ 8231 - nolif-191)-4 M%—‘i&iolB N9
(-)-trans-3-(5, 6- d(S ydrgdm—l-pﬁ}r’ﬂrro (g éWO qur?]]o)Il% | -y ?P

(1H i ndol- 3-y1) pymrwliddicre Slios di one fromthe sol utlon |n (9); i.
optionally, adding a fourth sol vent to mature the crystals from (h); j.
isolating the crystals from (i) by filtration; k. washing the crystals from
(J) withpsa mpHeuh@hed of igint 4 rxﬂles@hvﬁatﬁrmdlv%@tustahloﬁiahmmts solaet. 1. drying
the crystals from (k) under vacuum thereby producing (-)-trans-3-(5 , 6-

di hydr o- 4H—pyrro|o [3,2,1-0 quinolin-1-yl)-4-(1Hindol-3-y1l) pyrrolldl ne- 2,

\?/nglr gln ﬁ said '§1 coﬁgﬁzgl S metléﬁ ?a%}&{é? %éﬁéﬁ-’aqée%u&%@)e(ﬁ% gl(gt agéléo¢1gﬁcg1452Th

met hod aicctohariie) &2 mshercehdresfai d first solvent is a non-aqueous sol vent.
55. The nethod of claim 54, wherein said non-aqueous solvent is nethanol,
et hanol, or a m xture thereof

27.  The method of claim 24, wherein said second solvent is a non-aqueous solvent.

28. The method of claim 27, wherein said non-aqueous solvent is methanol, ethanol,

acctonitrile, or a mixture thereof.

29. The method of claim 24, wherein said second solvent is the same as said first solvent.
30. The method of claim 24, wherein said second solvent is different from said first
solvent.

31.  The method of claim 24, wherein said organic solvent in step ¢ is
methyltetrahydrofuran

32.  The method of claim 24, wherein said organic layer is washed with a salt solution in
step d.

33. The method of claim 32, wherein said salt solution is a sodium chloride solution.

34, The method of claim 24, further comprising rinsing (-)-trans-3-(5,6-dihydro-4 H-
pyrrolo [3,2,1-ij] quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-2, 5-dione crystal after step (g).
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56. The nethod of claim52, wherein said second solvent is a non-agueous
solvent. 57. The nethod of claim56, wherein said non-aqueous solvent is

t et r ahydrwbunam791438. The net hod of cl ai m 52, wherein saca/ushéwdeses vent i s
a non-aqueous solvent. 59. The nethod of claim58, wherein said

non- aquexdus skHevadthod of ¢teihad avheredh 3nalns-3005, @ditlydiow /-pyrelodef2,1-60. The

met hod of cl aim ifld fourth ;ﬁlvent i S an aqueous sol vent. 61.

The met HBLN- lcv‘gﬁ'mléblen%éw nyrokidmesgd a%ecgaﬁt@/lelﬁfm?%i\m%ww@ The

net hod i r oduced
(o) e o SR ShE e o0,

qui nolin-1-y1l)-4-(1H i ndol-3-yl) pyrrolldlne 2, 5-dione conprises less than

aui nol 1 % -y AR PETES SEy e o G romiet &g (5 iy Rl nod

of cla 21-ij Okt 8y P
[ 3, 2, 1|832L%ngﬁgﬁg%?lﬁg*ﬁ(quklhgofighﬁnii§§%§%§§3?ﬁgh Qﬁ?ﬁ??ﬁ@”&ﬁﬁ%f.ses

| ess t hamm:-3rth G- 4191Lyd1r0a41@ p;mp@ [éablwgumo ml} #-61 B-ipdplB-3D) pyrrolidine-2, 5-
qU|noI|n I(yl) 4- (1Hindol-3-yl) pyrrolidine-2, 5-dione. 64. A nmethod for
preparlng ? )-trans-3-(5, 6-di hydro-4H pyrrolo [3 2,1-0 quinolin-1-yl)-

4- (1Hindol-3-yl) pyrrolidine-2,5-dione, conprising: WO

2011/ 079142PCT/ US2010/ 061625 a. dissol vin ,

() - t ransi’3- ( Sthe-rasthgdipioclain 3y rvhsrain pad produgedyi-Agri-A=(p Oydilydo-4H-pyrrolo
(1H—|nd dj di eh] or ' ing the
O-tr ang%23r ¥?‘§ulﬁ%ﬁ%?ﬁ}y dAr gﬁzzﬁdoggf;gfgﬁf(gmﬁéﬁgﬂ SRUESARNGs R Q. 7,

qui nol i r(+).-fryzzﬂz3-3£(5,(61dﬂhydrdmﬂ Byrrylb) 3 @i pduinblimet-21)-b¢ ldi-anie -yt hpyaradidatchne;

b. dlssolg ()-trans-3-(5, 6-di hydro-4Hpyrrolo [3,2,1-0 quinolin-|-yl)-4-
(1H—|nd D%1) pyrrolidine-2, 5-dione di chl oromethane in a first sol vent;
c. distilling the solution of step (b) until the |evel of dichloronethane
in the solutionis < 0.1%by weight; d. diluting the solution of step (c)
in a secdnd sdimetmd foeprepmingiduiaiing3{hié-dloydue-H#éhpwfole (Bp, 1 ¢id)quinio-layl)-

I ticol t Ki table f hi r al
Separ at i BT ERENGARneSY SS RTINS obfar ned from the systemin
step (e); and, g. crﬁf&h{g L A3t BR-diddb ey Byib BB 3 .R] §fihodd yid-tgyi ng the

resultant (-)-tran
1nd01 3-yl) pyrrolidine-2, 5-dione with cyclohexylethylamine in a first solvent

to form solid (-)-trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-i/] quinolin-1-yl)-4-
(1H-indol-3-yl) pyrrolidine-2, 5-dione-cyclohexylethylamine;

b. washing the (-)-trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-ij] quinolin-1-yl)-4-
(1H-indol-3-yl) pyrrolidine-2, 5-dione-cyclohexylethylamine solid formed in
step (a) with an aqueous mixture of the first solvent;

c. reacting the (-)-trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-ij] quinolin-1-yl)-4-
(1H-indol-3-yl) pyrrolidine-2, 5-dione-cyclohexylethylamine from step (b)
with an acid in an organic solvent and isolating the organic layer of the

resultant solution;

d. washing the organic layer from step (c);
e. adding a second solvent to the organic layer;
f. concentrating the organic layer until the amount of the second solvent in the

solution is less than 5%; and
g. crystallizing from the organic layer in step (f) and drying the resultant (-)-
trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-ij] quinolin-1-yl)-4-(1H-indol-3-yl)

pyrrolidine-2, 5-dione solution under vacuum, thereby producing (-)-trans-3-

&8



(5, 6-di hydro-4H-pyrrolo [3,2,1-0 quinolin-I-yl1)-4-(1Hindol-3-yl)
pyrrolidine-2, 5-dione, thereby producing
(-)-transwB-208/69d2hydr o- 4H pyrrolo [3,2,1-0 PCT/US2010/061625

qui nolin-I-y1)-4-(1Hindol-3-yl) pyrrolidine-2, 5-dione. 65. The nethod of
cl ai m 64, wherei n ($@-dihjdrostH-paraiens,2iis; pquinslitiybelsl /Baldebdtyl) 66. The

nmet hod of claim 65, wherein said non-aqueous solvent is nethanol, ethanol,
or a mixture ther g0fOlgnC-2rieioRG hod of clai m 64, wherein said second
solvent is a non-aqueous solvent. 68. The nethod of claim67, wherein said
non- aqueous sol vent is nethanol, ethanol, acetonitrile, or a m xture

t her eof 39%9. ThHvenetbodolclain 83, avhor&8 saidtiestadlvestas d nnonaqagueselsegol vent is a
m xture of methanol and acetonitrile. 70. The nmethod of claim64, wherein
said produced (-)-trans-3-(5, 6-di hydro-4H pyrrolo [3,2,1-0

qui nol i mgl, - y1MﬁAn&ﬁ$hbﬂHﬂﬁr§9X@%ﬁ&ﬂ%&@hbﬁhg@a%ss&v&hQBQmﬁﬁﬁ@ﬂéses I ess than
1% (+)- trans (5, 6-di hydro-4H pyrrol o [ ,1-0
quinolin-1-yl)-4-(1H i ndol- 3- y1) pyrrolldlne 2, 5- dione. WO

2011/ 079142PCT/ US / 162 m 70, wherein said
produce d411( ) ("J?} an%tg ?gq%mag% relﬂ's_f_ugy?conﬁ Solﬁzgntzts n8n aqueous Solven f][

qui nolin-1-y1l)-4-(1H i ndol- 3- yl) pyrrolidine-2, 5-dione conprises |less than
0.7% (+)-trans-3-(5, 6-di hydro-4H-pyrrolo [3,2,1-0

qui nol i 2 - y 1hheqnethed phelam 4Lyahergy paid nppriagacops selventdnmethangl, cthangdt hod f or
prepari r , ydro-4H pyrrolo [3,2,1-0 quinolin-1-yl)-

4- (1FL|2%J% %ﬂﬁ p?%?é i ?%ghz 5-di one, conprising steps a-f of claim®64
and step ¢ mhereln step @' conprlses evaporatlng t he rafflnate in step f,

t her eby rodu n rans -di.h rrolo [3,

qui nol i rft 49%%1 phidem éfg' merfawrle |S¥ ﬁéolze s Hicopmic as ?@331' figst solvent.
pharnaceutlcal conposi tion conprising a polynorph of any one of clains 1-3
and 4-6 and a pharnmaceutically acceptable carrier or excipient. 74. A

phar macelt i calhegoethodof ¢lam sHmpreran sgd acohi salveyt ipdiffef¢ng drom said first
(-)-trans; 3-(5, 6-di hydrod4H pyrrolo [3,2,1-0

qurnollﬁol ‘Y1) - 4- (1H i ndol1-3-y1) pyrrolidine-2, 5-dione of any one of
claims 20-23. 75. A nethod of treating a cancer, conprising adm nistering
to a subject t herapeutically effective anount of a pol ynor ph of any one
of clai - 1- éflarruethmgOf Halgbhhivwheréio paidiorgants soheenhiicden ¢ sal | y accept abl e
carrier. met QKmEF od of claim75, wherein said cancer is selected from
| ung cancery CoTon cancer breast cancer, pancreatic cancer, prostate
cancer, chronic nyelogenous | eukem a, nelanona ovarian cancer renal

carci nomp, hepatomm, brain cancer and nultip Y oma. A nmet hod of
treatinda céﬁ@érleth%%«‘r lpigy 3y vehersinpadl OFganty lﬁberas graﬂ}eécfrlthaa taesoApientN cal | y
ef fectivg afount of a chirally purified (-)-trans-3-(5, 6-dihydro-4H pyrrolo
[3, 2, 1- i} &urnolin-1-y1)-4-(1k+indol-3-y1) pyrrolidine-2, 5-dione of any one
of clainms 20-23 in conbination with a pharmaceutically acceptable carrier.

78. The th of claim77, ei.n s ncer eIe ed fr nllung
cancer, oloﬁﬂﬁaﬂ@§?$0%$@85f’ Eﬁ?smgégcﬁgaTWb“@éﬁ ﬁﬁ 1E‘lc’@ancer
chroni c nyel ogenous | eukem a, nel anoma, ovarian cancer, renal carcinonma,

hepat oma, brain cancer and nultiple nyel ona.
48.  The method of claim 38, further comprising rinsing (-)-trans-3-(5,6-dihydro-4 H-

pyrrolo [3,2,1-ij] quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-2, 5-dione crystal after step (g).
49.  The method of claim 48, wherein (-)-trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-if]

quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-2, 5-dione crystal is rinsed with an alcohol

selected from ethanol and methanol.

50.  The method of claim 38, wherein said produced (-)-trans-3-(5,6-dihydro-4 H-pyrrolo
[3,2,1-i/] quinolin-1-yl)-4-(1 H-indol-3-yl) pyrrolidine-2, 5-dione comprises less than 1% (+)-
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trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-if] quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-2, 5-

dione.

51.  The method of claim 50, wherein said produced (-)-trans-3-(5,6-dihydro-4 H-pyrrolo

[3,2,1-i/] quinolin-1-yl)-4-(1 H-indol-3-yl) pyrrolidine-2, 5-dione comprises less than 0.7%
(+)-trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-i/] quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-2,

5-dione.

52. A method for preparing (-)-trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-i] quinolin-1-yl)-

4-(1H-indol-3-yl) pyrrolidine-2,5-dione, comprising:

a.

mixing (-)-trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-ij] quinolin-1-yl)-4-(1H-
indol-3-yl) pyrrolidine-2, 5-dione-(1S,2S)-(+)-pseudoephedrine and an acid;
adding an alcohol to the mixture from (a) to form a slurry;

heating and stirring the slurry formed in (b);

cooling and isolating (-)-trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-ij] quinolin-1-
yl)-4-(1H-indol-3-yl) pyrrolidine-2, 5-dione;

washing (-)-trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-ij] quinolin-1-yl)-4-(1H-
indol-3-yl) pyrrolidine-2, 5-dione isolated in step (d) with a first solvent;
dissolving (-)-trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-ij] quinolin-1-yl)-4-(1H-
indol-3-yl) pyrrolidine-2, 5-dione from step (¢) in a second solvent to form a
solution;

adding a third solvent to the solution in (f) and distilling the solution until the
amount of said second solvent in the solution is less than 5%,

crystallizing (-)-trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-if] quinolin-1-yl)-4-
(1H-indol-3-yl) pyrrolidine-2, 5-dione from the solution in (g);

optionally, adding a fourth solvent to mature the crystals from (h);

isolating the crystals from (1) by filtration;

washing the crystals from (j) with a mixture of the third solvent and fourth
solvent; and

drying the crystals from (k) under vacuum, thereby producing (-)-trans-3-(5,6-
dihydro-4H-pyrrolo [3,2,1-ij] quinolin-1-yl)-4-(1 H-indol-3-yl) pyrrolidine-2,

5-dione.
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53. The method of claim 52, wherein said alcohol is methanol, ethanol, or a mixture
thereof.

54.  The method of claim 52, wherein said first solvent is a non-aqueous solvent.

55. The method of claim 54, wherein said non-aqueous solvent is methanol, ethanol, or a

mixture thereof.

56.  The method of claim 52, wherein said second solvent is a non-aqueous solvent.

57.  The method of claim 56, wherein said non-aqueous solvent is tetrahydrofuran.

58.  The method of claim 52, wherein said third solvent is a non-aqueous solvent.

59. The method of claim 58, wherein said non-aqueous solvent is methanol, ethanol, or a

mixture thereof.

60.  The method of claim 52, wherein said fourth solvent is an aqueous solvent.

61.  The method of claim 60, wherein said aqueous solvent is water.

62.  The method of claim 52, wherein said produced (-)-trans-3-(5,6-dihydro-4 H-pyrrolo
[3,2,1-i/] quinolin-1-yl)-4-(1 H-indol-3-yl) pyrrolidine-2, 5-dione comprises less than 1% (+)-
trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-if] quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-2, 5-

dione.

63.  The method of claim 62, wherein said produced (-)-trans-3-(5,6-dihydro-4 H-pyrrolo
[3,2,1-i/] quinolin-1-yl)-4-(1 H-indol-3-yl) pyrrolidine-2, 5-dione comprises less than 0.7%
(+)-trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-i/] quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-2,

5-dione.

64. A method for preparing (-)-trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-if] quinolin-1-yl)-
4-(1H-indol-3-yl) pyrrolidine-2,5-dione, comprising:
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a. dissolving (+)-trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-i/] quinolin-1-yl)-4-
(1H-indol-3-yl) pyrrolidine-2, 5-dione in dichloromethane and isolating the
(H)-trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-ij] quinolin-1-yl)-4-(1H-indol-3-
yl) pyrrolidine-2, 5-dione dichloromethane;

b. dissolving (+)-trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-i/] quinolin-1-yl)-4-
(1H-indol-3-yl) pyrrolidine-2, 5-dione dichloromethane in a first solvent;

C. distilling the solution of step (b) until the level of dichloromethane in the
solution is < 0.1% by weight;

d. diluting the solution of step (¢) in a second solvent;

e. introducing the solution of step (d) into a multicolumn chromatography system
containing a packing suitable for chiral separation;

f. pooling the resultant raffinate obtained from the system in step (¢); and

g. crystallizing the raffinate from step (f) and filtering the resultant (-)-trans-3-
(5,6-dihydro-4H-pyrrolo [3,2,1-ij] quinolin-1-yl)-4-(1H-indol-3-yl)
pyrrolidine-2, 5-dione, thereby producing (-)-trans-3-(5,6-dihydro-4 H-pyrrolo
[3,2,1-i/] quinolin-1-yl)-4-(1 H-indol-3-yl) pyrrolidine-2, 5-dione.

65.  The method of claim 64, wherein said first solvent is a non-aqueous solvent.

66. The method of claim 65, wherein said non-aqueous solvent is methanol, ethanol, or a

mixture thereof.

67.  The method of claim 64, wherein said second solvent is a non-aqueous solvent.

68. The method of claim 67, wherein said non-aqueous solvent is methanol, ethanol,

acctonitrile, or a mixture thereof.

69.  The method of claim 68, wherein said non-aqueous solvent is a mixture of methanol

and acetonitrile.

70.  The method of claim 64, wherein said produced (-)-trans-3-(5,6-dihydro-4 H-pyrrolo
[3,2,1-i/] quinolin-1-yl)-4-(1 H-indol-3-yl) pyrrolidine-2, 5-dione comprises less than 1% (+)-
trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-if] quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-2, 5-

dione.
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71.  The method of claim 70, wherein said produced (-)-trans-3-(5,6-dihydro-4 H-pyrrolo
[3,2,1-i/] quinolin-1-yl)-4-(1 H-indol-3-yl) pyrrolidine-2, 5-dione comprises less than 0.7%
(+)-trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-i/] quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-2,

5-dione.

72. A method for preparing (-)-trans-3-(5,6-dihydro-4 H-pyrrolo [3,2,1-if] quinolin-1-yl)-
4-(1H-indol-3-yl) pyrrolidine-2,5-dione, comprising steps a-f of claim 64 and step g’,
wherein step g’ comprises evaporating the raffinate in step f, thereby producing (-)-trans-3-

(5,6-dihydro-4H-pyrrolo [3,2,1-ij] quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-2, 5-dione.

73. A pharmaceutical composition comprising a polymorph of any one of claims 1-3 and

4-6 and a pharmaceutically acceptable carrier or excipient.

74. A pharmaceutical composition comprising a chirally purified (-)-trans-3-(5,6-dihydro-
4H-pyrrolo [3,2,1-if] quinolin-1-yl)-4-(1 H-indol-3-yl) pyrrolidine-2, 5-dione of any one of
claims 20-23.

75. A method of treating a cancer, comprising administering to a subject a therapeutically
effective amount of a polymorph of any one of claims 1-3 and 4-6 in combination with a

pharmaceutically acceptable carrier.

76.  The method of claim 75, wherein said cancer is selected from lung cancer, colon
cancer, breast cancer, pancreatic cancer, prostate cancer, chronic myelogenous leukemia,

melanoma, ovarian cancer, renal carcinoma, hepatoma, brain cancer and multiple myeloma.

77. A method of treating a cancer, comprising administering to a subject a therapeutically
effective amount of a chirally purified (-)-trans-3-(5,6-dihydro-4H-pyrrolo [3,2,1-7/]
quinolin-1-yl)-4-(1H-indol-3-yl) pyrrolidine-2, 5-dione of any one of claims 20-23 in

combination with a pharmaceutically acceptable carrier.
78.  The method of claim 77, wherein said cancer is selected from lung cancer, colon

cancer, breast cancer, pancreatic cancer, prostate cancer, chronic myelogenous leukemia,

melanoma, ovarian cancer, renal carcinoma, hepatoma, brain cancer and multiple myeloma.
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