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suppress caspase-dependent apoptosis. SMAC, also known as DI ABLO, is
another intracellular protein ngAG‘ WE&HQ to antagonize, i.e., inhibit
the activity of 1APs. In normal healthy cells, SMAC and | APs function
together to maintain healthy cells. However, in certain di sease states,

e.g., cancers and other proli fg.rﬁdtiﬁvg &i sotroorller S, | APs are not adequately
ant agoni zed and therefore pre nd cause or exacerbate
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This invention, 1n one

N { 1S-dn@Rafvioyab' - Di f | uor o- 3' - { 4S- hydr oxy- 1-[ 2S- ( 2Snet hyl am no- pr opi onyl am no
)-butyryl]-pyrrolidin-2Rylnmethyll -1 H 1 'H[2,21]biindolyl-3-

yl met hyl ) - 4S- hydr oxy- pyrrolidi ne-1-carbonyl]-propyl 1 L
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further descri bed herel el ow. i S conpoun as t OW ng structure:
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as Conpound .. The invention, in_relat aspects, cQ ises a.

phar m el & e%r%%%ﬁ_gﬁﬂaﬁ degHisFy &en%@éﬁgﬁl% ipatnectmd A et g B

treat ijfGedcR SptQidhNf HndRNAES profRfePatiignRils OF non- human mammel i an subj ect

in need thereof that conprises inter ngil. I {madm nistering to the subject an
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Summary of the Invention

This invention, in one aspect, is N-{1S-[2R-(6,6'-Difluoro-3'- {4S-hydroxy-1-[25-(2S-

methylamino-propionylamino)-butyryl]-pyrrolidin-2R-ylmethyl }-1H,1'H-[2,2']biindolyl-3-
ylmethyl)-4S-hydroxy-pyrrolidine-1-carbonyl]-propyl }-2S-methylamino-propionamide and



In another illustrative enbodi ment, the invention conprises a nethod for

i nduci ng apoptosis in a cell conprising contacting the cell w th Conpound
15 or a plwernmempdsical | y acceptabl e salt thereof |n thigcemdsesionsnte the

cell can be, e.g., a cancerous cell. In additional illustrative

enbodi ments, the invention conprises any one or nDre of the abqve_ net hods

that fRlitrRaseutisracseriablamili tBerert agwall Se Xemys et sPeh steePunHerdpy, such
e. not her apy, photodynam c therapy, and

conblﬁg FJ%%Q#%%?QQFI?aﬁﬁg%gﬁ%ﬁgxmk%?ngtratlve enbodi nent, the invention

~conpr i Blgs campeirhiddhs ofie folleaingxgruatur@aut oi nmune di sease, in mhich t he

condition is caused or exacerbated by abnormal regulation of apoptosis, in

a mammal i n need thereof, |ncbﬁd|ng, for exanple, system c |upus

erythemat osus, psoriasis, andyidiopathic thronmbocytopenic purpura (Mrbus

Wer | hof) that conprises |nter all'y adr iﬂ stering to the animal an effective

acceptabl e salt thereof Brief
Description of the Fl ges percent mean body weight loss in

rat follow ng 4 day i Nt Nav dosing with SMAC m netics

substantially as d cri in 16 4. Figure 2 shows nmean tunor vol une
(2A) and body %%;i‘ ang (2B) i fromtreatnent of human
xenografts |n h SMAC mi ngtics substantialky ag described in

Exanmpl e 5. Defail ed Descrlptlon of the Invention The cgnpmwhd of the
invention is a SMAC minetic thatyg e used ip then at ment of
proliferative disorders, e.g.: variou i gn t s orymalignant tunors
(cancer), benign proliferative di geasg NJ. soMd asi s, benign prostatic
hypertrophy, and restenosis), or nmune’ di g{ease@ (e.g., autoimmune
proliferative gl omerul onephritis 1 [ [ [

responses). Cancers whi ch potentia feated with TAP ant agoni sts
i nclude, but are not limted t-d, one or norejof the follow ng: |ung
adenocar ei noma, pancreatic cancer, colon camoer, ovarian canpper, breast
cancer, nesothelioma, peripheral neuroma, bl adder cancer, gliobl astons,
nel anoma, adrenocortical carcinoma, AlDS-related | ynphoma, anal cancer,
bladder p&an cervi cal
cancer? ﬁ?@%%% ggg%oprgf%‘e%% e ?%ér %&P?EKKQEQQE%H% (fg%phocytlc

| eu kenrrlaa inG et remeddcvgpm soﬂnpﬁk@rm phiprmaeliidel canpeditiorequaaisingsuchncer s,

endonetri al cancer ependy esophageal cancer Ewi ng' s, sarcomm,

ext r actoaRHoAn @é¢ﬁPB%W¥“¥Uﬁ%F%$aE¥ﬂ¢%6%ﬁh srdgrap mbugian of HhEMaRy ¢  ahepat i ¢
bi | e dlﬂﬁ@.rﬂ“aﬁgﬁ Slbied 3 hlaaddess tﬁé’t%ﬁ{éﬁs%ﬁeﬁﬁly%ﬂﬁﬁgtenﬂgﬁ)t the 'sﬁ'(;] g&thnal
carcinolrd tunors, gestational trop astic tanors, haity cell "I eukem a,
Hodgkiﬂﬁkyn@mmnmﬁcﬁcmdkbdmbumd¢qamﬂmmmmmuhwﬂbphaqyﬂgeaﬂt&mmwér i ntraocul ar
mel ano islet cell carcinonma, Kapo conma al .cancer, |eukem a,
acut e f%ﬂ&ﬁ?%%% Ei’@ ‘P‘é‘?.‘.ﬂ%m’%mp%ﬁtaénﬁb‘é‘f 8{ HeAigg I?é’ﬁ‘? %fnl% VP di’?&%@%’r“ or al

cavi t ymGRARLEn néeﬂ‘fﬁé’re&aé‘ge‘é :huﬁﬁh Q)rl&rc%ﬂﬁ)tanféﬁ@lﬁﬁﬁal IMRjot AR, sres@bhels ona,
medul | obl ast oma, nel anona, Merkel cell carcinoma, nmetastatic squanmous neck
cancermnmmlﬂu@b@mpv%$@ﬁ@maﬁﬂa@nh@ﬁﬂpwdsMWQmwml%Eﬁﬁﬁ&@h@nOWVGésls f ungoi des
and th ar ndr.one dys ones, nasopharyngeal cancer,
neur Obﬁgl’ls’lp%lﬂ{ﬁy 15 %r ilcei;%ﬁll% 2% ﬁ)t%a:bﬁe sacft t%gregf

ancer, snal | ceII | ung cancer,
or ophamysggrl iIRaRsere eniIAE&ANGE ﬁxs/enmc&:mbrm@s osictREabE paaciagdpsmbsignant
fibrous histiocytoma of bone, ovarian epithelial cancer, ovarian erm cel
t unor sin agseHrdoRPTIS Y AR EHBRE cplbivahtGoampaunddp or 2 phwatasaitically aprcateble
parana aﬂl thér'e{)]tu%n?ﬁggrﬁ;%o?lﬁ?ehﬁttﬁy&ﬂ' &n %@né:g a cHRBILE capncer,
pheochronnc onma, pitul tunors, prostate cancer, rectal cancer, renal
cel | ch&HﬁummﬁuhﬁﬁbhasﬁmﬂanmthBGOﬂy@mancmﬂpmﬁsahyua&yr@bﬁﬂﬂ%hﬁﬂﬁﬂe, skin
cancer, small iptestine cancer, soft tissue sarcong, ﬁ%gmate torial

pri mi tPgdodeihebEhermRiset ifpRerpe e pmdstonsreltdtheams s g8,

R R O oMl 4ty pRABEATamil IRABY ARNGImERLlonG ARKGIE OF t he
renal pe1V|s and uret ur et gancer uteriné sarcom, vagi nal cancer,
vul var Incafuctber, illastchtié Iembsdmammth@mdemtdme:onmmsd:scﬂwoﬂhoﬁDﬁtreqtlriguanmr s. Sone
enbodi nents of fhe inve on ugﬁlude |ndu ggglggls of cF Isr.

part i cAHIQFIHUIS; IWGF%@‘?YY 10 )}hfb‘? ftpérléf?uﬁﬁ 8re agerbaigd byapposmal teghfafian o o i ed
out in vitro or in vivo. The nethods of the invention can include

adm ni stration of the conpound of the invention alone, adm nistration of a
conmbi nati on of TAP antagonists, or adm nistration of the conpound of the
invention, with or without one or nore additional TAP antagoni sts, and one
or nore additional chenotherapeutic ents. Adm nistration of rmultiple
agents can be sinultaneous or sequential. Useful chenotherapeutic agents

i ncl ude, but are not Ilnlted to aIkyIating agents (e.g., cycl ophospham de,
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Typically, the conpound of the invention will be adm ni stered by

i ntravenous injection, including, e.g., by infusion over about 1 to about
120 m nutwe,20e/m@2684about 30 m nutes. The phar naceuti cal pcomsesioa®ne of t he
invention is a conposition in which the active pharnaceutical ingredient,
i.e., the conpound of the inyentign, js. pure enough, and the conposition is
ot her v saé’OE@FItSaIBIaéPamB‘PP’inﬁteé Hreod i s b oAIRIG SYSWEHGRAPEE ot her mammal
It ca r ERsund s : i ; i Lngl e
AR S L L o S Rl A

i nt r a-acamoisss indrbaljosiEnihGtanngay thecampnilse difeviial anoounp pECHmpbed! Eyoi nge, each
conpriﬁ%ﬁg an.eﬁ{ectiv aqﬁu%t or. a convenient fraction of an effective
anmount PRATBACHHER YATECRIHEC SBhTEHPE of one vial or syringe are adnministered
at a time. Such admi ni stratgQf FRRRBNEREAEBGYP t0 about 4 tines per day
over a period of tinme, if necessary to achieve a cunul ative effective dose,
e.g., ltigmerl sheysesticomean Whdyiwgehtdersne mtdaltovag 4alags of idavepouy bolus

tw ce-yeekl y. i enous injections, or,.e.qg., Weekly injections in cycles
of ¢ hra bt SRS RS MRl % gP et B dlSTE AL ¢ et ment i s

ef f ecthiy@re 2sh@ws mbahitkmei ER@se (DA PHIIaRI9 Svedght thandI(2B) tebulfifg fibgl erated. The
effective dose admnistered in _each injection is an anount that is

ef f ectirsptme@fhemean zeragrafisin pade pece witly SMAC gimetcsspbatppfially asdegsribed. 2 t o
t O nu/;pi, %&k:?-g" 0.5 to 5 ng/n2. The conpound of the invention can al so
be app iaq ocally, such as in isolated |inb perfusion. The conpound of the
i nvention can al so be appétaited ogicapdidyof the thventdeén a cream gel, lotion, or
ointment, or in_a_reservair or_matrix-type patch, or.in an active
t r ans deiefioRIPogRY P BeyneplipR i a ALt PBERs BatrgBdeusehRdhg HEAISYERT t he cour se
of th (BT , ﬁ&ﬂ%] i our ses of
3 wee sr élgﬁré; a{%\/\ggsgrdg%{ ,e %eri'evsa ﬁlotgssbfi: ntr ggﬁr@n%o {lthtgmgfgoﬂc?%{lgpé?%rg%&di sor der,

i . e., moliectivadesecases {thg, paresisfbedi Sgassatpr lpgpessphpgndtrestenasad,ioon of di sease
progressi.on, or..regression Oor rem Ssion. har maceutical] c osi.tions to be
el CUTIPRUESLihgs 15 u tRedmy s BEraive SR oo o BB ORE e Giacr | bed
above, queimdnidB3EFBRRN]. | Caicky WARSEPSBRILlyTah be BLated heth IAPrand 08RO toget her
w th one or nore pharmaceutically accepgable exci pi ents. The phrase

" phar riadede. behire soriyoged tooane peereofitee Bllowitm Singj agdanenardindyha piagreatic

adm ni stratioen in nmedical e. 4 hould b reci at.ed that the

et er iehit i el BLERh Gt et oS BRI E R A IR s o

adm nitgdddet t@ned, @liolapaimt, elhadmpatiicadtorties cifciddinty, KBSIreMel 1phpksga,nar y
skill in the pharmaceutical and nedical arts. Conpositions suitable for

par entd@pkanggnpladdsr cangen ineing enp oHtana, aBFRSY 0N, Breastepnecs, oggied gancer,

pr eparat.d - ] e i I i rably isotonic
AR L e e L S s e P g
accor dnygjogenotnionkemie}, kolba castengenducrimbdaecas renienstrial catcéruependymbimah may

i ncl ude buffer. en practicing the conjoint or conbinatjon therapy

oscr BupBH R dotReR SBEPB, R SR ROR. CT eSO RFEUFRY s
CONMPOSifhbRANSxtRhepdIR HRIERENantaY BN IHI QAR LEMCAC EatkriStaRubL 8NGOS,
subsequent to, or prior to chenbtherapy or radiation, so long as the
chenotcheirapeé omas,.aggetationnl topkiotdastio nursersshaiiyzsl 1etkemsa dtasigkind ympkormanpound
and CO”B%?%&%OUP oé the¥ﬁ;e ent | ventiqg. ﬁgelgﬁesent.quthion also is

di r ect@Yt G & HE YHEEOBF PP B S En e SH "EERF O 8R4 d%'Y CHEASHEY ¢t i at i ng
agent @pbbi @iddala, la-apiiahcaprueasiiescutcTiipheblhdtic Iedhkanmpeienijeitiing agent”
refers to an agent that acts to increase tﬁe sensitivity of an organism
t i ssudeukgmig ip| capepr gorghevity hnaeb ysuerdiceip ate wgashedicen amdigpant

Cher’r% S{h%ggllﬂta,' rﬁeﬁﬂlﬁ)ﬂfﬁtom%r mteﬁagglqg, ﬁreﬂcgfcelpéar%igoﬁﬁ%ag%é%{% st {1%%%)1[;@8 nt. Thus,
conpound "and conposi t1ons of e present rnvention ’can be used for

i nhi bidktkgariceatulyslowtyRldnta atidudhdnplaeii dellsieepladias, nheosis fungoides aat fhen with a
bi ol ogi ¢ or chenot herapeuti ¢ agent or by using themin conbination with

r adi aticeHy syplremeseyapdyspiastic sagromese nawphayaisaheqnssr. Bpurplasted@apind and
COMPOS L i 0 . . - L ar 4w

ur Ti R g GErbERAERY IRl e Br Ot ARl caltie Hont BncBinbhihe
Al t er matebseetoma tiiemealdgmoufibloanhistaiyposi of lome, efaribh epifrediabciincernyetianon may
be used cont enporaneously with radi ati on and/ or additional anti-cancer

chem cal agents (infra). Such systens can avoi d repeated adm nistrations of
t he conpound and conpositions of the present invention, increasing

conveni ence to the subject and the physician, and may be particularly
suitable for certain conpositions of “the present invention. Biological and
chenot her apeuti cs/ anti - neopl asti c agents and radi ati on i nduce apoptosis by
activating the extrinsic or intrinsic apoptotic pathways, and, since the
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t herapy, pronoting apoptosis and enhanci ng the effectiveness of the

chenot her apeuti c, radiotherapy, immunotherapy, and/or photodynam c therapy.
Enbodi merwe 20f1/dobes4i nventi on al so i nclude a nethod of tpeatisp@oazPasi ent
afflicted with cancer by the contenporaneous or concurrent adm nistration

of a biological or chenqt her apeuti c gent Such bi ol ogi cal or

chent #REFPFEUPTESag¥titad [P Y Paay poicatial MBS, PRIGEHICIBNthe SEHEF S HEF apeut i ¢
agent s i ns Si xth
21 onegy bR P H R RS RR bl bald B AR e or at e
by ref @meaceactilThanceheand hdt eqpeeart retmagkastbmaﬂmb@:;mjauarcpmarmjlwanyrglamtd to,

al kyl at i n‘gr ents, antb gtbo ites, g ti-tunor anti bj Oti'cf’l‘gﬁj ant - deri ved
pr 0ductEC TN £anGeL S AR IS FARET, RS S PaTer OgUh S PrOBal ITUREYEs agent s

such aguedRIREhA mﬂsﬁoatqemtst@ﬂt itBQEHL RS carBby ARERITh, GRS carfidoptd, C
i nhi bitors, topoisonerase i nhi bitors, topoisonerase |l inhibitors,

i munothsdid azmcnlg trag@hersl sdt panger ofitherdnek pots an@utetﬂrarre@rabmmef,mrmes

cyt oki nes al an f Al D), cellular
o owt Hrehy e RGeSV AL o PR hs For
chenotfgioapeuti ¢ agents include mtotic inhibitors,and anti-estrogenic
agents. Specific exanples of suitable biological and chenot her apeutic
agent sSqme Frbiedimisats odithe insention meledy ipducieg apsiptasisrof ceBy, wagicrldy( BONU)

5-fl uog V. | rexate,
daunorib u%?%kélgﬂoé or %ltﬁnﬁﬁ%ﬁégﬁé@? '%‘aésg%ag) betcggé%? (}u?-PA ‘Q%P ggg’}sadée pacl it axel,
Vi ncr i ’Blid methodanfxke trszlennonTNﬁ-la&lpdiRaadlﬂiRAtrbu@ndf the h@mpasc&mttte“rtlse inlveretion ot her

t han TRAI L and TNF- al gf t he TNF superfam |y of nol ecuéés interferon
(in botlens pmElHRACER ab‘%@ mplehel IAR Hurgoass aéadmwaﬁtraaw e gempYuRd ves
such a&fth@gﬁthm,or% HONAL R br AR abfREn A1 AP gsﬁsts%%e%p%ré i C

exanpl es of suitabl e chenotherapeutic agents 1 ncldde nitrogen nustards such
as cy (ﬂd(dptumsbttwmodmramluky hgeitd. f Addratngsration f msbipleasntsehh Pk emiulianesis

ant nr atyepvedal BellperRLSaby Brin R TR PR el e R, AR i nca

al kal ojgdats (8B, Q?éi@;ﬂibtéblhe@ﬁﬁélrﬂ&hldr&h%ﬁﬁz; cHIbi4aDe6I trhaphds), AnRaPalaed nase,
estrogens, androgens progestins, |uteinizing hor’mones, octreotide

act et dee, daporroRigin éaxorpbléma?maﬂmt@, ldwbl@traﬁétoxmww&imbm)am ne,

car bopl My L0x rope n I eyar le, interferons,
interl é/? Sli(rer:lgta fj P ?(gé %acgl? asxgirf drg(éeﬁ%xse %QO%A) Onte e?%’ fO%en > of the

pr esendpothilae B, elﬁbthﬁt@tte)s ntmmtdﬂeoﬂs@o@ttmeﬂa@e mﬂgoumgo@de geriguypiesi tion of
the present jnvention in conbination wth topoisgonerase inhibitors to

pot entPEEROSIdednuClepbifh HIAIQESIPHRIYETChENAIFSLE L. A iae FerBBriPfhi bi t or s

i nhi bi p. £ha e t sis and are
used actédpc nﬁlshéhn%?%egghﬁgt%% aggr{tlst)rsoh%ﬁ scg%tga{ﬁg’sﬂg&?nﬁ?%r%t*s pronot e DNA
damagendtiotiredaid) itib guegpiricepeptidy mabidthivat(e.gr, bleDR]qCIlinD gdlatinont-beseDhfentefead. r
process. Therefore, p mac, fromt he mtochon ia.nto .cel |

cyt os SPTGPlgling GiaRatn, Wa’?ﬂéﬂér\ﬁ“&%‘ﬂéé%gcéﬁtéféas 1006 364 L ondois it or s
Topoi SPRIASAiIVeS (U DI {RbBisGie, b%hstﬁﬁ@vfﬁﬁ@s@né vEloRSBink £ AMRIY B86Aimeh QPO ecan,
SN-38 (irinotecan active metabolitej and the Type Il class (etoposide) are
ex pect@dmpdlesﬂmwupageam1n@1ydreﬂgi,arahln¢; dommbwndsadftaxeheiomt@s@m i nvention.
Furt her ex poi sonmerase.in sed

et e T R s

amsacrrhﬂ@ianazgﬁé SCRbro-SirA0AL 6€@Mmci@bie. O her top0| sonerase inhibitors

i nclude, for exarrpl e, Aclacinonycin A, canptothecin, daunorubicin,

doxor UBiseins en@prltntﬁmt%@frtbe invgRtiQibh Pearmaceigahiompesiiond penprisies her  embodi nent
of the, %ﬁﬁ%f hg‘ﬁ%% ago‘?te%?é érﬁbﬁqﬁ?on%ﬁ%%e §ﬂ%01%° e%%@t‘f'v or a

corrp05| ifon" o &Rt nvention i n Ronst er oi dal

ant i i phhan@LeEY 1@&@&1& NEAddpsihistdréd @nohidvedn @neasinaBdubett. tTe | nventi on,

t he chenot herapeutic/anti-neopl astic. agent for use in copbination with the
conpoRaTBHEUERBOBPeS bens Lyl ecoprnaise ﬁt leptpepPhasmagayicpldy aecpigblenum

cont ai g i Ol o PAE tegﬁto&hg%% RhisRa ih RN Aftionk by num

cont ai ni ng conpound I's cli sp at | Fatin can synergi ze w th a tonpound
of t heopregehidingweriiianogiog, qmtrelrrt)utat; eAtiménistrdtiohii$ hamadfy banntfAAlnowuch as
but not limted to XIAP, clAP-1, c-1AP-2, M-TAP, etc. In another

enbodi ment a pl ati num cont ai ni ng conpound i s carboplatin. Carboplatin can
synergi ze with a conpound of the present invention and potentiate the
inhibition of an TAP, i ncluding, but 4not limted to, XI AP, clAP-1, c-IAP-2,
M.-1 AP, etc. In another enbodi ment a plati num containing conpound is
oxaliplatin. The oxaliplatin can synergize with a conpound of the present
| nventl on and potentl ate the i nhi bi t| on of an I AP, i ncI Udl ng, but “not.
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It is intended that the present invention enconpass Conpound 15 synthesi zed
in vitro using |aboratory techni ques, such as those well known to synthetic
chemi st s;wonosymnbdésesi zed using in vivo techni ques, suchpas/usbo0wgd7e

nmet abol ism fernmentation, digestion, and the like. It is also contenplated

t hat t.he conmpound of sent ention be synt hesi zed
conbi ABIEFEN GHD ?rﬁlse.bpi% %@FIHHWWB%FEWFES@%B dminpgiee I8P ALt pr%‘fiiis‘ﬁ £on al so
'nC'U@%?nh%@&ﬁﬂk%ﬁhhﬂmﬁﬁ&hﬁ@@qxﬁgﬁﬁgﬂﬂ§§np&ﬂMQB1ﬁ%@nkﬂ?@ﬁwﬁﬁhné0 Conpound
15 but for the fact that one or nore atons are replaced by an atom havi ng
an at dwifieratelB3S, piH ey cifiierbertes dif fdremetriatibn omhl Hérend oo thaindmggoroandmdke nunber
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Pharmaceutical compositions to be used comprise a therapeutically effective amount of a
compound as described above, or a pharmaceutically acceptable salt or other form thereof
together with one or more pharmaceutically acceptable excipients. The phrase
"pharmaceutical composition” refers to a composition suitable for administration in medical
use. It should be appreciated that the determinations of proper dosage forms, dosage
amounts, and routes of administration for a particular patient are within the level of ordinary
skill in the pharmaceutical and medical arts.

Compositions suitable for parenteral administration conveniently comprise a sterile aqueous
preparation of the compound of the invention, which is preferably isotonic with the blood of
the recipient. This aqueous preparation may be formulated according to known methods
using suitable carriers or diluents which may include a buffer.

When practicing the conjoint or combination therapy described in more detail below, the
administration of the compound and compositions of the present invention can occur
simultaneous with, subsequent to, or prior to chemotherapy or radiation, so long as the
chemotherapeutic agent or radiation sensitizes the system to the compound and compositions
of the present invention.

The present invention also is directed to the use of the compound and compositions as a
chemopotentiating agent with other treatment approaches. The term "chemopotentiating
agent" refers to an agent that acts to increase the sensitivity of an organism, tissue, or cell to a
chemical compound, or treatment namely "chemotherapeutic agents" or "chemo drugs" or to
radiation treatment. Thus, compound and compositions of the present invention can be used
for inhibiting tumor growth in vivo by administering them in combination with a biologic or
chemotherapeutic agent or by using them in combination with radiation. In these
applications, the administration of the compound and compositions of the present invention
may occur prior to, and with sufficient time, to cause sensitization of the site to be treated.
Alternatively, the compound and compositions of the present invention may be used
contemporaneously with radiation and/or additional anti-cancer chemical agents (infra).
Such systems can avoid repeated administrations of the compound and compositions of the
present invention, increasing convenience to the subject and the physician, and may be
particularly suitable for certain compositions of the present invention,

Biological and chemotherapeutics/anti-neoplastic agents and radiation induce apoptosis by
activating the extrinsic or intrinsic apoptotic pathways, and, since the compound and

compositions of the present invention relieve antagonists of apoptotic proteins (IAPs) and,
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thus, remove the block in apoptosis, the combination of chemotherapeutics/anti-neoplastic
agents and radiation with the compound and compositions of the present invention should
work additively or synergistically to facilitate apoptosis.

A combination of the compound of the present invention and a biological or
chemotherapeutic/anti neoplastic agent and/or radiation therapy of any type that activates the
extrinsic or intrinsic pathway may provide a more effective approach to destroying tumor
cells. The compound of the present invention interacts with IAP's, such as XIAP, cIAP-1,
cIAP-2, ML-IAP, etc., and removes the IAP mediated block of apoptosis. Most
chemotherapeutics/anti neoplastic agents and/or radiation therapy kills actively dividing cells
by activating the intrinsic apoptotic pathway leading to apoptosis and cell death. Biological
antitumor agents such as TRAIL (TNF-related apoptosis inducing ligand) activate extrinsic
apoptotic pathways. As is described in more detail below, embodiments of the invention
provide combinations of the compound of the present invention and a biological or
chemotherapeutic/anti-neoplastic agent and/or radiation which provide a synergistic action
against unwanted cell proliferation. This synergistic action between the compound of the
present invention and a biological or chemotherapeutic/anti-neoplastic agent and/or radiation
therapy can improve the efficiency of the biological or chemotherapeutic/anti-neoplastic
agent and/or radiation therapies. This will allow for an increase in the effectiveness of
current biological or chemotherapeutic/anti-neoplastic agents or radiation treatments allowing
a higher percentage of tumors to respond to the therapy, an improved tumor response, and,
potentially, a reduction in the dose of the biological or chemotherapeutic/anti-neoplastic
agent needed to treat a tumor, thereby providing the use of a more tolerable dose of biological
or chemotherapeutic/anti-neoplastic agent and/or radiation.

In an embodiment of the present invention, the patient is treated by administering the
compound or a pharmaceutical composition of the present invention at a time the patient is
subject to concurrent or antecedent radiation or chemotherapy for treatment of a
neoproliferative pathology of a tumor such as, but not limited to, bladder cancer, breast
cancer, prostate cancer, lung cancer, pancreatic cancer, gastric cancer, colon cancer, ovarian
cancer, renal cancer, hepatoma, melanoma, lymphoma, sarcoma, and combinations thereof.
In another embodiment of the present invention, the compound or a composition of the
present invention can be administered in combination with a biological or chemotherapeutic

and/or for use in combination with radiotherapy, immunotherapy, and/or photodynamic
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therapy, promoting apoptosis and enhancing the effectiveness of the chemotherapeutic,
radiotherapy, immunotherapy, and/or photodynamic therapy.

Embodiments of the invention also include a method of treating a patient afflicted with
cancer by the contemporaneous or concurrent administration of a biological or
chemotherapeutic agent. Such biological or chemotherapeutic agents include but are not
limited to the chemotherapeutic agents described in "Modern Pharmacology with Clinical
Applications”, Sixth Edition, Craig & Stitzel, Chpt. 56, pg 639-656 (2004), herein
incorporated by reference. The chemotherapeutic agent can be, but is not limited to,
alkylating agents, antimetabolites, anti-tumor antibiotics, plant-derived products such as
taxanes, enzymes, hormonal agents, miscellaneous agents such as cisplatin, monoclonal
antibodies, glucocorticoids, mitotic inhibitors, topoisomerase I inhibitors, topoisomerase II
inhibitors, immunomodulating agents such as interferons, cellular growth factors, cytokines,
and nonsteroidal anti-inflammatory compounds (NSAID), cellular growth factors and kinase
inhibitors. Other suitable classifications for chemotherapeutic agents include mitotic
inhibitors,and anti-estrogenic agents.

Specific examples of suitable biological and chemotherapeutic agents include, but are not
limited to, cisplatin, carmustine (BCNU), 5-fluorouracil (5-FU), cytarabine (Ara-C),
gemcitabine, methotrexate, daunorubicin, doxorubicin, dexamethasone, topotecan, etoposide,
paclitaxel, vincristine, tamoxifen, TNF-alpha, TRAIL and other members, i.e., other than
TRAIL and TNF-alpha, of the TNF superfamily of molecules., interferon (in both its alpha
and beta forms), thalidomide, thalidomide derivatives such as lenalidomide, melphalan, and
PARP inhibitors. Other specific examples of suitable chemotherapeutic agents include
nitrogen mustards such as cyclophosphamide, alkyl sulfonates, nitrosoureas, ethylenimines,
triazenes, folate antagonists, purine analogs, pyrimidine analogs, anthracyclines, bleomycins,
mitomycins, dactinomycins, plicamycin, vinca alkaloids, epipodophyllotoxins, taxanes,
glucocorticoids, L-asparaginase, estrogens, androgens, progestins, luteinizing hormones,
octreotide actetate, hydroxyurea, procarbazine, mitotane, hexamethylmelamine, carboplatin,
mitoxantrone, monoclonal antibodies, levamisole, interferons, interleukins, filgrastim and
sargramostim.

Another embodiment of the present invention relates to the use of the compound or a
composition of the present invention in combination with topoisomerase inhibitors to
potentiate their apoptotic inducing effect. Topoisomerase inhibitors inhibit DNA replication

and repair, thereby promoting apoptosis and are used as chemothemotherapeutic agents.
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Topoisomerase inhibitors promote DNA damage by inhibiting the enzymes that are required
in the DNA repair process. Therefore, export of Smac from the mitochondria into the cell
cytosol is provoked by the DNA damage caused by topoisomerase inhibitors. Topoisomerase
inhibitors of both the Type I class (camptothecin, topotecan, SN-38 (irinotecan active
metabolite) and the Type 11 class (etoposide) are expected to show potent synergy with
compounds of the present invention. Further examples of topoisomerase inhibiting agents
that may be used include, but are not limited to, irinotecan, topotecan, etoposide, amsacrine,
exatecan, gimatecan, etc. Other topoisomerase inhibitors include, for example,
Aclacinomycin A, camptothecin, daunorubicin, doxorubicin, ellipticine, epirubicin, and
mitaxantrone.

Another embodiment of the present invention relates to the use of the compound or a
composition of the present invention in combination with nonsteroidal antiinflammatory
drugs (NSAIDs).

In another embodiment of the invention, the chemotherapeutic/anti-neoplastic agent for use in
combination with the compound and compositions of the present invention may be a
platinum containing compound. In one embodiment of the invention, the platinum containing
compound is cisplatin. Cisplatin can synergize with a compound of the present invention and
potentiate the inhibition of an IAP, such as but not limited to XIAP, cIAP-1, c-IAP-2, ML-
IAP, etc. In another embodiment a platinum containing compound is carboplatin.
Carboplatin can synergize with a compound of the present invention and potentiate the
inhibition of an IAP, including, but not limited to, XIAP, cIAP-1, ¢c-IAP-2, ML-IAP, etc. In
another embodiment a platinum containing compound is oxaliplatin. The oxaliplatin can
synergize with a compound of the present invention and potentiate the inhibition of an IAP,
including, but not limited to, XIAP, cIAP-1, ¢c-IAP-2, ML-IAP, etc.

Platinum chemotherapy drugs belong to a general group of DNA modifying agents. DNA
modifying agents may be any highly reactive chemical compound that bonds with various
nucleophilic groups in nucleic acids and proteins and cause mutagenic, carcinogenic, or
cytotoxic effects. DNA modifying agents work by different mechanisms, disruption of DNA
function and cell death; DNA damage/the formation of cross-bridges or bonds between atoms
in the DNA; and induction of mispairing of the nucleotides leading to mutations, to achieve
the same end result. Three non-limiting examples of a platinum containing DNA modifying

agents are cisplatin, carboplatin and oxaliplatin.
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Yet another embodiment of the present invention is the therapeutic combination or the
therapeutic use in combination of the compound or compositions of the present invention
with TRAIL or TRAIL agonist antibodies, or other chemical or biological agents which bind
to and activate the TRAIL receptor(s). Many cancer cell types are sensitive to TRAIL-
induced apoptosis, while most normal cells appear to be resistant to this action of TRAIL.
TRAIL-resistant cells may arise by a variety of different mechanisms including loss of the
receptor, presence of decoy receptors, overexpression of FLIP which competes for zymogen
caspase-8 binding during DISC formation and inhibition of activated caspase-3 and/or
caspase-9 by XIAP. In TRAIL resistance, a compound or composition of the present
invention may increase tumor cell sensitivity to TRAIL leading to enhanced cell death, the
clinical correlations of which are expected to be increased apoptotic activity in TRAIL
resistant tumors, improved clinical response, increased response duration, and ultimately,
enhanced patient survival rate.

In another embodiment of the invention, Compound 15 is administered in combination with a
cytokine, e.g., TNFa.

The compound and compositions of the present invention also can be used to augment
radiation therapy (or radiotherapy), i.e., the medical use of ionizing radiation as part of cancer
treatment to control malignant cells. Although radiotherapy is often used as part of curative
therapy, it is occasionally used as a palliative treatment, where cure is not possible and the
aim is for symptomatic relief. Radiotherapy is commonly used for the treatment of tumors.
It may be used as the primary therapy. It is also common to combine radiotherapy with
surgery and/or chemotherapy. The most common tumors treated with radiotherapy are breast
cancer, prostate cancer, rectal cancer, head & neck cancers, gynecological tumors, bladder
cancer and lymphoma. Radiation therapy is commonly applied just to the localized area
involved with the tumor. Often the radiation fields also include the draining lymph nodes. It
is possible but uncommon to give radiotherapy to the whole body, or entire skin surface.
Radiation therapy is usually given daily for up to 35-38 fractions (a daily dose is a fraction).
These small frequent doses allow healthy cells time to grow back, repairing damage inflicted
by the radiation. Three main divisions of radiotherapy are external beam radiotherapy or
teletherapy, brachytherapy or sealed source radiotherapy and unsealed source radiotherapy,
which are all suitable examples of treatment protocol in the present invention. The
differences relate to the position of the radiation source; external is outside the body, while

sealed and unsealed source radiotherapy has radioactive material delivered internally.
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Brachytherapy sealed sources are usually extracted later, while unsealed sources are injected
mnto the body.

Compound 15 is capable of forming pharmaceutically acceptable salts, including but not
limited to acid addition and/or base addition salts. Such salts are included within all aspects
of the invention.

It is intended that the present invention encompass Compound 15 synthesized in vitro using
laboratory techniques, such as those well known to synthetic chemists; or synthesized using
in vivo techniques, such as through metabolism, fermentation, digestion, and the like. It is
also contemplated that the compound of the present invention may be synthesized using a
combination of in vitro and in vivo techniques.

The present invention also includes isotopically-enriched compounds, which are identical to
Compound 15 but for the fact that one or more atoms are replaced by an atom having an
atomic mass or mass number different from the atomic mass or mass number usually found in
nature. Examples of isotopes that can be included in the invention include isotopes of
hydrogen, carbon, nitrogen, oxygen, phosphorous, fluorine and chlorine, such as *H, *H, '°C,
e, BN, 10, 170, ', *?p, *°S, 18F, and **Cl. Substitution with heavier isotopes such as
deuterium, i.e., °H, are also included. Isotopically enriched compounds of this invention can
generally be prepared by substituting a readily available isotopically labelled reagent for a
non-isotopically enriched reagent. For example, incorporation of deuterium can be
accomplished by substituting sodium borohydride with d4-sodium borohydride, or by
replacing iodomethane with d3-iodomethane. Representative examples of specific deuterated
analogs and their preparation are described in Example 1.

Compound 15 may exist in unsolvated forms as well as solvated forms, including hydrated
forms. Furthermore, Compound 15 may exist in various solid states including crystalline,
semi-crystalline and amorphous (noncrystalline) forms, and in the form of clathrates,
prodrugs, polymorphs, bio-hydrolyzable esters, racemic mixtures, non-racemic mixtures, or
as purified stereoisomers including, but not limited to, optically pure enantiomers and
diastereomers. In general, all of these and other such forms are intended to be encompassed
within the scope of the term, Compound 15.

References to Compound 15 and to the compound of the invention, and other similar phrases
in this specification and in the claims, are intended to include not only the compound of
formula (1), but also pharmaceutically acceptable salts of Compound 15, as well as various

forms of said compound or salts thereof such as those that are described above and below.
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In additional embodiments, the invention comprises compounds useful as intermediates in the
synthesis of Compound 15, as well as in processes for preparing such intermediates and
Compound 15. For example, in such embodiments, the invention comprises compounds
shown in the Examples, below, such as Compounds 9, 10, 11, 12, 13, 14, and the isotopically
enriched compounds such as Compounds 18 through 32. One such embodiment is
Compound 15 in which the 4-OH substituent on the pyrrolidine moiety is protected with a
protecting group. An illustrative protecting group is an acetyl group, which is illustrated in
Compounds 11-14, below. Other useful protecting groups will be apparent to persons of skill
in the art and include, e.g., benzoyl, benzyl, trimethylsilyl, and triphenylmethyl groups. The
protecting group is removed, e.g., by contacting the protected intermediate with an acid or a
base, as shown in Schemes XIII and XIV, below. Thus, the invention comprises the
compound having the structure of Compound 15 as well as protected versions of Compound
15 such as Compounds 13 and 14 in which the N-termini are protected with carbamate
moieties and/or free hydroxyl groups are protected as esters such compounds being herein
referred to as Protected Compound 15. The invention further comprises the step of
deprotecting a Protected Compound 15 by contacting the Protected Compound 15 with an
acid or base whereby the Protecting Group is removed to afford Compound 15. Isotopically
enriched compounds of the invention include deuterated forms of Compound 15 such as
Compounds 20, 29, and 32. Protected forms of such compounds, e.g., Compounds 19, 28,
and 31, are also comprised within the invention.

Examples
The following preparations and schemes are illustrative of synthesis of compounds of the
present invention. Abbreviations which are used throughout these schemes and in the

application generally, are identified in the following table:

ABBREVIATION MEANING ABBREVIATION MEANING
ACN Acetonitrile NMP N-methylpyrrolidinone
Ac,O Acetic anhydride PhCOCI Benzoyl chloride
Cbz and Z Benzyloxycarbonyl DIAD diisopropyl azo dicarboxylate
Boc tert-butyloxycarbonyl DIBAL Diisobutylaluminium hydride
and/or
boc
THF Tetrahydrofuran DMAP 4-dimethylamino pyridine
DCM Dichloromethane DMF Dimethylformamide
DDQ 2,3-dichloro-5,6-dicyano-1,4- DMSO dimethyl sulfoxide
benzoquinone

12
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mCPBA 3-chloroperbenzoic acid TFA trifluoroacetic acid
Cbz-Cl Benzyloxycarbonyl chloride TFAA trifluoroactic anhydride
Hex Hexanes HOAc or acetic acid
AcOH
HPLC high performance liquid DIPEA Diisopropylethylamine
chromatography
TLC thin layer chromatography NMM N-methylmorpholine
EtOAc ethyl acetate NCS N-chlorosuccinimide
Ph Phenyl TEA (Et;N) Triethylamine
HATU 2-(7-Aza-1H-benzotriazole-1-yl)- MsCl Methane-sulfonylchloride
1,1,3,3-tetramethyluronium
hexafluorophosphate
Me Methyl* Et Ethyl
iPr Iso-propyl fBu or tert-Bu tert-butyl
cPr Cyclopropyl cHex Cyclohexyl
(2R-EtOMe) - Me (2R-EtOH) Me OH
and/or Me — O and/or
R-MeCHOMe I R-MeCHOH
TBAF tetrabutyl ammonium fluoride MsCl Methanesulfonyl! chloride
OMs Methanesulfonyloxy OTs -0-S0,-Ph-Me
TBDMSCI tert-butyl-dimethyl-silyl chloride OTBS tert-butyl-dimethyl-
or silanyloxy
TBSC1
Ph,P Triphenylphosphine Ac Ci
3—C—Me
Acetyl ( )
n-Bu Normal butyl DMA Dimethylamine
Swern[O] Swern Oxidation HWE Honer-Wadsworth-Emmons
reaction
TBA-C1 Tetra-n-butyl ammonium chloride DMS Dimethylsulfide
NP-HPLC Normal phase-high performance Meldrum’s Acid 2,2-dimethyl-1,3-dioxane-
liquid chromatography 4,6-dione
EDCI N-3-(dimethylaminopropyl)-N’- Imid. Imidazole
ethylcarbodiimide hydrochloride
1-Ethyl-3-(3-
Dimethylaminopropyl)carbodiimide-
HCl
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Ni t r omet hwoeoMaOkéshet hanol Et OH Et hanol
Et,O T> HOBT, or HBT Hydroxybenzotriazole
Ethylene oxide (* )
TES Triethylsilane RT Room temperature
MeNO, Nitromethane MeOH Methanol
EtOH Ethanol NaOAc Sodium acetate
DCE, or EDC Dichloroethane, Ethylenedichloride CICO,Me Ethyl chloroformate
NaHMDS Sodium hexamethyldisilazide TBSCI tert-butyl-dimethyl-silanyl
or sodium bis(trimethylsilyl)amide chloride
Boc-Chg-OH Cbz-N(Me)Ala-OH Me O
(Boc-L- Z-N(Me)Ala-OH ok
cyclohexylglcine) o oH
T
SL A
) N
H
8]
Boc-N(Me)Ala- i‘l’ie @ Boc-Tle-OH '
OH o) N i
X \”/ ; OH >k )L OH
0] I\EAe 0] g
o
e &t Boc-Val-OH o
S
o N
H
o

Boc-Abu-OH t
ﬂ\ B q or
o) N

o
Boc-Ser-OH o OH Cbz-Ser(tBu)-OH E
)]\ OH ci OH
>Ko N (\(\“)\S/E(
Lo :

o
Boc-Ser(Me)-OIl o OMe Cbz-Thr(tBu)-OH )<
NP °
OH o

N
O
Boc-Thr(tBu)-OH Boc-Thr-OH o A"
\1 ) ~ A0 >k )}\ OH
/\O)LN on © :
H o]
o
Boc-Thr(Me)-OH N PSI Pounds per Square Inch
>L /H\ (Gauge)
OH
o
o]
h hour NaOMe Sodium methoxide
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1
4-(tert-Butyl-dimethyl-silanyloxy)-pyrrolidine-1.2-dicarboxvlic acid 1-benzyl ester (2): A
solution of Z-Hyp-OH (1, 300 g, 1.13 mol), TEA (395 mL, 2.83 mol), and DBU (17.2 g, 1.13
mol) in DMF (1.25 L) was stirred in a cold water bath while a suspension of TBS-CI (188 g,

1.24 mol) in DMF (270 mL) was added slowly at 21-26 °C [Note: moderately exothermic].
The resulting thin suspension was stirred for 22 h at ambient temperature. The reaction
mixture was cooled to 2 °C and quenched with water (1.54 L) at < 26 °C [Note: the pH of the
aqueous layer was 8.5-9.0]. MTBE (3 L) was added and the mixture was acidified to pH 3-4
with conc. HCI (168 g) at 17-19 °C. The organic layer was separated and washed with water
(2 x 1.5 L). The organic layer was concentrated in vacuo and dried by additional MTBE
distillation. Toluene (2 x 500 mL) was added and distilled to remove moisture to provide 603
g of 2 as a light yellow-colored oil [Note: the water content by KF analysis was 508 ppm].
Based on drying a small sample of 2 to a solid, the contained weight of 2 was 412 g (96%
yield, not corrected for purity). 'H NMR (300 MHz, CDCls): §7.34 (m, 3H), 7.29 (m, 2H),
5.24-5.11 (m, 2H), 4.52 (m, 1H), 4.43 (m, 1H), 3.64-3.42 (m, 2H), 2.27-2.09 (m, 2H), 0.85 (s,
9H), 0.06 (s, 3H), 0.04 (s, 3H) ppm; °C NMR (75 MHz, de-DMSO), mixture of rotomers:
6178.7, 178.4, 159.3, 158.9, 141.9, 141.8, 133.4, 133.3, 132.8, 132.6, 132.3, 131.9, 75.3,
74.6,71.0, 71.0, 62.8, 62.3, 60.1, 59.7, 44.4, 43.4, 30.6, 30.6, 22.6, 22.6, 0.1, 0.0 ppm. Mass
spectrum (ESI), m/z 379.5 [(M)+; caled for C19H2oNOsSi: 379.5].
Scheme II

oTBS OTBS F
X 1. oxalyl chloride :

Q 2. 6-F-indole, EtMgBr

4-(tert-Butyl-dimethyl-silanyloxy)-2-(6-fluoro-1H-indole-3-carbonyl)-pyrrolidine-1-
carboxylic acid benzyl ester (3): Z-Hyp(OTBS)-OH (2, 55.5 g, 145 mmol) was dissolved in
toluene (265 mL). DMF (0.1 mL) and oxalyl chloride (22.4 g, 174 mmol) were added at

ambient temperature. After 2-3 h, the bubbling stopped. After 4 h, the mixture was
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concentrated in vacuo (65 °C bath, ca. 30 min) to provide 95 g of a light yellow-colored
solution which was confirmed to be acid chloride by 'H NMR analysis.

6-Fluoroindole (39.2 g, 290 mmol) was dissolved in anhydrous chlorobenzene (300 mL) and
toluene (200 mL) and the solution was cooled to -4 °C using an ice/acetone bath. A solution
of 3M EtMgBr in diethyl ether (101 g, 294 mmol) was added over 31 minutes at <2.5 °C
resulting in a pale amber-colored solution. After 30 min, the acid chloride/toluene solution
(vide supra) was added over 45 minutes at <2 °C. The reaction mixture was kept cold for 1 h
then allowed to slowly warm. After ca. 4 h (10.6 °C), the reaction mixture was quenched
with glacial HOAc (9.0 g, exothermic to 17.5 °C) and then water (exothermic). Water (200
mL) and EtOAc (300 mL) were added and the organic layer was separated and washed with
water (100 mL, slow separation). The organic layer was concentrated in vacuo to afford 227
g of 3 as an amber-colored oil which was used without further purification. "H NMR (300
MHz, CDCls), ~2:1 mixture of rotomers: 89.38 (m, 0.7H), 8.58 (m, 0.3H), 8.35 (app. dd, J =
5.2, 8.2 Hz, 0.3H), 8.03 (app. dd, /= 5.2, 8.2 Hz, 0.7H), 7.74 (d, /= 2.9 Hz, 0.7H), 7.66 (d, J
= 2.9 Hz, 0.3H), 7.38-7.32 (m, 5H), 7.07 (m, 1H), 6.95 (m, 1H), 6.85 (m, 1H), 5.26-4.92 (m,
3H), 4.54 (m, 1H), 3.80 (app. dt, /= 5.2, 11.1 Hz, 1H), 3.61 (app. d, /= 11.1 Hz, 0.3H), 3.55
(app. d, J = 11.1 Hz, 0.7H), 2.25-2.07 (m, 2H), 0.88 (s, 9H), 0.06 (s, 3H), 0.00 (s, 3H) ppm;
3C NMR (75 MHz, d-DMSO), mixture of rotomers: $193.4, 193.0, 159.3 (d, Jcr = 235.5
Hz), 153.9 (4, Jcr = 16.2 Hz), 136.7, 136.8 (d, Jor = 34.0 Hz), 134.6, 128.3, 127.8, 127.2,
126.6,122.4, 113.7 (d, Jop = 13.5 Hz), 110.2 (d, Jor = 20.2 Hz), 98.5 (d, Jcr = 25.4 Hz), 70.6,
69.8, 65.8, 65.8, 60.6, 60.3, 55.5, 55.0, 25.7, 25.6, 17.7, 17.7, -4.8, -4.9 ppm. Mass spectrum
(ESI), m/z 518.9 [[(M—H)+Na]+; calcd for Co7H3FN2O4S1Na: 518.6].

Scheme 111

F

2-(6-Fluoro-1H-indole-3-carbonyl)-4-hydroxy-pyrrolidine-1-carboxylic acid benzyl ester (4):
To a solution containing 3 (227 g) in THF (600 mL) was added 1 M TBAF in THF (160 mL)
at ambient temperature. After 9 h, another 20 mL of the 1 M TBAF/THF solution was added.

After ca. 48 h, the reaction mixture was concentrated in vacuo and then redissolved in EtOAc

(600 mL). The organic solution was washed with water (310 mL) and the product
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precipitated to form a thick suspension which was filtered (slow). The solids were washed
with EtOAc (165 mL in portions) and dried to provide 43 g of 4. The combined filtrate was
concentrated in vacuo to precipitate an additional 4.8 g of 4 after drying. 'H NMR (300
MHz, d¢-DMSO), mixture of rotomers: 812.08 (br s, 1H), 8.43 (d, J = 10.5 Hz, 1H), 8.16
(ddd, J=5.4, 8.7, 14.1 Hz, 1H), 7.36-7.31 (m, 2H), 7.27 (app. d, /= 10.2 Hz, 1H), 7.09-6.93
(m, 4H), 5.24 (dt, J = 8.1, 15.6 Hz, 1H), 5.14 (br s, 1H), 5.04 (app. d, J = 6.4 Hz, 1H), 4.90
(app. dd, J = 13.4, 28.4 Hz, 1H), 4.30 (br s, 1H), 3.58-3.43 (m, 2H), 2.27 (m, 1H), 1.93 (m,
1H) ppm; >C NMR (75 MHz, dg-DMSO0), mixture of rotomers: $194.0, 193.6, 159.9 (d, Jop=
235.2 Hz), 154.6 (d, Jcr = 9.6 Hz), 138.1. 137.5 (d, Jor = 26.9 Hz), 136.0, 129.0, 128.5, 128.1
(d, Jcr = 40.0 Hz), 123.4, 123.3, 123.0, 122.9, 114.4 (d, Jcr = 11.7 Hz), 110.6 (d, Jcr = 23.7
Hz), 99.3 (d, Jor = 25.2 Hz), 69.5, 68.8, 66.4, 66.3, 61.4, 61.1, 56.2, 55.7 ppm. Mass
spectrum (ESI), m/z 382.6 [(M)+; calcd for CyHoFN,O4: 382.3].
Scheme IV

2-(6-Fluoro-1H-indole-3-carbonvl)-4-(4-nitro-benzovloxv)-pyrrolidine- 1 -carboxylic acid

benzyl ester (5): A solution containing 4 (51.1 g, 134 mmol), 4-nitrobenzoic acid (27.9 g,
167 mmol) and triphenylphosphine (48.9 g, 187 mmol) in anhydrous THF (700 mL) and

DMF (175 mL) was cooled to 2 °C. DIAD (37.4 mL, 194 mmol) was added over 1 h at 2-3
°C. After 1 h, the solution was allowed to warm to ambient temperature. After ca. 16 h, the
reaction mixture was concentrated in vacuo and MeOH (250 mL) was added and
concentrated to form a thick suspension (322 g). Additional MeOH (250 mL) was added and
the solution was concentrated in vacuo to atford a thick suspension (420 g) that was chilled in
an ice bath. After ca. 1.5 h, the solid was collected on a vacuum filter and washed with
chilled MeOH (190 mL). The product was air-dried on the filter to provide 82.9 g (>100%)
of 5 as a light yellow-colored solid which was used directly in the next reaction. 'H NMR
(300 MHz, ds-DMSO), mixture of rotomers: 812.14 (br s, 1H), 8.47 (app. d, J = 6.6 Hz, 1H),
8.29-8.21 (m, 3H), 8.03 (dd, J = 2.7, 8.4 Hz, 2H), 7.43-7.33 (m, 2H), 7.28 (app. dd, J = 2.1,
9.6 Hz, 1H), 7.20-7.08 (m, 4H), 5.55 (br s, 1H), 5.42 (dd, J= 8.4, 15.3 Hz, 1H), 5.13 (dd, J =
12.6, 22.2 Hz, 1H), 5.04 (s, 1H), 3.99 (m, 1H), 3.73 (d, /= 12.3 Hz, 1H), 2.91 (m, 1H), 2.36
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(m, 1H) ppm; >C NMR (75 MHz, ds-DMSO), mixture of rotomers: 5192.9, 192.4, 164.2,
160.0 (d, Jor = 235.5 Hz), 154.5 (d, Jer = 12.0 Hz), 150.9, 137.5, 137.1 (d, Jcr = 12.6 Hz),
135.6, 135.1, 131.3, 128.9 (d, Jor = 28.0 Hz), 128.5, 128.2, 128.1, 127.6, 124.2, 123.0, 113.5
(d, Jor = 8.5 Hz), 110.9 (d, Jor = 21.9 Hz), 99.1 (d, Jor = 25.5 Hz), 75.2, 74.3, 66.7, 66.5,
62.4, 62.1, 53.6, 53.0, 38.6, 37.6 ppm. Mass spectrum (ESI), m/z 531.8 [(M)+; calcd for
CasH2FN307: 531.5].

Scheme V

/@AO F ' F
O.N ag. NaCH, THF, MeOH

2

N N
Q\/O« 7~ X\-NH @JO«O O/ N\ -NH
o o

5 6

2-(6-Fluoro-1H-indole-3-carbonyl)-4-hydroxy-pyrrolidine-1-carboxylic acid benzyl ester (6):
To a suspension of § (82.9 g) in THF (600 mL), MeOH (200 mL), and water (100 mL) was
added 50% aq. NaOH (16.0 g, 200 mmol) [Note: exothermic; temp. increase: 23.7 °C to 25.9

°C]. After 2 h, glacial HOAc (5.3 g) was added to adjust the pH to 7-8 [Note: the orange-
colored solution changed to pale yellow] and the reaction mixture was concentrated in vacuo.
Water (500 mL) was added and solvent was removed in vacuo until a thick suspension
formed. The solid was collected on a vacuum filter and washed with water (400 mL in
portions). The solid was dried in a vacuum oven at 55 °C to afford 42.6 g (83%, 2 steps) of 6
as an off-white solid. 'H NMR (300 MHz, ds-DMSO): §8.38 (d, J=11.1 Hz, 1H), 8.14 (ddd,
J=15.7,8.7,14.1 Hz, 1H), 7.35-7.29 (m, 2H), 7.25 (app. dd, J = 2.1, 9.9 Hz, 1H), 7.10-6.95
(m, 4H), 5.16-4.98 (m, 2H), 4.90 (app. q, J = 13.5, 25.8 Hz, 1H), 4.26 (m, 1H), 3.74 (app.
ddd, J= 6.3, 11.1, 18.3 Hz, 1H), 3.22 (m, 1H), 2.59 (m, 1H), 1.73 (app. ddd, J = 6.6, 12.9,
25.2 Hz, 1H) ppm; °C NMR (75 MHz, d¢-DMSO): §193.8, 193.3, 160.0 (d, Jcr = 235.2 Hz),
154.4 (d, Jop = 14.5 Hz), 137.5 (d, Jcr = 26.0 Hz), 137.2 (d, Jer = 12.3 Hz), 129.0, 128.5,
128.2 (d, Jor = 35.4 Hz), 128.1, 127.4, 123.2, 123.1, 114.4 (d, Jcp = 11.4 Hz), 110.8 (d, Jcr =
23.7 Hz), 110.8 (d, Jer = 23.7 Hz), 99.0 (d, Jcr = 25.8 Hz), 69.4, 68.6, 66.5, 66.4, 61.5, 61.2,
54.9, 54.6 ppm. Mass spectrum (EST), m/z 383.8 [(M+H)+; calcd for CyHzoFN2O4: 383.3].
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Scheme VI
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2-(6-Fluoro-1H-indol-3-ylmethyl)-4-hydroxy-pyrrolidine-1-carboxylic acid benzyl ester (7):
To a suspension of 6 (10.1 g, 26 mmol) in anhydrous THF (200 mL) was added 2M LiBH,4 in

THF (26.2 mL, 52 mmol) over ca. 7 min [Note: exothermic; temp. increase: 21.5 °C to 28.2
°C]. After 2.5 h, the pale, yellow-colored solution was cooled to ca. 11 °C and
methanesulfonic acid (4.66 g, 48 mmol) was added over ca. 4 min [Note: exothermic; temp.
increase to 14.2 °C].

After 16 h, the reaction mixture was cooled in an ice-bath and carefully quenched
with water (50 mL) [Note: the addition of water was exothermic and released a large quantity
of gas]. Following the addition of water, the pH was adjusted to 1 with conc. HCI (1.9 g).
The reaction mixture was concentrated to remove THF and the aqueous solution was
extracted with EtOAc (110 mL). The organic layer was separated and washed with water (2 x
50 mL) [Note: final pH about 5]. The organic solution was concentrated in vacuo and
azeotropically dried using anhydrous EtOAc to provide 10.2 g of 7 as a white foam [Note:
87.7 A% by HPLC analysis]. 'H NMR (300 Mllz, ds-DMSO), ~1:1 mixture of rotomers:
510.91 (app. d, J = 5.4 Hz, 1H), 7.69 (dd, J = 6.0, 8.4 Hz, 0.5H), 7.48-7.30 (m, 4.5H), 7.13-
7.07 (m, 3H), 6.85 (app. t, J = 8.4 Hz, 0.5H), 6.58 (app. t, J = 9.9 Hz, 0.5H), 5.19-5.10 (m,
3H), 4.25 (br s, 1H), 4.03-3.96 (m, 1H), 3.55 (dd, /=5.1, 11.4 Hz, 1H), 3.29 (d, /= 11.4 Hz,
1H), 3.17-2.98 (m, 2H), 1.79 (m, 2H) ppm. 3C NMR (300 MHz, ds-DMSO), mixture of
rotomers: 8159.5 (d, Jop = 232.1 Hz), 159.4 (d, Jor = 232.3 Hz), 154.9, 137.7 (d, Jcr = 36.6
Hz), 136.7 (d, Jor = 12.6 Hz), 136.6 (d, Jor = 12.9 Hz), 129.1, 129.1, 128.7, 128.6 (d, Jcr =
26.3 Hz), 128.2, 125.0 (d, Jor = 21.4 Hz), 124.5, 124.3, 120.1 (d, Jor = 28.3 Hz), 120.0 (d,
Jor = 28.6 Hz), 112.4 (d, Jor = 14.6 Hz), 107.4 (d, Jer = 24.3 Hz), 107.3 (d, Jcr = 24.3 Hz),
69.9, 69.2, 67.1, 66.3, 58.7, 58.1, 56.1, 55.6, 38.3, 37.6, 31.2, 30.1 ppm. Mass spectrum
(ESI), m/z 368.6 [(M)+; calcd for C21H FN,O3: 368.4].
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4-(tert-Butyl-dinmethyl-silanyl oxy)-pyrrolidine-1,2-dicarboxylic acid

1- benzyl weter1/do29s4 A sol ution of Z-Hyp-OH (1, 300 g, 21pt3/usedéip/39bEA (395
m.,, 2.83 nol), and DBU (17.2 g, 1.13 nmol) in DWF (1.25 L) was stirred in a
cold water bath while a suspension of TBS-C (188 g, 1.24 nol) in DVF (270
m.) was added slowy at 21-26 C [ R6¥¥e ¥lderately exothernic]. The
resulting thin suspension aas stirred for 22 h at canbi ent -t enperature. The

reaction mxture was cool to Cg@dwgpgaphed 't h r (1.54 L) at 26 C
[ Note: the pH of the aquegus | was 8.5-9-0]. BE L) was added and
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13231319 75.3, 74.6, 71.0, 71.0, 62.
solution was concentrated in vacuo and filtered through a short column of silica gel (ca. 25 g)

[eluant: DCM (200 mL) to 0.5% (v/v) MeOH/DCM (80 mL) to 2% MeOH/DCM (100 mL) to

5% MeOH/DCM (100 mL)]. The product-containing fractions were combined and
concentrated to provide 3.28 g (63%) of 8 as a white foam [Note: 94.3 A% by HPLC
analysis]. 'H NMR (300 MHz, CDCl;), ~1:1 mixture of rotomers: 87.99 (m, 1H), 7.75-6.61
(m, 9H), 5.28 (m, 1H), 5.20 (m, 2H), 4.23 (m, 1H), 3.82 (dt, /= 5.4, 13.5 Hz, 1H), 3.60 (app.
t,.J=13.2 Hz, 1H), 3.50 (d, /=11.7 Hz, 0.5H), 3.31 (d, /= 12.9 Hz, 0.5H), 2.87 (dt, J= 5.1,
13.5 Hz, 1H), 2.13 (s, 3H), 2.01 (m, 2H) ppm; °C NMR (75 MHz, CDCl;), ~1:1 mixture of
rotomers: 8170.8, 160.2 (Jor = 236.4 Hz), 155.2, 136.8, 136.6, 136.4, 128.9, 128.8, 128.5 (Jcr
=24.3 Hz), 124.5 (Jcr = 21.4 Hz), 123.0, 123.0, 120.0 (Jcr = 27.1 Hz), 119.9 (Jcr = 26.0 Hz),
112.8 (Jer = 10.5 Hz), 108.2 (Jcr = 24.3 Hz), 97.7 (Jcr = 25.7 Hz), 74.0, 73.2, 67.9, 67.2,
58.5, 57.6, 53.4, 53.0, 35.4, 34.6, 30.8, 29.7, 21.5 ppm. Mass spectrum (ESI), m/z 410.6
[(M)+; calcd for Cy3Ha3FN2Oy4: 410.4].

Scheme VIII
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4-Acetoxvy-2-[3'-(4-acetoxv-1-benzyloxycarbonyl-pyrrolidin-2-vlmethyl)-6,6'-difluoro-

1H,1'H-[2.2"Tbiindolv]-3-ylmethyl]-pyrrolidine-1-carboxvlic acid benzyl ester (9): A solution
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added dndMedBARg isnspEhfiof Jxﬁe& mu)meait toardfiuentodlarpe pabiene terdfrgnred ahd thaot her
20 mL of the 1 M TBAF/ THF soI {1 was added, After c 48 h ?:éiﬁh actl on
i xt ur@awésm@@ﬁ%h@tbat%er. PRyt sola NS cABTF RbbY YaGrveRToR {69

The organ gd@ f%\h@@n\é@ wasBadn WDt 2(@,1g (5@% @@Qpém qoasoya&tge

preci pitat orm a | ck suspensi on which filtered (slow

sol i dswl\meé swms[m@ievwlt(]ﬁ) H/ﬂAcHPLG&naiysmh hd)NMBr(%()O iz, d}D(éld) o1 ﬁ?cﬁkm de 43

mbi trated t t at
900 ¢ AR 1587 coam: 440 Grps fig) TBa DN 800 Hres e BES i ot ur 6 of
t d . Qp5 L 1801 5. 4,
gC’?OWﬁ%éPﬁéﬁ)%i Br773?5,(%n 374 ?6‘(‘@ £d139 A58 gp%lzﬂééd&'j) 1§0 ‘154 @@P'Zd 2H§
7. 09- 62 98 (1(, rﬁH)4H)l,7 (B, 2&1)(2{05 (ﬂr 28) prm15 CBNMR (1HMHS. CIEC(;th&gO 71&51 95. 04

a = 13.4, 2 br s,
(1HI)O P oS50 oy 52 321305 W By 2K B sty i S8 TR (98 v,

7 4D'V5%Hdg3 rj‘b’g% ngﬁigb%w%r % 5@3153‘7&4% 8§%3~%?= a 1;_1519 EM&‘%' )pé%lrr (18§1§ %/ZHZ)
128. 5, $IRZB[(M)f-dealdier €444 N}, 8183 4, 123. 3, 123. 0 122.9, 114. 4 (d " JcF
= 11.7 Hz), 110.6 (d, icF = 23.7 Hz), 99.3(d, JCF = 25.2 Hz), 69.5, 68.8,
66.4, 66.3, 61.4, 61.1, 56.2, 55.7 ppm Mass spectrum (ESI), nlz 382.6
[(M+, calcd for C21H19FN204: 382. 3].
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Scheme 1V 2-(6-Fl uoro-1Hindole-3 -

carbonyl)-4-(4-nitro-benzoyl oxy)-pyrrolidine-1 -carboxylicacid benzyl ester
(5): A solotoomoessat ai ning 4 (51.1 g, 134 nmmol ), 4-nitr ebenseiocswrd (27.9
g, 167 mmol) and tri phenyl phosphi ne (48 9 g, 187 nmol) in anhydrous THF
(700 m.) and DVF (175 nL) was cool gcl} C. DIAD (37.4 m, 194 mol) was
added over 1 h at 2-3 C. After lution was allowed to warmto
anbi ent tenperature. Aftey,. ca. 16 h, the react pen m xture was concentrat ed
in vacuo and MeOH (250 5@ to forma thick
suspension (322 g). Addisti 'O (250 ni) and the sol ution was

concentrated in yacuo,t rd a thiekrisuspersidon (420 g) that was chilled
in an ice bath.c. . 5YHH the solTd was coIIected on a vacuumfilter
and washed with chilled MeQ ) pr odug as air-dried on the

filter to provide 82.9 g (>100 a l'i ght IoA colored solid which

ion. 11-1 N , d6- DVB0) ,
m xture of rotonmers: 812. 1 1H), 8.47 (app. d, J= 6.6 Hz, 1H),
8.29-8.21 (m 3H), 803(dd J—Z)Ac? 8.4 Hz, 2H), 743°A?33(m 2H), 7.28
(app. %d J— 2.1 . 1

(dd, J2EEE4 ; a :
3.99 ( méﬂi{)l] D%@lﬁlﬁ@ﬂﬂest(&l&ls) Ha, sﬂsb&nsnﬁm 86m&1 1£HX35 3@7 ﬁi\@ol) in 1: 1
2011/ 002684PCT/ US2010/039976 (@26 I—? 13C NI\/I% 75 M—Iz d6- DVSO

m xt ur EQACMRQIIHE) mE) 925 distribggedsin OltBVAP 52)0 mb§ag b(OéﬂGSi@;qﬂQO pdgeahhand 154, 5

151 3. yBgg it Pl @B (g o Rbicket Salendy) & e falide mSrEmad 3 o
113.5 pebssubzedto=S@PSI Hz hnd §hh®er9fc(r($ h. JThdrectdh. rﬁleZr): Wa@@iltkreﬁdhroﬂlgh Epad25. 5
Hz), 75,2, .74.3, 66.7, 66.5 62.4, 62 1 53.6, 53.0. 38.6, 37.6 ppm Mass

spect r eﬁ.cellt_@f@)and e sadigs werg wghed with @4 r Thetiamimdnitzie V%fosfentrs dfe V

2-(6-F 4s aci d
A S e A e tggw% (260

m.), ahd NidReB0Q Mz rﬂ‘J))Ct@/aisﬁlad@e(ﬂr 5,02316[)al]45 Nai,'H £1@, 8. 99Hz 201, Vntml(ald [Net e:
exot herm ¢ al. HOAc (5

o e aubsd i Ao A (s RO g7t (210 B R0i@: T b Sagdvv 819 S50-3amith on
change I r td. 0, X S 1, sVvacuo.
Caer a5 i
suspenMHm G]D@medilﬂl'ﬁembv,l tﬁ&z@sl%dl Iléﬁ:t)eiB(bﬁt B0vdasm f1i9.1.er18hd Ofashed

W wat er 400 3@0 ioneg). id was dried in a vacuumoven at 55
c to ai%% W30, 69796 (9§ 759, ot dpsy- b %388 é%8 afl-BPPIvhMags gracirgm ESONIEE (300
MHz, d ( 1H), 8.14 (ddd, J = 5.7, 8.7, 14.1
H, §5HF@5l 7@%@%&?!55%21?51\14 5§5(§gp dd. J= 2.1, 9.9 Hz, 1H), 7.10-6.95
(m 4H) 5.16-4.98 (m 2H), 4.90 (app. q, J— 13 5 25.8 Hz, 1H), 4.26 (m
1H), 3.74 (app. ddd, J= 6.3, 11. 1,8%3)% 3.22 (m 1H), 2.59 (m
1H), 1.73 (app. ddd, J= 6.6, 12.9 1H) ppm 13C NMVR (75 MHz,

d6- DVB0) : 6193a8, 193:3, 160.0 (d, JcF = 238642 Hz),r 154.4 (d, JCcF = 14.5
Hz), 137.5 (¢ 26.0 Hz), 137.2 (d, .3 Hz), 129.0, 128.5,

128. 2 (d Jc @ ), 128. 1, 127 ) .1, 114.4 (d, Jc F =
4 CRiohonat, | TV d,
e oot i) é@&«

<)

11.4 Hz), (ﬂ CFl= 23.7 Hz), 99.0 (d, JcF
= 25.8 Hz), 69. 4, 15, ®1.2, 549 54.6 p Mass
spectrum (ESI) ,H 3838[(M+H)+ cal cd for 2% @)4\(%?3

2011/ 002684 Schene

2- (6- Fl uor o- 1H-\} ngo1<3-Yyl net hyl )-4- hydroxy-p I i di e 1- carboxyl ic acid
benzyl ester (¢#)7 Tola suspension of 6 (10.Fl g, 26 n’m)l1)1 i n anhydrous THF
(200 nL) was added 2MPEiBH4 in THF (26.2 nL, 52 mm?’) over ca. 7 mn [Note:
exot hepRkEs adi®BP3 - [ NaERAS LT -(RlerBbitok RaABndlafrino-bhiy 8)1)-gyrroll¥in-bREmBA -

yel | ow col_or ed sol uti on was cool ed tho ca_ 11 C and rret hanesul fonic acid

i ncrease t.0.14. Aft the ) din
neresge it S MEYRSATE: wtaﬁ%t%?a%b{%ﬁt@ eSS Ra
of wat EnTWA28X 8! hEY finfol pRCarheliRas &MR (| 0 §@.) QUanti |y QfdeQMM @ ihow ng
the addition of water, the pH was adjusted to 1 with conc. HClL (1.9 g) The
reaction mixture was concentrated to remove THF and t he aqueous sol ution
was extracted with EtOAc (110 nL). The organic |ayer was separated and
washed with water (2 x 50 nL) [Note: final pH about 5]. The organic

sol ution was concentrated in vacuo a azeotropically dried using anhydrous
Et 0Ac to provide 10.2 g of 7 as a white foam[Note: 87.7 A% by HPLC

anal ysis]. 1H NWR (300 MHz, d6-DVBS0), -1:1 m xture of rotoners: 610.91
(app d, J—54Hz 1H) 769(dd J—60 84Hz 05H) 748730(m

— A I~ — e ] ”~ S ™ al ™ ™~




WD 2011/ 002684PCT/ US2010/ 039976 Schene VII 7

4- Acet oxy-2-(6-fluoro-1Hindol-3-ylnethyl)-pyrrolidine-1 -carboxylic acid
benzyl eswero0{1@p2684To a sol ution containing 7 (4.7 g, 12c8&usombojpsdand DVAP
(81 ng, 0.66 mmol) in DCM (100 nL) was added acetic anhydride (2. 6 g, 25.5

W h o NWORPERIOY L & el i e Seb ez rvary Sann 160 i Ko LRt iy
di | ut ey e (PR bty RGN0 a%ﬁlblemat%?éfaﬁﬁQ Moer 15N tAE S&01i6n Skl Q/as was

concentrated I n vacuo and filtered rough a short ‘col um of silica gel
(ca. 28hgyd wehUdiBE O (H00mdithe hefe® 288600y Mvixtune ORY DERIIBEItrwatar d>90s

:‘\/lre glcj'i Pcm \:k/g? éayc?%isrT%'FWeS&p%r/ﬁ%lav Dﬁ% {%%P%L & %—r OV r%dgecé%e%g% g%{%) 5178 as a

whi te @R (1500 %L)%d%té%ctmo@*mVa@ah&@dSahd tﬂé‘hMﬂoﬁ@@&ld&fhﬁsolm@hs -1:1
m xture of rotonmers: 67.99 (m 1H), 7.75-6.61 (m 9H), 5.28 (m 1H), 5.20

(m 2Hyashéd zecc(emweiﬁ)mhsl B2HCHE x 380 5114; sailgasdraﬂuemsl)N aHC@0(2 appo0 ML), J =

(i, Foing) fheq 3rg Sphitngpy 5ol siiPonctyey mybgeshiebd B R iy,

CDC13)4:] ﬂcM/ 'Nié‘(t)Hr(%O@me)OirﬂnlBCM (@1700 8aL)1o8s ?en(ol@E viddid@BattbnHz )50 A55. 2,
136.8, 136.6, 136.4, 128.9, 128.8, 128.5 (./CF =24.3 Hz), 124.5 (JcF 21.4

Hz) 12310 a stel wanmzoo‘bwgljeapreapzmemslz)bserm@ MeQHH200 g ovasadded and g ( JcF
572, whlonag Syt remdity TcbDop Al b B ealBiepedt il fous O

spect resmddBsl-5,can ARSA06 6, [Motid wa edlctod bG}Z\BJdﬁﬁEMﬂﬁdtiorAélﬁl WhsheSohigime VI | |

OA :

4- &:a«&@l\@e@% thab-s&éiétwliedbwfpmgby\aaap%@laf@w P18 off HL o3 91P ﬁéfprutfi 6,6 -
di fl 1 ' | 1 est
(o) AT oFFNE R P cPGR) aliglie bR Db SO N SRS RERY S o5t !
cool eds.ii 8.4, 2eH bAs h (&= pred L el)e6l 76 Kdd, Qz-esaon&)@om) @ﬁ@leﬁ si AHQed4

Th | || | ored sol G, Af
o oGPk ¥ Skl CoLonsd oLyl on. uas StLTT e gty 3ud g AT ter
sti ”'('Sl?]'—_?ltZCb B, P §%'3e90 {H1X4}Hr§39fd'§ﬁﬂﬁ’@7g?92%)2 2@{}‘161%? %](OAC B2 30

(80.7 he agueous |ayer was ‘$eparated and éxtfacte
nL) ant74 ke, Qbhbilﬁéc(sot@ahlw%m vacts ler eHwaphed @\NMR](G%MHZ, NRTEOB (30
g). The organic solution was concentr rap ly dried
usi ng %Wﬁ)?drlggé* E?bﬁ\cl§%3>a%5150$ a3 (55133 2 gdi??/% hﬁ%&lﬁé 1:9261 ﬁ@g rs as
a yell S C t X4 i 0 Ss
poct s TRy A IR T B B e 2 %22%%’2%%6% L
sol ut i gecteantBSN] mGg X0 i [(M:IﬁlqalqdrfdoCushh TdNa@tePEobers (2.95 g) in Et0Ac (30
m.) was added DDQ (885 ng, 3.9 mmol) in one portion [Note: exothermc;
tenp. increase: 26 Cto 31.6 C]. After 3 h, the dark orange/ brown-col ored
reaction mxture was filtered thrayghn&liiite(r) which was subsequently
rinsed with Et0OAc (50 nL). [Note a second reactlon perfornmed at 0.5
nmol - scal e was conbi ngde f or wer k-up]. The filtraff& was_washed with 10% aq.
Na2CO3 (2 washes: 74 g 6n\58 g). The organic as concentrated in
vacuo to provi de 14, g of)97as a lig pADéMOM ol i d. The
Celite(r) pa ; t her<givwsed w t-h—FHF~( -0l was concentrated
in vacuo to He &not hef 1.12 g .pf, %s a bel ge- cI oredosolgid The
conbi ned sol rds were di §o ad i j pyl acet at 8| (P Bzm_) The
i PrAc solution was reduced{to)ea. OQTL and resul t{ng syspen n was war ned
to reflux, cooled to anhi gnt tenperature, and then~pFaceg-in gn ice-bath.
After 1 h, the solid was collegted'by vacuum filttation, omashed with iPrAc
(10 ) and dried in a vacuumoven to afford 2.13 g (65% 2 steps) of 9 as
a bei qﬁeawl or sxdd sol3-¢B' ﬂ Nateoxy-19D-aAbbdiutBl i anaidis2 gfimetivi-4. G@ﬁ_lmm,

; : = 2 9.3

3. 66 (Q)lu‘n]on (;o’%lta?rmh% ’112(@/ 5 g?‘ 3@%&1@97 m‘bCﬂ/Iz(%@O nlﬂ) @a;Hé@ol&l’lio O2C3IF l:(/$ 565H)
2.17 (m 2.0 , CDC13): 6170.7, 161 9,
158. 8, m15 6133 ﬁld(ﬂ??i @d I]S?YKGBQtHCBIGNES maiE®rgl by LC/MS analysis until complete conversion

of 11 to 12 (ca. 3 h). The solvent was removed in vacuo and the dark, green-colored residue
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128. 6, 128.5,125.9,118. 8, 118. 6, 108. 8,108.5, 108.3, 98.7, 98.3, 74.4, 68.0,
60.1, 53.5, 34.5, 28.9, 21.7 ppm Mass spectrum (ESI), mz 818.2 [(M +;

cal cd f orwO4A6HAWEANA08: 818.8]. WD 2011/ 002684PCT/ US2020rA39066399%c hene | X
Acetic acid

2 Wt St bR (. On B B fulr Sl iy Rolga b & AahEed Saoy

42. 7 mpkdud NaﬁCbﬁ&@&ﬁ{eMﬁgﬁﬁéQpnéﬂfﬁahy,‘@ﬁledﬂeﬁﬁﬁélbPF@dflhé"'B%aﬁl‘éK})h%Q@w%- Parr
bottles (ca. 200 nL/each), and charged with 10% Pd-on-C (wet, 5000 ng/each,

,?A;I ﬂl’l cihe@arate‘ﬁhmdr washadotrwm xitithr satwratsd quS@HrNZIéGOB ch&pors with tang. sthhken for
The reaction mxture was filtere of .Cel,i
sol i dscq;@%e%%ﬁ@w WAthSS BB a"k'leﬁ‘éraﬁtfjgr‘ﬁ”gﬁ ]gtg)q‘ﬁ‘ci &%)38% %sangéﬁ%g%ﬁl?lg?%d in

V aC uo (jirga@fé ag{t’rlﬁjcc‘g% %%H&Pi I\(fd%x&@%ﬂ?}‘&&kﬁ%@ eﬁl?éi’éd (AnM‘Q!()ﬁéénM\@t%% :E_’(D§ godi 12?%; ly ; '_n

5 2 801901’11@6; 12Hs, a7 Oﬁ’&vl@lth:lwlﬂi 7. TQI\/IRQ(R)OI-M,HZZIG)DCB 1864~ MﬁOP@kﬂnlxﬁlf@Sf( m

2H), 3.71 3

é')gQBZroi@ng%lé%z (a5 afig 2% %@3@%@ Esi iy ot gh it 15 R B
118. 9)"71%‘395 36483%68% th%]ﬁ%ﬁl?% §3]HZ ’7%061&%?)7]i4 s ﬂHZlﬁéé 78](agjlzl. 6
gpm l\;hig §§mf(2ﬁ{)u”m§(189|() (m,dH), 350- 394([ (IMZH) eaBdsl dHox mzcﬂmmm)m 7850. 6] .
chene cetl C acl

{3 [41 8@@%‘03@) 1. Q9Z(vt=t~ér /s Zoﬂtzao@@)o?&’r%orﬂplm A& W%R})ﬁlﬁ WM?@H n&?yt’r met hyl

9, 161. 58, 2, 137.1, 2, 128.1, 1256, 118.7, 118.6, 108.6, 108.3, 108.0,
6 61-di fq dor o- II-} ?+1[35 21biin o y1-3-yi matl61y1 T- (2-t'ert - But oxycar bonyl am

no- but 98.¢,198.1, p4.65 60.1dbR5339.F, @810e21@1 D)7 piim. aMeed spécomme Geftlxi mizn@21.4

Boc- Aby- 0,4 d HATU (42.0 g, 110 mmol ) in anhydrous NWP
(150 %_'t C%Cdcf §8}§6‘g%ggol\%%oa@ Y

Scheme X1

OAc F QAcC F

Boc-N{Me)Ala-OH, HATU,
NMM, NMP

OAc OAc
Acetic_acid 5-(3'- {4-acetoxy-1-[2-(2-methyl-(tert-butoxycarbonyl)-amino-propionylamino)-
butyryl]-pyrrolidin-2-ylmethyl }-6.6'-difluoro-1H,1'H-[2,2']biindolyl-3-ylmethyl)-1-[2-(2-
methyl-(tert-butoxycarbonyl)-amino-propionylamino)-butyryl}-pyrrolidin-3-yl ester (13): To
a solution containing Boc-N(Me)Ala-OH (14.6 g, 72 mmol) and HATU (30.4 g, 80 mmol) in
anhydrous NMP (150 mL) at 0 °C was added NMM (12 mL, 105 mmol) followed by addition

of 12 (30 mmol) in NMP (200 mL). The resulting mixture was allowed to warm to ambient
temperature. After 16 h, the reaction mixture was diluted with diethyl ether (1 L) and washed
successively with water (1 L), IN HCI (2 x 100 mL), saturated aqueous NaHCOs (2 x 100
mL), brine, dried over anhydrous Na,SOy, filtered, concentrated to afford 33.5 g of crude 13.
The crude 13 was dissolved in EtOH (50 mL) and then slowly added to water (1000
mL) with vigorous stirring at 50 °C which resulted in the precipitation of a white solid. The
heterogeneous mixture was cooled to -5 °C. After 16 h, the solid was collected by vacuum

filtration and washed with water. The wet solid was dried under high vacuum at 50 °C to
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150 mmol ) followed by a solution of 10 (24 g, 42 mol) in NWP (100 nL). The
reaction mxture was slowy warnmed to anbi ent tenperature. After 16 h, the
reacti on woxburm26sas diluted with MIBE (1000 nl) and thechaisesiogsneous

m xture was washed with water (500 nlL). The | ayers were separated and the
organi c phase formed a het erogeneous suspensi on. MIBE (1000 ni) and EtOAc

(500 mafford@Pe addidd asre QflfréVmTQ\ﬁOhd}rmgeN §3090Miz, Eﬁ)@la)s 5Wa§71é s, 2H),

) o O ao08e Tnabe: Sat tRadetor i AR TG’ bt B P The

resi dug a9 @dHs sy acdo @dls & 3@31\1!2 MQ"?H@@S d, )/ :ammm\ﬂzmas 52@& d1)= was
renoved via distillation at 50 [Note: a small guantlt of

preci piate. ¥ Jobseldyvéd)l2. (Mslélg 1(12(%{)5712_)89\@@@6@ 4 (&r@)a%ldlpl(ﬁnoﬁﬂp IsH1 vent

was renpved, (C ) erQ I s ed at

-5 C thr 6%6??1821?% 2?_@ % (vvas co?l ec?ﬁ% %y vacu léﬁﬁxt lrégte(ldg‘? gﬁ%ﬁ\%ﬂshed

Wi th cerd 1M8QH.s The H,@Iaﬂi)pm ‘4c iNdRUMS RIHAT @bCrRaIamot 0721 fiond, 320, of 11
as an off-white solid. |11 300 MHz, CDC13), m xture of r ot Oners:

11. 22 Y@r8,d 5890} 37.9, 137.3.dd8- a2 8111%7,711886, 1981)8; 168.411 086l 9@3 983, B0, 2H)
6.76
520 s g Syl . ALY fﬁﬁ%ﬁ 185.9:218 .02 9 pinll VG ?i‘ﬂg(ég 29 (d

1.90(m 2H), 1.74(m 2H) , 1.56§l 18I—& 099(t J=7.5 Hz, 6H) ppm
13C NWR (75 MHz, CDC13): 6172. 2, chgmg XI{lg1 4,158.3, 155.8, 137.0, 136.9,
128.6, 125.5, 118.9, JAJ.S. 7, 108.6, 108.4, 108.1, €8.3, 98.0, 80.8, 74.7,

60. 4, 53.8, 53.5, 34. , 28.6, 26.2s 21. 5 ] ym Mass spectrum
(ESI), nilz 920. &\[( | cd for L F2NB0 18- t'0]. Schene Xl
/‘\\ S ) s -NH .
o} \N")X\ HN )
N
<%

vlmethyl}-6.6"-difluoro-1H.1'H-[2.2'Tbiindolyl-3-ylmethyl)-1-[2-(2-methylamino-

propionylamino)-butyryl]-pyrrolidin-3-yl ester (14): A solution containing 13 (28.5 g, 26
mmol) in DCM (150 mL) was cooled to 0 °C. TFA (50 mL) was added. After 30 min, the

reaction mixture was warmed to ambient temperature and monitored until LC/MS analysis
revealed complete conversion of 13 to 14 (ca. 4 h). The solvent was removed in vacuo and
the dark, green-colored residue was dissolved in EtOAc (500 mL) and carefully poured onto
an aqueous NaHCOs/ice mixture. The aqueous phase was separated and back-extracted with
EtOAc (2 x 250 mL). The combined organic extracts were washed several times with
saturated aqueous NaHCOs;, then brine, dried over anhydrous Na;SOg, filtered, and
concentrated to afford 24 g of 14 as a light yellow-colored solid. 'H NMR (300 MHz,
CDCls): 811.66 (br s, 2H), 8.16 (d, J = 8.4 Hz, 2H), 7.52 (dd, /= 2.1, 9.6 Hz, 2H), 7.43 (dd, J
= 5.4, 84 Hz, 2H), 6.83 (ddd, J = 2.1, 9.0, 9.0 Hz, 2H), 5.41 (dd, J = 4.2, 4.5 Hz, 2H), 4.64
(dd, J = 7.8, 14.1 Hz, 2H), 4.36 (br d, J = 9.3, 9.6 Hz, 2H), 4.13 (dd, J = 4.8, 12.6 Hz, 2H),
3.81 (d, J=12.0 Hz, 2H), 3.44 (d, J = 13.2 Hz, 2H), 3.0-3.18 (m, 4H), 2.50 (s, 6H), 2.30 (s,
6H), 2.15 (d, /= 14.4 Hz, 2H), 1.90-2.08 (m, 2H), 1.76-1.90 (m, 2H), 1.33 (d, /= 7.2 Hz,
6H), 1.08 (t, J = 7.2 Hz, 6H) ppm; "C NMR (75 MHz, CDCL): 8175.3, 172.6, 170.4, 161.8,
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IH ,1'"H [2,21Thiindol y1-3-ylmethyl } -1-(2-am no-butyryl)-A solution
containing 11(27.5 g, 30 mml) in DCM (200 nm.) was cooled to O C. TFA (50
m.) was asligediiandssihe reacti on was nonitored by LC/ M5 aralryusi®iowsdoré

conpl ete conversion of 11 to 12 (ca 3 h) The sol vent was renoved in yam

and the dark, green-colored resi solved in Et0A ((;7 % '9) The
Et 0AC 1335Ii|t]|38n” ias: 46:112%%11%/9@](}&(9&151% 60%5559311f:a]t0§§ E%Jeggé 4.5, 60

NaHCO3 r t Halsi t [ 0 hase
ho Sebhiaten Inanaened theon arr ZERLIE BERL S e e R e e th
bri ne.[(We; etbionedRUdROs: 38ashes were back-extracted with EtOAc (2 x 100
m) and t he conbi ned organic extracts dried over anhydrous Na2SO4,
filtered, and concentrated to aff%‘f%(?mf\g’?@eof crude 12 as an off-white
solid. 11-1 NWR (30Q, Mz, CDC13 + d4-MeOH), mixgure of rotomers: 611.62 (hr
s, 2H), 7.48-7.62 (/rtL 4J7'H 6.89 (ddd, J= 2.4, , QX3 Hz, 2H), 5.48 (dd,
J= 4.5, 4.8 Hz, H) & > (dd,  J=a BorByeor9. %T—\Zc .06 (dd, J= 4.8, 12.3
Hz, 2H), 378%@ = M Hz, 2H), 354H§>¥E m ,3303A0(m 2H) ,
2.33 (s, 6H)~2.02-2.16{(m 2H), (70- 1.96 (m 4k, 1.99 Ky, HI= 7.2 Hz,
6H) ppm 13¢ NVR (75 C Tf:wom MeOH) : 6173 79 b

161. 8, 158. 6, 137. 2, 13 128.2;128. 1, 125. 6, 118. , 108. 6, 108. 3, 108. 0,
98.6, 98.1, 74.6, 60«1, 535, 3‘35 28.0, 21.4, 97pp>mlvass spectrum
(ESI), mz 721.4 [(M+ calcd for C38HA6F2N606: 720. 8] Scheme X | Acetic
aci d N-{1S-[2R-(6.6'-Difluoro-3'-{4S- hvdroxy-l [2S-(2S-methylamino-propionylamino)-

5-(3" - onl mn r opi onyl am no) -
but r l? "- 1-3- imeth 1

-1- 2- m%rohdme 1-carbonyl]-propyl t-2S-methylamino-propionamide (15): To a solution
containing 14 (24 g) in MeOH (200 mL) was added 1 M NaOH (80 mL) at 0 °C. The

reaction mixture was degassed and maintained under a nitrogen atmosphere wrapped with
aluminum foil. The ice-bath was removed. After 60 min, the MeOH was removed in vacuo
and the residue was diluted with water (200 mL) and extracted with EtOAc (500 mL). The
aqueous phase was separated and back-extracted with EtOAc (2 x 150 mL). The combined
organic extracts were washed with brine and dried over anhydrous Na;SOs, filtered, and
concentrated to afford 22.5 g of crude 15 as a light, brown/yellow-colored solid.

The crude 15 (22.5 g) was dissolved in MeOH (50 mL) and EtOAc (200 mL). The
volume was reduced (50%) by distillation at reduced pressure at 60 °C using a rotary
evaporator. MTBE (300 mL) was added and the cloudy solution was warmed to 60 °C. After
30 min, the solution was cooled to ambient temperature and then maintained at -5 °C.

After 16 h, the solid was collected by vacuum filtration and washed with cold 25%
EtOAc/MTBE and dried under high vacuum at ambient temperature to afford 16.6 g of 15 as
an off-white solid. An additional 5.5 g of 15 was recovered from the filtrate via solvent
removal and vacuum drying. "H NMR (300 MHz, CDCls): 611.74 (s, 2H), 8.27 (d, J = 8.7
Hz, 2H), 7.71 (dd, J = 5.4, 8.4 Hz, 2H), 7.55 (dd, J =2.4, 9.6 Hz, 2H), 6.88 (ddd, /=2.4, 9.3,
9.3 Hz, 2H), 4.62-4.78 (m, 4H), 4.43 (dd, J = 9.3, 9.9 Hz, 2H), 4.03 (dd, / = 4.8, 11.4 Hz,
2H), 3.80 (d, J = 11.4 Hz, 2H), 3.66 (dd, J = 2.7, 14.4 Hz, 2H), 3.53 (dd, /= 11.4, 144 Hz,
2H), 3.11 (q, J = 6.9 Hz, 2H), 2.56 (s, 6H), 2.45 (m, 2H), 2.19 (d, J = 14.4 Hz, 2H), 1.76-2.10
(m, 6H), 1.59 (br s, 2H), 1.39 (d, J = 6.9 Hz, 6H), 1.22-1.38 (m, 2H), 1.07 (t, /= 7.2 Hz, 6H)
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met hyl - (tert - but oxycarbonyl) - am no- propi onyl am no) - butyryl}-pyn-olidin-3-yl
ester (13): To a solution containing Boc-N(Me)Al a-OH (14.6 g, 72 nmmol ) and
HATU ( 30.wo@p118026590l ) in anhydrous NWP (150 nlL) at 0 Cpeagsaeidesoord/M (12
m., 105 mmol) followed by addition of 12 (30 mmol) in NMP (200 niL). The
resul ting mxture was allowed to warmto anbient tenperature. After 16 h,
the r qamul 06 NMR u72 MHs, di- DM%) W 1t78. 24 1Ry 1 168 toh 5851 18Y-3arid7 RadRid:

R

concenfy at egst os5af far@ B8&65pEn of Musydpedidim (ESI), The syusig(W$+wagcdlifssol ved
in EtOH (50 nL) and then slowly added to water (1000 nL) with vi gor ous

stirriGgHad>BEC3MPEh resulted in the precipitation of a white solid. The
het er ogeneous m xture was cool ed G After 16 h, the solid was
collected by vacuumfiltration and washed wth water. The wet solid was
dried under high vacuumat 50 Cto afford 29.9 g of 13 as an off-white
solid. 11-1 NWR (300 MHz, CDClS) 611. 57 (brﬁ?sl_g% 7.40-7.60 (m 4H),

6.89 (m 2H), 5.50 (m 2H), J= 6.9 Hz, 2H), 4.50 (t,
J= 9.6 Hz, 2H), 4.20 (dd, J*‘ OSM 35Hd, J= 12.3 He, 2H)

3.57 (br d, J= 13.5 Hz, 3. 34 (d#Me= 1 ~q 3.8 Hz, 2H), 2.89 (s, 6H)
2.34 (s, 6H), 2.10 (m 1)9 1.95 (dt, J=8,0,013.8 Hz, 2H), 1.79 (dt, J=
7.2, 14.1 Hz, 2H), 1.52 184), 1.39 (d, J=7.2"Hz, 6H), 1.03 (t, J= 7.2
Hz, 6H) ppm 13C NMR (75 N+E, CDC13): 5174.0, 172.1, 171.9, 170.5, 161.8,
158.7, 137.5, 137.3, 128.4, 125.8, 118.7, 118.6, 108.8, 108.4, 108.1, 98.8,
98. 5, Ble/@bulddyéarb&yl-N-(G4ndhylkarine 8F)7 To30s@ytigBoBBoedla-O 6160 3.9, 6,

ég(;g 1‘3%?_21%&}6 Egifg%ctrwgti’\yaﬁ ﬁgg? %éaHaégl\éb 6()‘VC16}1 r%(i‘inefra oil, 51.0

5- (3 - 143 BCALPAY - Mr 43 rﬁiﬁtdﬂxlrédalsﬁnﬁknpé Ay hWarhapl: SasivkitdhpayikoObadi n- 2-
yl met hy1}-'6, 6' -difluoro-1H 1"H [2,2 ] biindolyl-3 -yl nethyl)- 142(2 met hyl

ani nopthepnanytai 450‘)C ﬁntayirayzlﬂxlﬁpnailzodnm 3Fhelreagioarmikiity wadcededito @PC and

13 2 150 | ed. TFA (50
T o iagererhin 18,0 O Hmebhsay waets B Kt B G e o aghis ot
t e”pert%ﬁ&%%t‘%é'd Afﬂ%?'lkq{ %ﬂeewa:‘:ﬁdn MR @Mﬁéﬁb}%dﬁ@ﬁ@%@éﬂ Mtﬁ&:@d%ﬂver sion

of 13 to sol vent was renoved in vacuo and the dark
gr een-Et6lAor. ke roeganch;ﬁlawwa@ldlssmdmb&hdl the EqWADS GQEI@@OHW?S mﬁ@émeﬂdlmvylﬂpour ed

onto e i xt The eous o separ.at,ed and
back- eﬁ}[m @'Hf%tfe}‘f% }&ﬁ%(tgkf %6 5 %ﬁ © Bty ?‘FZ‘S(?(?? a‘?n ceogixlte(rlé)g S were
was hedarﬁx?ﬂi%‘h@'Né;S@?SﬁMérE@ SRl borRERchtad UBQUSsNabIGRR, pudiasd by irfRrsedsiassl over
anhydr ous Na2SO4 | tered, and concentrated to afford 24 g of 14 as a

|i ght HBLCERyowhax 24CEBeplamny 10-10RRACNGRatrLontaimog §) 1% EHIAGever 5P rain; 211) |

2 15,00 oo B D 9% 554 o iy BBy e @ (it =555

Hz, 2"@3004\/Iﬁﬂ &MeOIJIi rﬁ}x&re%ﬂrol‘oﬂér,s 24B0 (#.s36H], bil’67d(q,J 69931,2,@5H) Hz38 211)
4.13 (dd, J= 4.8, 12. oH), 3.81 (d, J= 12.0 Hz, 2H) J= 13.2

Hz, 2H)qf J3- 0932.9.3H, 143161) 52 #5023 ppesMass spertug (), ma 2@% 0([&M+}9+14 4
Hz, 1.76-1.90 (m 2H), 1.33 (d, J= 7.2 Hz, 611),
1. 08 (?aaddt%raoliwﬁioﬁoégmzﬁm 13C NMR (75 MHz, CDCl3): 6175.3, 172.6, 170.4,
161.8, WD 2011/002684PCT/ US2010/ §3RmecKB7. 5, 137.3, 128.4, 128.3, 125.9,
118. 6, 11851085 108.1, 107.8, 98.7, 98.3, 74.5, 60.9, 59.9, 53.9,
51.3, 35.8, 33. 6, 26.2, 21.5, 20.2, 10. Ass spectrum (ESI),
mz 891.6 [(1V4) Q al cd for C4A6H60F2N308: 891. Schenme XIV QAcc N {1 S
j 0 3 { 4 SRy gi@X yintdi- [%DS;% ethyl am no- propj, onyl am no) -
i vl mt" i1 - 1H, " v] bi i pd8l y1-3-yl methyT) - 4
S hydroxypyrroL.,l, dl ne- I3 - car bonyl ] pyl - 2S- mptRy| aniono J-_pfdpi onam de
pgb ~ ﬁ\/g@ded 1M

ai ni ng 1 in IVEO
' reaction mxture was o@v £d) and—mai At ai ned under
a nitrogen at pher ¢ wrapped with alum num fa'T>” The[ i cesbath was renoved.
After 60 min, the Me® was renoved in vacuo and the r¥sidue was dil uted
with water (200 nL) and extracted with Et0OAc (500 nlL). The aqueous phase
was separated and back-extracted with Et0OAc (2 x 150 nL). The conbi ned
organi c extracts were washed with brine and dried over anhydrous Na2SO4,
filtered, and concentrated to afford 22.5 g of crude 15 as a |ight,
br own/ yel | ow col ored solid. The crude 15 (22.5 g) was dissolved in
MeOH (50 nL) and EtOAc (200 mi). The vol unme was reduced (50% by
distillation at reduced pressure at 8d 'V usi ng a rotary evaporator. MIBE
(300 nL) was added and the cloudy solution was warned to 60 C. After 30
mn, the solution vas cool ed to anbl ent terrperature and then mai nt a| ned at

— o~ AL 2 A~ o - T 1 4 a 0=




Scheme XV N-tert-butoxycarbonyl-N (d3-nethyl)alanine (17): To a solution of
Boc-Ala-COH (16, 3.5 g, 18.5 rnntil) in anhydrous THF (50 nL.) was added NaH
(2.1 a, 6@@2n/oeseral oil, 51.0 nmol) at 0 C. After 45pomustée/os®act i on
m xture was warned to anbient tenperature and then warrred to 45 C for an

addi tional 20 min. The reaction m xture was cooled to O 'V and
d3- iod@o@mhanp (20d0_g, 68(8- {rﬁ-r&qetox\mlqfZa%@Sﬂneﬂlﬁla(temrbmoe(wmeﬂVJ(}ammowas

di Scarﬂﬁﬁt}@mﬂlJ{M-&qu&ﬂ%(&ﬁlﬂiﬁm@ldaﬂb@ﬁyla@hﬁhé b@@mﬁwlamxh@ wmmL;LN HCl and
extracted with EtOAc. The organi ¢ phase was washed with brine, dried over

anhy drisuEolidap ok ester (183r di, a soiatieaBnnngtRes- NV eddi- @it (Ifad - Bugi482d by

re er

0 Lot R 0BG GO ol G : e R A St aGRINAYM 20
sol i d @O Moy 129 rhiiol) tﬁ@lldvzaitbyoaaldmonl‘di\fﬂz((aﬁﬁe I\JHB g,dmcmﬂtd)l) mrNMIPl(Qé mﬁ)
rotonmers: 64.80 (hr s, I—? ﬂ J =
0. 5H) , The rsguliing 'zmme FOLR %‘?ﬁ o gop@e‘?lﬁﬁtrﬁemsqajure Do hili 119
cal cd J% Wlt%o(ilet% eth@@@mnﬁ(vénd W8 L QRE 689 R %?e@ %@é@39976
Acet i caC| -acet oxy (2-d3 rret hyl - (tert-but oxycarbonyl)-am no-
pr opi omy%aTN g Uk yIrOQLth;ysratlmhtedilaQHa)uyINm{(D@i (2 &, BOO- ohilf),| bwdmen -diiekd Ovek [ 2

, 2113i i ndo

yl met r%nh Jrohs NazS@@ fereddy copgeatrated,  Tscireiding oy Prrifisd B8 -rpYsisi iy s dhlto) - but y

I t 8
oc. O RE S P P B O R R P 08 0 3ty i
an hydrmh&nﬂNNPTbQ Pradudt-antOniGg \ﬁastuadeede mmb(r@dsfrmn, 5hd21®0}ninbie)d thalffoolved by

it ur b Y oRR i soHor i R M ST i S "
r eact 'aaw@ ur fpyessedizh Ut 29 Ak thygighhyls) biL) 2808 908N —

! @} gﬁ,hgﬁ%j(ﬁ
successively with water (200 nl), IN HC1 , sat'urat ed aqueous
NaHCOR.(,.9.4, 9.0(Hzn12){,) AT (teJ—d%éht 2Mpr4. "éﬁ\ﬁ}]drliﬂb ANFASOA = 6.9 HizeRHY, 4.50

Clo. b1 Bor Sve ACK iy o +-oht it AL 6 Soee ke b0 F 367 #1 AoV / i ).
The prp@iumzxmﬁtzﬂgns ng (a‘id act i1oNs 19N B, CIH DB, MEFzze;ra b@@dzk%gpm I(ﬂnzed to
afford 1.1 as an off-white solid.

m xt ur@ofl. 9r7dm0riéi)sl 781111; BH),(Ib¥1 6, 19H), 1.39 @6/ (o9 Hy=6H).4.03(t7/ Bz.5 ﬂﬂ)

.9 Hz,

m 2 br s, 2 2 47 (t J—
45 Pt %sqestrwnﬁ')@%ﬁ) ARGk B bt eag ory T L
2H), 4.18 (dd, J= 4.2, 11.7 Hz, Zhede8I(d, J= 12.6 Hz, 2H), 3.57 (dd, J=
2.1, 14.4 Hz, 2H), 3.34 (dd, J= 12.0, 14.4 H, 2|5Q, 2.34 (s, 6H), 2.29 (br
s, 2H), 2.10 (m 2I—I)OAC1 7(m 2H), 1 79 (m 2H) (s, 18H), 1.39 (d,
J= 6.9 Hz, 6H) t,(J= 7.5 Hz, rum (EST), mz
1097. 7 [(|v9+ ?;d\< 6H70D6F2N80]>g: 1@% XVII Acetic acid

5- 3'- 4-ace M- 62- 23meth N {\

| ami no- pro dnyi anmi no)t % [p 2- X y\k Y

-6,6' -di fFuorb-1H, 1' H 3 yl et hyl ) 42> (2-43- thyI am no-
19

OAc

OAc

Acetic acid 5-(3'-{4-acetoxy-1-[2-(2-d-methylamino-propionylamino)-butyryl]-pyrrolidin-2-
ylmethyl}-6,6'-difluoro-1H,1'H-[2,2']biindolyl-3-ylmethyl)-1-[2-(2-d5-methylamino-

propionylamino)-butyryl}-pyrrolidin-3-yl ester (19): A solution containing 18 (1.10 g, 1.00
mmol) in DCM (15 mL) was cooled to 0 °C. TFA (5 mL) was added. After 30 min, the

reaction mixture was warmed to ambient temperature and monitored until LC/MS analysis
revealed complete conversion of 18 to 19 (ca. 4 h). The solvent was removed in vacuo and
the dark, green-colored residue was dissolved in EtOAc (100 mL) and carefully poured onto

an aqueous NaHCOs/ice mixture. The aqueous phase was separated and back-extracted with
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roion lamno)-butyryll-pyrrolidin-3-yl ester: A solution containing 18
(1.10 g, 1.00 mmol) in DCM (15 nL) was cooled to 0 C. TFA (5 nL) was added.
Af ter 30 wonotie2sseacti on m xture was warnmed to anbi ent pCengsesosyees and
nonitored until LC/ M5 anal ysis reveal ed conpl ete conversion of 18 to 19
(ca. 4 h). The solvent was renoved in vacuo and the dark, green-col ored
resi duétOxecs(2a @&mh)eﬁm GonE ARorEa0 0 ehﬂL%CtSaweremsb¢dJ$qV9rabbW%Wﬂbﬁﬁ@rﬁéﬁi

aqueous NaH ure The ueo ha d and

back- MF%%%%@ SR AR et e S@?%@é@@%o@[ GRL QBRI Y The
conbi ngehr@LARRI19 WENEK #8¢ SseiBithotRaRe@r SEYRI8bn t MBS sptrimIBED! Ategh7aueous
NaHCO3, and then brine, dried over anhydrous Na2SO4, filtered, and
concen{MatealaddontidtsddrNeds: 897.4hi ch was used wit hout further

purification. Mass spectrum (ESI), mz 897.5 [(M+; calcd for
CA6HS54D6F2N808: 897.0]. Schene XVIII OAc N- {1S42R-(6,6'-Di fluoro-3'-

{4S- hydr oxy-142S- ( 2S- d3- net hy lanSpke:n¢ Bpilanyl am no) -

butyryll -pyrrolidin-2R-yl met hyl }
-1H, 11-1-[ 2, 21bi i ndq§

fy1l- 3-y1 met hyl ) - 4S- hydr oxyHrr 0 'Eli ne- 1- car bonyThpr opyl
1- 2S- dr net hyl am no- am de (*2B*"F¢'.a sql utiponlceont ai ni ng crude 19 (ca.
1.00 mol ) in MQH was addgq)lM (2Nt NHat anble

tenmperature. y Aﬁxtmar 035 t he MeOBb-was fe€mbved i.n vacu(p ang—y é? resi due
was dlluted7<vmth watenrN agﬁoﬁextg?écted wi t . BrOAC 50 nL). The
nwer e.washed with bri ned drli et over anhydr ous
Na2SO4, filtered, and nctr@ted The resi duerivas rifized by

rever se- phase HPLC (DynamaRACZ" C18 colum; 10-100% ACN?vvater cont ai ni ng
0.1% n 151%9;(5 ons wer e
conbi - go

fl OCCLHIRWCVN nMﬂfoﬂldlrsmwdinethi/l-}HI-NNR [@&_ y1-BRBEMhy ) iSxtydrexef rot ONners:

%'447{3({”? gci_bltll_& 27 45

e i
(m 2"(9onta%n§§ c(rlgﬂ' 19:| ('ca412)0 rilnjﬂoi') 1HZM6@H) &203m§§ v&(ag:adéedzl ]}\l[ Na(bﬂ (2214*'1'1) aB. 45
(m 89 (m 8H), d, J= 9 Hz,

6H) Chnﬂﬁer(tttﬁm@ﬁamre Hﬂer Géi)mlppthe Ms@Hmas (B ViRHEZn v@@@canmi g4em4yas

t 6175. 173. 9. 7 6, 128.8
T, 7 g it FHger 0 190 410 i Wil LiAq bh a0 whYe Thegdbindd GEERIG 5
60. 1, 36285 WRrd walbed  wiB- Brindbald BRd7 ovdD-a8hydkBusl NBRO,, ﬁ]tered, and

concentrated. The residue was purified by reverse-phase HPLC (Dynamax 2” C18 column;

10-100% ACN/water containing 0.1% HOAc over 30 min; 40 mL/min). The product-

containing fractions were combined, frozen, and lyophilized to afford 0.6 g of 20 (75%) as a
flocculent, white solid. 'H NMR (300 MHz, CD;CN), mixture of rotomers: 6 11.86 (s, 2H),
7.91 (d, J= 7.8 Hz, 2H), 7.71 (dd, J = 5.4, 8.7 Hz, 2H), 7.45 (dd, J = 2.4, 9.9 Hz, 2H), 6.83
(m, 2H), 4.56 (m, 2H), 4.47 (m, 2H), 4.20 (m, 2H), 3.84 (dd, /= 4.2, 11.1 Hz, 2H), 3.66 (d, J
=11.1 Hz, 2H), 3.45 (m, 4H), 2.93 (q, /= 6.9 Hz, 2H), 1.60-1.89 (m, 8H), 1.19 (d, /= 6.9
Hz, 6H), 0.94 (t, J = 7.2 Hz, 6H) ppm; *C NMR (75 MHz, CD3CN + d;,-MeOH), mixture of
rotomers: 6175.2, 173.0, 162.4, 159.3, 137.8, 137.6, 128.8, 128.7, 126.8, 110.8, 120.7, 109.5,
108.7, 108.4, 98.5, 98.1, 71.6, 60.5, 60.1, 56.8, 52.6, 36.6, 28.6, 26.0, 22.7, 19.0, 10.1 ppm.
Mass spectrum (ESI), m/z 813.4 [(M)+; caled for C4HsoDgF2NgOg: 813.0].
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Mass spectrum (ESI), mz 813.4 [(M+; calcd for C42HSOD6F2N306: 813.0]. WO
2011/ 002684PCT/ US2010/ 039976 Scheme Xl X

2- ( 6- Fl uowo-2dHydopgsal- 3- yl - d2- met hyl ) - 4- hydr oxy- pyrrol i dipogAk20108800&Y! i C
acid benzyl ester (21): A suspension of 6 (3.0 g, 7.85 nmmml) in anhydrous
THF (50 nL) was cooled to O C. d4- NaBH4 0.66 g, 15.7 mmol) was added in
one portion followed by the addi t PEIEMSTXBF3- et her at e (1.1 nm, 8.60 mml).
After ca. 10 min, the ice hath was.renoved and theireaction m xture was

war med to refl ux. Af @éefheé’é%ctl on i
i ce-bath and carefully que : agueou Cl (50 nL). The
bi phasi ¢ m xture di b uize Et OAc 4ayer was separ at ed
and washed with Mt hen b ayer was dried
over anhydrous NaZS filtesed, and concent r at ed o afford 3.2 g of crude

21 (>quant,) whjch sed h t further. rifi i on. ectrum
(ESI), Mﬁé&@ﬁi =it : RRREYID03YHC 4

2122 dofige e I was coaled 10 0 °C.
ﬁﬁp&si&u{ @g,l S 91 I?‘anh dr sTHF (50m gwas ooled to ¢

-yl - yrroli benzyl er (22): To

sol utuiynN@BHh d0006ng 3. iZldﬁmZSl) (vas. adaec85n rthI])qrhEh mlmeca bg, the 2addlitiomoby, and
P (50 ded a etic hydri de 7.85

ol ) BEs ahEnkT ] atfpet 60 araoh AAGH & thedes Pah Tdenredad gignched

W th sat uratee a8 4%eQus et R al20 rrL) then d| luted with DCM The DCM | ayer

was separat ed and washed successively with dilute HCL (50 nL), water (50

mL), and brAfer § B0thelractivh enintugawas cadédini aon cevhath dinil edreﬁxlb’rqwnﬁyadr\m@s

ST 1170 oGP R QU P DL 4005 BIGATCTIHER el ElsOay FOPDRC 57 Fhoog 2
st eps) OI%IElnlg ?a;%? w%s X\éﬂa}a@e(f Qﬂn@vasiiéd 3V1th"\ﬁté13@9< AaL) %:B%)le The EtOhK1dke Of

rot oners: . , 5.25 (m 1H), 5.21 (m 2H),
4 27 (was dmbd) ov@r &ﬂly@dms NaaSS)A,lﬁltiISd Zandzporrpbl)t;rat@d 61 affdd, 3.2=g df caydel2l 7 Hz,

o ot whih s S rpguinRRl piTIE. Wi e Ry, A S X ure

2011/ OQRASARCTMERR L0(1930976,0L557124]. 136. 9 136.6, 136.5, 129.0, 128.09,
128.6 (Jcp = 24.4 Hz), 124.5 (JcF = 22.1 Hz), 123.1, 120.1 (JcF = 27.2 Hz),

119.9 (JcF = 27.2 Hz), 112.8, 108S¢hqugeckX= 23.5 Hz), 97.7 (JcF = 25.7 Hz),
74.1, 73.3, 68.0, 67.2, 58yxb, 57.6, 53.4, 53.1, 3%a4, 34.6, 21.5 ppm Mass

spectrum (ESI), nfz 413. 1%@1 G 00, C23f 1@ 412.4]. Schene
XX
N\ -NH

4-Acetoxy-2-(6-fluoro-1H-indol-3-yl-d,-methyl)-pyrrolidine-1-carboxylic acid benzyl ester

(22): To a solution containing crude 21 (ca. 7.85 mmol), EzN (1.2 g, 12.0 mmol), and
DMAP (50 mg, cat.) in DCM (30 mL) was added acetic anhydride (0.74 mL, 7.85 mmol) at
ambient temperature. After 3 h, the reaction mixture was quenched with saturated aqueous
NaHCO; (50 mL) then diluted with DCM. The DCM layer was separated and washed
successively with dilute HCl (50 mL), water (50 mL), and brine (50 mL). The organic
solution was dried over anhydrous Na;SQs, filtered, and concentrated. The crude product
was purified by flash silica gel chromatography [30-40% EtOAc in hexane] to afford 2.0 g
(62%, 2 steps) of 22 as a white foam. 'H NMR (300 MHz, CDCl), ~1:1 mixture of
rotomers: 68.41 (br s, 1H), 7.80-6.50 (m, 9H), 5.25 (m, 1H), 5.21 (m, 2H), 4.27 (m, 1H), 3.82
(dt, J= 3.1, 13.2 Hz, 1H), 3.61 (dd, /= 11.4, 11.7 Hz, 1H), 2.13 (s, 3H), 2.00 (m, 2H) ppm;
BC NMR (75 MHz, CDCl;), ~1:1 mixture of rotomers: 6170.8, 160.2 (Jor = 236.2 Hz),
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OAc

4- Acet oxy-2-[3' - (4-acet oxy-1-benzyl oxycar bonyl - pyrrolidin-2-yl-d2-nmethyl)-6
, 6' - di f| wwoadH/d2dd4[ 2, 2' ] bi i ndol y1- 3-yl -cb- et hyl | - pyr r ecirdisperobsmas boxyl i ¢
acid benzyl ester (23): 1Indole 22 (2.0 g, 4.80 mmvl) was dissolved in

pre-cool ed 2-5 © TFA (10 nL The resulting yell ow col ored sol uti on was
al | oned>t3. 3N %rl t501 1850, 1 2rp d/at-urded blzpri2z. 5I‘(Jcﬁrﬁé2r1é&2)ti12ﬁql

m xtur con tor ,vac rg TFA de ture
i ndgl2 hdol ?ﬁg e o(i‘?ers %&P)’u ?dygloﬁg‘c(t]? |2%%dlﬁ (H?Fei 1X/on

Mass smac)t74Jm7(3E3$l6B,0 m’z 5. 9.4, 6Burs3cabca Fa06, 2%6;515412%53% Q@m& 19]

To a sol ution containing the indol \P/I i ndol i ne di astereoners in EtO (100

n) wadvadbbd [ODD; cocdfrd 121D i 4ih4bne portion. After 15 nin, the dark
orange/ brown-col ored reaction m xtgly, %% §qauenched with saturated aqueous
NaHCO3. The | ayers were separated an € organi c phase was washed
successively with saturated agueous NaHCO3 (3 {50 nL)r and brine, dried
over anhydrous Na2SOd4c filtered, and concentrate '

di ssolved in DCM (10 tire el ut i on wasntd di'l uted with MeOH (50
nL). Slow removal o %‘iﬁﬁofo gd e 'pitate whi ch was

collected bw i afd on, washet=vi th col dD AOH, dried to pI’OVI de
1.7 g of 23 9 20steps). |FI NWR (300 MHz, %ﬂ

7.60-7.30 (m 14H), 6280 (app. dt, J = 2.4, 9.3 t 40 5 36
(d, J = 3.6 Hz, 4H), 4.28 (d, J =81 H, 2H), 231(s 6H)
2.06 (m 4H) ppm Mass spectrum (ESI), mz 823F3 [(M + calzéd for
CA6HAODAF2N408: 822.9]. WO 2011/ 002684PCT/ US2010/ 039976 Scheme XXI |

Acetic Aﬂwﬁwl fhenzyddx warpoRylyb yratbidire hyiHd)-nt§/l )} Gitdifico- 1H, 1' H-

[22]| ' (0..40c 048mm| in1l:1
Et OAc/ v G- HEBEYR G P S : ~h 10%

Pd- on- f;ld()wezz (Zc@g, ﬂﬁ@mm) wlmsmaéatlh% eaaidl(ﬁ '%Fm@g : g‘ Tﬁ@re%ﬁ?lnﬁg PS'

H2 and shaken for 3 h. The reaction mxture was filtere rough a pad

Cel i te&ellmdcolhe%dwﬂutdm wiey aloneeste dlowily hwdEnOdmbibie tehperafuredvdri2 br dhe was
concentrated i.n vacuo to afford crude 24 as a te solid which _was
Conq are B prif RE el el fr SH it Crieate i B e Rivge G Pivp <.
cal cd fnd6lyE3AdIISR45teNRdis Batul -dirosihe et ekl reA6®dd. CVAGY %)eéfruﬁ@(ESﬂ, 4-

acet oxy-1-(2-tert-butoxycarbonyl am no-butyryl)-pyrrolidin-2-yl-d2-

et hy112&, 85 ﬂ[(M)ﬁu%@@H@é%@Ezﬁl@s |8|36é’[|y1 3-yl-cb-methy11-1- (2

soluti on conpa i BRBARAY BIROEE! YEGRRG B (iR
mrol ) addedrbiyQr(0¥s gNVRB rﬁﬁ:ﬁl)ﬁh)onaboﬂloﬁ wetter dddeid, IWMaflOordn #d/brodvncolared )

followed by a solution of 24 (0.48 mmol) in NVP (10 rrLi The reaction
m xt ur@a%é@ IPGWe™ dtusBehedovi t‘éfﬁiedtaélﬁﬁ%l’rsé‘t“lﬁ@ 3 Afherayew Weresprargtedct i on

T

Na HC@ar(cB‘ﬁhrlﬁ,.)irle@ odertunihférous NagSD.Q idtercld bydl c@tisniNa@SOkhe thide @i edhct dad
concentrated. The crude product was purifjed by reverse- hase HPLC
( Dynan‘é‘ﬁS(’éVGdGI‘SDQM &%mld@nidb@/éqiww&ﬁhwquwﬁ@ ek, &@@vaéloveo m n;

and | yauR SEREIRCHEE: GRGLEAMLRRATS 3RER0R 1R, AP IRGe FRESEILEE i 1
sol i d. filtthtidn mahecmﬁxhwbm M@DHJ.QI)d dmddtolprewdé 1r7cg o By (85%VE. sﬂez)s)( BH NMRH) ,

550, b MizZedenr a1 Bigfebmg @w‘&@m;n 1400 (Glapo ok 478096 B AID. o1 -

4.22 ( " d 5,1¢41 8 12.9
.oy O3mI IR Gt AB0HpATY s o o 8, a0 Dl offigg” ¢
J= 7. 2.8 ,(nH)H)pppm; DBEs Necttuib (K1SZ), r@DCSIZB)} [Nt LtraR:doforrCOJGHﬁHszN@)lﬂZ. 1,
170. 4,82%8(%. 4, 158.2, 155.8, 137.0, 136.9, 128.6, 125.5, 118.9, 118.8,

108. 6, :4, 108.1, 98.3, 98.0, 80.8, 74.7, 60.3, 53.8, 53.6, 34.1, 28.7,
28.6 (br), 26.2, 21.5, 10.5 ppm Mass spectrum (ESI), mz 925.4 [(M+;

cal cd for C48H58D4F2N6010: 925.0].
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Schenme XXI'V Acetic acid 5-
{3"'-[4-acet oxy-1-(2-am no-butyryl)-pyrrolidin-2-yl-d2-nmethyl]-6,6"-difluoro
1H 1' H [Wo,28i1}dopdésadol y1-3 -yl -d2-net hyl ] PCT/US2010/039976
-1-(2-am no-butyryl)-pyrrolidin-3-yl ester (26): A solution containing 25
(310 ng, 0.34 nmol) in DCM (20 ni) was cooled to 0 C. TFA (5 nL) was added
and the reaction was nonitored bySdhemgECghal ysis until conpl ete conversion
of 25 to 26 (ca. 3 h). The sol vent was renoved,s n vacyo and the dark,
green-col ored resi due wa$ °di ssolved in Et0Ac 0 The Et OAc sol ution

[ rated aqueous —-t@ ce/water mxture to

neutralize the residual NTRA. e or ga,nlp@onw'uasf% Wwag separ ated and washed
twice with sat ua‘éfue S\N#HCO3 thenorrce ®st h)Ori ne.  The conbi ned
agqueous washes We e back- e‘3<t ract edhb Wi t h OAc (2|N mL) and the conbi ned
organi c extracts were dried oves aphydr Na2 SO N tiered, and

concentrated to afford cr 150 ng) as an te solid. Mass
spectrum (ESI), nlz 725.3 W) +;~cal cg for C38HA2114F2N60624 724.8]. WO
2011/ 002684PCT/ US2010/ 039976 Schéa QAcOAc Acetic %eid

5- (3" -{4-acetoxy-1-[2-(2-nmethyl -(tert-butoxycarbonyl)-am no-propionyl am no
(34 Ac etlcy a[(zld ( 5-[3'- (X acétoxv—pyrrohdln% yl- dg-mg{hx)ll) 6.6' dlﬂu%ro [i) I¥ )

but tyr yr'zlmexﬁa@w AN 25 6hi %5 RT3 58 ofter B4 YOSRpitdidn EbdtdinAbid pie) y1-3-y
[ 2 ( 2 gré)t4ﬂyx|nn(oﬂ)alntl- bt@xy/da(id 0 dawasiqeedpi 060 arii Pev) battie yng Thyyged ol i di n

-3-yl t 7 T t B 0,41
ol ) Sk AT £0G, cRo2 Ut e FeRet R S S SRRRA TSR J° 3 POl B 9ts  added
NVM ( Q‘h&kéﬂ—forg B85 Teakdctbonl hawed vy medid iesughfa Fi@gﬁCgﬁte@gﬂﬁ 188 sofldsl 7

mml) in NWP (5 nL). The resulting m xture was a to warmto anbi ent
t enperatraveshaf wih E1@AR, Thhelaribiad filtorie miax comasnineted di msrue(ﬂo @ff@ﬂd afircst Ay |

et her 00 and hed_succ s t h wat x 50

et e RS G SR Bt i hiy Rl on PR Tb N HDabiz s
Na2804555f2 ﬂ(m#e&lc@@a@ngpﬁmojﬁm6}|ude product was pur| f| ed by
reverse-phase HPLC (Dynamax 2" Cl8 col um: 10-100% ACN wat er containing
0.1% HOAc over 30 min; 40 nmi/m n)SChePh%XﬁrIHduct containing fractions were
conbi ned, cong,entrateFd and |yophilized to @ford 170 ng of 27 (91% 2
steps) as a f occ ent, off-white solid. IENVR £3Q0 MHz, CDC13) m xt ure of
s, 2H), 7.40-7.6 (m 86(m 2H), 5.46 (in,

&oc@@fﬂéma— 6 45 (d J— 8.7 Hz 2H),

¥ . 2.87 2.28
Dl92(m2 178(mH ti‘348 Q*J{S 137(d
| CDC13)

4.17 (dd, J= 478,
(s, 6H), 2.05 (
J= 7.2 Hz, 6H),
m xture of rotd : . 3, 0. 5 . 6, 1599 135. 5,
135.4, 126.5, 26. 4, 123. 84 116. 8 116 7 19. 8, 10pb. 4, 2406.1, 96.8, 96.5,
79.1, 72.6, 57. 9, 52.494 50.1, 31.7, 28.5, 26.6, 25.8°(br), 23.9, 19.6,

19.0, 12.1, 8.0 ppm Mass spectrum(ESI), mz 1095.5 [(M+; calcd for
Co6H72D4F2N8012: 1095.3]. WD 2011/ 002684PCT/ US2010/ 039976 Schenme XXVI  QAc
Acet i CA&ticd acid  5-{3'-[4-acetoxy-1-(2-tert-butoxycarbonylamino-butyryl)-pyrrolidin-2-yl-d,-

4- - 1- 2- e 17 di n-2-
5 103 A0S O uorb A1 AT AT - B O Y A R ot Yy bl . &

42- metfiyd-dn 8y Biotiflint 1 YPeer hs): HT[)Za %&1'9&519@9&%&11& Bhe SNy - 141%21(12 met hy

|l am no- Tp 1on langntbiyi _pit-1 ester sol ution containing 2 170 nyg,
0 15 rmmb)) aind HOCN (442 mig) 1. Rasmok) ah enh}tdmm@; N'MP'I(IF@\H(IE) ati0)° Cvmass eeiddféNMMf ter 30

ant i 1 O&mE ER el et R BT e (B ePehoh SIRP 40 H5 B wel 1) °°

The sqhMent v&’l@%ldﬁWﬁ%eﬂﬂo‘é@rﬁH&n agdpdrBRrdlanlficr 96 @€ ﬂqecehar&admiﬁﬁﬂedu@s was
di ssolved in Et0Ac (100 nL) and car e}f)ul 'y poured onto an aqueous NaHCOB/ice

m xt urdelutebheitla digdolisthphddé miasansldhamaxted: wardwirhek smctssambe@hthmatterlfﬁ ©<Ac (2 x

20 nmL T i ped organi ¢ extracts d \Y;

ot r 0o SR R Tl ety feous No B e B ity v kB over
fil tera%ﬁ dr%ﬂQ NaX¥§£ 'Hltre?etdegn& Qox?éeﬁ@ﬁt@d Cﬁ%@%r@& ﬁ%d@ct'WfoBurbf?eH' qulsgr ed
sol id. Ivgss spectrum (ESi), mz 895.3 [(M+; calcd for C46H56D4F21\ 1808:

895.0] . Schene XXVI |

g
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QAc N {1S- [2R- (6 ,6'-Difluoro-3"'- 14S-hydroxy-1-

[ 2S- (2S- et hyl am no- pr opi onyl am no) - butyryl]- pyrrolidin-2Ryl

- cb- net hywb-20H/0b2d84 [ 2, 2' ] bi i ndol y1- 3-yl -d2- met hyl) - 4S- rgaruszyropyeore! i di nel
-carbonyl | -propyl} -2S-nethyl am no-propi onam de (29): To a solution
containing crude 28 (0.15 mml) in MeOH (20 nL) was added 1 M NaCOH (5 i)

at 0 Q)hafﬁélPrLefadD'yr@maxi XtGiec mndégdi%%dAéZMer pepneg GhdedOAcriver ogen

at m)sp numf ce-bat h V. After 60
RO s h o dad pre g b SRRk RS PR e WG o
(20 m—])y ﬁlﬂﬂz&i@oﬁf}"ﬁfr@@l@ﬂn{&é‘bﬂﬂ)ﬁ@’/& 50t¢pPs) as 4 AOc@lie alste RbAG e NABVIREpaD at ed
and back-extracted with OAc (2 x 50 nL The conbi ned organic extracts

were MOZGDIZIO0 E68ARCIUS2E10 /00393 76 swath "639\/((%@1Jb*r5ﬁe8%1 . ) e oder

pur ) 1108 by " ovith 60 gHESE pelct (B NRO T b oo i ST FUB A it

cont ai 14 59102 k304¥7, 9vey 830, M, 4. 4@(dﬂ-/1m 51)1 12Th%lszH9ILBcgo @oUt=ai N9 My,
fracti ons were conmbi ned, concentrated i;&lghl lized to afford 110 ny of

29 (902H), 2.3} 6p&)D).aks 9% (hl 3dbdl Entm, 2, tlei7c@1 08 (to] =112 HzNRKD) PBOO Mz,

o e O bt R LRe Sl (g g, TP, (9 gl

2H) 4152@9(1@@6 4%55 171,897 188 |8121082&l)1084¢ 603 ﬁbEl‘S $,9820180.84747, 03, 538,333, Hz
2H), 4.700 (dd 11. 4 He, 3.76 (d, J= 11.4 Hz, 3.43 (q, J=
6.9 Hz34. 2@872%(k(rh 26644)21 521(191c(pa1 Mass.@newuﬂz(ESJH)m/ZQﬁé QVIH%IQ qaipd faH) |
1.46 ( 1.09 (t, J = 7.2 Hz, 6H) ppm 13C NMR (75 MHz,
CDC13 48§&R%6%¢%'£2§ﬁ]re of rotonmers: 6173.6, 171.8,161.7, 158. gs, 137. 1,
136.9,128.1,128.0, 125.9, 119. 8, 152hdmd 8IS, 108. 2, 107 8, 97.8, 97.5, 70.9,
69.4, 59.0, 56.1, 52.0, 36.3, 35.7, 25.5, 18.5, 9.8 ppm Mass spectrum
(ESI), nlz 811.4 [(M‘” calcd for CA2H52DAF2NBOG: i. Scheme XXVI | |
Aceti caci d5- (3" - | ‘.‘

OAc OAc

Acetic _acid _5-{3'-[4-acetoxy-1-(2-amino-butyryl)-pyrrolidin-2-yl-d,-methyl]-6.,6'-difluoro-
1H.1'H-[2.2"Tbiindolyl-3-y]-d>-methyl} -1-(2-amino-butyryl)-pyrrolidin-3-yl ester (26). A
solution containing 25 (310 mg, 0.34 mmol) in DCM (20 mL) was cooled to 0 °C. TFA (5

mL) was added and the reaction was monitored by LC/MS analysis until complete conversion
of 25 to 26 (ca. 3 h). The solvent was removed in vacuo and the dark, green-colored residue
was dissolved in EtOAc (50 mL). The EtOAc solution was carefully poured into a saturated
aqueous NaHCOs/ice/water mixture to neutralize the residual TFA. The organic phase was
separated and washed twice with saturated aqueous NaHCO; then once with brine. The
combined aqueous washes were back-extracted with EtOAc (2 x 20 mL) and the combined
organic extracts were dried over anhydrous Na,SOQy_filtered, and concentrated to afford crude
26 (250 mg) as an off-white solid. Mass spectrum (ESI), m/z 725.3 [(M)+; calcd for
Ci33HgDgF2NgOg: 724.8].

33



propi onyl am no) - butyryl]-pyrrolidin-2-yl-d2-nethyll-6,61-difluoro-1H 1" H[2
, 21 bi i ndol y1- 3-

yl - d2- metwpl2ptiloopid4 ( 2- d3- met hyl - (t ert - but oxycar bony1) - amcmarspe10ps®ny | anmi no)
-butyryllpyrrolidin-3-yl ester (30): To a solution containing

Boc- N(d3-Me) Al a-OH (17, 83 ng, 0.41 mml) and HATU (172 ng, 0.45 mol) in
anhydrous NWP (5 L) at 0 C was avihente (0.1 nm., 0.85 mml) followed by
addi tion of cpude 26 (123 nmg, 0.17 nmol) in NMR (5 nl). The resulting

m xture was allo P\H)MﬂmtoaMNﬂﬂtEMEUWWT After 16 h, the

reactio { ngs diluted with diethy ‘ m.) and washed
successﬁvka AR Wat er BEBQarAO, HATN HC33L>4% saturatedoaq eous
NaHCO3 (2 x o50p v DI ne—&%ed%aver\ \}}hydrod’sD A, fi I ter

concentrated. Wueyc mpduct wa ‘Qurlfled by ay ars & ph hHPLC ( Dynamax
2" C18 colum; 1 % Al materfzgkvalnlng 0. 19 gV mn; 40
nm./mn). The p ontai ning fractions were ¥ hed, concentrated, and
I yophilized te afford, 160°*ng of 30 (85% 2 steps) as g fldccul ent,

whi t e- col ored SO|Id 1H NVR (300 MHz, CDC13), m xt ure’ of rotoners 611. 51

(hr S,AB c, adid4G- X -(Bnth ct-buloxyc@b 1 anoQpOpidnylagiflq)- 5. 47
(t, J = 4.8 Hz, 2H) 474 (br E 2 4.46 (d, J
= 8.1 mﬁxﬂ@mﬁw zﬂg‘hﬂﬁ;zm

2 30 (&L(Z%thy?(t% b(l{gxygzh%ony@)-%m()rﬂroglbmvlaﬁmgﬁ b(lerlmﬂoﬂ-dlK-% {m  Zhber 1.49
(s, 1.38 (d, oH), m 1I3C NWR

(75 Mﬂ_LCD@H)Dlutwnmmamlmg Boowméla ®H7(53 6ng, 074, mmﬂf)’md Iii)IA}F)B (172 mg,

108, 4, O90anaoDon, g NHE 6 1 4.0 o6, 4 abed M gBiget Byl o

27.5 (M]))wea @y%ddﬁ@m Bf crude 26 (123 mg, 0.17 mmol) in NMP (5 mL). The resuiting mixture
was allowed to warm to ambient temperature. After 16 h, the reaction mixture was diluted
with diethyl ether (100 mL) and washed successively with water (50 mL), 1N HCI (2 x 50
mL), saturated aqueous NaHCOj; (2 x 50 mL), brine, dried over anhydrous Na;SOs, filtered,
concentrated. The crude product was purified by reverse-phase HPLC (Dynamax 2” C18
column; 10-100% ACN/water containing 0.1% HOAc over 30 min; 40 mL/min). The
product-containing fractions were combined, concentrated, and lyophilized to afford 170 mg
of 27 (91%, 2 steps) as a flocculent, off-white solid. "H NMR (300 MHz, CDCls), mixture of
rotomers: 811.51 (br s, 2H), 7.40-7.60 (m, 4H), 6.86 (m, 2H), 5.46 (m, 2H), 4.74 (br s, 2H),
4.65 (q,J = 6.9 Hz, 2H), 4.45 (d, J = 8.7 Hz, 2H), 4.17 (dd, /= 4.8, 12.3 Hz, 2H) 3.82 (d, J =
12.3 Hz, 2H), 2.87 (s, 6H), 2.28 (s, 6H), 2.05 (m, 2H), 1.92 (m, 2H), 1.78 (m, 2H), 1.48 (s,
18H), 1.37 (d, J = 7.2 Hz, 6H), 1.01 (t, J = 7.2 Hz, 6H) ppm; “C NMR (75 MHz, CDCl),
mixture of rotomers: §173.3, 170.2, 170.1, 170.5, 168.6, 159.9, 135.5, 135.4, 126.5, 126.4,
123.8, 116.8, 116.7, 106.8, 106.4, 106.1, 96.8, 96.5, 79.1, 72.6, 57.9, 52.1, 50.1, 31.7, 28.5,
26.6, 25.5 (br), 23.9, 19.6, 19.0, 12.1, 8.0 ppm. Mass spectrum (ESI), m/z 1095.5 [(M)+;
caled for CsgH7DyFoNgOg2: 1095.3].
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20.9, 14.0, 9.9 ppm Mass spectrum (ESI), nmz 1101.5 [(M+; calcd for
C56H66D10F2N8012: 1101.3]. Schenme XXI X OAc Acetic acid

5- (3" - {4-woevmxp26842- ( 2- d3- net hyl ami no- pr opi onyl am no) - lpatryusydipopyers ol i di n-
2. .

yl-cb-nethyll-6,6"-difluoro-1H,1"'H[2, 21biindol y1-3-yl-d2-nethyl)-1-[2-(2-d
3- et hyl am nopr opi onyl ani no) - but yWchthe py¥Ybl i di n-3-y1 ester (31): A

sol ution contai ning 30, (160 g, 0.14 mmol) in DCVof15 mF) was cooled to O
C. TFA (5 nmL) was add er 30 mn, the reacti ure was warned to
anbi ent tenperature fﬁ ﬁ;ftor ed untH‘\——Cl:el NB% /r eveal ed conplete
conversion of 3%t 4 h) Ive jiaoe ved in vacyo and the
dark, green- colo%éﬂd Pesq d e;vvgs ‘rcved Et OAc ncareful |y
poured ont%%l aqueous % i Xture. The aque S separated
and back- ext'racted wit t0 c ( X 20 mL) . The conbi ped gani c extracts
wer e washed several tlprf%s/ with saturated aqueous NaHCOB,{.t hefh brine, dried
over anhydrous Na2SO4, filtet®d, and concentrated to afford crude 31 as a
l'i ght xeétkcowe@ter-maeabhdl-Mm@mehrnumrbﬁ&mammoz b264yIP plyrMidin-xalcd for

C46HSODIOFZN808: 901. 1] WO 2011/ 002684PCT/ USZOlO/ 039976 %Chema XXX N
{ 1S- L2&-ngthe - H-[2,2']biindolyl-3-yl-d, -meh -(2-methylamino-

pyrr ol
-yl - dznﬂﬁlhyd DC‘MS—(DS’ @E[Lc)xwaspwm@i o 0 °C. TFA (5 mL) was added After 30 min, the

di nel-carbonyl | - propyl}-2S- net hy] am no- propl am de sol.ut.i on
cont ai FapdOTE puEfEre3vay (‘.’)’a@ed{ﬁﬁ)P’}lgﬁeﬁt [V S ] )m%?r‘%gdétd Ii’L&MWYf% m)
at 0 G Iheq cgﬁgfe('tjpo&n%ﬁdﬁr@f MR 22{;6@@5@ ?1?: apd smbrﬂt\@ds%ﬁilou&fiﬁf vdubiahd 0gen

at rmspﬁe/re wra wth alumnumftoril. e 1ce-b was renoved. After 60
mm  t heheMaH graes-codored echidus wasodissohred i ﬂﬁeOAeilQIhthasd datefit/boponiadomiat er

20 nL) and th Et Th ted
bnd bakkagsors el e i 15 eyt Rhjse e DuARH el W AP EEPRACS: <
wer e waghrd &2"& %h Py e @&ﬂbﬂé& 8@9}6%&@&@%{@&&%&@8&%1 ufmdstvﬁﬂedmrateal

concentrate he crude product Wwas purified by reverse-phase HPLC (Dynanax
2" Cl8aq@busriNaHITD:] G K@, whited roven ranlaydwlrrﬂgNazSD/b Hberedoved caarenirpted 40

yophi MitadcdF 3 ot BERon g rorad Sy 8 “Eiclpby UL G5 pEERT gk ol =N
whi t e- @&I@ﬁ% 6%\1 01} NI\/R(300 WMHz, CDC13 + d4-MeOH), m xture of

rot oners: 7.79 (dd, J= 5.4, 8.4 Hz, 2H), 7.47 (dd, J= 2.4,
10.2 Hz, 2H), 6. 87 (ddd J= 2. 4, Sghame ¥XVIiy 2H), 4.68 (dd, J= 5.4, 7.5
Hz, 2H), 4.58 (m 2H), 4.45 (d, J= 6.6 Hz, 2H), o8. 99 (dd, J= 4.8, 11.1 Hz,
2H), 3.75 (d, J= 11.14° 2H), 3.19 (q, J—69g|!-|z, , 2.15 (br d, J= 12
1.07 (t, J=7.5 He,

Hz, 2H), 1.78-2.02 8HY, 1.39 (6honJan 6. ~N—6H)
6H) ppm 13C N \ ,NHCD013 WTNEUI;I)J\L rotoners: 6175. 4,
172.0, 161.8,4-158. 72 .5, 137 0,128.2"178.0, 126.% DOIIMH 119.7,
108. 4, 1083 107. 9, g.,QY‘%{io 60.0, 59.6,~56 }‘Slcﬁ 36.4, 25.8,
19.5, 9.8 ppm Mass str (ES"), rn/z 8174[;

C42HA6DI OF2N806: 817.0]. Examples 2, 3, 4, and 5§ Co
Exanples 2, 3, 4, and 5 aré€“shown in Table 1. WO
2011/ 06R 6%W(Mﬂﬁb&3ﬁamhvame- 11[2.5-(CSapahyidmRp -prRpionylamino)-butyryl]-

pyrrolidin-2R-yl-d;-methyl}-1H.1'H-[2,2"]biindolyl-3-yl-d,-methyl)-4S-hydrox y-pyrrolidine-

neunds tested in

1-carbonyl]-propyl }-2S-methylamino-propionamide (29): To a solution containing crude 28

(0.15 mmol) in MeOH (20 mL) was added 1 M NaOH (5 mL) at 0 °C. The reaction mixture

was degassed and maintained under a nitrogen atmosphere wrapped with aluminum foil. The
ice-bath was removed. After 60 min, the MeOH was removed in vacuo and the residue was
diluted with water (20 mL) and extracted with EtOAc (50 mL). The aqueous phase was

separated and back-extracted with EtOAc (2 x 50 mL). The combined organic extracts were
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washed with brine and dried over anhydrous NaySQ,, filtered, and concentrated. The crude
product was purified by reverse-phase HPLC (Dynamax 2” C18 column; 10-100%
ACN/water containing 0.1% HOAc over 30 min; 40 mL/min). The product-containing
fractions were combined, concentrated, and lyophilized to afford 110 mg of 29 (90%, 2 steps)
as a flocculent, white-colored solid. '"H NMR (300 MHz, CDCIl; + d,-MeOH), mixture of
rotomers: 811.58 (s, 2H), 7.80 (dd, J = 5.4, 8.7 Hz, 2H), 7.45 (dd, J =2.4, 9.9 Hz, 2H), 6.87
(ddd, J=2.4,9.2,9.2 Hz, 2H), 4.66 (dd, J = 5.7, 7.8 Hz, 2H), 4.60 (br s, 2H), 447 (d,J=7.2
Hz, 2H), 4.00 (dd, J = 4.8, 11.4 Hz, 2H), 3.76 (d, J=11.4 Hz, 2H), 3.43 (g, J= 6.9 Hz, 2H),
2.55 (s, 6H), 2.19 (d, J = 14.4 Hz, 2H), 1.78-2.02 (m, 8H), 1.46 (d, /= 7.2 Hz, 6H), 1.09 (t, J
= 7.2 Hz, 6H) ppm; *C NMR (75 MHz, CDCl; + d,-MeOH), mixture of rotomers: 5173.6,
171.8, 161.7, 158.6, 137.1, 136.9, 128.1, 128.0, 125.9, 119.8, 119.7, 108.3, 108.2, 107.8,
97.8, 97.5, 70.9, 69.4, 59.0, 56.1, 52.0, 36.3, 35.7, 25.5, 18.5, 9.8 ppm. Mass spectrum (ESI),
m/z 811.4 [(M)+; calcd for CypHsyDgF2NgOg: 810.9].
Scheme XXVIIH

OAc F QAc F

Boc-N(d-Me)Ala-OH, HATU,
NMM, NMP

OAc

Acetic acid 5-(3'-{4-acetoxy-1-[2-(2-d;-methyl-(tert-butoxycarbonyl)-amino-

propionylamino)-butyryl]-pyrrolidin-2-yl-d,-methyl }-6.6'-difluoro-1H,1'H-[2,2"|biindolyl-3-

yl-d>-methyl)-1-[2-(2-d;-methyl-(tert-butoxycarbonyl)-amino-propionylamino)-butyryl]-

pyrrolidin-3-yl ester (30): To a solution containing Boc-N(d3-Me)Ala-OH (17, 83 mg, 0.41
mmol) and HATU (172 mg, 0.45 mmol) in anhydrous NMP (5 mL) at 0 °C was added NMM
(0.1 mL, 0.85 mmol) followed by addition of crude 26 (123 mg, 0.17 mmol) in NMP (5 mL).

The resulting mixture was allowed to warm to ambient temperature. After 16 h, the reaction
mixture was diluted with diethyl ether (100 mL) and washed successively with water (50
mL), IN HCI (2 x 50 mL), saturated aqueous NaHCO; (2 x 50 mL), brine, dried over
anhydrous Na,SOy, filtered, concentrated. The crude product was purified by reverse-phase
HPLC (Dynamax 2" C18 column; 10-100% ACN/water containing 0.1% HOAc over 30 min;
40 mL/min). The product-containing fractions were combined, concentrated, and lyophilized

to afford 160 mg of 30 (85%, 2 steps) as a flocculent, white-colored solid. 'H NMR (300

36
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noni t or i got2oe/meesappear ance of Green Fl uorescent Prot eipoT(USERpASI9ganal in
A375 cells. Briefly, A375 cell lines expr essi ng GFP—tagged cl AP-1 and
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Conmpound SD GFP-cl AP- SD | C50 Rat | cl 5A0 P-1 GEPL (nM 2 1C50
108.4, 108.0, 98.8, 98.4, 81.1, 74.6, 66.1, 599 54.0, 521 33.7, 28.6, 27.5 (br), 25.8, 21.6,

20.9, 14.0, 9.9 ppm; Mass spectrum (ESI), m/z 1101.5 [(M)+; caled for Cs¢HgsD10F2NgOyo:

1101.3].
Scheme XXIX
OAc s QAc F
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A o H S
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OAc
Acetic acid 5-(3'-{4-acetoxy-1-[2-(2-d;-methylamino-propionylamino)-butyryl}-pyrrolidin-2-
yl-d>-methyl}-6.6'-difluoro-1H,1'H-[2.2']biindolyl-3-yl-d,-methyl)-1-[2-(2-d;-methylamino-

propionylamino)-butyryl]-pyrrolidin-3-yl ester (31): A solution containing 30 (160 mg, 0.14
mmol) in DCM (15 mL) was cooled to 0 °C. TFA (5 mL) was added. After 30 min, the

reaction mixture was warmed to ambient temperature and monitored until LC/MS analysis
revealed complete conversion of 30 to 31 (ca. 4 h). The solvent was removed in vacuo and
the dark, green-colored residue was dissolved in EtOAc (100 mL) and carefully poured onto
an aqueous NaHCOs/ice mixture. The aqueous phase was separated and back-extracted with
EtOAc (2 x 20 mL). The combined organic extracts were washed several times with saturated
aqueous NaHCOs, then brine, dried over anhydrous Na,SOy, filtered, and concentrated to
afford crude 31 as a light yellow-colored solid. Mass spectrum (ESI), m/z 901.5 [(M)+; caled
for C46HsoD10F2NgOs: 901.1].
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Scheme XXX

pyrrolidin-2R-yl-d,-methyl }-1H.1'H-[2.2"]biindolyl-3-yl-d,-methyl)-4S-hydroxy-pyrrolidine-

1-carbonyl]-propyl}-2S-methylamino-propionamide (32): To a solution containing crude 31

(0.14 mmol) in MeOH (20 mL) was added 1 M NaOH (5 mL) at 0 °C. The reaction mixture

was degassed and maintained under a nitrogen atmosphere wrapped with aluminum foil. The
ice-bath was removed. After 60 min, the MeOH was removed in vacuo and the residue was
diluted with water (20 mL) and extracted with EtOAc (50 mL). The aqueous phase was
separated and back-extracted with EtOAc (2 x 50 mL). The combined organic extracts were
washed with brine and dried over anhydrous Na,SOy, filtered, and concentrated. The crude
product was purified by reverse-phase HPLC (Dynamax 2” C18 column; 10-100%
ACN/water containing 0.1% HOAc over 30 min; 40 mL/min). The product-containing
fractions were combined, concentrated, and lyophilized to afford 100 mg of 32 (87%, 2 steps)
as a flocculent, white-colored solid. '"H NMR (300 MHz, CDCl; + d,-MeOH), mixture of
rotomers: & 11.62 (s, 2H), 7.79 (dd, J = 5.4, 8.4 Hz, 2H), 7.47 {(dd, /= 2.4, 10.2 Hz, 2H), 6.87
(ddd, J=2.4,9.2, 9.2 Hz, 2H), 4.68 (dd, J = 5.4, 7.5 Hz, 2H), 4.58 (m, 2H), 4.45 (d, / = 6.6
Hz, 2H), 3.99 (dd, /= 4.8, 11.1 Hz, 2H), 3.75 (d, /= 11.1 Hz, 2H), 3.19 (q, J = 6.9 Hz, 2H),
2.15 (br d, J = 12 Hz, 2H), 1.78-2.02 (m, 8H), 1.39 (d, J = 6.6 Hz, 6H), 1.07 (t, /= 7.5 Hz,
6H) ppm; °C NMR (75 MHz, CDCL + d,-MeOH), mixture of rotomers: 8175.4, 172.0,
161.8, 158.7, 137.1, 137.0, 128.2, 128.0, 126.0, 119.9, 119.7, 108.4, 108.3, 107.9, 98.0, 97.6,
71.0, 60.0, 59.6, 56.2, 51.6, 36.4, 25.8, 19.5, 9.8 ppm; Mass spectrum (ESI), m/z 817.4 [(M)+;
caled for CyoHyeDF2NgOg: 817.0].

Examples 2,3, 4, and 5

Compounds tested in Examples 2, 3, 4, and 5 are shown in Table 1.
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OH R

Compound RS R
15 -CH2CH3 6-F
2 -CH(CH3)CH3 6-F
3 -R-CH(OH)CH3 6-F
4 -S-CH(OH)CH3 6-F
5 -R-CH(OCH3)CH3 6-F

Example 2A. cIAP Degradation Assay

The concentration inducing degradation of cIAP-1 and cIAP-2 by 50% (ICso) for various
compounds was determined by monitoring the disappearance of Green Fluorescent Protein
(GFP)-signal in A375 cells. Briefly, A375 cell lines expressing GFP-tagged clAP-1 and
cIAP-2 were generated by transfecting HA2xEGFP-pcDNA3 vector containing either cIAP-1
(A375Gcl) or cIAP-2 (A375Gce2) coding region. 2x10* of A375Gce] or A375Gc2 cells were
grown in 96-well plate and treated with various concentrations of test compounds for 2 h.
After incubation, cells were collected by trypsinization and suspended in 150 ul of DMEM-
10% FBS. A total of 10* cells were analyzed using a FACScan (Becton Dickinson). GFP
fluorescence was monitored by using an excitation filter at 488 nm and emission was
measured with a 530 nm filter. 1Csy is defined as the concentration of drug at which 50% of
GFP signal was inhibited.

Results of the cIAP-1 and -2 degradation assay are shown in Table 2.

Table 2
Compound | GFP-cIAP-1 SD GFP-cIAP- SD IC50 Ratio
ICso 2 cIAP-2/cIAP-1
(nM) 1Csp
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gauge needle. Lysis was monitored by light microscopy. Lysate was centrifuged at 12000xg

for 10 minutes at 4°C to remove membrane fraction, unlysed cells and debris. The soluble
fraction was collected for protein concentration determination and subsequent assay analysis.
The hypotonic lysate (25 ug protein), 50 pg/mL cytochrome ¢ and 10 mM dATP were
combined in a microcentrifuge tube to a final volume of 9 ul in hypotonic lysis buffer
followed by addition of test compound and incubated for 30 minutes at room temp.
Following incubation 50 pl of hypotonic lysis buffer containing 5 pM of pro-fluorescent
rhodamine-110,,) based caspase-3 substrate zZDEVD-R110;, was added and fluorescence
intensity was monitored over time. Activation of the lysate by addition of cytochrome ¢ and
dATP results in apoptosome formation and subsequent activation of caspases-9 and -3.
Endogenous XIAP inhibits much of this activity and addition of test compound to the
activated lysate results in more caspase activity than is generated by activated lysate alone as
measured by increase in fluorescence intensity upon cleavage of zDEVD-R110;) by caspase-
3. ICsp values were calculated using GraphPad Prism by plotting increase in fluorescence
intensity vs. different concentrations of compounds tested and the results are shown in Table

3.
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Table 3
Compound XIAP Caspase-3 SD
Derepression 1Csgo
(nm)

15 24.3 (n=3) 2.0
2 13.4 (n=3) 43
3 0.2 (n=3) 0
4 0.35 (n=3) 0.2
5 0.36 (n=3) 0.05

These data show that Compound 15 has a lower potency for antagonizing XIAP function in

comparison to Compounds 2, 3, 4, and 5.

Example 3 - Cvytotoxicity

SKOV-3 ovarian tumor cell cytotoxicity data were generated substantially as follows.
The MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay is an
example of an assay that has been used for measuring cell growth as previously described
(Hansen, M. B., Nielsen, S. E., and Berg, K. (1989) J. Immunol. Methods 119, 203-210) and
incorporated herein by reference in its entirety. Briefly, SK-OV-3 cells were seeded in 96-
well plates in McCoy’s medium containing 10% fetal bovine serum albumin (5,000 per well)
and incubated overnight at 37°C. The next day, test compounds were added at various
concentrations (0.003-10 uM) and the plates were incubated at 37°C for an additional 72 hrs.
This incubation time was optimal for measuring inhibitory effects of different analogs. Fifty
microliters of Smg/mL MTT reagent to each well was added and the plates were incubated at
37°C for 3 hours. At the end of the incubation period, 50 microliters of DMSO was added to
each well to dissolve cells and the optical density (OD) of the wells was measured using a
microplate reader (Victor2 1420, Wallac, Finland) at 535 nm. Cell survival (CS) was
calculated by the following equation:

CS = (OD treated well/ mean OD control wells) X 100%

The CCso, defined as the drug concentration that results in 50% CS, was derived by
calculating the point where the dose-response curve crosses the 50% CS point using
GraphPad Prism. These results suggest that Smac mimetics that bind to cIAP-1 can be used

in the treatment of cancer either as monotherapy or in combination with chemotherapeutics.
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Example 4 — Toxicity

Body weight loss (BWL), mortality and additional toxicity data were generated substantially
as follows. Sprague-Dawley rats were dosed daily (QDx4, i.v. bolus slow push) with
Compounds 15, 4 and 5. Body weights were taken on day 4 and are shown as percent change
from day 1. Compounds 4 and 5 were administered at 0.3 mg/Kg, 1 mg/Kg, or 3 mg/Kg;
Compound 15 was administered at 1, 5, or 10 mg/Kg.

The results of the BWL assay are shown in Fig 1.

Mortality. Compounds 4 and 5 were not tolerated at 3 mg/Kg, and caused the animals to die
at this dose. No mortality was observed with Compound 15 at 5 mg/Kg (mortality was
observed at 10 mg/Kg.)

Clinical Results. There were no clinical signs noted at 1 mg/kg/day with Compound 15 after

4 days of administration. Animals treated with Compound 15 at 5 mg/kg/day exhibited
clinical signs similar to Compounds 4 and 5 at 1 mg/kg/day such as lethargy,
increased/irregular respiration and increased heart rate. Rats treated with 1 mg/kg Compound
5 exhibited additional clinical observations including dehydration, ungroomed appearance,
chromorhinorrhea, alopecia (head), and excessive scratching from days 2 to 4.

Body Weight. At 1 mg/Kg, animals receiving Compounds 4 and 5 lost weight whereas
animals receiving Compound 15 at 1 mg/kg/day gained weight. At 5 mg/kg/day with

Compound 15, a treatment related mean body weight loss of approximately 8% was noted
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from day 1 to day 4. A treatment-related mean body weight loss of approximately 4 % and 6
% was noted in animals treated with Compounds 4 and 5, respectively, at 1 mg/kg/day.
Pathology. Assessment of anatomic pathology after treatment with Compounds 4 and 5 at 1
mg/kg/day resulted in the following findings. There was marked to severe bone marrow
hypocellularity of the erythroid series, mild to moderate hypercellularity of the myeloid
series, and mild to moderate hypertrophy and hyperplasia of megakaryocytes in the tibia and
sternum when Compounds 4 and 5 were administered at 1 mg/kg/day. For Compounds 4 and
5 the lungs had dose-related mild to moderate diffuse hypertrophy/hyperplasia of Type 2
pneumocytes which were accompanied by an increase in alveolar macrophages,
hypertrophied bronchiolar epithelium, proliferating perivascular mononuclear cells and
hypertrophied visceral pleural cells. In contrast, assessment of anatomic pathology following
treatment with Compound 15 at the same dose (1 mg/kg/day) identified minimal to mild
hypocellularity of erythroid cells, minimal to mild hypercellularity of myeloid cells, and
minimal Type 2 pneumocyte hypertrophy in the lungs.

The data described above indicate that Compound 15 is approximately 5-fold better tolerated

in the rat as compared to Compounds 4 and 5 on a dose per dose basis.

Example 5 — Tumor Volume Reduction and Body Weight Change
MDA-MB-231 xenograft data were generated substantially as follows. MDA-MB-231

human breast tumor cells were injected into the mammary fat pad of female nude mice and
dosing initiated twelve days later at an average tumor volume of approximately 148 mm"°. No
tumor burden was associated with this model based on lack of weight loss or animal
morbidity in control groups. Mice were injected subcutaneously into the mammary fat pad
with 1x10’ cells suspended in 200ul of a 1:1 HBSS: Matrigel solution ; injected cells were
within nine passages of the original lot. Pre-study tumor volumes were recorded beginning
approximately one week prior to the estimated start date. When tumors reached
approximately 150 mm”® animals are matched by tumor volume into treatment and control
groups and dosing initiated (Day 0); mice are tagged and followed individually throughout
the experiment. Animals were dosed by weight (0.01 mL per gram; 10 ml/Kg).

Beginning on Day 0, animals were observed daily and weighed twice weekly using a digital
scale (Ohaus SP601); data including individual and mean gram weights (Mean We £ SD),
mean percent weight change versus Day 0 (%vDg) and mean percent weight change versus

prior measurement (%vD_,) were recorded for each group and plotted at study completion.
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hy poc aldtarinamd &tgklsaflall}fmgleﬁyarﬁ doffeterres inegverah sugvivel axperesnse éeWW?S@ eedl |ularity

of oid series derate rtroph | asi a of
rregakaf%?ygérglép Fompaed o (i?ng Igdlvfdulg}r)\ %ﬁe\/\,ﬁ%orpg ummp OY %63)/%?'{}{)6

adm nis4e0 aéadiretheAOKVH@sedutive HRANOENERS éve?ﬁla(ie{z_)entdh@ ﬂet:lﬁ@ﬁvefmd

dose-rel at ed mld to noderate diffuse hypertrophy/ hyperpl asia of Type 2

pneunvepsidgredipreiel spendsecdBRpat el Byperrstydierd a8y ichmaloien ReFcerbEFtBhages,
hyper L gROLGHRTRIGAL 8L @ BB hISL I RrANL! J IR YT, REF, YAREH VAuc was

mononuctear ¢ and hypertrop visceral ple cell's. In contrast,
assessgiflataf if arnﬂﬁpiﬂiP(R paehotwgy ihoht griupg Itdiedtatentce \Mckhlg@(amablstn d 15 at

the sane dose (1 ngy/kg/day) identified mninmal to m|d h cellularity of
er yt nrBTETTEI 18, MR AP BN REASEEEPIVAT P £ BUARPERGDA eI | o, and

m ni madlag ¥RE a¢ ¢ t&ﬂg}&%?%&ldl@am@ks rao(}f}ﬁtht'faeltsﬁ?ed'LHﬁg%dJ bémsiatian deger i bed

m
above 1 ndicate ound 1571s approximately 5 | d better tolerated in
t he r atonsigered apamedircos@uiveo (FAY; 4F A atinGlome gxdode fp@n Tqd3 ealpdsiions Exanpl e

> - Tu ma sta 1sélcal aneﬁysdléJ Céta? Qlc%P&ilft%renXes mll\%]'i“E ggl%eggetween control and treatment
groups are compared using a Log Rank test.
Compound 15 was administered by i.p. injection alone at 20, 40 or 60 mg/Kg on a g3dx5
schedule (every three days for 5 cycles). T-C values of 22 days were calculated for these
groups, all of which were found statistically significant compared with control (p=0.005,
p<0.0001, or p=0.0001). In the 20 mg/Kg group, 6/10 mice were considered long-term
survivors and partial tumor regression was reported in three mice. In the 40 mg/Kg group,
9/10 mice were considered long-term survivors and partial tumor regression was reported in
three mice. In the 60 mg/Kg group, 8/10 mice were considered long-term survivors and

partial tumor regression was reported in seven mice.
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MDA- MB- 231 xenograft data were generated substantially as foll ows.

MDA- MB- 231 human breast tunor cells were injected into the mammary fat pad
of fenal ewoude/meese and dosing initiated twelve days | ater/usboaniaver age
tunmor vol urre of appr oxi rrately 148 m*rB No tunmor burden was associated with
this aneI d on, | ack

bi d trol
AR 10 WA G RIAER KAt HiR g IR A VR A MY Sl e
107 £&i | usuepeagedds LaROARYoPhirdin) wﬁﬁ%%astfatﬂd @%e sBAkELIGN ; i nj ect ed

cells were wthin nine passages of e original lot. Pre-study”tunor
vol unmesgmécant lcempmdémtie@mtm] (regr04PDr dmthratgedtgo %t@nmwekerplcommdetr@d lohg-

esti ted Ssta r?;]t unors reached @E‘n xi mat el Ef\g{ n| mals are
mat che “Bﬁ“ftVer?B? o?%ﬁh% EFIHPT FEETEHP AT TRAECE Bt YO Gr oﬁ]ﬁ” STy g8 Ly

i ni ti adRd 1dveRyrodhécedfafahahenbadgesh 20 baklvoned zmﬂg/mgot;{atdrﬂpduhaqtsghout t he
experinment. Aninmals were dosed by weight (0.01 nL per gram 10 m/Kg).

Begi nnThfgreéiﬂtSDEfyh@M%Wt@1mn@r@ﬁb§$§ﬁ30é@ shawhyn Et&ﬁrﬁt&eﬁﬁgﬁeﬁzﬁw ce weekly
w205 bl oM B AT R AT T S BT

and rm&rbse@reﬁemdlwheghtshshaﬂg@ theahimit8alaticotive®has bf @Bﬁipbuxﬁ(%/ﬂn)thi&er e
recorded for each grouggand pl otted at study conpletion. Beginning on Day
0, tunBpddinissstham e ghirles wan eatwdn amisy aetngtilttalled@mmen Fow er

Utra %g [ BN RB5h t unor
vol urresq,:a}% %ir?g n%%kﬁ)atéggé%erg%g?%g\ég%% %Bﬁint urr%r vo%%ita was cal cul at ed
usi ng (Edstapcmrdrﬂljltm:s cEFMpanabkételﬁBcaxy Iwethgtds t&x161t3‘5ﬂalativreda> Codpalindd esd r eachi ng t he

desi gn end an estjimated tunor volunme of approximtely 1
crrB) ?régoégg %g‘%b’&" ergl nt (TTE) val ue correspondi ng to that

day; thg éo‘rk%hn@%?%ﬁuﬂ@'l@é’ z(ﬁTéﬂ?lrlﬁle@'Yolc‘%ﬁ:d%ﬁ@Weﬂ@‘ﬁﬂe@t‘éﬁ%s@ﬂ m ce reach
t he study endpoint or si xty days followi ng study initiation. At st udy
conpl ethiapnaccTB anckposiBMm, as evetlab cuh atcdwdfer meptinge preldicwti vy TEo(dT TN val ue

L S0 R T AT BRI Bt 15 S B 0 -

MITE- Tereath &R b a Prslitradingl divBrlier, G @mprikesB efechinti HﬁbﬁntﬂﬁTCd-xgﬁﬁ‘ahd ng the
desi gnat ed vol ume endpoi nt by study corrpl etion are conside | ong-term

sur vi viBrddifiprr 8) atdpwst ansphpwadceativatly asapniable ex¢inisplo Al lﬁg)rmﬁa thpapeytival st udy
day; r ank
tegt ilggrél}(;bdIr 8&@@;&5‘;‘@%6 er}tg’)(irluscte ?gdé# (ﬁﬁgssllhgﬁl ?chg;a({n%g’lfa#r E%Iel@n:aﬁg%verall
sur vi wdlonexpeikenice between each treated group conpared to control.

| ndi vi dual m ce reporti a tunor vol unme <50% of the Day O neasurenent for
two con8ecueiwssdhed ?éﬂ’ﬁéhglﬂ% over a seven day period were considered

parti al *r esjporedeadsn¢iPR)ce of inartabityPR persi sted until study conpl etion,

per cent ot uneduded Goes slanow(ipRicllobsitgef ke riyedidisyiog the fornula: %R= 1-T17
T x100; ea reditcd Ak P& B darft Ioeg{ee}tl lufselr{réél tiple PR mice occurred in one

group. Lndlrg&g:léglh rﬁ‘é‘ 119,31 55yté<4X4 m® for two

consecutl ve aé oV e‘@ﬁﬁ é‘]%qo vvere classified as

conpl ete ré: %L‘gcﬁ Sféﬁ%’e gp asb%? pIhe PYiEs udy conpl eti on was
consi deP ed dcieasrdrlethrgd’ sur vi vor (TFS); TFS animals are excluded from TGD
cal cul ati onsorgnegWaraespstatioml anal ysis. Statistical differences in MITE

val ues bet Vesmnaanteade iahdart rag@at nent groups are conpared using a Log Rank
t est. Cerirpodwerd tdScivies!iacihiboive berekscpsérved i the egiialite@bdnSindtar 20, 40 or 60
ng/ Kg on. a g3dx5 schedule (every three days for 5 cycles). T- C val ues of 22
days wédéloeglb eififieesat redpcediaxisitiss Bk de obgarvedrin iHmans whiceedentions are

stati Y 001, or
0. 00015 oo TN AP kR M Rl B BT e R e
survi \adnﬁmajmhqnajftai mhiarrhaceotical egnpasti@ninwetsicl #pact edplianmbdeutenl ingredientn t he

40 nmg/ K /10 m ce were considered |ong-term I’VI ar nd parti al
t unor ltg‘bﬁfé’g EOLF’@plér?éd POk MPE PG eIk % Bk w%f?gff Btp, 8/10

m ce V@t@}@mﬁzdezt e%(b@n@mermtﬁle@tqg@ﬁ@sa@n@ @ﬁ(@@ﬁk)émr IRYEIFON Was
reported I n’'seven mce was adnministered by i.p. injection
aIone(h$em@nmgngoﬁmnepmﬂﬂ«ﬁ@@mheduIe A T-C val ue of 21 days was
calculated for this group which was found to be statistically significant
conpared with control (p=0.002). In this group 3/10 m ce were consi dered

| ongt erm survivors and partial tunor regression was reported in five mce.
The efficacy of this dose Ievel produced half the nunber of long term
survivors as 20 ng/ Kg of Conpound 15 The results of the MDA-MB-231
xenograft assay are shown in Figures %A and 2B. Conpound 15 at 20 ng/ Kg had
conparabl e anti-tunor activity to Conpound 5 at 15 ng/Kg. Subsequent
studles have shomn that the nlnlnal effectlve dose of Cbnpound 15 in this
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The reduced toxicities |isted above are those observed in the aninmals
tested. Simlar, additional, or different reduced toxicities wll be
observed wo 2bumeps4 The reductions are rel ative, e.g., Pperaisome/ns®7é he
extent that toxici ti es woul d be observed follow ng internal adm ni stration
of a pharmaceuti c ositio ich the.active

i ngr eglf ErHudf @toé)ﬂt é}l“?) a&pl@&?ﬁﬁﬂﬂ’&\éhwm%éeﬁmbegﬂgr%? grrﬁa)flf')gq’@’?tr?thé’ anal ogs in
whi ch ds%s oﬁv%%at va%%%rons &éﬂﬂﬁgﬁ)@'ﬂ%ht thereSHEAD Chidecabdito

- R- CH( .g., at the sanme dose or at a dose of corrparable pot ency.
It is pmdles sltllﬂwlrttihatirttahé amar’oplleéU@dleé}nbdch spertitead pesdew béthiherein are for
illust ragl ve 0ses _on t, various nodifications or changes in

li ght R ?3616’1“ &6%81)%8%%83?}% ‘gCISE]PSOns skilled in the art and are to be
included within the spirit and purview of this application and the scope of
t he appended clains. WD 2011/002684PCT/ US2010/ 039976 Clainms: 1. A conpound
havi ng the formula: CH wherein R5 is -CH2CH3, or a pharmaceutically
acceptabl e salt thereof. 2. A pharnaceutical conposition conprising the
conpound having the fornula: OH HO
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wherein R5 is -CH2CH3, or a pharmaceutically acceptable salt thereof, and a
phar maceutical | y acceptabl e excipient. 3. The pharmaceutical conposition of
claim 2 fwo 2bheobeseat ment of a proliferative disorder. pcdwsine/039976
pharmaceutical conposition of claim2 for the treatnent of a cancer. 5. The
phar mageutical conposition of claim2, 3, or 4 which is a sterile liquid
for inf @ on. 6. The phar maceuti cal conposition of claim2, 3, 4, or 5
which is in aunit dose form 7. A method of treating a proliferative
di sor der pempovndriveingithe fosablat her eof that conprises internally
admnistering to the animal an effective anmount of Conpound 15. 8. The
met hod of claim 7 whekBin the prolifgrative di sorder is a cancer selected
fromthe group consistfing of: | enocar ci nona, pancreatic cancer, colon
cancer, ovarian can nmesot hel i oma, peri pheral neurons,
bl adder cancer, glip omm,\ nel anoma, adrenocortical carcinoma,

; 7 bl adder cancer, neningioma, gliom,

astrocyto br gervifcal cancer, chronic nyeloproliferative
di sordegs (g+~gy, CcRronic v‘gboc tic |l eukem a, chronic nyel ogenous
| eukemi By~~"colibn cdhcer, endod+M€' cancers, endometyial cancer, ependynoma,

esophaﬁeal%cancer, Ewi ng' s safcoma, extracrani ak m cel | tunors,
extragonadal germcell t

tigﬂpile duct cancer, gall bl adder
cancer, gastric cancer, cafcinpid tunors, gestational
t rophobl astic tunors, | dukeni/a, dgRi n | ynphoma, non- Hodgki n

| ymphoma, hypophar yngeal adcul aR5mel anoma, islet cel

carci noma, Kaposi sarco cahcer, |eukem a, acute |ynphoblastic
| eukem a, acute nyeloid < eancer, oral cavity cancer, liver
cancer, mal e breast cancer, mali gnantj nesot hel i oma, nedul | obl ast oma,

nel anoma, Merkel cell fcarcinoma, me tatic squanous neck cancer, multiple
nyel oma and ot her plasnma cell neoplasns, mycosis fungoi des and the Sezary

syndr Qi el QU PIARE LE o SKOMR0R R DASRRNBIONAGRk.FaNCer, neur obl ast o,

non- sma | ung carncer, g cancer, oropharyngeal cancer,

bone cancers, including osteosarcama . and nalignpant fibroug histiocytoma of
bone, QO\I/AaP ATRAGATICH O SlE%E@PP“%Q%ﬁ%FH“ﬁ’QPﬂ?E%WHPg %@P&uﬁa‘ovari an | ow

mal i gnant potenti al Errs, pancreatic cancer, paranasal sinus cancer,
I

t
par at hyroi d cancer, p | e cancer, pheochronocytoma, pituitary tunors,
epal cell cancer, retinoblastom,
S ancer, skin cancer, small intestine
cancer, soft tjssue\sargong, entorial primtive neuroectodem al
tunors, piepob/%:;gf —{ esticpar ~cancer, thynoma, thym c carcinom
thyroi d canger, nsi t N\gnal cancer of the renal pelvis and ureter,
urethraf c , uterine sarvgnas,vagi nal cancer, vulvar cancer, and Wlns
tunDr/aH othét childhood kidhey tunors. 9. The method of claim 7 wherein
the proliféerative disorder is/a cancer sel ected/frNtin the group consisting
of : sarcomas, bl adder capge ovari an eancep—®reast cancer, brain cancer,
pancreatic cancer, colon cancel—b{ ood ®ancer, skin cancer, |ung cancer,
and bone cancer. 10. The Jget Wod of\ cl a¥m M wherein the cancer is selected
from col orectal cancer, ‘enar cari némaN ovafPan carci noma, pancreatic
carci nona, prostate car cy noma bredst carcinoma, nelanoma, gliobastons,
acute nyeloid | eukem a, smal# cell Mung cell carcinoma, non-small cell |ung
carcinoma, rhabdonyosar€onma, and basgl cell carcinoma. 11. A nmethod for
i nduci ng apoptosis in a cell conprigpng contacting the cell w th Conpound
15 or a pharnaceutically acceptable salt thereof. 12. The nethod of claim
11 wheyigir&in R ¥es CeH20HS, 8r & fRsalacEfichlly ad3ptablReaeddiad, £id any one or nore of
clains 7 through 12 that conprises adm nistering Conpound 15 in conbination
wi t h phesoansuticdlyaereptdbde epyriew] ect ed from radi ati on, chenot her apy,
i munot her apy, phot odynam ¢ therapy, and conbinations thereof 14. A nethod
of treating an autoi mune disease, in a mammal in need thereof, wherein the
aut oi rgYUnRe pHiHeasRidabcodiisitibnWiickiim2hdr genebtran of § peditisetadis@dacer bat ed
by abnornaF regul ati on of apoptosis and is selected fromthe group
consisting of: system c |upus erythematosus, psoriasis, and idiopathic
t hronbocyt openi ¢ purpura (Mrbus Werl hof) that conprises internally
adm nistering to the animal an effective amount of Conpound 15 or a
pharmaceutically acceptable salt thereof. 15. A conpound selected fromthe
group consi sting of Conpound 9, Cbnp%znd 10, Conpound 11, Conpound 12,
Compound 13, and Protected Conpound )

prostate cancer, rect
r habdomyosar conm, i




16. The conpound of claim 15 that is Conpound 14. WO

2011/ 002684PCT/ US2010/ 039976 17. A process for preparing Conpound 15 that
conpri seswoepriatogsstsi ng a Protected Conpound 15. 18. Thecpruse@s®3sfiic cl ai m
17 wher ei n the Protected Conpound 15 is Conpound 14. 19. A conpound

£ 1 2 n
Zgl eg) rP g%%ebc%@g%g B%Hgggticl)ns%ﬂ;%g Lsﬂgoundentgof accgrqper ound 20, Conpound
5. The pharmaceutical composition of claim 2, 3, or 4 which is a sterile liquid for injection.

6. The pharmaceutical composition of claim 2, 3, 4, or 5 which is in a unit dose form.

7. A method of treating a proliferative disorder in a mammal in need thereof that comprises

internally administering to the animal an effective amount of Compound 15.

8. The method of claim 7 wherein the proliferative disorder is a cancer selected from the
group consisting of: lung adenocarcinoma, pancreatic cancer, colon cancer, ovarian cancer,
‘breast cancer, mesothelioma, peripheral neuroma, bladder cancer, glioblastoma, melanoma,
adrenocortical carcinoma, AIDS-related lymphoma, anal cancer, bladder cancer,
meningioma, glioma, astrocytoma, breast cancer, cervical cancer, chronic myeloproliferative
disorders (e.g., chronic lymphocytic leukemia, chronic myelogenous leukemia), colon cancer,
endocrine cancers, endometrial cancer, ependymoma, esophageal cancer, Ewing's sarcoma,
extracranial germ cell tumors, extragonadal germ cell tumors, extrahepatic bile duct cancer,
gallbladder cancer, gastric cancer, gastrointestinal carcinoid tumors, gestational trophoblastic
tumors, hairy cell leukemia, Hodgkin lymphoma, non-Hodgkin lymphoma, hypopharyngeal
cancer, intraocular melanoma, islet cell carcinoma, Kaposi sarcoma, laryngeal cancer,
leukemia, acute lymphoblastic leukemia, acute myeloid leukemia, lip cancer, oral cavity
cancer, liver cancer, male breast cancer, malignant mesothelioma, medulloblastoma,
melanoma, Merkel cell carcinoma, metastatic squamous neck cancer, multiple myeloma and
other plasma cell neoplasms, mycosis fungoides and the Sezary syndrome, myelodysplastic
syndromes, nasopharyngeal cancer, neuroblastoma, non-small cell lung cancer, small cell
lung cancer, oropharyngeal cancer, bone cancers, including osteosarcoma and malignant
fibrous histiocytoma of bone, ovarian epithelial cancer, ovarian germ cell tumors, ovarian
low malignant potential tumors, pancreatic cancer, paranasal sinus cancer, parathyroid
cancer, penile cancer, pheochromocytoma, pituitary tumors, prostate cancer, rectal cancer,
renal cell cancer, retinoblastoma, rhabdomyosarcoma, salivary gland cancer, skin cancer,
small intestine cancer, soft tissue sarcoma, supratentorial primitive neuroectodermal tumors,

pineoblastoma, testicular cancer, thymoma, thymic carcinoma, thyroid cancer, transitional
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cell cancer of the renal pelvis and ureter, urethral cancer, uterine sarcoma, vaginal cancer,

vulvar cancer, and Wilm's tumor and other childhood kidney tumors.

9. The method of claim 7 wherein the proliferative disorder is a cancer selected from the
group consisting of: sarcomas, bladder cancer, ovarian cancer, breast cancer, brain cancer,

pancreatic cancer, colon cancer, blood cancer, skin cancer, lung cancer, and bone cancer.

10. The method of claim 7 wherein the cancer is selected from colorectal cancer, renal
carinoma, ovarian carcinoma, pancreatic carcinoma, prostate carcinoma, breast carcinoma,
melanoma, gliobastoma, acute myeloid leukemia, small cell lung cell carcinoma, non-small

cell lung carcinoma, rthabdomyosarcoma, and basal cell carcinoma.

11. A method for inducing apoptosis in a cell comprising contacting the cell with

Compound 15 or a pharmaceutically acceptable salt thereof.

12. The method of claim 11 wherein the cell is a cancer cell.

13. The method of any one or more of claims 7 through 12 that comprises administering
Compound 15 in combination with a second cancer therapy selected from radiation,

chemotherapy, immunotherapy, photodynamic therapy, and combinations thereof.

14. A method of treating an autoimmune disease, in a mammal in need thereof, wherein
the autoimmune disease is one in which the condition is caused or exacerbated by abnormal
regulation of apoptosis and is selected from the group consisting of: systemic lupus
erythematosus, psoriasis, and idiopathic thrombocytopenic purpura (Morbus Werlhof) that
comprises internally administering to the animal an effective amount of Compound 15 or a

pharmaceutically acceptable salt thereof.

15. A compound selected from the group consisting of Compound 9, Compound 10,

Compound 11, Compound 12, Compound 13, and Protected Compound 15.

16.  The compound of claim 15 that is Compound 14.
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17. A process for preparing Compound 15 that comprises deprotecting a Protected

Compound 15.
18. The process of claim 17 wherein the Protected Compound 15 is Compound 14.

19. A compound selected from the group consisting of Compound 19, Compound 20,

Compound 28, Compound 29, Compound 31, and Compound 32.
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