[ DESCRI PTION] [Invention Title] NOVEL COVMPOUNDS OF REVERSE- TURN

M METI CS, METHOD FOR MANUFACTURI NG THE SAME AND USE THEREOF 5 [ Techni cal

Fi el d] wo 20f0rofapesent i nvention relates to novel conpeuwd®onfoo23o06
reverse- turn mnetics, a nethod for manufacturing the sanme, and the use

t her eof he tre tment of diseases, such as acute nyeloid | eukem a. 10
[Backgrou I Random screeni ng of nol ecul es for possible activity
as therap(aimwlttl(ag@rttlsl has been conducted for many years and resulted in a
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t her eof (o d| CRES?IQg I rI“O F(é‘g v&gﬂ %951&? &t VIYyAa%éﬁEré’Qe‘ithc I@g% 'Schen. ,
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activat egyVWAtle§ ivaN& N c PaehsRYndary stru@hﬁ‘é oft b&fteddsS @& Href tholdeAsirhods of
manuf act Y, bi 9l ﬁsﬁve SoImeHA MESRaRC 8L Iilaab NEY akg found.

% n%f J nvg hni ca bi e an
obj oot of° Wé’a proadidy; © CFEUp ?So %) bigagiigs e Fpainds miliGhds . ¢ he
use t her BgrC g&h F—Hﬁ?? e@ﬁ%“&@eﬁfsr%’ﬁfiﬁ déffhg%eg#%s Ganbirlogical yapetival ar for
acut e nypdpdides| enkepickeinand donmetrdsoehckor revanssf dotmrmimgt tche sethedsorfoa nass
scal e. [ mMenbuwitedhg Soieutsans] aniObivaacioat danckerebt haran daspesid tihepeofappt he
present de\l%ftl&l“N&rqw depotRoNel WoorneLNdSe, raResEiBdsdy the foll ow ng

Chem ﬁal For tﬁqu%% n gam %Eggg&isg]tulm mwm&r gé rﬂave]‘%%x hﬁlu?ac?aregs al kyl

group, a group,
a substil Qanyarc po ave een Oa‘itévﬁyd J{.hu% At gr oup,
a C2al ke?ﬂ,‘ll iRgeott, beoma@ ¢to- mufae '#f)?l ceewsis mpdl@a@le Ho Imgxeq_tzent4seé3 Nat ,
- PO32t Nadrsgases 82 B2 +cander032- ng2+ _p032-ca2+ OCHs | CH3 or , 20The
substituted drayticobarlbe edtorls -Bud ek Woeghearal thaslet@bpnrat diet@ipbinds
40 which strongly block the Wnt signaling pathway to effectively suppress the
growth of acute myeloid leukemia (AML) cancer cells known to have an activated
Wnt signaling pathway.
Also, there is a need for methods of manufacturing highly bioactive
compounds on a mass scale if they are found.
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In one enbodinent, in Chemcal Formula I, Rais a C-C6 alkyl group or a
C2-C6 al kenyl group; R, is - C(J)R wherein R is Cl-C6 alkyl; and Rp is
-H, - PO3K3.20t0H20E32 Nat, or -P0321\I a2. | n anot lpen/REbOdIDEL , 1N
Chem cal Formul a I, Re is methyl; Rbis - 25 (C))R, wherein Re is C1-05 |
al kyl ; and Rp is - H. In yet another enbodinment, in Chem cal Formula I,
Re is rrethg/ is - =0) R, wherein Re is ClCGaIkyI and Ris 403H2,

- HPO3t Nafls ummry qﬁO@ZEWanﬂ In one aspect, the present disclosure

provi des qu@hacmiaEmbﬂendal conposition conprising a conpound provided herein
and a phar naceut jcaherg6RPaabbEj @K CHIt@A predéht! nn@metdﬁertoaﬁmcde nl)\hﬁ _
E);ﬁjenxc  Biofet RRUCoBALRN] 18R AsIBIRAC Ol tee 3 %%iﬁ% ey%paﬁgl eHfema
of the comssundaft natisncr) Eep PudoliaeRenar d 305 TeouRL s, the
met hod c&H‘grS?%ee%n FHTaéﬁtSiCﬁ an effective anount of t he compound or
conposition to a patient having AML. 35l n another aspect, the present

di scl osur ¢Tgghmad&sluaiomdt hod for 2 manufacturing the conpound provided

herei no conpr isi figotdaged Qi tPWMMGssRGUERtrbat, $h€NFesd) ihithf RHUBIRUIaN acyl
group | nigvdI \Ahinds] réb@ééeeﬁtééﬁwggedff "IanaR (Cgénhﬁgle‘ﬁor fatts Acylation to

provide 3 -ac ndele 5 —Jcarb introducing an al kyl group
and an am poa hta]I group ?o 3 -acyl -i ndoI e -7 -carbal dehyde to provide 5 a
1 -al kyl yl -indol e_derivative; (c) am datlng the 1 -al kyl -3-acyl
-indol e degirwatMyeOw th s'faergeosel ectivity Cbz -Tyrosine -0tBu and 2-(1
-allyl -4 - benzfsem carb i do)acetic acid to provide a reaction

i nt er medi at\e/Trd) W(?IN z vhe Peaction internediate in the presence of
formc acid to romid a ic internediate; and (e) phosphoryl ating the
cyclic internedi o] Brovi de a compound of Chem cal Formula (1). In
certain enbodi merﬂ S, -allyl -4 - benzyl sem carbazi do)acetic acid is
synt hesi zed by the foI ng sequential steps: (1) adding TEA

(triethylam ne) to an ethylhydr azi noacetate solution to provide a reaction
sol ution; (2)w@<g|@|jnng allyl bromde to the reaction solution; and (3) adding

benzyl | socyangt ps al@_(% R%l QrJuHréh@LCgeﬂQQ{;ﬂl n%PtaSC—@@élléynﬁré}Bhﬁje 15 and

benzyllsocyan

aspect , (f: sser"i’{1 acf?’ cqré 3% %t\}ﬁ\%l}mgi & %&% Yor %:@ﬁér ﬁ?fﬁ %%édﬁpound
of Chemi é‘a '(gc?r figh groupy 2 *Jr'f{p ke g“(uﬁ OEGéh Ve 7

_car bal dehydeRt oRb, Hwhellslin ﬁﬂﬂas an aP(gaNfgrouﬁoa?ﬁz s ub¥biNelit edP&T 6™, gr oup,
or -C(=0)Re, wherein Rg isea Cl-C6 al kyl grcq,up, a C2-C6 al kenyl CHO 20

group, orya & C6 al ky roup; (b) nver t| NgRbto Rb Rb CEt al kynyl
group; (c) am dat i ngz“fd%NFw Hi o5t er €0s @ re\c/tlﬁ'kty in the presence of Cbz

-Tyrogj ne - Ot Bie amgs ﬁutédlaryalnlaylbe &w%&zuhﬁ%ana@ﬂr b%u@ﬂh&pﬁéﬂe@n)&m d EtO

t_gg;(zjlege Rb E.ngg%@bo (Eycl 'élll gcal 1?:%?%1% gﬁ(’:‘_gjﬁ %‘]j#‘g/g énqi&nlé Orpe:6| n
R t

certain Q%B%a‘ ?ﬂ SR, }I%’S ?‘na; ﬁ? RepffsT i R‘C(‘ Ml ~or

cycloproBQﬁ HRQM ta@reo%@f ect]
In another embodiment, in Chemical Formula I, R, is methyl; R, is -

25 (C-0)R, wherein Re is C;=Cs alkyl; and R, is -H.
In yet another embodiment, in Chemical Formula I, R, 1s methyl; R, is -
C(=0)R. wherein R, is C;—Cs alkyl; and R, is -POHy, -HPOs” Na', or -POs"Na,'
In one aspect, the present disclosure provides a pharmaceutical composition
comprising a compound provided herein and a pharmaceutical acceptable excipient.
30 In another aspect, the present disclosure provides a method for treating
acute myeloid leukemia (AML) comprising administering to a patient having AML an
effective amount of the compound or composition provided herein. In certain
embodiments, the method comprises injecting an effective amount of the compound
or composition to a patient having AML.
35 In another aspect, the present disclosure provides a method for
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The novel reverse turn mmnetics according to the present invention are 10
observed to effectively inhibit the in vitro growmh of AM. cancer

cel | s. Al swp 20teigoanre observed in testing of mce nodel speof/aeuiconel oi d
| eukemi a to effectively inhibit the gromh of tunmors. Wthout wi shing to be

bound by theo i S thou ht tha the leavin al so

r ef erreé ?IBS }3 trhﬁo?ﬂma flifﬁ%‘tdie%)ﬂ’&fel r JOP “F's“gg a?‘gq@'éf%ﬂ‘?@“@%‘al
conpound$t®s: éﬁérrrl&r@ﬂuqzag rﬁ}laéEYl %Wnlﬂtﬁt@d%t]@r’i’ vartpdiahede HowegheFriedtlese
active fbrafés akeylaiibd i @ulprotide p3-epr-endon¢-G-canbaldetedes @©al dmtiroducinge aho t hei r
poor sol ubiyli gryup Andvah edmindade tal egrdte 46 UgFat A (fRlo] d-ecaeiTAEYAE S 0 Ofrodie i cal
Formula L 1bfare05danes tdemtvaevereéantamﬁarh\f%g'@l@ qﬁ@lk?f—shé&}'l‘—ﬁ&’dlgb' ity
and of highstiqbl | Lf% andoare: gasy; o @% ERfedune B charall of

injectio ounds f th

sent
i nvent i oﬁ %Wne‘i?élé?lzll@?c I’r%rr ﬁ‘ﬁ\’éjeuij CBTO"é §i Eacrggc AR s 18k ip be(‘39
at t ri but §Btlézing theerepglgen SntIAgERES dR GF RrRecnco Mbolpidis Apidota REGVIdeist i ve
forms j usyclaé tietermedintaieasuse) phasphirghyt imndhe lopelebyinbermedicr @ aseprionideni ti al
drug aonaeepbnpatiidons Chemidals Fomaner(l)t hels peechim tahboumeﬁtbtlze(lpangrug
cowpoundeeﬁzyrgémrdarpazmgeeeléowa has s %maéér%rpeb ”th%hefoﬂRer%' ns%hueﬂ{ Jl cacy

h f whi ch
L oo ont s G e A1 ahhed OSG& ngd““gr%cgta S aRlieRe, nL e
s Dblvide SISy u&s%s Tl epﬁ(b§ m@%&s%a b0

conver t ednd 43t afdipg bengd i sasydabet i Ve CGRNE ftlﬁéﬁr tenodénenés, pFlodrugsidaavi ng
ot her 15f uped benal isgryangs. are addedMiera dlvewiseocinuey- f unct i onal groups are in the
form of sodi um sal tslatddheyperte €asYypregerd! ePadlesi@ed phew geshi HhuegBbdublioki ty in
wat er . |Bre%grdr'né'é)B@mpBrhh%YOfaCﬁemléathcQMM &b 2Rl 8N L a$ LBARG LIt | fiORM

t enperature. Usual |y, a suitable injection conmposition is known to
range in pH from4 to 9, amb preferably has a pHthat is close to that of
human bl ood, 7.4. A conpo tl}z})n which is strongly acidic or strongly basic
i s not preferred as a co on for injection. In the case of a phosphate
functional group, the 20 prodrugs of the present invention may be in
t he f or nvefarvadesydeitom or di sBudi um phesph&beisdapendl ngo) bhabeyiowet of

sodi um hx@no?@s dhese-oRITPAIdSn Hee 1 3dY ANLAIEAYS £l MBNG %@gté{kédw a
conposi tion having pH values suitable for injection. 25Furt

manuf acturi ng nmet hod according to the present invention aldvews the
production of not only conpounds of Chemcal Formula I, b SO reverse
turn mnetics thereof on an industrial scale. [Descripti f Dr awi ngs]
30Figure 1 is a graph showing a correlation between the ¢ s in pH and

t he pwt egtdun] ocwndact edCdurilygylt herfupnal (st epgowfkerting net hod f&r to

manuf act uri ng Rehe conpound, in which 0.5 N NaOH i s added dropwise to 4
-(((6S,9aS) -1 A (benzyl carbanoyl) -8 -((3 -acetyl -1 -methyl -1H -indol -7
-yl) met hyl) g] |yl -octahydro4,7 -dioxo-1H -pyrazino[2,1

-c][1,2, 4]t in"R6 -yl)nmethyl)phenyl di-hydrogen phosphate 35 ( Conpound
P2). In thi gg aph, the horizontal axis represents the added anounts of
NaOH. The prrt and second points of inflection correspond to the start of
the prodee mopesadi R and dLgodigm alofs Pacti-velayken), Best Mgel,
40Thus, one enbodi ment provides novel geverse turn mnetics, represented by
the followi ng Chem cal Fornula 1, whi chiare useful as therapeutl c agents
for cancer, in particular for acute g€l 0]l d | eukem a. [Chem cal Fornula I]
wherein Rp may be any of the conven Nfunctional groups which are

avail abl e in prodrugs. Exanples of the{functional groups include phosphate,
carboxy, and Cl- 5 C6 al kyam no an Eaclam no, such as -PO3H2, -HP03 Na+
- P032- Na2+ P03212+ PO3. - Horre N CH30CH3CH3 N, My2+

c Preferd Wl F%SO‘I‘Ds a B)h@%l ﬂ%‘t“g nctr onal SLerrPss e B nmRthﬁnd Rd
are i ndep@sersst P Ghz-Tgos iy Otlog aari & (1 bl éf?@mzylsemar ofidRaceng Rddare H
or Na, or one of themls Na while the other is H 10Rp nay also be - H the
resulting chemical structure in an active form of
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t he correspondi ng prodrug as the prodrug functional group is renoved.

Rd is an al kyl group, an al kenyl group, or an al kynyl group; preferably a
Cl- C6 al kyb 201002priza C2-4 al kenyl, or a C2-C6 al kynyl grpougkR2810000030% €
preferably a Cl1-C6 al kyl group. 15Rb is an aryl group, a substituted aryl
group, or - C(0)Re wherein Rﬁ is a Cl-C6 al kyl group, a C2-C al kenyl group,
or a C2--C6 al kynyl, and the UbSt'tﬂtﬁf aryl group is a acyl -substituted
aryl group and preferably r ed phenyl. The conpounds in prodrug

Ssubst
fromturn into active for dy. When 20 the prodrugs have the
phosphat e functi onal group aéJ ing group, the -PC31(Ra group is
rapidly cl eaved by phosphaygsge amd tde ogrugs change into the active
forms thereof. At this ti i's dhangedllinto -H (a chemical structure in
active formas the prodftlg TUndfi oNal ~gr dip W | eft fromthe structure).
As used her ei mrotide term "al kyl® or "al kyl group" is intlénhdedcydi2mgi ncl ude
| i near, branch®&d or cyclic hydrocarbon radical conprising carbon and
hydr ogen’ at ons, /wher ei @-Buhe carbon atons are |inked together by single

bonds. In soffe nt, alkyl contains up to 20 carbons. In preferred
enbodi rrents, Fﬁorrprr se one to six carbon atonms and be

. n
ol ond

represented An alkyl is attached to the rest of the
nol ecul e by srngFe Exanpl es of al kyls include, w thout
|Iﬁltathmo/HﬁK MRyl , 1 -nethylethyl (iso-propyl), rrbutyl,

rrpentyl, rrhexyp, H1 drhbthylet I ) - di h

(neo-pent 3 brrethylhexyl 2 n£¥ﬁ9§h3§§%%gaﬁé ﬁglﬁiﬂga %ngﬁﬁyk may

al so be ﬁiﬁégvgrclrc or qicycllc hydrocarbon ring radical, which may
include |dged Prag, systenms. A cyclic alkyl is also referred to
as "cycl oa ky cerfain exppdi nents, a cycloal kyl may conprise three to

si x carbon %E;;Eﬂ Ksefit ed by "C3_6cycl oal kyl . " Exanpl es of
nmonocycl i c cycI 2l s include, e.g., cyclopropyl, 5 cyclobutyl,
cycl opentyl, cyc ohexyl cycl oheptyl, and cycl ooctyl. "Al kenyl " or

"al kenyl group" Peferﬁéggklinear, branched or cyclic hydrocarbon radica

conpri sing carbon and ogen atons, wherein at |east two carbon atons are
| i nked by a doubl e bon RHsone enbodi ment, aml kyl céet ai ns wpnveot i2@

car bons. preferred enbodi nents, a ke@yl may conprise two to six 10
car bon ar gp QF repre§ented by E%f&g/@|k ." AnRal kenyl is attached to
the rest ecul e byqa\5|ngle oub bond. anpl es of al kenyl s
include i utN t ati on, etgenyl, alblyh N R | i ke

"Al kynyl " ey | kyhy! Ngr refers to |inear, . DT 8 or cyclic
hydrocarbon ra s¥ng carbon and hygt Og€ A5, wherein at | east
two 15 carbon atgns Zare Ilnked by a triple bond.\p.sonme enbodi nent, al kyl
contains up to 20 carly . In preferred enbodi nen an al kynyl may

conprise two to six ca ben gt oS and be represent o 2--05 al kynyl . " An
al kynyl is attached to _the rest, fothe ngleculakgy srn l e bo e“ERanples
of al Kyn§i osi i&lde PR t Nout HOMet at 1PRA K 4§bd§ynylhldﬁfgﬂn

- pr opyny emtmduhentse Ra' keemetBOUNRL 5 SA1Red and Reli simsthys prceyfcil abpyt . i n t he

specification, the term"alkyl" is neant to include an al kyl having solely
car bon anfidoatdeggen Eafeeed as wel | as "substituted aIkyI " which refers to
an aIkyI radi agl ndvd] WvefseO R Ohin®e & QMQF&ﬁgnuﬁ% trﬁﬂeﬁﬁgﬂzQX one or

g‘;gleoa” éerﬁa%% efhfggt%i?ﬂ%éh% ﬁf' ‘r’n%e %5@5 g)céll ary Cyano

C(O) N( Ré?eé( arwai & 6y oFepiing F&lffc(ﬂ acjy swtw ert% t is 1
gy Orely( whebid £he groptipef Zymorsg( O)pRl 1 (where pis 0, 1 or 2), and

- S( 0) NI ( Rn W§i2hduphveisking te bé toond py whenrg, eacts Rmwugst ithate pertdenichying

hydr ogengraabk(Rl),, &lrsyl refas edefo Qﬁdh@%ﬁ’&irﬂg—fﬂ?ﬁ'&l&ﬁﬂ n&oupl kenr¥paragedd thal kynyl "

are | ikewys, emﬂefdfnewéar' R rlgtun% yhsd 'aEHtv@dfo%éwnHAwevéndrik%Qe SHpsEi tut ed

al kynyl, rrmgsgree d%‘f{cé{lt to Prepa;é}, oxa¥1 2queOs sog idn' élu ha resent ed by

b &

t he fornu? K i.s as S ne % portlon
Can b 1 Y ERGY LiBSRkenr ol % 8 forgpe t ICB‘&E’H“ SAﬂfe &F%ﬁ{l Bt L6 be
represented by the nunber of the carbans in the al kyl group, for exanple,
CF- 6al koxy or Cl_3al koxy. 35"Acyl" refers to a radical represented by the
formula RRC(=0)-, wherein R2 is alkyl or aryl as defined herein. The al kyl
or aryl can be optionally substituted with the substituents as descri bed
for an al kyl or an aryl group, respectively. Exenplary acyl groups include,
without Iimtation, nmethylacyl (i.e., acetyl), phenylacyl, cyclopropyl acyl,
and the like. 40"Aryl" refers to a radical derived from an aromatic
nonocyclic or bicyclic ring systemby renoving a hydrogen atomfroma ring
carbon atonr The aronatrc nDnocyclrc or brcyclrc hydrocarbon rrng systenr

o w4 . P~ A PN S o,



phosphate noiety, the solubility is further inproved. To introduce Na

at ons, sodi um hydroxide is added (e.g., dropwi se) to the phosphate conpound
at a 20 syeaviforomal ue of pH to perform substitution w PoTaoanookne
protons of the the phosphate noiety with sodi umi ons. Thus, a furt her
enbodi nent pr OVI des a phar maceuti cal conposition conprising a corrpound of
Chemi cal 'Forssandange y1dndhe, RRsafratgRtienarg ol desh a9l eidkyi prkt . h
conpoundstabr l durapdsireicons tofbet breppedsemn prapamit oo fomayiebsionsed 25 | n
treating AML Asinglestesietioved dedtaithe behmnds of tHdheprphaut Mgt iiog ahave

CONposi tb@d’él@nttﬁ}@rrﬂﬁ’c&&@&ﬁl eNMeRdyl, ONTHi§ Jefidtbabe Gt £Abb KOTBatHebf £t W th
Its 'gte CORe JIBHtf% Fhe AL " &b OPhei FX beesfo%ﬁ f?ﬂé{ eéftgﬂf BpAhgEr ation

inclu I ntr.avenous or al

ter
(c.g., i hEF o ??%ﬁ‘%ydeapnévﬂ(fﬁ?p.léars e S 2 i R Uit 5o
adni ni st PaEGn thesperd BHE Bhich ke H@ﬂ%c%@@ﬂ] § orpainéntast e, foras thager mal |
or subcutiaileengs eppld m@ilpmlc@ﬂfwawlulndeemfh@f diak o ngy iopompaniete shoaest er i le
di luent stwlhugsunsaionnl gosups whedt bldow opeinaheffetsti on, fixed oils,

pol yefohyl ene EH )icﬁ}le%rrgtll YRBSdi Mt , R Fb&DE ﬁhyﬁ%aloércﬂf)@%e ﬁ)ﬁ”fﬂéefdrfﬁ

Zg!{:’g;‘lt 3ants ﬁééaﬁge EEQ ’Bhﬁ 9941 p?édrgg%n%%g Bhephal ffﬁ’{texmatnhﬂ 8?%gb232nts
such as 8tHyf gﬁpﬁg‘fé’tt %{aBr fL&‘?Sa{@VH’g %t?}F’f EP%Ct%é%:lu 8QU5cet at es, citrates

or phosphat es ﬁdt geedaierBinciigaa lagfaugs mentinother §MMcok yodiye Fakks . s gy um
chl ori deaoy edexto ageparkrand mvef lmigh exlenbudi menmatert helphdditrapeutheg arky
acceptsabhighéxcigilentur irg stordgebdterdoar teis@aiutel . V. adm ni stration, such as

| V. injectiomuarllyl Nf 4sit@Pie 48jestiohakinfos¢eiohi & ﬁntfnf?rto' réﬁgeaﬁ”bm' o @t i on

i ncl ude physi @%P&@Eab? 'ﬂaee ﬁa%rwstlg-_;' fo BLE ot %nﬁm%s}& ELIM gBASF
P
cgﬁﬁ'ogf’? Riodiidon ey St agh%m of @éfcrnﬁu‘ &af% eﬁéﬂogx?reeﬁferrffﬁaaé Basy

SYri ngaqu’"ipf)%/lté@H dps injectigist B thet ease eofudd@iosplinée clowmel iopaingrewp. the

manuf 2ct drmal aprddyigor elgéhamtesanst ivenppeserved iagéiendornt loé nwnseEmmat i ng
acti on ofiigudamoghog@hat & depeaditiy @s tiaaioant af aodiuhtydioxida OIhaes cenpbads ment s,
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conmpoundS2GFT ﬂéﬁ?@éf“lﬁgrﬁﬁlaﬁu I'}‘yeé?‘gl @H2in Table 1, beI ow. Because four
conpounds in Eﬁé‘@l’léallf“@'r"@l%jlﬂferent only in the Rp noiety which is H or
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thereto in Table 1 (Rip was not obserwed in 11-1 NVR spectra because it was
substituted with deuterium. TABLE 1 No. Cod. MW NWMR 1 ill NLNL 1110
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736.69 EH NVR (500MHz, CDC13) 68.43 (d, J=4.8 Hz, 11),7.63 (s, EH),
7.38-7.35 (m 2H), 7.31-7.30 (mEH), 7.29-7.21 (m 2H), 7.00 (d, J=4.8 Hz,
2H), 6.97w0 Biizbt2" .:0 | \ 110 1111 ,A(ONa O o ONa 75®CEAK2d103604308

Hz, El), 6.69-6.65 (m 3H), 5.87 (s,Ei), 3H),5.34 (t,J=4.6 Hz, Ei),5.03

(d. J=6.3 Hz, E ,4.87 (d,J=9.0 Hz, 1H),4.79 (d,J=7.5 Hz, 1H),4.42
(dd, J=9 o 3. 14),4.29 (dd, J=9.0,3.6 Hz, 11), 4.02 (s, 3H),3.43 (d,
J=7.2 Hz, 1H), (m e 3.27 (d, IJ=7.2 Hz, 10,3.29- 3.24
(ml11),3.18 (dd, 3= =7)2,2.4 Hz, B\ _2.51 (s, 3H 31110 r NN10 59
01, -OH OH 714. 70N %N b
N
o
o}
0-R,
whereln

R, may be any of the conventional functional groups which are available in

prodrugs. Examples of the functional groups include phosphate, carboxy, and Ci—

5 Cs alkyamino, and acylamino, such as PO, -HPOs Na', -PO:*Na,', ~POZK.', PO
(o]

)J\N/cu, THS C”=
Mg, PO Ca® | O , 1‘4)& ii/"\ /\/N

CH, , or

0
—P—ORy

Preferably, R, is a phosphate functional group ( éRc ) wherein R. and Ry
are independently H, Na, Mg, Ca or K. Preferably, both of R. and Ry are H or Na,
or one of them is Na while the other is H.

10 R, may also be - H, the resulting chemical structure in an active form of
the corresponding prodrug as the prodrug functional group is removed.

Ra 1s an alkyl group, an alkenyl group, or an alkynyl group; preferably a
Ci—C¢ alkyl group, a GoCs alkenyl, or a CoCs alkynyl group; and more preferably
a C;Cs alkyl group.

15 Ry is an aryl group, a substituted aryl group, or - C(=0)R. wherein R. is
a GG alkyl group, a G(s alkenyl group, or a (s alkynyl, and the
substituted aryl group is a acyl-substituted aryl group and preferably aryl-
substituted phenyl.

The compounds in prodrug from turn into active forms in the body. When

20 the prodrugs have the phosphate functional group as a leaving group, the —POsRRy
group 1s rapidly cleaved by phosphatase and the prodrugs change into the active
forms thereof. At this time, R, is changed into -H (a chemical structure in
active form as the prodrug functional group has left from the structure).

As used herein, the term “alkyl” or “alkyl group” 1is intended to

25 include linear, branched or cyclic hydrocarbon radical comprising carbon and
hydrogen atoms, wherein the carbon atoms are linked together by single bonds.

In some embodiment, alkyl contains up to 20 carbons. In preferred embodiments,
an alkyl may comprise one to six carbon atoms and be represented by “Ci—Cs
alkyl.” An alkyl is attached to the rest of the molecule by a single bond.

30 Examples of alkyls include, without limitation, methyl, ethyl, mpropyl,
1-methylethyl (sso-propyl), mbutyl, mpentyl, mhexyl, 1,1-dimethylethyl
(t-butyl), 2,2-dimethylpropyl (neo-pentyl), 3-methylhexyl, 2-methylhexyl, and
the like. An alkyl may also be a monocyclic or bicyclic hydrocarbon ring

6



1. HNO o4 \ di iar 1111 OH 634.72 5S 1111 11101 D , kONa OCOH 792.79 1H
MR (E90, 300MHz) 6 7.27 (d, 2H, J=8.4 Hz), 7.175 (d, EH, J=7.2 Hz),
. 37- 6. 3lwOrmiodiBH118. 214 (d, 2H), 6.14-6.07 (m 4H), 4.51péTAGR20000002306,
=10.8 Hz), 4.31-4.04 (dd, 2H, J=14.7 Hz), 3.39-3.34 (d,E, J=8.4 Hz),
.34-2.97 édd 2H, J=15.31é5.3 Hz), 4.33 dd,Ei,J=15.3,6.3,Ft?,2“97 (s, 3H),
.75 (d, Faditpl ovhigh yapgngludgfused or bridgey ringisvstemeo1 Al sl onalkp! dra 814. 77
Si also referred to as "cycloalkyl." In certain embodiments, a cycloalkyl may
comprise three to six carbon atoms and be represented by “Csecycloalkyl.”
Examples of monocyclic cycloalkyl radicals include, e.g., cyclopropyl,
s cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, and cyclooctyl.

“Alkenyl” or “alkenyl group” refers to linear, branched or cyclic
hydrocarbon radical comprising carbon and hydrogen atoms, wherein at least two
carbon atoms are linked by a double bond. In some embodiment, alkyl contains
up to 20 carbons. In preferred embodiments, an alkenyl may comprise two to six

10 carbon atoms and be represented by “C;Cs alkyl.” An alkenyl is attached to
the rest of the molecule by a single or double bond. Examples of alkenyls
include, without limitation, ethenyl, allyl, butenyl and the like.

“Alkynyl” or “alkynyl group” refers to linear, branched or cyclic
hydrocarbon radical comprising carbon and hydrogen atoms, wherein at least two

15 carbon atoms are linked by a triple bond. In some embodiment, alkyl contains
up to 20 carbons. In preferred embodiments, an alkynyl may comprise two to six
carbon atoms and be represented by “C;Cs alkynyl.” An alkynyl is attached to
the rest of the molecule by a single bond. Examples of alkynyls include,
without limitation, ethynyl, 1-propynyl, or 2-propynyl and the like.

20 Unless stated otherwise specifically in the specification, the term

“alkyl” is meant to include an alkyl having solely carbon and hydrogen atoms
as well as “substituted alkyl,” which refers to an alkyl radical in which one
or more hydrogen atoms are replaced by one or more substituents independently
selected from: acyl, alkoxy, aryl, cyano, cycloalkyl, halo, hydroxyl,

25 nitro, -0C(0)-R™, NR™)z, -C(O)OR™, -CONRM);, NRMC(O)RY, -NRMC(O)RE
, NR™MS(0)R" (where t is 1 or 2), -S(0):0R™ (where t is 1 or 2), -S(0)RY
(where p is 0, 1 or 2), and -S(O):N(R™); (where t is 1 or 2) where each R" is
independent ly hydrogen, alkyl, aryl, as defined herein. The terms “alkenyl”
and “alkynyl” are likewise defined as including “substituted alkenyl” and

30  “substituted alkynyl,” respectively.

“Alkoxy” refers to a radical represented by the formula alkyl-O-,
wherein alkyl is as defined herein. The alkyl portion can be further
substituted by one or more halogen. An alkoxy may also be represented by the
number of the carbons in the alkyl group, for example, Cisalkoxy or Ci-salkoxy.

35 “Acyl” refers to a radical represented by the formula RC(=0)-,
wherein R¥ is alkyl or aryl as defined herein. The alkyl or aryl can be
optionally substituted with the substituents as described for an alkyl or an
aryl group, respectively. Exemplary acyl groups include, without limitation,
methylacyl (7.e., acetyl), phenylacyl, cyclopropylacyl, and the like.

40 “Aryl” refers to a radical derived from an aromatic monocyclic or
bicyclic ring system by removing a hydrogen atom from a ring carbon atom. The
aromatic monocyclic or bicyclic hydrocarbon ring system comprises six to twelve
carbon atoms (7/.e., Ceizaryl), wherein at least one of the rings in the ring
system is fully unsaturated, 7.e., it contains a cyclic, delocalized (4nt+2) -

7
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,--- N NQ 110 1409 0 -P -OH OH 770.81 (dd, 2H, J=15.3Hz), 1.19 (s,9H 8 H
SDN O ,. NNl O1101 SOH 690.83 9 OIr0O\0O Nr"#*N0O NA? . 5 9 -P -0ONa OH
762, 72 LHOMRA0AM 2, CDCL3) 68.43 (d, 1=4.8 bz, 11- 1) etahdbeuihang
7.38-7.35 (m 2H), 7.31- 7 30 (nllll) 7 29-7.21 (m 2H), 7.00 (d,J=4.8 Hz,
2 6. 97 5.55-5.44
3E)|) 5.34°¢ &égquaYSéewn g fia%eed’s*t c} Crp@lli@e(’fi’ %ﬁa"@e (ol 250 .
1H) , 4. 79 'edicalp=inaiudes bumrem%zll(ﬂtr&dﬁ% mhenyd, @deapmJayM Qrgleésu@tat@ekg 03.6
Hz1H) ', othkerose(spedH)icaldy 48 ibd, spdeifiatiim, Eibe, te8m38ary13. 33 neamt3H), 3. 27 (d,
J=7.2 FE,iﬁéihde Bo@Oaryl and “substituted aryl, ” which refers to an aryl radical
5 in which one or more hydrogen atoms are replaced by one or more substituents
independently selected from: acyl, alkoxy, aryl, cyano, cycloalkyl, halo,
hydroxyl,
nitro, -0C(0)RY, NR™M)z, CO)ORY, —CIONR™),, NRMCOIRY, -NRMCO)RY
, NR™MSO)R! (where t is 1 or 2), -S(0)0R" (where t is 1 or 2), -S(0O),R"
10 (where p is 0, 1 or 2), and -S(O):N(R!), (where t is 1 or 2) where each R is
independent ly hydrogen, alkyl, aryl, as defined herein.
“Halo” refers to fluoro, chloro, bromo and iodo.
The active form of the compounds is not suitable for [.V. injection due
to the low solubility thereof in an aqueous medium (e.g., saline or water).
15 The prodrug forms described herein are suitable for I.V. injection due to their
improved solubility in the aqueous medium. In a preferred embodiment, a
phosphate prodrug is used; and when one or two Na atoms were introduced at the
phosphate moiety, the solubility is further improved. To introduce Na atoms,
sodium hydroxide is added (e.g., dropwise) to the phosphate compound at a
20 specific value of pH to perform substitution with one or two protons of the the
phosphate moiety with sodium ions.
Thus, a further embodiment provides a pharmaceutical composition
comprising a compound of Chemical Formula (I) and a pharmaceutically acceptable
excipient. The compounds or compositions of the present invention may be used
25 in treating AML as described in detail below.
The pharmaceutical composition of the present invention i1s formulated to
be compatible with its intended route of administration. Examples of routes of
administration include parenteral, e.g., Intravenous, intradermal, subcutaneous,
oral (e.g., inhalation), transdermal (topical), transmucosal, and rectal
30 administration. Solutions or suspensions used for parenteral, intradermal, or
subcutaneous application can include the following components: a sterile
diluent such as water for injection, saline solution, fixed oils, polyethylene
glycols, glycerine, propylene glycol or other synthetic solvents; antibacterial
agents such as benzyl alcohol or methyl parabens; antioxidants such as ascorbic
35 acid or sodium bisulfite; chelating agents such as ethylenediaminetetraacetic
acid; buffers such as acetates, citrates or phosphates and agents for the
adjustment of tonicity such as sodium chloride or dextrose.
In a preferred embodiment, the pharmaceutically acceptable excipient is
suitable for use in I.V. administration, such as 1.V. injection or infusion.
40 Suitable carriers for I.V. administration include physiological saline,
bacteriostatic water, Cremophor EL™ (BASF, Parsippany, NJ) or phosphate
buffered saline (PBS). In all cases, the composition must be sterile and
should be fluid to the extent that easy syringability exists. It must be



3.24 (m111),3.18 (dd, J=7.2,2.4 Hz, 1H), 1.28(11,1H),0.63 (m 10 1411FNI O\
YN0 %-N-N1.--(-Nla-, rN,Ac, VPA. 0 - I& IIVI] O -P -0ONa ONa 784.71 11
el 1- Nl i O"wd®\2010/r260112° N-N-- (" N5 LI I, N'JDA. OAlcil gr 4-OHpOrKRR10/0d2306 12 . H
O 0 --"21"211\j-r----N,10 0 "Wx oCH 660.76 2H), 0.38 (m 2H) 13 0 778. 77

111 NMR (300MHz, CDC13) .. .
(Stable under the cgnd1t1ons of manufacture and storage and must be preserved

against the contaminating action of microorganisms such as bacteria and fungi.
In other embodiments, oral compositions that generally include an inert

diluent or an edible carrier are provided. Such compositions can be enclosed

5 in gelatin capsules or compressed into tablets. For the purpose of oral
therapeutic administration, compound described herein can be incorporated with
excipients and used in the form of tablets, troches, or capsules. Oral
compositions can also be prepared using a fluid carrier for use as a mouthwash,
wherein the compound in the fluid carrier is applied orally and swished and

10 expectorated or swallowed. Pharmaceutically compatible binding agents, and/or
adjuvant materials can be included as part of the composition. The tablets,
pills, capsules, troches and the like can contain any of the following
ingredients, or compounds of a similar nature: a binder such as
microcrystalline cellulose, gum tragacanth or gelatin; an excipient such as

15 starch or lactose, a disintegrating agent such as alginic acid, Primogel, or
corn starch; a lubricant such as magnesium stearate or Sterotes; a glidant such
as colloidal silicon dioxide; a sweetening agent such as sucrose or saccharin;
or a flavoring agent such as peppermint, methyl salicylate, or orange flavoring.

In accordance with another aspect, the present disclosure provides a

20 method of treatment of diseases, particularly cancer, more particularly acute
myeloid leukemia (AML) comprising administering to a cancer patient (e.g., a
patient with AML) an effective amount of a compound of Chemical Formula (I) or
a pharmaceutical composition comprising the same. Example 23 provides below
demonstrates that exemplary compounds of the present disclosure are effective

25 in treating AML in an animal model.

Examples of the compounds of Chemical Formula (I) are given in Table 1,
below. Because four compounds in Table 1 are different only in the R, moiety
which is H or phosphate functional group have the same NMR data, it is commonly

30 given thereto in Table 1 (R, was not observed in *H NMR spectra because it was
substituted with deuterium).

TABLE 1
No. Cpd. MW NMR
1 @H 736.69 |1H NVR (500MHz, CDCls)
N._-0 g \ 6)8.43 (d(, J=4.§é Hz,
H), 7.63 (s, 1H),
SN N\/[\@\‘g 7.38-7.35 (m, 2H),
S0 7.31-7.30 (m, 1H),
o = o 7.29-7.21 (m, 2), 7.00
\O\ _pONa (d, J=4.8 Hz, 2H), 6.97
O~ OH




68. 43 (d, J=4.8 Hz,
7.31-7.30 (m 111),
2H)

6. 9o 20fdH2011d, J=4. 8 Hz, 11-1),

, N 1H),
14 H

El),7.63 (s, 1H),
So 0-P- \ ONa 7.29-7.21 (m 2H)

5 (m2H),

PCT/KR2010/002306

758.67

714.70

634.72

(d, J=4.8 Hz, 1H),
6.69-6.65 (m, 3H), 5.87
(s, 1), 5.55-5.44 (m,
3H), 5.34 (t, J=4.6 Hz,
1H), 5.03 (d, J=6.3 Hz,
1H), 4.87 (d, J=9.0 Hz,
1H), 4.79 (d, J=7.5 Hz,
1H), 4.42 (dd, J=9.0,
3.6 Hz, 1H), 4.29 (dd,
J=9.0, 3.6 Hz, 1),
4.02 (s, 3H), 3.43 (d,
J=7.2 Hz, 1H), 3.38-
3.33 (m, 3H), 3.27 (d,
J=7.2 Hz, 1), 3.29-
3.24 (m, 1H), 3.18 (dd,
J=7.2, 2.4 Hz, 1H),
2.51 (s, 3H)

792.79

814.77

IH NMR (D0, 300MHz) &
7.27 (d, 2H, J=8.4 Hz),
7.175 (d, 1, J=7.2
Hz), 6.37~6.31 (m,

3H) , 6.214 (d, 2H),
6.14~6.07 (m, 4H),
4.51~4.46 (dd, 2H,
J=10.8 Hz), 4.31~4.04
(dd, 2H, J=14.7 Hz),
3.39~3.34 (d, 1, J=8.4
Hz), 3.34~2.97 (dd, 2H,
J=15.3, 15.3 Hz), 4.33
(dd, 1H, J=15.3, 6.3
Hz), 2.97 (s, 3H),
2.75 (d, 1H), 2.49~2.05

10

7.00 (d, J=4.8 Hz,



800.75 6.69-6.65 (m 3H), 5.87 /ill NO
3H),5.34 (t,J=4.6 Hz, 5 111),5.03 (d, J=6.3 Hz,
Hz, | .Wo-2hlorr2origNa 11-1),4.79 (d, J=7.5 Hz,

3.6 Hz, 1H), 4. 29 (dd,

(s,111),5.55-5.44 (m N
4.87 (d, J=9.0

1H),
11-1), 4. $eT(dcho 72506

’ @\/
\/\

770.81 |(dd, 2H, J=15.3Hz),

1.19 (s, 9

690.83

762.72 |1H NMR (300MHz, CDCl3)

§ 8.43 (d, J=4.8 Hz,
M), 7.63 (s, 1),
7.38-7.35 (m, 2H),
7.31-7.30 (m, 1H),
7.29-7.21 (m, 2H), 7.00
(d, J=4.8 Hz, 2H), 6.97
(d, J=4.8 Hz, 1H),
6.69-6.65 (m, 3H), 5.87

S
N_O N\
¥ N O
KW/N\/iﬁa
O—f—ONa
OH
v A
N_O N\
— k. NP
\/\N' \(\N
kr(N\_/&o
O 5\@
O—P-ONa

78471 15, 1H), 5.55-5.44 (m,

3H), 5.34 (t, J=4.6 He,
1H), 5.03 (d, J=6.3 Hz,
1H), 4.87 (d, J=9.0 Hz,
1H), 4.79 (d, J=7.5 Hz,
1H), 4.42 (dd, J=9.0,

3.6 Hz, 1H), 4.29 (dd,

11
9§
N_O \
hig N=

4.02 (s, 310, 3.43 (d,
J=1.2 Hz, 1H), 3.38-
3.33 (m, 30, 3.27 (4,
J=7.2 Hz, 1H), 3.29-
3.24 (m, 1), 3.18 (dd,
J=7.2, 2.4 Hz, 1H),
1.28 (m, 1H), 0.63 (m,

11

ONa



J=9.
Hz, |
. 24

3.6 Hz, 1H), 402 (s, 3H), 3.43 (d, 15  756.78 J=7.2
), 3.38- 140 NON 3.33 (m 3H), 3.27 (d, 0 J=7.2 Hz, 1H),
m hvip,281018011dd, J=7.2,2.4 Hz, 1H), PCT/KR2010/002306
12 H 660.76 |2H), 0.38 (m, 2H)
QVN\(O N o
\/\N‘N{\Nm
N Ao
O z
: OH
13 @H 778.77 |1H NMR (300MHz, CDCl3)
N0 N & 8.43 (d, J=4.8 Hz,
Sy N " H), 7.63 (s, 1H),
N\/l\?@ﬂ 7.38-7.35 (m, 2H),
I 7.31-7.30 (m, H),
T g 7.29-7.21 (m, 2H), 7.00
O—R-ona (d, J=4.8 Hz, 2H), 6.97
OH (d, J=4.8 Hz, 1H),
14 @H 800.75 16.69-6.65 (m, 3H), 5.87
N._O N \ (s, 1H), 5.55-5.44 (m,
S N 3H), 5.34 (t, J=4.6 Hz,
T ﬂw 1), 5.03 (d, J=6.3 Hz,
s ° 1H), 4.87 (d, J=9.0 Hz,
\Q 0 H), 4.79 (d, J=7.5 Hz,
O—R~ONa 1H), 4.42 (dd, J=9.0,
ONa 3.6 Hz, 1H), 4.29 (dd,
J=9.0, 3.6 Hz, 1H),
4,02 (s, 3H), 3.43 (d,
15 @H 796.78 |7=7.2 Hz, 1H), 3.38-
N0 Ny 3.33 (m, 3H), 3.27 (d,
\/\N’N\(\N/\©>\N/Y J=7.2 Hz, 1H), 3.29-
N 0 3.24 (m, 1), 3.18 (dd,
o J=7.2, 2.4 Hz, 1),
\Qo_ﬁ 2.51 (d, J = 5.0 He,
LoH 2H). 2.06 (m, M), 1.01
(d, J = 5.2 Hz, 6H)
16 @H 676.80
N (0] \N \
Sy N NW
NYgO o
I
L,

3. 29-



40? O0-P\---oH OH 2.51 (d, J
5.2 Hz, 6H) 16 is \ 676.80
WO 2010/120112

= 5.0 Hz,

., »N

2H).2.06 (m 1H), 1. 01
401 1111 OH 17
PCT/KR2010/002306

ey
e~

764.74 |1H NMR (300MHz, CDCl3)
& 8.43 (d, J=4.8 Hz,
1H), 7.63 (s, 1),
7.38-7.35 (m, 2H),
7.31-7.30 (m, 1H),
7.29-7.21 (m, 2H), 7.00
(d, J=4.8 Hz, 2H), 6.97
(d, J=4.8 Hz, 1H),
6.69-6.65 (m, 3H), 5.87

ey
AN

786.72 (s, M), 5.55-5.44 (m,

3H), 5.34 (t, J=4.6 Hz,
1H), 5.03 (d, J=6.3 Hz,
1H), 4.87 (d, J=9.0 Hz,
1H), 4.79 (d, J=7.5 Hz,
1H), 4.42 (dd, J=9.0,
3.6 Hz, 1), 4.29 (dd,
J=9.0, 3.6 Hz, 1H),

19

4.02 (s, 3, 3.43 (d,
J=7.2 Hz, 1H), 3.38-
3.33 (m, 3H), 3.27 (4,
J=7.2 Hz, 1H), 3.29-
3.24 (m, 1), 3.18 (dd,
J=7.2, 2.4 Hz, 1H),
2.51 (d, J =5.0 Hz,
2H). 1.66 (m, 2H), 0.98
(t, J =4.2Hz, 3D

742.76

20

OH

662.78

13

(d, J



N 110 la

3

-1\---0ONa OH 764.74 111 NWVR (300MHz, CDC13) 68.43 (d, J=4.8

Hz, 11-1),7.63(s, E),

2H), 7. 00wb%010/24118 Hz,
(s, ni), 5.55-5.44 (m 3H),5.34 (t,

7.38-7.35 (m 2H),
2H), 6.97 (d, J=4.8 Hz, 1H)

|||\

7.31-7.30 (m 1H),

7.29-7.21 (m

6. 69PBTAR20100023ds, 5. 87

J=9

11-1), 4. 8744

Hz, 111), 4.
3.38 - 3.3
J=7.2,2.4
3H) 18 111

39

3
Hz
0

(

< = :—*\~

10n|—|—1
=5

Hd ~3<9.Q, 3.6 Hz, 1
nS@Qf%’ g, :
H, 2.5 (f J = 5.

J 4- 6 Hz,
~5 576:?@5'

3. 29-

>1L. 66 (

22

798.73

23

754.77

24

O

674.79

>4

42 {dd-
AR, $3Q04Hz . O 1
3 2448(.@195431{1

9

7.31-7.30 (m, 1H),
7.29-7.21 (m, 2H), 7.00
(d, J=4.8 Hz, 2H), 6.97
(d, J=4.8 Hz, 1),
6.69-6.65 (m, 3H), 5.87
(s, 1H), 5.55-5.44 (m,
3H), 5.34 (t, J=4.6 Hz,
1H), 5.03 (d, J=6.3 Hz,
1H), 4.87 (d, J=9.0 Hz,
H), 4.79 (d, J=7.5 Hz,
1H), 4.42 (dd, J=9.0,
3.6 Hz, 1H), 4.29 (dd,
J=9.0, 3.6 Hz, 1H),
4.02 (q, J = 4.8 Hz,
2H), 3.43 (d, J=7.2 Hz,
1H), 3.38-3.33 (m, 3H),
3.27 (d, J=7.2 Hz, 1H),
3.29-3.24 (m, 1), 3.18
(dd, J=7.2, 2.4 Hz,
H), 1.51 (t, J = 5 Hz,
3H), 1.28 (m, 1H), 0.63
(m, 2H), 0.38 (m, 2H)

ﬂ
8
m2H).60.(Q8 1y, J =
C) - - - ONgONa5 7§6.972, 1

25

788.76

1H NMR (300MHz, CDCl3)
& 8.43 (d, J=4.8 Hz,
1H), 7.63 (s, 1H),
7.38-7.35 (m, 2H),
7.31-7.30 (m, 1H),
7.29-7.21 (m, 2H), 7.00
(d, J=4.8 Hz, 2H), 6.97
(d, J=4.8 Hz, 1H),

14

1),5.03 (d, J=6.3 He,
LH) 4

3.6

bz, 1H),

dd
4.2 Hz,



. NONN 5 5(r)l 0-P---nu \w' OH 742.76 20 1111 -.,-, ro ,N 40 1101 OH
662. 78 21 40 Oto, NNN-NO N .0 4WP 0 H 0100 -P\ - (30Na OH 776.75 E
NVR ( 300Mk,20100G43Y 68.43 (d, J=4.8 Hz, Ei),7.63 (s, 1H) pctudBoiv@2306m 2H)
7.31-7.30 (mEi), 7.29-7.21 (m 2H), 7.00 (d, J=4.8 Hz, 2H), 6.97 (d,J=4.8
Hz, 111), 6.69-6-65{(m—3H)}—5-87 114} 5.55-5_44 (m-3H),5.34 (t, J=4.6
H.  Ei), $%3 810.74 16.69-6.65 (m, 3H), 5.87
(s, 1H), 5.83 (m, 1),
5.55-5.44 (m, 3H), 5.34
(t, J=4.6 Hz, 1), 5.17
(m, 2H), 5.03 (d, J=6.3
Hz, 1H), 4.87 (d, J=9.0
Hz, 1H), 4.79 (d, J=7.5
Hz, 1H), 4.42 (dd,
766.78 1J=9.0, 3.6 Hz, 1H),
4.29 (dd, J=9.0, 3.6
Hz, 1H), 4.02 (m, 2H),
3.43 (d, J=7.2 Hz, 1H),
3.38-3.33 (m, 3H), 3.27
(d, J=7.2 Hz, 1D,
3.29-3.24 (m, 1H), 3.18
(dd, J=7.2, 2.4 Hz,
1H), 1.28 (m, 1H), 0.63
(m, 2H), 0.38 (m, 2H)

(e
AN

27

28 686.80

29 778.77 |1H NMR (300MHz, CDCls)
§ 8.43 (d, J=4.8 Hz,
H), 7.63 (s, 1),
7.38-7.35 (m, 2H),
7.31-7.30 (m, 1H),
7.29-7.21 (m, 2H), 7.00
(d, J=4.8 iz, 21), 6.97
(d, J=4.8 Hz, 1H),
800.75 \5.69-6.65 (m, 3H), 5.87
(s, 1H), 5.55-5.44 (m,
3, 5.34 (t, J=4.6 Hz,
1H), 5.03 (d, J=6.3 Hz,
1H), 4.87 (d, J=9.0 Hz,
1H), 4.79 (d, J=7.5 Hz,
1H), 4.42 (dd, J=9.0,

30

15



El), 4.87 (d, J=9.0 Hz, Ei), 4.79 (d, J=7.5 Hz, El), 4.42 (dd, J=9.0, 3.6
Hz, 11-1),4.29 (dd, J=9.0,3.6 Hz,1H), 4.02 (q, J = 4.8 Hz, 2H), 3.43 (d,
J=7.2 Hz,wéHp10/3038- 3. 33 (m 3H), 3.27 (d, J=7.2 Hz, 1H) pc3adoviddsoem 1H),
3.18 (dd, J=7.2,2.4 bz, E),1.51 (1,3 =5 tz, 3H,1.28 (m1H, 0.63
(m 2H), 0. 38—{m2H) 22 1401 NAL1l AL Q H W -13\..0Na ONa 798 73 23
1401 '- N® 1h @@l 0 4- PPI | 754.77 [a6.48 (8:6 Hz, 1.14?)1-4-29)40d,sm 674. 79
25 J=9.0, 3.6 Hz, 1),
4.02 (s, 3H), 3.43 (d
AP N ’ ! )
4 f/i\\ J=7.2 Hz, TH), 3.38
rz® 3.33 (m, 3H), 3.27 (d,
@\ o J=7.2 Hz, 1H), 3.29~
0o 3.24 (m, 1), 3.18 (dd,
OH J=7.2, 2.4 Hz, 1),
39 676.80 |2.51 (d, J = 5.0 Hz,
@H 2H). 1.62 (m, 2H), 1.33
N0 (m, 2H), 0.96 (t, J =
SNy 4.0 Hz, 3H)
N
¥ 0]
O =
.,
33 @H 750.71 [1H MR (300MHz, CDCl3)
Ny Ny 6 8.43 (d, J=4.8 Hz,
SNy ( 1H), 7.63 (s, 1H),
Krr”:“l*o 7.38-7.35 (m, 2H),
o X 7.31-7.30 (m, 1H),
#/8:‘" 7.29-7.21 (m, 2H), 7.00
(d, J=4.8 Hz, 2H), 6.97
34 772.69 |\¢ ;<)
QVHYO \ (d, J=4.8 Hz, 1),
Se Ny ) 6.69-6.65 (m, 31), 5.87
o ° (s, 1), 5.55-5.44 (m,
5 = 5 3H), 5.34 (t, J=4.6 Hz,
O R 1), 5.03 (d, J=6.3 Hz,
35 u 798 73 1H), 4.87 (d, J=9.0 Hz,
N 1H), 4.79 (d, J=7.5 Hz,
S H), 4.42 (dd, J=9.0,
3.6 Hz, 1H), 4.29 (dd,
J=9.0, 3.6 Hz, 1H),
4.02 (s, 3H), 3.43 (d,
J=7.2 Hz, 1H), 3.38-
36 648 .75 3.33 (m, 3H), 3.27 (d,
Ot o \ J=7.2 Hz, 1H), 3.29-
SNy ) 3.24 (m, 1), 3.18 (dd,
N ° J=7.2, 2.4 Hz, 1H),
o 2.44 (q, J = 4.1 He,
L, 2H). 1.18 (¢, J = 4.1
Hz, 3H)

16



40 N 0 40.R, 0--PNa \ OH 788.76 1H NMR (300MHz, CDC13) 68.43 (d,
J=4.8 Hz, 111),7.63(s,1H), 7.38-7.35 (m 2H), 7.31-7.30 (m111), 7.29-7.21
(m 2H), woQoiodohz4. 8 Hz, 2H), 6.97 (d,J=4.8 Hz, 1H), peG/KRrRD(D/002306- \-
NP, 1110 0 ? O-P -_ \ONa ONa 810.74 6.69-6.65 (m 3H), 5.87 (s, |

\
EH), 5. 83 (gtH—5-55-5—44(m3H—5-34(t J=4.6 Lz EH\ 5 17 (m 2H) 5. 03
(E?J:6.3 £J§7,E '4.87 (d. J=9. Oz, EH) . 4. 79|76% 74 J 1 NR (G30ChHlg, (D102 l(-?zld,
J=9.0, 3.6 |Hz, EH), ‘@:(@d,ng 0, 3.6 Hz, EH), 4. 02 § B 42K, J=4.8 Hz,
T " 1), 7.63 (s, 1),
W @“@‘g 7.38-7.35 (m, 21),
rL e 7.31-7.30 (m, 1H),
\Q 2 ona 7.29-7.21 (m, 2H), 7.00
o "o (d, J=4.8 Hz, 2H), 6.97
©|(d, J=4.8 Hz, 1),
6.69-6.65 (m, 3H), 5.87
38 @\/H ? 786.72 (5, 1), 5.55-5.44 (m,
N0 N 3H), 5.34 (t, J=4.6 Hz,
\/\N/N\(\N/\&“‘g 1H), 5.03 (d, J=6.3 Hz,
N\_/go 1H), 4.87 (d, J=9.0 Hz,
6 . 1), 4.79 (d, J=7.5 Hz,
\CL R.ona H), 4.42 (dd, J=9.0,
o ona 3.6 Hz, 1H), 4.29 (dd,
39 742.76 (J=9.0, 3.6 Hz, 1H),
@H 0 ? 3.85 (m, 2H), 3.43 (d,
P ' J=7.2 Hz, 1H), 3.38-
N N\/’L 0 3.33 (m, 30), 3.27 (d,
70 J=7.2 Hz, 1H), 3.29-
° \Q 2 on 3.24 (m, 1), 3.18 (dd,
0" “OH J=7.2, 2.4 Hz, 1H),
2.51 (s, 3. 1.81 (m,
2H), 0.96 (t, J = 4.3
40 ? 66278 [z 3
H
@\/N o N
SN Nﬁ%
N\./go °
0 z
.,
41 820.85 [1H NMR (D0, 300MHz) 6
@H o ? 7.27 (d, 24, J=8.4 Hz),
- T 7.175 (d, H, J=7.2
N Hz), 6.37~6.31 (m,
: 3H) , 6.214 (d, 2H),
° 9 one 6.14-6.07 (m, 4H),
oPon 4.51-4.46 (dd, 2H,

17



3.43 (d, J=7.2 Hz, 1H), 3.38-3.33 (m 3H), 3.27 (d, J=7.2 Hz, EH),
3.29-3.24 (mEH), 3.18 (dd,J=7.2,2.4 Hz, EH) 1.28 (mEH), 0. 63 (m2H), 0.38
(m 2H) 2%04di/BoNY2aNN O A N-L O gglWP A0 \ OH 4110l i ACT/KIR¥GM23068 28 40
No J? 40 10 OH 686.80 295 ..,,,N. 00 9 -ONa OH 778.77 i nNMR

A va

(300MHz, GDCE3)

7.31-7. 30 [42m E}—bi
N

\_
(s;—EH 7 38-7.35 (m 2H)
2.8317=10"8 Hz), 4.31~4.04 |

(dd, 2H, J=14.7 Hz),
3.39~3.34 (d, 1H, J=8.4
Hz), 3.34~2.97 (dd, 2H,
J=15.3, 15.3 Hz), 4.33
(dd, 1H, J=15.3, 6.3
Hz), 2.97 (m, 2H),
2.75 (d, 1H), 2.49~2.05
43 798.86 |(dd, 2H, J=15.3Hz),

ZL 1.92 (m, 2H), 1.20 (s,
9H), 1.01 (t, J =4.3
Hz, 3H)

44 ;? 718.88
N

45 862.93 |1H NMR (DO, 300MHz) &

7.27 (d, 2H, J=8.4 Hz),

Tl i, %N 7.175 (d, 1, J=7.2

) Hz), 6.37~6.31 (m

RN ' ’
99 : 3H) , 6.214 (d, 2H),

5 = . 6.14~6.07 (m, 4H),

Ooﬁzgga 4.51~4.46 (dd, 2H,

J=10.8 Hz), 4.31-4.04
(dd, 2H, J=14.7 Hz)

46 884.91 , 4, . ,
3.39-3.34 (d, 1, J=8.4
Hz), 3.34~2.97 (dd, 2H,

J=15.3, 15.3 Hz), 4.33

N
\
Sy ( (dd, 1, J=15.3, 6.3
e Hz), 2.97 (m, 2H),
O fow 2.75 (d, 1), 2.49-2.05
0" “ONa

(dd, 2H, J=15.3Hz),

18



,2H), 6.97 (d,J=4.8 Hz,EH), 6.69-6.65 (m 3H), 5.87

-5.44 (m 3H),5.34 (t, J=4.6 Hz, EH),5.03 (d, J=6.3 Hz, 4. 87
o1oliDi4. 79 (d, J=7.5 Hz, 1H),4.42 (dd, J=9. 0pCcIK201000023009EH) ,
800. 75 31 HO,ro -...,,.,N40 iCl 0_ --OH OH 756.78 3.6
d J—gOQRI—I7|:I—I)1 4.02 (s 3H) 2 43 (d, J=72 Hz | H),

H), 3.2 07.2 Hz, 11-1), (4094 |1§724 1(39 6H) 8D3. 18 (dd,
H, 2.5 ,J 5.0 Hz, 2H).11 62 (mi2M)(sl.8B .68 2k) JO. 96 (t,J

3
32 @ = 5.0 Hz, 3H)

1
P
U1 00
o

—
<
(6)]

£ o
E

I~~~
o wmw o

3
of
5

e w
P&
NN W*
NS mo
<
i
OS]
mB/\
NN
CL51<

O_l\)'
TN
w

z

48 760.96

49 804.80 |1H NMR (300MHz, CDCl3)
& 8.43 (d, J=4.8 Hz,
), 7.63 (s, 1),
7.38-7.35 (m, 2H),
7.31-7.30 (m, 1H),
7.29-7.21 (m, 2H), 7.00
(d, J=4.8 Hz, 2H), 6.97
(d, J=4.8 Hz, 1H),

396 78 16.69-6.65 (m, 3H), 5.87
(s, 1H), 5.55-5.44 (m,
3H), 5.34 (t, J=4.6 Hz,
1H), 5.03 (d, J=6.3 Hz,
1H), 4.87 (d, J=9.0 Hz,
H), 4.79 (d, J=7.5 Hz,
1H), 4.42 (dd, J=9.0,
3.6 Hz, 1H), 4.29 (dd,
5555 1V=9.0, 3.6 Hz, 1),
4.02 (m, 2H), 3.43 (d,
J=7.2 Hz, 1H), 3.38-
3.33 (m, 3H), 3.27 (d,
J=7.2 Hz, 1H), 3.29-
3.24 (m, 1H), 3.18 (dd,
J=7.2, 2.4 Hz, 1H),
1.77 (m, 2H), 1.88 (m,

50

51
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40 o 110 410 OH 676.80 33 OH -;---,NN 11101 00 N a 0" 'OH 1(3, 750.71
| H NMR (300MHz, CDC13) 68.43 (d, J=4.8 Hz, 111),7.63 (s, EH), 7.38-7.35 (m
2H), 7.3wé-280oikH), 7.29-7.21 (m 2H), 7.00 (d' J=4. 8 pz/KR2N0/ 2506
(d,J=4.8 Hz,EH) 6.69-6.65 (m311),5.87 (s, EH),5.55-5.44 (m 3H),5.34
(t,J=4.6 Hz.—1H) 503 (d, J=6-3 Hz 1H) 4 87 (d J=0. 0 Hz I H) 4.79 (d,
J=7.5 Hz, [¥H) . 1. 42 (dd, J=9.0. %6 Hz, 111), AO284 ([, 528 @, 3He, PH8EH), 4. 02
(s, 3H),3.43 (d, J= Hz, EH). B.38- 3.33 (M 3H)|(8. 27 ¢& Hd=#2 Hz, EH), -
3.29- 3.24 (mEH), 3 N(fd)d .4 Hz, | ), (8.684(n(, 02H)J 0=3%1.(d, Hz,
211).1.18(t,J F 4.1 H( H)
\QOH
53 @H 812.78 |1H NMR (CDCl;, 300MHz) &
N.__O \y 8.05 (d, 2, J=8.4 Hz),
“ ! \ o 7.91 (d, 1, J=7.2 Hz),
NN O O 7.71 (d, 2, J=8.4 Hz),
N\_/&o 7.40~7.20 (m, 4H), 7.16
o = (t, 1H, J=7.2Hz), 7.05 (d,
\©\ O Na M, J=8.4 Hz), 6.96 (d,
0-P-0 1H, J=6.9 Hz), 6.69 (d,
OH 2H, J=8.4 Hz), 6.68 (m,
54 @H 834.76 |1H), 5.58~5.44 (m, 3H),
N\(O SN ) 5.37 (t, 1, J=5.7 Hz),
o 5.03 (d, 1, J=10.8 Hz),
SN O O 4.97 (d, H, J=14.7 Hz),
Ny&o 4.81 (d, 1, J=17.1 Hz),
o = 4.47 (dd, 1, J=15.3, 6.3
\©\ 0 Na Hz), 4.33 (dd, 1H, J=15.3,
0-P-0 6.3 Hz), 4.33 (s, 3H),
ONa 3.47-3.24 (m, 8H), 2.64
(s, 3H)

Methods known in the art may be used to determine the effectiveness of a
compound provided here in treating cancer, such as AML. For example, the method
described in Example 23 may be used for assessing the anticancer activity of a

5 given compound. Additional exemplary methods for assessing the activity of a
compound in treating AML include those described in Bishop et al., Blood 87:
1710-7, 1996; Bishop, Semin Oncol 24:57-69, 1997; and Estey, Oncology 16: 343-
52, 2002. '

The compounds of the present disclosure may be administered to a patient

10 in need thereof via various routes, such as orally, topically, transdermally, or
parenterally. In one embodiment, the compounds or compositions thereof are
administered parenterally. The term “parenteral,” as used herein, includes
subcutaneous injections, intravenous, intramuscular, intracisternal injections,
and intravenous infusions. In preferred embodiments, the compounds or

15 compositions are administered via injection, such as intravenous injections.

Toxicity and therapeutic efficacy of compounds of the present disclosure
can be determined by standard pharmaceutical procedures in cell cultures or
experimental animals, e.g., for determining the LD50 (the dose lethal to 50% of
the population) and the ED50 (the dose therapeutically effective in 50% of the

20



N LNO 00 1(3, 5 ONa "ONa 772.69 35is NO\ 410 11013,0H 0- sCFI O
728. 73 36 5HO , "'"'Nt 0 40 CH 648.75 37 Gl N NO 410 5113,0Na 0"
' OH 764. MolzbiO/lubﬁz(?»OOM'lZ, CDC13) 68.43 (d, J=4.8 Hz, bdrmR6B/dos30511),
7.38-7.35 (m 2H), 7.31-7. 30 (m 110, 7.29-7.21 (m 2H), 7.00 (d,J=4.8

Hz, 2H), 6.97 (d, J=4.
H) populaélon) f%e dose raflo between toxic and therapeutic effects is the

therapeutic index and it can be expressed as the ratio LD50/ED50.  Compounds
that exhibit large therapeutic .indices are preferred. While compounds that
exhibit toxic side effects may be used, care should be taken to design a

5 delivery system that targets such compounds to the site of affected tissue in
order to minimize potential damage to uninfected cells and, thereby, reduce side
effects.

The data obtained from the cell culture assays and animal studies can be
used in formulating a range of dosage for use in humans. The dosage of such

10 compounds lies preferably within a range of circulating concentrations that
include the ED30 with little or no toxicity. In vitro cardiotoxicity of the
compounds may be determined according to the method described in Example 24
below. The dosage may vary within this range depending upon the dosage form
employed and the route of administration utilized. For any compound used in the

15 method of the invention, the therapeutically effective dose can be estimated
initially from cell culture assays. A dose may be formulated in animal models
to achieve a circulating plasma concentration range that includes the IC50
(i.e., the concentration of the test compound which achieves a half-maximal
inhibition of symptoms) as determined in cell culture. Such information can be

20 used to more accurately determine useful doses in humans. Levels in plasma may
be measured, for example, by high performance liquid chromatography.

The effective dose depends on the type of disease, the composition used,
the route of administration, the type of subject being treated, the physical
characteristics of the specific subject under consideration for treatment,

25 concurrent medication, and other factors that those skilled in the medical arts
will recognize. For example, for treating AML, a compound of the present
disclosure may be administered via I.V. injection or infusion at an amount
between 0.5 mg/kg and 500 mg/kg (e.g., 0.5 to 10 mg/kg, 10 to 100 mg/kg, about
100 to 500 mg/kg body weight) which can be administered as a single dose, daily,

30 weekly, monthly, or at any appropriate interval. In certain embodiments, the
disclosed compounds may be used in treating AML In a manner similar to that used
for Ara—<C.

In accordance with a further aspect thereof, the present invention
35 provides a method for manufacturing the reverse turn mimetics of the present
invention on a mass scale. The method comprises the following sequential steps:
introducing an acyl group into indole-7-carbaldehyde, preferably through
Friedel-Crafts acylation to provide 3-acyl-indole-7-carbaldehyde;
introducing an alkyl group and an aminoacetal group to 3-acyl-indole-7-
40 carbaldehyde to provide a l-alkyl-3-acyl-indole derivative;
amidating the 1l-alkyl-3-acyl-indole derivative with stereoselectivity
with Cbz-Tyr (0tBu) (i.e., (8)-2-(benzyloxycarbonylamino)-3-(4-tert—
butoxyphenyl )propanoic acid) and 2-(1-allyl-4-benzylsemicarbazido)acetic acid
to provide a reaction intermediate;
21



6.69-6.65 (m 3H), 5.87 (s,1H),5.55-5.44 (m 3H), 5.34 (t, J=4.6 Hz,
114),5.03 (d,J=6.3 Hz, 11-1),4.87 (d,J=9.0 Hz, 114),4.79 (d,J=7.5 Hz, 1H)
4.42 (dd,wé2010020826 Hz, 111), 4.29 (dd, j=9.0,3.6 Hz, || pra/KRo8hdomoedH) , 3. 43
(d, J=7.2 Hz,1H),3.38 - 3.33 (m3H),3.27 (d, J=7.2 Hz,1H),3.29 - 3.24
(mE),3.18 (dd, J=7.2,2.4 Hz,1H), 2.51 (s,3H).1.81(m 2H),0.96 (t,J = 4.3
Hz, 3H) 38 40 cychizidg 0heNgaot ion ONgemgdlate 1rBghe’ prgseco af1 foaHcoacdotp 742. 76
40 , €- . provNedd 48l iOHn6GRediB8te; and
phosphorylating the cyclic intermediate.
In the above method, 2-(1-allyl-4-benzylsemicarbazido)acetic acid may be
5 prepared by the following sequential steps:
adding TEA(triethylamine) to an ethylhydrazinoacetate solution to form a
reaction solution;
adding allyl bromide (e.g., dropwise) to the reaction solution; and
adding benzylisocyanate (e.g., dropwise).
10
Representative compounds of the invention can be prepared as illustrated
in the following Reaction Scheme.

Ry Ry
. s Ot-Bu
CHO
H 1. AlCH, RpX N 4, Cbz-Tyr, PivCl, NMM N
N 2. KpCO3, RpX 'Ry 5. Ammonium formate, Pd/C(10%) ll? [
a
/ OE OEt o o
3. Aminoacetal, NaBH4 t 6. 83, iBCF, NMM H
N~ N,
indole Eto)\/NH Eto)\/ \“/\N/U\/ NJ\NHBn
ot H H
[AA1] X=Halide [AA2] [e]
[AA3]

H
H @\/N o} Ra.
7. Formic acid (85%) N. _O R,

N
8 POCI;, TEA ‘N \ 9. Phosphorylization \/\N’N\(\N A R,
\/\N,N\(\N Ry o N
10. lyophilization o)
(¢}

N

(o]
. o]
o]
OH

[AA4] [AAS5]

In certain embodiments, R, is methyl, R, is -C(=0)Re, and R. is methyl or

15 cyclopropyl.

As seen herein, the reaction scheme is directed to novel reverse turn
mimics, represented by Chemical Formula I. :

The compounds according to the present invention are based on a framework
of pyrazino-triazinone, with four different functional groups attached thereto.

20 Due to the two chiral centers thereof, the compounds must be synthesized
stereoselectively.

An acyl group is introduced into the indole-7-carbaldehyde of AAl through
Friedel-Crafts acylation, followed by the introduction of alkyl and aminoacetal
groups.

25 After the reaction of AA2 with the chiral compound (Cbz-Tyrosine-OtBu),
the resulting intermediate is subjected to stereoselective amidation with PivCl
(Pivaloylchloride) and iBCF (isobutylchloroformate) to afford AA3. Thereafter,
AA3 is cyclized with formic acid to obtain AA4, followed by phosphorylization,
introduction of salt (addition of Na to phosphate using 0.5N NaOH) and

30 lyophilization to synthesize highly pure pyrazino-triazone compounds, AAS.

22



41 40

400 00Na O ' OH 820.85 1H N
7.175 (d, 1H, J=7.2 Hz),6.37-6.31 (

MR (1) 20, 300MHz)6 7.27 (d, 2H J=8.4 Hz),
m 3H),6.214 (d,2H), 6.14-6.07 (m 4H),
NZ

4.51-4. 46w0addio/2b12 42 0 ,ro ,N L 0 11101( BCONR2010/00Cka 842. 83
J=10.8 Hz), 4.31-4.04 (dd, 211,J=14.7 Hz), 3.39-3.34 (d, 1H, J=8.4 Hz),
3.34-2.97 (dd, 2H, J=15.3, 15.3 Hz), 4.33 (dd,E,J=15.3, 6.3 Hz),2.97
11, 2H), 2.75 (d,El), 2.49-2.05 43 798.86 dd, 2H, J=15.3Hz),
E)lONOH) [Mode for I(nventlgn] ( )
A better understanding of the present invention may be obtained through
the following examples which are set forth to illustrate, but are not to be
s construed as limiting the present invention.
As demonstrated herein, the compounds of Chemical Formula [ exhibit
anticancer activity.
The manufacturing method of the present invention is illustrated in
10 detail as follows.
<Reaction Scheme 1>
H 0] H Q
H. 0 Acetyl chioride H / Aminoacetal
H ACI, N K,C0,, CH3l N NaBH,, AcOH N
N ——— _ y N
5&/) MC. . 2n DMF, t, 1h MeOH, rt, 3h Lo
Mol. Wt.: 145.16 Mo e 187 :)9 " ° /\o)\/NH
Indole ol. Wt.: 187. Mol. Wt.: 201.22
P9 P8 Mol Wi 38 4
P7
o}
Chz-Tyr(1-Bu)-OH = o—é . = O_é
N\ BCF, NMM rl\l Q Ammonium formate ? Q
L EA, -10°C ~ -30°C Lo £ MeOH reflux LO H
o : ; :
PN /\o)\/N\n/\”’Cbz /\O/J\/Nm/\NHz
C1gH2sN203 ° o
Mol. Vi 318.41 - Mot Wi 671 82 Mol Wi 55759
P7 P6 PS
o% @H o] \ N
s3 o N Y0
BCF. NMM '|~l Q l formic acid (85%) NN \(\N/\(g\(
EA, 110°C 9 / o Hi 1, 15 h N\i/go
N_ A N. o =
/\O Wg/\: s u/\@ \©\0H
C44Hs5NgO7 CagHagNgOs
Mol. Wt.: 782.97 Mol. Wit.. 634.72
P4 P3
©\/: 0 \ ©\/: ) \
! "My pe ! My P
P‘PEE\Is \/\N' ! N/\&\( 0.1N NaOH Lyophilzer \/\N/ \N(\N/\&
. H (9] o T [o]
THF, it, 30 min o = H;0, 5°C 5
\QO—E-OH \©\O—é—ONa
OH OH
CagHagNsOgP CagHsgNgNaOgP
Mol. Wt.: 714.7 Mol. Wt.: 736.69
P2 P1

In Reaction Scheme 1, side chain S3 may be prepared as 1llustrated below.
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1.92 (m2H), 1. 20 (s,
'OH 44 718.88 40
300MHz) 8 WO 2010/120112

911),1.01 (t,J

-''N

LNQO

= 4.3 1100 Hz, 3H)

OH 45

0ic1, , ™H
862.93 Ei NWR (E93,
PCT/KR2010/002306

o AIIyl?rEomide
H A
'ClH;‘N’N\)kO/\

CaHs1CINO,
Mol Wt.: 154 6

S-SM

THF, 1,5 h

|
. o)

HaN" N \)J\O/\
C7H,,N,0,
Mol. Wi 158.2
S$1

Benzylisocyanate
—_— .

n, 30 min

XA

v N g~

H H

CisHaiN3O5

Mol. Wt.; 291.35
52

aq, KOH

Ci3H47N30;
Mot. Wt.: 263.29

S3

10

15

20

25

30

35

Below, each step of the manufacturing method illustrated in Reaction
Scheme 1 will be described in detail in Examples 1 to 10.

EXAMPLE 1
Synthesis of S3
2-(1-Allyl-4-benzylsemicarbazido)acetic acid
67 g of ethylhydrazinoacetate was dissolved in 673 ml of THF
(tetrahydrofuran) and mixed with 121 ml of TEA (triethylamine). To this
reaction mixture was dropwise added 41 ml of allyl bromide over 20 min. This
solution was stirred for 5 hrs and filtered. To the filtrate was dropwise added
53 ml of benzylisocyanate over 15 min, followed by stirring for 30 min at room
temperature. Thereafter, a solution of 48 g of KOH (potassium hydroxide) in 673
ml of distilled water was dropwise added before stirring for 30 min. Layer
separation was generated by adding 403 ml of MC (dichloromethane) and 269 ml of
hexane and stirring. The aqueous solution was washed once with 201 ml of MC
(dichloromethane). The aqueous solution was adjusted to a pH of 2~3 by using
100 ml of conc. HCl. After being stirred for 30 min, the pH-adjusted solution
was extracted with 1009 ml of MC (dichloromethane). The MC (dichloromethane)
layer thus obtained was dehydrated with 269 g of Na¥, filtered, and then
concentrated in a vacuum. The concentrate is crystallized with 134 ml of EA
(ethylacetate) and 269 ml of hexane, followed by filtration. The solid thus
obtained was slurried in 134 ml of EA (ethylacetate), filtered at 02C and dried
in a vacuum to produce 40 g of S3 as a white solid (yield 35%).

'H MR (500MHz, CDCl3) & 10.84 (bs, 1H), & 7.90 (s, 1H), & 7.4-7.3 (m,
5H), 6 6.42 (t, J=5.0 Hz, 1H), & 5.85-5.72 (m, 1H), & 5.28 (dd, J=28.5, 2.0
Hz, 1H), & 5.19 (d, J=17 Hz, 1), & 4.47-4.42 (m, 2H), & 3.70 (dd, J=40.0,
2.5Hz, 1H).

EXAMPLE 2
Synthesis of P9
3-Acetyl-1H-indole-7-carbaldehyde

23.5 ml of AcCl (acetylchloride) was dropwise added to a solution of 55 g
of AlCl3 in 400 ml of MC (dichloromethane) with stirring. To this solution was
dropwise added a solution of 40 g of the starting material (indole-7-
carbaldehyde) in 400 ml of MC (dichloromethane). The temperature of the
solution must be maintained at 0~52C upon the addition and then allowed to

24
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7.27 (d, 2H,J=8.4 Hz), Srql0 .r 7.175 (d,E, J=7.2 Hz), 6.37-6.31 (m
NJQ 410 3H),6.214 (d,2H), o 6.14-6.07 (m 4H), 10 0-i7z.DfNia

4.51-4. 46whpddho/2h12 J=10.8 Hz), 4.31-4.04 46 884.91 pdad/Kkrbhondzbd. 7 Hz),
3.39-3.34 (d, 111, J=8.4 41111HNO ,r Hz), 3.34-2.97 (dd, 2H, J=15.3,15.3

Hz), 4.33 401 (dd , 111, J=15. 3,1% 3 . ] .
increase to room temperature. e progress of the reaction was monitored using

thin layer chromatography (TLC) and high performance liquid chromatography.
After the reaction was completed, the solution was subjected to layer separation
with water. The organic layer thus formed was dried over MgSO, (magnesium

s sulfate), filtered and then concentrated at 40°2C to give 41 g of P9 as
concentrated residue (yield 80%).

EXAMPLE 3
Synthesis of P8
10 3-Acetyl-1-methyl-1H-indole—7-carbaldehyde

41 g of P9 was dissolved in 412 ml of DMF (dimethylformamide) and
stirred. After the solution was cooled to 102C, 91 g of K«0; (potassium
carbonate) was added thereto, and 20 ml of Mel (methyliodide) was dropwise

15 added. The resulting solution was allowed to increase in temperature to room
temperature and was stirred for 4~5 hrs. When the starting material was
recognized as disappearing, KiC0; was filtered off, followed by crystallization
in hexane to give 35 g of P8 as a yellowish solid (yield 80%).

20 EXAMPLE 4
Synthesis of P7
1-(7-((2, 2-Diethoxyethylamino)methyl)-1-methyl-1H-indo1-3-y1 )ethanone

To a solution of 35 g of P8 in 354 ml of MeOH (methanol) was added 3.5 ml

25 of AcOH (acetic acid). The solution was mixed with 33 ml of aminocacetaldehyde
diethylacetal at room temperature and stirred for 3~4 hrs. After the solution
was cooled to 102C, 3.3 g of the reducing agent NaBH; (sodiumborohydride) was
slowly added thereto. At this time, care had to be taken because of hydrogen
gas generation and exothermal reaction. The solution was stirred at room

30 temperature for 1 hr. When the reaction was completed, 354 ml of EA
(ethylacetate) and 354 ml of distilled water were added so as to separate
layers. The organic layer thus formed was dried over 141 g of MgSOs (magnesium
sulfate) and crystallized in hexane to afford 8 g of P7 as a vyellowish solid
(vield 80%).

35 ' \MR (500MHz, CDCl3), & 8.36 (d, /4.8 Hz, 1H), & 7.61 (s, H), &
7.17 (d, A4.2 Hz, 1H), & 7.10 (d, ~4.2 Hz, H), & 4.58 (t, ~3.3, 1H), 6§
4,21 (s, 3H), & 4.07 (s, 3H), & 3.68 (m, 2H), & 3.51 (m, 2H), & 2.82 (d,
JF3.3Hz, 2H), & 2.48 (s, 3H), & 1.19 (t, 4.2 Hz, 6l).

40 EXAMPLE 5
Synthesis of P6
Benzyl (8)-1-(N-((3-acetyl-1-methyl-1H-indo1-7-y1)methyl)-N-(2,2-
diethoxyethyl)carbamoyl)-2-(4-tert-butoxyphenyl Jethylcarbamate

25



N Hz),2.97 (m2H), 110 01, oONNaa 2.75 (d, 1H),2.49-2.05

(dd, 2H, J=15. 3Hz),

47 OD NO 410 OH 0- 'OH 840.94 1.77 - 1.30 (m 8H),

1.20

(s, 9H) OwB8ofo12d11z 5.0 Hz, 3H) 48 TO 010 N le 110 OH 76@TA&R20AM0e306' S; O

F'i INla O-P\ONa , OH 804.80 Bi

l[1i),7.63(s,Bi), 7.38-7.3 2H) .. . )
) (s I8% g of (ﬁaz—Tyr?Ot%H} wals_i)dlssolved in 449 ml of EA (ethylacetate) with
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stirring. After the solution was cooled to 0~59C, 31 ml of NMM (N-
methylmorpholine) and 19 ml of pivaloylchloroide were dropwise added thereto.
The solution was stirred for 1~2 hrs and then 44.9 g of P7 was added thereto at
0~5¢C. The solution was warmed to room temperature followed by stirring for
2~3 hrs. After termination of the reaction, distilled water was added to
generate layer separation. The organic layer thus formed was washed with 898 ml
of a 5% aqueous citric acid solution and 898 ml of a 5% aqueous NaHC(Os solution
and then dried over 179 g of MgS0,; (magnesium sulfate) to be concentrated. 85 g
of P6 was obtained as a residue (yield 90%).

EXAMPLE 6

Synthesis of P5

(8)-3-(4-tert-butoxyphenyl )-N-((3~acetyl-1-methyl-1H-indol-7-y1)methyl)-
2-amino-N-(2,2-diethoxyethyl )propanamide

To 85 g of P6 in 853 ml of MeOH was added 8.5 g of 10wt% Pd/C. 16 g of
ammonium formate was added and then refluxed for 2 hrs. After completion of the
reaction, the solution was cooled to room temperature and Pd/C was filtered.
The solution was concentrated before layer separation with 853 ml of EA
(ethylacetate) and 1706 ml of distilled water. The organic layer thus formed
was washed with 850 ml of a 5% aqueous citric acid solution and 850 ml of a 5%
aqueous NaHCOs solution and concentrated to give 56 g of P5 (yield 90%).

EXAMPLE 7
Synthesis of P4

40 g of side chain S3 was dissolved in 426 ml of EA (ethylacetate) and
cooled to -102C. To the solution were dropwise added 41 ml of NMM (N-
methylmorpholine) and 20 ml of iBCF (iso-butylchloroformate) at the same
temperature. The reaction mixture was stirred for 2~3 hrs at -102C after which
a solution of 56 g of P5 in 200 ml of EA (ethylacetate) was dropwise added
thereto. The reaction mixture was warmed to room temperature and then stirred
for 1~2 hrs. When the reaction was terminated, EA (ethylacetate) and 850 ml of
distilled water were added to separate layers. The organic layers thus formed
was washed with 850 ml of a 5% aqueous citric acid solution and 850 ml of a 5%
aqueous NaHOOs solution and dried over 340 g of MgSO: (magnesium sulfate) to the
concentration. 81 g of P4 was obtained as a concentrated residue (yield 90%).

EXAMPLE 8
Synthesis of P3
(6S,9aS)-6-(4-Hydroxybenzy1)-8-((3-acetyl-1-methyl-1H-indol-7-y1)methyl )-
2-allyl-N-benzyl-hexahydro—4,7-dioxo—2H-pyrazino[2,1-c][1,2,4]triazine-1(6H)-
carboxamide
26

NVR (300MHz, CDC13) 68.43 (d, J=4.8 Hz,



7.31-7.30 (m1H), 7.29-7.21 (m 2H), 7.00 (d, J=4.8 Hz, 2H), 6.97 (d,J=4.8
Hz,1H), 6.69-6.65 (m 3H), 5.87 (s,1H),5.55-5.44 (m 3H),5.34 (t, J=4.6 Hz,
1H), 5. 03 Wd.20dAB0d2Hz, El), 4.87 (d, J=9.0 Hz, I1i), 4. 79chkrbaiyd23dg, 1H),
4.42 (dd, J=9.0, 3.6 Hz,1H),4.29 (dd, J=9.0'3.6 Hz'El)' 4.02 (m 2H), 3.43
(d, J=7.2 Hz, Up, 3.38 - 3.33 (m 3H), 3.27 (d, J=7.2 Hz, 111), 3.29 - 3.24
(mE), 3.18 (dd, J=7.2,2.4 Hz,1H), 1.77 (m2H),1.88 (m 50 010 4100 | a?
O P C- ONa ONa8826.¢f8 P45gasSdissel@d| 0l 888 OH oOHBYH fa8Hc82cid WO heated to
2010/ 120 B02RCT/ KR20 1A R0 2816edbTor 4D hrHl M th: NamdNt&fberature, the solution
was cooled to room temperature and mixed with acetone. This solution was
5 adjusted to a pH of 4.0~4.2 by dropwise adding 5N NaOH, to form crude crystals.
After cooling to 10~152C, the solid was filtered and completely dissolved in
767 ml of MeOH with warming. Slow cooling precipitated crystals which were
filtered to afford P3 as a pinkish white crystal (40g, yield 60%).
" NMR (500MHz, CDCls) 8.43 (d, J=4.8 Hz, 1H), 7.63 (s, 1H), 7.38-7.35 (m,
10 2H), 7.31-7.30 (m, 1H), 7.29-7.21 (m, 2H), 7.00 (d, J=4.8 Hz, 2H), 6.97 (d,
J=4.8 Hz, 1H), 6.696.65 (m, 3H), 5.87 (s, 1H), 5.55-5.44 (m, 3H), 5.34 (t,
J=4.6 Hz, 1H), 5.03 (d, J=6.3 Hz, 1H), 4.87 (d, J=9.0 Hz, W), 4.79 (d, J=7.5
Hz, 1H), 4.42 (dd, J=9.0, 3.6 Hz, 1H), 4.29 (dd, J=9.0, 3.6 Hz, 1H), 4.02 (s,
3H), 3.43 (d, J=7.2 Hz, 1H), 3.38-3.33 (m, 3H), 3.27 (d, J=7.2 Hz, 1H), 3.29-
15 3.24 (m, 1H), 3.18 (dd, J=7.2, 2.4 Hz, 1H), 2.51 (s, 3H).

EXAMPLE 9
Synthesis of P2
4-(((6S,9aS)-1-(Benzyl carbamoy1 )-8—( (3-acetyl-1-methyl-1H-indol-7-
20 yl)methyl)-2-allyl-octahydro—4,7-dioxo-1H-pyrazino[2,1-c][1,2,4]triazin—6-
y1)methyl)phenyl dihydrogen phosphate

40 g of P3 was dissolved in 217 ml of THF (tetrahydrofuran), cooled to
0~59C and mixed with 25 ml of POCl;. At the same temperature, 28 ml of TEA

25 (triethylamine) was dropwise added. Stirring for 1 hr was followed by slow
addition of 87 ml of distilled water. 348 ml of a sat. aqueous NaHCQ; solution
was added to the solution which was then stirred for 30 min. After the solution
was subjected to layer separation by adding 217 ml of EA (ethylacetate), 217 ml
of MC (methylenechloride) was added to the aqueous layer and then the pH was

30 adjusted to 1~3 with 14 ml of conc. HCl to separate layers. The organic layer
thus formed was dehydrated with 174 g of NasSOs (sodium sulfate) and concentrated
in a vacuum. The concentrate was crystallized in 130 ml of THF
(tetrahydrofuran) and 435 ml of n-hexane, filtered, and vacuum dried to afford
40 g of P2 as a white solid (yield 90%).

35 H MR (500MHz, DMSO-d6) 8.27 (s, 1H), 8.16 (d, J=7.5 Hz, 1H), 7.85 (t,
J=6.3 Hz, 1H), 7.34-7.29 (m, 3H), 7.22-7.01 (m, 9H), 6.79 (d, J=6.9 Hz, 1H), 5.84-
5.75 (m, 1H), 5.52 (dd, J=8.1, 3.6 Hz, 1H), 5.38 (d, J=15.6 Hz, 1H), 5.17-5.13 (m,
1H), 5.09-5.03 (m, 2H), 4.90 (d, J=15.6 Hz, 1H), 4.22 (d, J=6.3 Hz, 2H), 4.06 (s,
3H), 3.76-3.68 (m, 1H), 3.61-3.55 (m, 2H), 3.33-3.27 (m, 4H), 3.07-3.02 (m, 2H),

40 2.41 (s, 3H).

EXAMPLE 10

Synthesis of P1 :

Sodium 4-(((6S,9aS)-1-(benzylcarbamoyl)-8-((3-acetyl-1-methyl-1H-indol-7-
27



110 OH 702.84 2H),1.28 (mLH),0.98 (t,J = 4.8 Hz, 3H), 0.63 (m2H),0.38 (m

211) 53 ill \ 812.78 1H NMR (CDC13, 300MHz)5 8.05 (d,2H, J=8.4 Hz),
7.91 (d, hWo 20m712811bi2) , NN 51 7.71 (d,2H, J=8.4 Hz) pCcT/KR2010/004%h67. 20
(m 4H), 7.16 (t, 1H J=7.2Hz), 7.05 (d,

yD)methyl)-2-allyl-octahydro—4,7-dioxo-1H-pyrazino[2,1-c][1,2,4]triazin6-
yD)methyl)phenyl hydrogenphosphate

40 g of dried P2 was dissolved in 2000 ml of distilled water with
5 stirring. The solution was cooled to 0~52C, followed by adjusting the pH
thereof to 4.6~4.8 (130~110mV) by slowly adding a 0.1 N aqueous NaOH solution,
and then lyophilized to afford 40 g of P1 as a white solid (yield 95%).
'f \MR (300MHz, D20) 7.86 (d, J=7.8 Hz, 1H), 7.60 (s, 1H), 7.07-6.93 (m,
10H), 6.56 (d, J=7.2 Hz, 1H), 5.39-5.32 (m, 2H), 5.09 (t, J=5.4 Hz, 1H), 4.95
10 (d, J=15.6 Hz, 1H), 4.70-4.53 (m, 2H), 4.14 (d, J=15.6 Hz, 1H), 3.97 (d, J=15.6
Hz, 1H), 3.57 (s, 3H), 3.56-3.49 (m, 1H), 3.30-2.81 (m, 6H), 2.84-2.81 (m, 1H),
2.18 (s, 3H).

Another preparation example for representative compounds is suggested
15 below.
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So /Na 2H,J=8.4 Hz), 6.96 (d,
OH, J=8.4 Hz), 6.68 (m 54 0
(t, 1H, J=5n§6 2bim)120112

<Reaction Scheme 2>

0-P-0 1H,J=6.9 Hz),
834.76 1H),5.58-5.44 (m 3H),

6.69 (d,

PCT/KR2010/002306

H. 0O Aminoacetal B
H _lakOoH K2COs, CHal _ NaBH,, ACOH _ N
AN
/ DMF, 1t DMF, 1, 1h MeOH, rt, 3 h I\o
Mol. Wt.: 145.16 Mol WL 271.05 /\OJ\/NH
ol. Wt.: k Mol. Wt.: 285.08
Indole Q10 C1gHo3IN0,
Mol. Wt.: 402.27
Qs
| |
' L Sy
B FmocTyr(t-Bu)-OH o
N HATU, DIPEA I"l Piperidine ,|4
N
|\ CHyCly, 1t Lo ) CHCly, 1t Lo y
0 H H
N )\/N ~-Fmoc N )\/N
/\0)\/NH 0 \H/\ﬂ o 701/\NH2
(o]
CgH23IN20;
d — CaqHs0tN30g C20HaolN30,4 -
Mol. Wlb480227 Mol. Wt.: 843.70 Mol. Wt.: 621.55
Q7 Q6
Qi
s N__O \N \
- Y N |
_HATU. DIPEA_ Q p-TsOH.H,0, Toluene Ny \(\I\&\
N
CH,Cly, 1t H 80 °C, 30 min e
L
/\O/K/Nj]/\N N N/\© \@ J<
0
Ca2Hs5INgOg C3gHaalNgOs
Mol. Wt.: 866.83 Mol. Wt.: 774.69
Q5 Q4
H
H ©\/
HQ /©)j\ @\/N o N N0 \N A
B \ POCI NN O 0
S N o W
- LK " A
NaCQj, Pd(PPhg), Y 0 THF, rt, 30 min B

5.

. e [o]
dioxanefH,0 (2:1) \@\ \©\ o
90°C i
OH o} gHOH
CaaHagNsOs CazHasNgOgP
Mol. Wt.: 710.82 Mol. Wt.: 790.80
Q3 Q2
A
N__O
\N \
SN N\(\N O 0
0.1N NaOH Lyophilzer N\/& O
q [e]
H,0, 5°C
" OLg e
/
0-P-0
OH
CyaoHaaNgNaQgP
Mol. Wt.: 812.78
Q1
y \)cj)\ Ally11tgg:;\nlde Hl o Benzylisocyanate JOL H\)OL aq, KOH )OL H\)OL
Chgn N 0”™  THF.1t,5h N ~ 1,30 min NN o NN OH
e CINO H N o) H H H H
491 22
Wit 154, CrH1N,0 C15H21N30. CiaH (N0
Mol. Wt: 1546 Mol, Wi.: 156.2 Mol. Wi 20135 Mol Wi 263 20
S-SM s1 s2 s3

The method 1llustrated
5 Examples 11 to 21.
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5.03 (d, 1H, J=10.8 Hz), N 5 4.97 (d,1H, J=14.7 Hz), 4.81

(d, 1H, J=17. 1 Hz), i 4.47 (dd, 1H, J=15.3,6. 3 So Na Hz), 4. 33
(dd, 1H, Ja#B.2810/120112 6.3 Hz),4.33 (s, 3H), ONa PCT/KR2010/002306
EXAMPLE 11

10

15

20

25

30

35

Synthesis of S3 (Side Chain)
S3 was obtained in the same manner as in Example 1.

EXAMPLE 12

Synthesis of Q10

3-Iodo—1H-indole-7—-carbaldehyde

A solution of 24 g of I, in 125 ml of DMF (dimethylformamide) was added to
the starting material (indole-7-carbaldehyde) and reacted with 5.3 g of KOH with
stirring. The reaction progress was monitored with TLC. When the reaction was
completed, 354 ml of EA (ethylacetate) and 354 ml of distilled water were added
to generate layer separation. The organic layer thus formed was washed with a
10% aqueous NasS£s; solution, dried over NasS0O; (sodium sulfate), filtered and
concentrated at 40 2C to give Q10 as a concentrated residue.

-NMR (CDCls, 300MHz) & 10.3 (bs, 1H), 10.2 (s, 1H), 7.79 (d, 1H, J=7.8
Hz), 7.75 (d, 1H, J=7.2 Hz), 7.44 (d, 1, J=2.1 Hz), 7.37 (t, 1H, J=7.2 Hz); m/z
272.14 [MM]*

EXAMPLE 13

Synthesis of Q9

17 g of Q10 was dissolved in 100 ml of DMF (dimethylformamide) with
stirring. The resulting solution was cooled to 10°2C and mixed with 18 g of
K005 (potassium carbonate). After 6 ml of Mel (methyliodide) was dropwise added
thereto, the solution was warmed to room temperature and stirred for 4~5 hrs.
When the starting material was recognized as disappearing, KOs was filtered
off, followed by crystallization in hexane to give Q9.

- MR (CDCls, 300MHz) & 10.2 (s, 1H), 7.76 (td, 1H, J=7.8, 1.2 Hz),
7.31(t, 1H, J=7.8 Hz), 7.12 (s, 1H), 4.14 (s, 3H)

EXAMPLE 14

Synthesis of Q8

To a solution of 18 g of Q9 in 600 ml of MeOH (methanol) was added 0.4 ml
of AcOH (acetic acid). At room temperature, 14 ml of aminoacetaldehyde
diethylacetal was added to the solution, followed by stirring for 3~4 hrs. The
solution was cooled to 10°C before 3.3 g of the reducing agent NaCNBH;
(sodiumcyanoborohydride) was slowly added. At this time, care had to be taken
because hydrogen gas and heat were generated. After the reaction mixture was
stirred at room temperature for 1 hr, the progress of the reaction was
monitored. When the reaction was completed, 354 ml of EA (ethylacetate) and 354
ml of distilled water were used to separate layers. The organic layer thus
formed was dehydrated with 141 g of NagS0, (sodium sulfate) and crystallized in
hexane to give Q8.

EXAMPLE 15
30



3.47-3.24 (m 8H), 2.64 (s, 3H) Met hods known in the art may be
used to determine the effectiveness of a conpound provided here in treating
cancer, swohoagi2éivk. For exanple, the nethod described ipoTR@IMI@2:03 My be
used for assessing the anticancer activity of a 5 given conpound.

Addi ti onal exenplary nethods for assessing the activity of a conpound in
treati ng AML i Hothedes ohé8e described in Bishop et al., Blood 87: 1710-7,
1996; Bishop, Hemi of GreollyA0tHhi)- 68 di89Wedaird 283 trdy pf Gl Gl mhiorbifeth8w3- 52,

2002: Thew%ﬁmm ofo thes BSIesRAlwai KRED SO MENTUDQO-AnH, Ml RE BBol-Q-a
patient )' R N”ﬁr‘eﬁ ltgﬁfaﬁ&fhy};jr%n*{@r 'r%tt&th&%@%pha%eﬁh gpally, of OBtml ly,

”‘”‘Sdes{ Lompna B ERR i Qeav&r%aree ey s PR IEN o
conposi n en era
asmtjsed hBrsei mixednglthdés: 8s@b@iﬁt s fyrh f‘écﬁf’dr‘@j fiomt a?\/e‘r‘ious

i nt r amuscompiet ipmpf be geegtnen, fligteled drats,er gasdaddad rtamneméasrenfa@ﬁar@h@n I n
pr ef er r edTigsrbadhive dysr thixe foraap wan dastax! idh BeBmOSift & Gftsagaeds adnr ivi stier ed
Vi a injeckh@n;onSued 88ml MY @V emoUgucbid BRHIRNSolution, deb9dtated YwidRONa,S0,

t her apgut k&qg?tﬁnt 'E‘lﬁ@gﬁle)()f ﬁ%BP&Hﬂ%%etPft? RRrRIESEN, c%héeﬁtﬁ% aaﬂe.be

det erm ned by standard pharnmaceutica procedures in ce tures or
experinental animals, e.g., for determning the LD50 (the dose |l ethal to
50% of the popENAMRIiEoK’) and the ED50 (the dose therapeutically effective in
50% of the 20 Sywhedds 0f R80112PCT/ KR2010/ 002306 popul ati on). The dose ratio
bet ween toxic and sderiapenft B¢ ebf €t in 460 mheoft Mer(dpdubicseihacexwandddett can

be eXp[seS§@dmlaSoft hapEabin. LD%&&DBQIe Geanesnds tdmbleexd)i Rhe kal@hn is
t her apeut | Snc 7 tl,e(aes 81wl ﬁ{l ﬁoﬁWﬂWﬁll td}aﬂCéé por'bmétﬁﬁeﬁl\ si de

4 yhi

effects ta en. t des em
t hat targ ﬁ% ‘%ﬁ‘b%ﬁﬁ ‘t’ ef he éganc f@'ﬁ f(?rglg af Waﬁﬂgﬂ b
mini ni ze pot @Atolap FarEEOUs & lGRicH e té‘%)‘u&@lnl CL aﬁ?pm t?lferae , AP %de
ef fects. SolutlonTrwddaeracotmeatrrae@ fogmet®p cell culture assays and ani mal
studi e can be used in fornmulating a range of dosage for use in humans. The

dosage of suchEXJrMaL@om)ounds lies preferably within a range of circulating
concentrations ?l‘?e:s de the ED50 with little or no toxi city In vitro

car di ot oxi ci ty (#p e de C n e net hod
descri bed |n E&Oarﬁ)ls8ﬁ§4°rbéﬁ @g gfn‘gfydggsa’be %a ‘gfdyyﬁw?&‘r‘fgnorg Ranre%‘ﬁée
dependi ngdigssiser hedgssagl f o8 m &hp ﬁ%a bedzot & ag9! ‘ad’ i on
utilized. tﬁoamahyylucwmpmundh@@éhlorwhoma@ rretahd)d oflét hemi nventi onDIfEAe

t her apeut i(¢idkbptrogflEeelani ge X os eoamanenper s aid. meif ed thw tolak lop wasosbicedd! focul t ure

assays. Agdpsgs MR¥%olR idPbimekad efl Qtanmamorml ofrmdeddtscm@roaemaﬁéoew@s gidbigkat i ng

plasma COE{T&Ht [akion 1 ‘i‘Pzast ! frrlecpczltuq Q@H& (for €12 e C%@ﬁnﬁ“@at' on
S n %f

AR 0" i I gdirt-}aamshwe%'aﬁ% Z%t"'uiﬁfd ™

as determr??é?a‘qnnw%q‘eF
accur adle| yai@stweraiuped @ GPRArabo BT | SPPHGHRs. PR VEsR1¢ dayradie fegipdprs
measur ed, wadhed exami08, mbyfhaghh paendoos neihcie ke¢iguielutimoped G§p aphyt a 5% The
ef fecti ve ag@ses dgiienesiudiont el tahpera0éd dideddleg dthBab@nxodiun eul fateedandt he

route of gy tun%&rrtatﬂee% 3f16rd Qs Of csbitested@bngiet reat ed, the physical
characteristics of the specific subject under consideration for treatnent,

25 concurrentmﬁﬁﬂd)ﬁa on, and other factors that those skilled in the

medi caf arts 0 ni ze. For exanple, for treating AM., a conpound of
the present di Satthesds of be admi nistered via |I.V. injection or infusion
at an armount bawee rof OpT sthHKY wam dddE0 tergy R(glu(e)ngof 40g5oft 85110 MY ky,0f10 to
100 ny/ kg.tohlkes whikBO0wdsot IEAOhammédk go BORC weTlght dsulding hsot@ri o evagidirii mried taer ed as
a single QHé%améj"%lert@érat%pe %?k{_‘&()/mlﬁm%olle& to0FocAl t @Y AR aRd iBh@ntrat&r. val .

In certaip eabo %JE‘%E‘@ W §ne£ g CPéT@%P %té‘)%n&jﬂléﬁ?ﬁd' tbr, eafrteng AM.
in a manner’ sim ?tish ccorg{3 a dher
aspect th&FEBiC 1Y diw kr]-: § ap%\ﬁqﬂeé’éls C! ‘tChB%II 8‘? ufionan

manuf act uRPhgnlt BéE @ Qaraﬁ‘@otlﬁer?Hﬁ%rré‘t’]iUésonoﬁmt iiehysirakedn #1140 240 8 o H#5% mass
scal e. Thdsaktrneul fatmpards tdent dvacdndt dteditngise §laast a abneenigpsed residue.

i ntroduci ng an'teR (CDCOUP300MED) |8100UB-772T & pattemy2ie7. Jir éf eliahl ¥. Rhétqugh
Friedel -Crafts acylation to provide 3-agyl -i ndol e- 7- car bal dehyde;

i ntroduci ng an al kyl group and an am noacetal group to 3-acyl-indole-7- 40
car bal dehyde to provide a 1-al kyl -3-acyl -indol e derivative; am dat i ng
the 1-al kyl -3-acyl-indole derivative with stereoselectivity with
Cbz-Tyr(QtBu) (i.e.,

(S)-2-(benzyl oxycar bonyl am no) - 3- (4-t ert but oxyphenyl ) propanoi ¢ acid) and
2-(1-allyl-4-benzyl sem carbazi do)acetic acid to provide a reaction

i nt er nedi at e; cyclizing the reaction intermediate in the presence
of form c aC| d to provi de a cycI | c i nter rredl ate and phosphorylating the

_____ - . I



Represent ati ve conpounds of the invention can be prepared as illustrated in
the foll owi ng Reaction Schene. [ A Ad] [ 4A5] In certain

enbodi menyve.20fd/@0i1g methyl, Ro is -C(0)Re, and Re is nepby/krenioli23os

cycl opropyl . As seen herein, the reaction scherre is di rect ed to novel
reverse turn mmcs, represented b m cal For nul corrpounds
accor di nglH.oJthdizdr §seh(s, Nd')en?ioén(ydar?é{ bad édHoh %Wr(énel\ﬁorjkﬁﬂ‘ HZ) 6.90

pyrazi no-td,i @Hj neBed Hadi h6.6outt,dillif 6t Hzunct 62n@l, gitoupslOal t dchelt),
thereto. 3G3yegt(@, 3 by (:thi il JiBe(DlU{QFSStdZe((EOIH J-he. xpApoundsdrmust be

synthesi Zedesd g anhe%a' =17.1 Hz), ALARCY, OHOURIES) | 81 pAUCESs! (kO L he
i ndol e - @S ﬁfbyﬁ% U@Qg@’ § el @a]‘ltﬁ (%cy%@tl on, followed
bythelnwo& Zall?y %d mnoace |8u OSAFTRE the reaction
of AA2 with the chiral conpound (Cbz- Tyr05| ne OcBu) the resulting
i nt ermedi at e iEXA¥UB] Bcted to stereosel ective amdation with PivCl
(Pi val oyl chl or$ytiehesasndf iIQBCF (i sobutyl chl oroformate) to afford AA3.
Thereafter, AAR hLSsdidGbhzFd100 hd of opdTi g aaﬁabduﬁ@optg Al I AM-d fohdeowrd4 by

phOSpR@ry Zoqw%% dlé?gggqﬂlé&tésomg% ﬁazlcEn(l ,Iaﬁéb Aé'?dtmpr&o%@hl%@aus' ng

0. 5N t 10 t ure

pyr azi no- é%ﬁ%rb8%??g é% f IJE%% g Rﬁﬁfﬁlﬁ} bagé%b‘ ( Mode
for Inven <P opifed by tempgraafe EheRb gy §9 e%Q(flCng tef heing sbiRed itAVen DA nay be
obt ai ned ther otagh tthepekatiurew thg escdnploes wahi ctplad e tgetrodnor tenpgratire] Bt r at e,
but are nednctrirbedS coBRSt(etigdaagatd)mand nigstithéedpmetsentrerienusmnt itongenerate As
denonsisr af /4y h§éb§faﬂ10ﬂ he m@rm@!ams 18fer ChigRi (f@ﬂme(ﬁ:osﬁa‘iﬂlhéhyhrﬁé@l With mamwanoer

acti vi ty d1um Su;;é ?) r{Pn ea%E) ehﬂ%tmﬁt ho‘?h coﬂ f7 rﬁf@%@t ?is@é!ﬁ‘z@&
e ZI

|IIustrat Rea tlon Scherre

|11 ustrat o gt raf’wi ?Fpﬁgfﬁla?r@a% F SO g i Cropiile
2010/ 12011@@@/ RH@@Q PHOSADENE At roong PG ateECh tep e sHeleimMuPhdberi ng
met hod i | Fesst roat ethei nedRéEmt b Uk Hesrevasheg IWIltfbéOdféls@rf i e jagueges NaHCGsn
Exanpl #s  doltuoi ohOand SdebycyBRidEw it h HapiOh € sodi umksuBate) to give Q3 as a concentrated
2- (1- All ylsdAakenzyl sem car bazi do) acetic acid [ 067 g of

et hyl hydr azi nogggha %}%O vegysi (H 643 M @fHZ]'Hlv} 6t eyr qﬁqup@ulqzqn) and
REERT RS U S SO B
stirred f&m0-4 Ws An® f(d| ¢ Bh ed™-Folthe 6164 t(Hatdl, Wa{s8 érg 8aof&i‘ed 3 m of
benzyl ¥ssoby@naté avel) 15.% ft, bl ﬂf’i\;\%d{Zby%Qa tdi By §9P. )m f. 94t (dp ollm 15

t enper at ugel4. Thie) edf 8end, dHsal=0T.iloHz)of 4 48 @ldof IHKOH16 it éﬁsHu)m tyadr Gidi, de) in

673 m of 1gi stisl s ed y@ber was @ oM seqaddrdbedior e2 shidsr i3M9; Pz 730,581 n.
Layer sepﬂﬁaj&l on was generated by addi ng 403 m of MC (di chl or onet hane) and
269 m of hexane and stirring. The aqueous sol ution was washed once with
201 m of MC (dichloronethane). The aqueous solution was adjusted to a pH
of 2-33by usi ngFMGE1H0 M of conc. HCL. After being stirred for 30 nin, the
pH- adj ust ed sobymthesns whRZextracted with 1009 m of MC (dichl oromet hane).
The MC (di chl ok conithene] Hayet Whirs 20bmhiofelFweet diidrdfiated wid thol263og of
Na2SO4, fplderegd @Rl then zgormce)mtmnﬁd At tBe Vs%ﬁé“t@lpe-mﬁréo%efﬁﬂt Lat®Ai s

crystalli %{%q]@ ﬁﬁ}] gg’)‘lwgg T_ﬂg (giteF a&%t ?&15?10?1 a§ﬂt|1éHc sﬂ?’r‘@dq?or L,
?V%tcfr

follomed e urr|e 1
of EA {et EE//I a f"LtO lsf‘il ates O%Wda(ﬁlF ed ZPS ]awga?cﬁ (?allj 40 g
of S3 as &Mk 1qnewa§o41€i dhel sghygon was stirred fqqpd mip 913 ofgll{0. 84

(bs, 1H), mbot. @o(@@yl@_bgate)a rgsyten m(layer%@parﬁl@l 42Tq tthe aq@o@s Hrayerlwaﬂ) 6
5.85-5. 72afded 21W1ln] &G HC 2@e(tddenedr28r iDe) 2.£01 lid@ed bi) adjGstoing Shé dpH d£1theHz,
1H), 6 4. 4dndich2té M-32Dih & 3178 dsh. ACHA0. Bhe 3Pgahi SHayerl lhhus EXMMPLIRS2

Synt he§d SdaIydIP %e(’? (x?ﬁ‘ﬁt W%S@ll(sb&%&ﬁfaztega%%ﬁg%greated In a vacuum, The

concentrate was crystallized in 130 ml of THF (tetrahydrofuran) and 435 ml of n-
hexane and the solid was filtered and dried in a vacuum.

EXAMPLE 21
32



35 23.5 mM of AcCl (acetylchloride) was dropw se added to a solution
of 55 g of A1C13 in 400 ml of MC (dichloronmethane) wth stirring. To this
sol uti on wetyepmkse added a solution of 40 g of the sparikrgiomwsei al

(i ndol e-7- carbal dehyde) in 400 ml of MC (dichloronethane). The tenperature
of the 40 solution nmust be naintained at 0-52C upon the addition and then
al loned to invnteses b Hoom tenperature. The progress of the reaction was
noni tored usi ngt tehial Idajelr Q2hwasrediegslaghyin( OC) mhndf hdighi lped fwatemmvaeh | i qui d
chr omat ogs@phg. ARERE ¢dogirzeas DFHPNC WASINCIATE wRiseshowyhaddal et Adjnswae pH

subj ect ed,, t%%&eglaeaﬁt%@dmttmﬁet ®fo) g HOT GBI §1dRURY 1d BB dored vas

dried %ver magnesi um 5 sul fate) ter ed "and then concentrated at
40QC to give 41 of P9 _as concentrat ed reS| due ield 80% .. EXAVMPLE 3
Synthesi s of PB F03LIAL eflSPEr Rt pett HYLL 198 ighv &1 7 é‘% Tfé??fe ddhe prepareg g of
P9 was di sgobwds, beloa12 m of DVF (di met hyl f or mani de) and stirred. After
the solution was cooled to 10QC, 91 g of K2CO3 (potassium carbonate) was
added thereto,pxamdE2f m of Mel (nethyliodide) was dropw se 15 added. The
resul tjng sol uf('st O'Borh%ﬁnd@l Iwgy@q)rE&rledqcfneatﬁg Fdbmt %FPSFcﬂP&gse tEOlrﬁdPQVr@ the

tenperature stisre n S mater | S

r e(r:rggnl zed aqut saéﬁl i ng P%Elﬁg wad ft?q tlen(r:ﬁe%#uﬁdf "E% O%| S ]d orBdruf®
crystal | i 84t gHentn W@k%the @ gi¥etasay of N pgeidbery (NP WR %SBTYEitS (Yeld
8099 . 20EXiskmiumphpsshane Hewi.s of P7 1 -(7-((2,2 -Diethoxyethyl ani no) net hyl)
-1 -net hyI - 1Hhindalodrid wysp air fan et ey Tadddng aloditumohydrbx i86 tp ¢B, R&ichn was54 ni

of MeOH ( ghaithangdd awasdiaddedE2nd1dT0. 2Boaf mbeblliGRcet & sadiud) forrdhef @k ut i on
was m Xedgwd ‘% §§0Wr’rta &Jlu@l?flﬂp%? %}paltg é{ﬁédrﬁg/m et h)%ﬁlc% ﬁévechRrQ?tt per ature

and stirr ton_ was of the
reduci ng B@Qﬁ‘t“ﬂ%%ﬁéf‘ E%ﬁ?ﬁﬁ%‘bﬁ@ﬁd\f i fEFCASE 1§ gl\ﬁfya ra"%l‘d’rgadlt“ﬁep 5 %&I this
time, caré 4Raddiddodivkympes 4f6 hydr;gen gas generation and

exot her mal r eatlii oh.gTamhi sdllvit shows \ehangss i inr B aad poderhi 8D WhempPedat\alte isor 1
hr. Whem t béled e@obiice washe avpp@ingédyf 3bed potseaf Wher(tedy!| doethat edappndh854 i

of distil hadzat@teraxrﬁrar@&@ley tﬁ@ aa@edtatoaeearfatdalunamrrsmdthet@rtge@t@hl ayer
thus Tormeg ¢a% diliClBiPhoddl & 2rIbUTN cIRgNGAR! HTLRILIRL 8) p?ﬂﬂftlon
r %Jp&c soli

crystalllzdln xan as a yellow s yield
80% . 35N 6{@ %:dt’i%d? Oisgde Wst I-1), 6 7.61 (s, IH), 6

7.17 (d, JE4 2 Hz, IH), 6 7.10 (d, JE4.2 Hz, IH . 6 4.58 (t, J3.3, tH 8
4.21 (35 3H), BAPIERYs, 3H), 6 3.68 (m 2H), 6 3.51 (m 2H), 6 2.82 (d,
J=-3.3 Hz, 2H)AntGeadceBACtSyi3Hn AGutd MBldit Ledddnpa IENL) Gdimal4BIANPLE 5

Synt hesi s of P@sBerﬁ'aZt)éH(a% weke- pMphed- @€ etthy! forih oﬂeﬁﬂaﬁrugslt'blﬂﬁéﬁase the

:Z)u%/g:stpﬂen F I'1 sﬁ]% Zcom%(gjh(% Rexyed it ) Crgrpﬁ t1o&% thlfp which ma%gleved in
449 m of © E%% @P%?@é‘t"‘a?“e)d SR g(trfnrwaisngtm&flég aJ %eo ol Tk }ga“ e§l§cool ed to

0-5C, M nml of NWM (Nnet hyl norpholine) and 19 ml of pival oyl chl oroide were
dropwi se &oweddtier et o. The sol ution viesposed A2ed for 1-2 hrs and then 44.9

g of P7 was add he,reto at 5 0-52C. The solution was warned to room
tenperature fol ostirrihg-for\ 2-3 hr@g fer termnation of the
to gene er seppration. The

reaction, distill

organiclayer thus f rrafopl\ he@ with 898 m Ya %0 8 ous citric
acid solution and 89 % agqueous NaHCCB u 0 d ¢hen dried
over 179 g of MgSO™4 (magne glof\,at e) to be con r&ted.. 85 g 10 of P6
was obtai ned as a residue ( EXAMPLE 6 hesis of PS5
(S)-3-(4-tert-butoxypheny1)-N-((3 acetyl 1- Irrethyl-lmd&f’ % yonet hyl )- 15
2-am no- N- (2, 2- di et hoNyet hyl ) pr opanam de To 85 g of P6 in 853 m of
MeOH added 8.5 g of |OM % Pd/C. 16 g of anmonium fornate was added and
then rer luxed for 2 hrs. After conpletion of the reaction, the solution
was cooled to roomtenperature and Pd/C was filtered. 20 The sol ution was
concentrated before | ayer separation with 853 ml of EA (ethylacetate) and
1706 mM of distilled water. The organic |ayer thus fornmed was washed with
850 m of a 5% aqueous citric acid solution and 850 m of a 5% aqueous
NaHCO3 sol ution and concentrated to giwse 56 g of P5 (yield 90% . 25EXAMPLE
7 Synthesis of P4 40 g of side chain 33 was dissolved in 426 m of EA
(ethyl acetate) and cooled to -10QC. To the solution were dropwi se added 41
m of NWM (N- 30 net hyl norpholine) and 20 ml of iBCF

(i so-butylchloroformate) at the sane tenperature. The reaction m xture was
stirred for 2-3 hrs at -10QC after which a solution of 56 g of P5 in 200 m
of EA (ethylacetate) was dropw se added thereto. The reaction m xture was
warnmed to roomtenperature and then stirred for 1-2 hrs. Wen the reaction
was term nated EA (ethyI acetate) and 850 m of 35 di st|IIed water were.

. o o o, o M rr
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Synt hesis of P3

(63, 9aS) - 6- (4- Hydr oxybenzyl)-8-((3-acetyl- 1-net hyl - 1H i ndol- 7- yOret hyl ) -

2- al | y1- Nvbenmyizonexahydr o- 4, 7- di oxo- 2H pyrazi no[ 2, 1- c] ptracebbivdoassne- 1( 61
.1)- carboxam de 81 g of P4 was dissolved in 383 m of 85%formc
aC|d and heated to 50C. After being stirred for 1-2 hrs at the sane

t enper at ut@pounfid3sol uti on was cool ed tlomposeshit enperature and mixed with
acetone. This solutiomwas 5 adjusted to a mﬂ 0-4.2 by dropw se addi ng

5N NaCH, fOHm crude fcrystals. After cooli ©- 15C, niRe golid was
filtered and>elpl et el yndiyssolved in 767 ni o&bAﬁ$§%?M iNg. Sl ow
cool i ng pr esipjt s which were filtered_t F3 as a pinkish
white crystal (40g, /SE%§§EKQ NVR (58@§Hz, 13) 8.43 (d,
J=4.8 Hz, EH), %63 (5, 11), 7.38-7.35 (m 2H), 7 q@Ngrﬁ
7.29-7.21 (m 2H), @n (qdoNaJ =4.8 Hz, 2H), 6.97 (d, J=ABEonEH)
6.69-6.65 (m 3H), B O(SQNalll) 5.55-5. 44 (m 3H), 5. 34 (t, J=4.6 Hz,
EH), 5.03 (d, J=6.3 Hz, - 4.87 (d, J=9.0 Hz, EH) 4.79 (d, J=7.5 Hz,
1), 4.4 d B1=9. 0, 3 Hz | H), 4(2ﬁp<ﬁ1ﬁttiBZJ =9.0, 3.6 Hz, 1H), 4.02 (s,
3H), 3.43 (d, J=7.2 Hz, III) 338333(m 3H), 3.27 (d, J=7.2 Hz, EH),
3.29- 15 3.24 (m |IH), 18 (dd, J=7.2, 4@@—0 2. 51 (s H). EXAVPLE
9 Synt hesi f P2 ia

-7- 20

4- MBS, 9aS) | car banpy 1) - 8- ((3-acetyl- i lue ;%L

yOret hyl ) - 2-ally N s , 7-di oxo- IH-pyraZ| 2,4]triazin-6-
yOnet hyl ) phenyl GX&;?O posphate OWas di ssolved in 217
m of THF (tetra ydf offuran),

cool ed to O- 520 and fhx ith 25 m of POCI3.
At the sane tenp rat\m 28, of TEA 25 (triethylani Cy\é%mplropwl se
added. Stirring for om foll owed by slow addition of 87 m of
distilled water. 348 nml of a sat. aqueous NaHCO3 sol uti on was added to the
sol ution ' was then stirred for 3 Jind Af ter the solution was

subj ect ed ayer separation by addi ng 7 m of EA (ethylacetate), 217 m
of MC (met hyl enechl orj de) was added to the m | ayer and t\hen the pH
was 30 adjusted to 1-3 with 14 m of conc. epar at gyl.ayers. The
organi c | ayer thus fo d was dehydrated withsl74. sodi um

sul fate) n%entra ed a vacuum The concer'\‘t\ltK te rystallized in
130 m of etrahy an) and 435 nm of n-hegane,°frftered, and
vacuum dri e+t 0 2.41 (s, 3H). EXAMPLP 1 thegis of P1

Sodi um 4- MBS, 9 )4\2% zyl car bam)yl)-8-((3- acetyl - 10I\@T\M ;tI—I-l ndol - 7- 27
yl )nmethyl )-2-al = -qetahydro-4, 7-di oxo-111-pyraz ino[2 , 1-c] [1, 2
,4] tr i az in-6- e ? I )phenyl hydr ogenphosphate 40 g of dried P2 was

dlssol}/ed in 2000 n1 of’ di'Stilled water with 5 stirring. The solution was

cooled™to 0-5 foll owed by adjusting.the thereof to 4.6-4.8

(130- 110n§9‘“p8'§%g§%vm y adding a 0.1 N g‘tj’ﬁ%‘l’)‘ﬂ‘g CH sol ution, and then

| yophi li zed mord 40 g of P1 as a white oL(yleId 5°/c)

11-1 NMR (30 ,\(@20) ™ g, J=7.8 Hz, 060 (shw-111 7.07-6.
(m 1011) 6. SQ/(\d,,NJ 7.2 11) 5.39-5.32(m WJ: 4 Hz
LH), 4,985 10 (d, i , 4.70-4. 53(m 2 15 Hz,
EH),397(d J=15. ), 3.57 (s, 3H), 356 111), 3.30- 2. 81
(m 611), 2.84-2.871 ( QO %18 (s, 3H). Anot her® atqQJg exanple fo
representative conpoun 5’ édatggested 15 bel ow. V\D o ONa :

2010/ 120112PCT/ KR2010/ 002306 <Reaction Schene 2> The met hod

i |l ustrat &dnpbundR8Bacti on Scheme 2 is descri Hedpoumd Getail in 5 Exanples 11 to
21. BEYAMPLE 11 Synthesjs of S3 (Side Chain) 53 was obtained in the sane
i %EXAIVPLE 12 Synt hesi @ L0

manner as in Ie 1.
3-lodo-111-i rié&e& o carﬂ(ﬁl}d\e?/de N W
NN N \/\N’N\[/\N
k‘g/;& LA °

i _ONa
25 o b\ONa \©\ ‘D _ONa

34 0" “ONa



A solution of 24 g of 12 in 125 m of DMF (di net hyl formam de) was added to
the starting material (indole -7 -carbal dehyde) and reacted with 5.3 g of
Kal w th w0 28fo/moiing. The reaction progress was nonit or edrwir2010fdog306 When
the reaction was conpleted, 354 nml of EA (ethylacetate) and 354 m of
distilled water were added to generate | ayer separation. The organic |ayer
thus fornmed was washed with a 10% aqueous Na2S203 sol ution, dried over
Na2SO4 ( skRefetmmcs uMdtat 891, fArd-Cer(€amandadlgngeat!pblteedirag 4§ QCedtong)i dmit€Ql0 as
a concentM@q@l@ E@ﬁ@ggp 1511-1-NWR (CDC12, 300MHz) 6 10.3 (bs, 111), 10.2
(s, 1H, 79 ,111 J78Hz)775(d 114, J72Hz)744(d 1H,

J=2.1 Hz) 1H\/\>M[$] lgl I—fzz} ’W ]%72w14 ‘ﬁ%éﬁ %01§¥nt3983| s of
Q@ 31{18 §¢ ' 6%? 00 ?ﬁ mam de)
With sti r?ti ﬁ@re Thle esculufl g2 6ﬁﬂ%§)ﬂcb%ﬂéamfeo s %?@M@?&%P wth 18
g of K2C, BslifmpeEiBeei aan#caiop am)lemeAtqdewtb 10 fetalveoviperseny (BBideatias
dropwi se asidedstherfemale Bdib/Gatdet mms @aentBioneingmantoom Kkeepkr attuveekand
stirred fgrd 4wareNfagelidaeihen tthlaebﬁéeamgl RgomYat @Jéir@ aWagerl Bize@néyz etkeasa

di sappgar B&ureKaf?%WﬁSMMﬂeae? “{2 rf “(Q;é:ﬂ Déﬁ%@d' Hxﬁ%ﬁtén%ﬂnt' gt hexane

to give 6 OM-lz) 76
(td, EH, X10” /gousi bLenPEt)h th}e} ﬂ ltla 1Ce % 12?35 %;82
30EXANPLEVeEHS g rhHg; & ?nt@lon ‘the migp %ier§’othYf fiS‘n”lSP fige BS 1R n  of
MeOH (et hanoiey thas aadteduD daviat iopf Wil CER{rdciet feoaciay and\tboqimmght was

t enper at uoigtairkd adongfthanirogacetkdedsy detetiietshybrac étsablwe sinaddsdolbgicahe

sol uti gn, sf1ghd %Yi@dml@i/av%ﬁddsw N jéc@ed 3t 4ahdose ofheo 3!51/13@@1&(‘: QN dwAsang ofilved to

102C befomneég&erg wQh he trwsd%em(aamhgté%w%s Epdeeewa@@ﬂapg ohygpi de)

was sl owl e y ir, gas
and heat %‘“%t%ﬁyt %S‘Péoéé‘f"’tl %alh?%d” \N?‘X umor ?.gvr%c:om

t enper at u %tef'ﬁfledl aﬁrca lewiated dyr s (@floying ‘?’Oéla’b‘tofloﬂ‘ Fﬁ)rﬁ IS réd Whén the
reaction Srst cplZet ethe 352 mhd hoRA Agest | Bee 08 ) WexA dmeasared Oinnlergith

di stil beedusvager duetal uslépert Misepayat fapha)y erfhe ahhscaocggaaitcvitaydr thehtest f or ned
was dehydpateth W8 nlifler aBedohcddpdat 4o (thedioUrovsnd @fagjonand crystallized in
hexane to give @ EXAMPLE 15 Synthesis of Q7 27 g of Fnoc-Tyr (G Bu)

S At o] S el i
-t et r anet hyl ur‘ﬁﬁf‘?)ﬁl hexaf | uor o hosphat e) and 20 Ml of DIPEA 5

(di i sopyr opyl et &y mean rteorasizeoefnvitugraserasiared et @oPat Lon was stirred for
1-2 hrs, m xedbw fdan toam&@ @i zef of Brigratimfnistdred gsbuprorelayf 82 2-3 hrs. After the

conpl eti on of pdie, ceRGhi@fer diktéfl tiRdcREAr oVBgy added to cause |ayer
separation. I h gy fled with 898 mM of a 5%
P TNEe100 Qaflafi (AYESi Ao (AOLAREL V3 piRSS 6

aqueous citric acid so ut| on an queous NaHCC3 soI ution,
dehydrated with Na2SO4 10 (sodi um sul fate), and.concentrated ford Q7
as a céhcent rathsg Fl‘@sf“%’et‘”@’(AR/’FﬁI?EO%lJ eagi’”é“%‘i‘er gf iR, 08 al?ft '38f 34 g
of Q7 in 4@0led theh W3t (i dist drederet ﬁ@n@mméraéd@e@lf iBe 2estnhatgfiahs pet ildi ne.
After theindastelon Regresyipl €b80%) t hBumeolgudvithnlnhshie conc Battes atfetlmof @rdwshed by
| ayer sepgf ahé @Bs(Whider 409 4t RfmdVizeddincTihoe @redeigne) and 800 m of
distilled water. The organic |ayer thus forned was washed with 850 nl of a
5% aqueous citric acid solution and 81@%11 of a 5% aqueous NaHOD, 3 sol ution,
and théh concentrated to gi ve % I\%LE 1; Synt hesis of ® To a
solution of 13 g of S3 in 4dohiAition R@E‘?@él@ﬁ?ro %H‘Vétﬁhane) wer e

dr opwi seadded19gof HATU( 0- (7- azabenzotriazol -1-y1)-N, NN , N - 25
t et ranmet hyl urlorsumteekaf | vor|epkosiiag)e) and 16 TuiorogrotiPEsibition
(dii sopropyl €t hyl am ne) at room terrperat ure. Athagé the solution was|stirred

for 2-3 hrs, sotuttTonmof 4 of —Q6 T 200 f—MC(dichtoromethane) was
dr OpW se add 3\‘[‘ —Lcnr nf O- | 'I' \ %ngf rrrod At r 66 77?” ( f 1.2 i S)

v SO I T OO AL T T lJCI ou. ul C | UI L Z .
VWhen t he reac réﬁ: was_ conp let2d 200 M of MC (eﬁfrhl nrang_t_ha_n_e)_arnd, 200 ni

of distilled |3omwmbeAlvere |$8d to generate | dyReeroseivar@i@®h. The of ganic
| ayer thus forgsesbu@azwashed 26i th 200 M of a |Fgrgeeaus1@iiric aci
solution and 200 m of a 5% aqueous NaHCO3 sol ution and dehydrated with 340
g of Na2SO4 (sodium sul fate) and then gencentrated to afford 6 as a
concentrated residue. 35EXAMPLE 18 Synthesis of 4 289 ny of

p- TsOH. H20 was added to a solution of 4 g of @ in 100 m of toluene which
was then heated to 802C. The resulting solution was stirred at the sane
tenperature for 30 min, cooled to roomtenperature and concentrated. 40
Layer separation was generated with EA (ethylacetate) and distilled water.
The organic | ayer was washed with 200 m of a 5% aqueous citric acid
solution and 200 mM of a 5% aqueous NaHC03 sol ution and dehydrated with 340
g of Na2804 (SOdI um sulfat e) and t hen concentrat ed to gi ve Q4 as a

N NN NA PN PNPNPSNR AL\ PN g




10 mM of water were added 33 ng of 4 -acetyl benzeneboronic acid, 41 ng of
Na2003 (sodi um carbonate) and 15 ng of Pd(Ffh3)4

(t etraki swoiptvenyiiphosphi nopal | adi um), foll owed by tenpetatir010ad0e308t i on to
902C. After being stirred for 2 hrs at the sanme tenperature, the solution
was cooled to roomtenperature and concentrated. FA (ethylacetate) and
distilled wat @ompmrdeABJsed t p2generate 15 | ayel ngpwlam i(@H0%he organj c | ayer
t hus forned V@m@g{aypjrat ed weth Na2al 4 (sodi umesmil fate) to the
concentrati on, centrapg was di SSOI ved 1 blpgpmethane) to
which 1 m of C‘?rﬂ\ Lduc tuot U¢P.E§L| cactd)y—was LIIR?%Y%SS(I%& 1(’24‘7?(16(1 fo] | oned
by Stirring "COlpprQ $2:m'\nru‘n e  After the conp ? ﬁ A ?ﬁ} e reaction, the
reacti on nixtﬁﬂ%%@hed \%'i-’th 10 M of a 59 Qqhupoue NaHCOR 20 sol uti on
and dehydr at e omotuld Bla2S0O4 ( 89di um sul f at e) to4§%’ ve (B as a concentfated
resi due. - NVR(bfgaGek3c1 300MHz 56 8.05 (d, 2H, JR8rédsda) .(>i009L (d, IH J=7.2

Hz), 7.71 (d, ol & 2 T2) { 94 40-7.20 (M 4H Reg{re%loxﬁt@m%)l J=7 ),

7.05 (d, 2H, A H—3=6- 9 B85 (o F=8—4tz) |
S St S . PR AP Ml b A ST RIS SN R TR
J=10. 8 Hz), 4Comoped CEH_ J=1257 Hs). 4.81 (d. |28 J=17.1 Hr). 4 47 {dd, 1H,
J=15.3, 6.3 Hz), 4.33 (dd, 1H, J=15.3, 6.3 Hz), 4.33 (s, 3H). 347324(m

8H), 2.64 (s, ﬁ%& ré¥hizts7 &thib6t Dinht 1 41 130EXAVRIpbue Rt hilsibstdf &R ivity
sol ution of;pQ Qudk Q%wm 211K Sog&hd;mﬁ A% t efrmhygr @fILUSaB}co\P@igCP&'t%Q to

0, 52C and, g5 i ol ot of eI Bl s L 0 o

for 1 35 FF8resrom> ICP%tda%t & %Wdﬁyﬁ é\g@ ?@4 W*bgff aind ¢ |
aqueous NsHODE 8dlmAri mlhasora@d@dofaﬁé%t hTs’dkgbetQﬁeltbﬁﬁ Vs 1$piltpedemonsErage i n.
The addittlen ofie 2biMpanhdsofof EAhd eirbgdnac atvanten resuhtghdy i mhilyery sépaumat i on.

To the aqgemus. | ayer was added 217 ml of MC (nethyl enechlroride), followed
by adjusting the pH of the solution to 1-3 with 14 ml of conc. HCl. The

or gani o) | ayer #ﬁmf% rmed was 40 dehydrated with Nazall (sodiunsulfate) and
concent® ated i um The copcentrate wars][ crystadt*i zed in _’LSOéJE%,ﬂof THF
(tetrahydrofur%{h)méﬂcﬁ:aﬂ@gt(?ﬁlcbtp’ say ' 85830 & OF 1R K EPTE G IV 1 28 i0Sf and
dried in a vacuum EXAMPLE 21 Synthesis of Q 44 g of dried @ was

di ssol ved in 2298 wad tdarsfédtbd i imthERG Wintran $itherrareg-goARe ket et Gede) ngdNA o
0-52C, 0. i) MeGHsWasns LoyfycrafiRd2000 aeitsbgehhelSaH offhd heasoddibd GRAKAM

ge?aﬁl ed(éesirllngmﬁlﬂftg jgomﬁld M fl%ﬁp%h%&%fréﬁoﬂe%%mghﬂﬂfé% ibeo, 18(r%%\ounds
bel N rsd 1‘?” éé&“ rgva 2 feh ¢ P %?Og‘
|rerp?\cl)vveEtH saawt?p%hnt %Qohé’r%/g‘ r 05‘7&6@6 %’ggfeto

prodrug sddschadutron 1\Wh41h§h10@a\r¢5§t3<1lssby a@mmemth@“r H@n % g ﬁd’é@éﬁé’t%ﬁ
. di sodi unpihas phaber ffor npatdhicdanpr oeloudingas Apwbplaresd 1 byat et dil angp meidlodlmas

hydr oxjdeysc@ P2 whbeh MERe 18 syntdesi 26d HKIOr dells t gsibganpé e f8l1oBagh
monosodi u%?%xgrla%gﬂh%p %&E%ng’f Tﬁ@eﬁt&drgﬁeéﬁoﬁ R+ 29k ARt hibe %se%dt 0 400

mg/ ni . Bot [ QP§ rtles as a corrp05|t|on for

i nj ection a?omgouﬁg%g%d?ct Ti‘sd tﬁa 45 a um f.or has pH
of 7.62. FIG 1 2%{5%1 dwliar SodWARR: é§ fi 910 @'?M ﬁgﬁ%ﬁ‘@ ?‘?@ g]\}\‘;“f N@%ZSN
NaOH i s 20mbddétATh opwinde t102‘tbh%(0t: PROXD Utlaiilé‘I‘bN et tetigeget ionacifn t he
gr aph, 23t héBARGA) 20 mdal4-Echwdroeet wdérit-pigehaz | ackdbaheandomitsacodl (EBFSUAO mM,

hydr oxi denofi] 1288 ngg@Phim e hkrshseand sEasneheli nbsy.of inflection

correspond to hmp@%' macpfmmowma%%&géq@l

respectively ncer ActjvV n pAcit.e Mel ol d Leuz{:gm a
(AMY At T C%ﬁa Gall' ikl % o0 éélh?

prodrugs to in HiecBErang Lo gitupl Mag el adg o‘ln mﬁ@ﬁ OrA é"ﬁhate
f unct i ®nalin g o evdeil & tpanely Cb@lpemdheandathmnf@@tﬁfumdoﬁo die i fen £d10h Was

i nt r oducedudsg ahjuhotieugni$wstdnt wenbdutwandhERG 13/ G2 0dnt @ RET/ éRadad/ 002 BD6

Conpound ASERAPes dorentrations of the compounds that are required for 50% inhibition
of the current were represented as ICx.
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Compound BlCompound B2 5 Conpound B3Conpound B 10 Conpound C Conpound C2
Reference Material: Ara -C (Commercially available drug for treating Acute
Mel oi d Lwokery@p112The human AML cell line, W4 -11, wapcpwrRbag@aosATCC,
U S A) and cultured at 37'2C under a 5% CO2 condition in Iscove' s

Modi fi ed Dul becco’ s Medium (G BOO, cat# 21056) supplenented with 10% f et al
bovi ne serum (A BCO, cat# 25030-081). Fenale Bal b/C nude mce (OientBio,
Sungnamcity, TMBIR8), 5-6 weeks old, were acclimated to the breeding room
Using a steri I@a;@gt&m;[@g@ssa@ 10 m xture of 1:1 of M4 -11 cells : matrigel

(v/v) was i aﬁg T an aj use Deneath the axilla of each
of the mce. en tunor was MHO%&%}‘V\E@ S aftehl el i npl antation, the mce
were divided|into five (5) ¢t ﬁrlganéﬁé(ﬂ %hat a m ni mum devi ati on
with regard to tunor size an S%d ed anong the groups.

The test mat éCombsndwer e di s$80ved in physi ol ogi cal 15 saline and
i ntravenousl y Chﬂbﬁﬂt@d at a|dpse of 10 m/kg once a day and five times per
week for two W&d@*ﬂm i s gul on days of test materl als, D1-D5, D8-D12).

For a control—6n yystotogrecal—satine—was—used—The tunor size was

det er mi ned asw@_%_ed,_b%_&e_mu@w—ng—equat—l—en—mng Axis x Short Axis
x Short Axi s/|£omwpend Bbong and2&hort Axes of the tunor| were neasured in

| engt h 20 usi|@gmewdi Bi t al callifper (M tsutoyo, Japan)| The anticancer
activity of the test materials was nunerated according to the foll ow ng

ey T QY LABAI 0% B Gy (At OR Gel. L BTy Rgf_

a)] wherein 2

z m n| st er Y.
nean tunof<§i % éh%rfaw%la{% & t&ﬁ] 'Pﬁrk [bg%?uaer (L){a?] LEH e Pathe
size of tFREAESR¥ICHEY éﬁem§, 1 S ciydiotprLed Ly tdr‘égszés ?SSP‘Hét‘?fjoﬁi’tla'b %n Day
12 30Whenextthesineaof tlinmontesvade of etlh@trdcran@wammm shast el grlgupiosh @aytha2 was
smal | er t hags tdhedndifg RTiShtdredler eret hewadwi mhshit aikrochaafielsh@Betesd Featiari al s,

it is 1ondmﬁamo@8 AReEch§§S|I\@fhr@>ﬂé3@8@s DD scOve@Wt mobwhlzbutagemb?at &8e Of

t |

35TABLE 2 h.l{aa“ﬁ‘l R E%P“{P‘S@ oot otTecy Z&ptdéi??‘w s &%W%%Krmmr

growt h IthaB’ilet Pon‘R Pés g\zfaépp é't? %arélcgg '56%% ?H%  essi on
(>100%) C¥RgotRENeADXPrEeSRE BYERbFel §10’(§% awyzbefe?tm@i ﬁéﬁqgkliféﬁ/ $02306

Conpound A&tab Reyraddélone,( STOORepd, 12, May, 2005). Although pharmaceutical
15 activity of drug should be taken into consideration, a drug is evaluated as
having a low cardiotoxicity risk when ICs thereof is 10 uM or higher. In this
assay, most test compounds were found to overpass this criterion. Having higher
IC50, compound Al was evaluated to be safer than compound A, and compounds BI,
B2 and B3 than compound B.
.20
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Conpound A 25 61% Conpound Bl 25 Regression (>100% Conpound B2 25
Regression (>100% Conpound B3 25 80% Conpound B 25 49% Conpound d 25
Regr essi owo(2ei@8912 Conpound C2 25 Regression (>100% Cowmpouicofodozine 70%
Conpound C 25 25% Test results exhibit that all test conmpounds have

i nhi b|tory activity against tunor growmh. In conpounds Al-A3, Bl-B3 and
Cl- C3 acc Flfﬁl%l to the present invention, tunor inhibition rates were
measur ed tl6laimnde from 70% to 5 regression (>100%. In contrast, Ara-C, a
wi dely used dAugmb@ind AflChemiral fFothdatfo have a tunor inhibition rate of 66%
Taken together, the results dengpsiicat Boduiat 1t he conpounds of the present

i nvention are highly inhi bi:ry of tunor grow h. 10EXAMPLE 24 In vitro

Cardi otoxicity Assay:. Ass Hnhi bitory,Activity agai nst hERG

HEK293 was transfected wt N( n Et ﬁ%‘n- -go-go Rel ated CGene) cDNA
for 48 hrs using Lipofectamye ( i AJSA) The transfected
HEK293 15 cells were culture |nNI\/b |f ecco s Medium (MEM @G bco, 1
L) supplenented with 10% FBS, so S (10 m),
penicillin/streptonycin (10 m) an ZOCI N (100 pg/m, Invitrogen) at 372C
under 5% CO2. After being detached fromirgubation vessel s by trypsinizat
ion, the HEK293 cells were placed in a chanber for patch clanp recording. A
whol e-gel | patch clanp net hod was 20 used t Pecord hERG K+ currents in
HEK293 cehereinsi ng the following intra/extracel lular solutions. Thereafter,

Ef fects on K+Reus mefits; a/W&yEgﬁb@eraleﬁCg\ldlkéhyﬂh@r@Wﬁﬂ@nﬁp@ﬂdﬁd out si de the

(l\:/glc: ; | i nt raghel JSLéhaJr IS%P %su%tﬂ%%ﬁ Er%rtlegrgnﬁ)gp @& 5 m™
1 p, arid

-tetraace |c

- pi perzi n%et E‘ar‘\%s %P HEFPIQSNa?LG Znor "%g%em um ( NMO)

wer e used agj ust the Ha? 2 extraeel | ul e soI ut| on: Nad 145 nmM

KCL 5 nMEgI'Ucose 10 m\z{ Cag ~EPES 10 mM HCL were used
to adjust the pHto, 7 The rrecﬁdbrarne ent i al wafs depol ari zed from -80 nV

to +20 mVI[€lim 2]JO000 ns 30 in a whol e- ceII patch clanp node and then
repol ari zed t gpe @&pm{ldfgycoﬁdlggqor@amgw kalQeYW' ch the tail current of

out war d hERG K+ r t cord gard, the concentrations
of th corrpoulgads %g%g%éﬁ‘@f riﬁ:} Ff glﬁéi?fﬁiﬁtl on of the current were
Al

r epr esent ed a Ol{o ’t dAssay
(Claim 3]
The compound according to claim 1, wherein:
Ra Is methyl,
20 R, is -C-OR, wherein R. 1s C;—C¢ alkyl, and
R, is -H.
[Claim 4]
The compound according to claim 1, wherein
Ra 1s methyl,
25 Ry is -C(=0)R. wherein R. is CiCs alkyl, and
' R, is -POH;, —HPOs Na', or —PO£Nay'.
[Claim 5]

The compound according to claim 1, wherein the substituted aryl is acyl-
substituted aryl.
30 [Claim 6]
The compound according to claim 1, wherein the compound represented by
Chemical Formula I 1s
8-(3-Acetyl-1-methyl-1H-indol1-7-ylmethyl)-2-al ly1-6-(4-hydroxy-benzyl )-
4,7-dioxo-hexahydro-pyrazinol[2,1-c][1,2,4]triazine-1-carboxylic acid
35 benzylamide,
38



Test Cpd. Cardiotoxicity (MW (hERG nhibitingActivity Assay, | C50) Conpound
Al 80 Conpound A 14 Conpound Bl 18 Conpound B2 25 Conpound B3 20 Conpound B
1.6 5Thewoisto/biigardi otoxicity has been rai sed i n manyceksio0/000308 Of
them were withdrawn fromthe market because they caused a sudden death due
to the cardiotoxicity thereaof.The cardiotoxicity of drugs is associated
with the ext eﬁ‘s‘ilé}ﬁl‘éﬂ‘?dlg’?’Tﬂl@‘?t\?&]@u@ﬁy@l‘é@ﬁ?f&éaﬁblf@glf‘é(ﬁiél.mpﬁ}ytl3“@’Uq4arI y, nost
of the dhudroxebemvd)-dg7-Gioxonhesatydr s paragidohdvinekld, 3, dhirbazinéRrcarbawhel s

( Ber nar d aFgt bérzivldnddeand Ant hony A. Fossa, Nature Revi ews Drug Di scovery,

2003, 2, 439- 44)y]-Eh@-LeRprenasRebony NoYethie 1M a0 1L TR BMD-&ffect on

SRR N e N
cells, \Aﬁfbdn : AIG;HI(?

nt%r national |y recogni zed as a system (| CH gui del i ne,
S7B, Step4, 12; y,ﬁi-(éo@@yt?xwemdag&f? gk acE (s medy Hmtwet i ipder 7dr ug
shoul d belneked—4 At osohexaivdratiyoar ingl 2di-ed( 1,8, dialaaateetcaokavc regid | ow
car di ot oxkedyl anidé,sk when 1 C50 thereof is 10 pMor higher. In this assay,
Irmcgg tlfzt CONPOY S VB Kt @qnﬂméﬁt?ly@-"lﬁl%?§7Lﬁin§tl}]19fj—ge(r4Ll%'aroxl§|a{Zég%Q 3gi ggﬁa i
Bl , i32 a%gpé (g(t(.)géeﬁ oﬁ%% nagﬂ@f?g’ 0&[?%12?!92%'21% eia(fa%{}%?% gco{r%pound ofrrp
Cheni cal "B MlI'&%1: Chenical Fornula | wherein: Ra is a Cl-C6 al kyl
group, a C2- C8AAIKleRvAS;cvsiorsorapeqasbary kylngthy Gribuipdo IR vilgetAnlDabyH-gr oup, a
subst i t utidromr-penayt b p!-dorxo=tegdyRen-pyvaeimel 2 1Re] [il 2, 4] t€ilazdie-dt dayboxgt iwup, a
C2- C & kabohd bgizpupidgr a C2-C6 al kynyl group; and 10Rp is -H, -1303H2,
- HPO3 Nat, - PR3Q1Nag41-a1PPB2314¢E 1 oprofAdAr Pl -1H-iRAF276A4d hiH-6-@lz, ) CH3 , or
0CH3CH3 h§&f@k§nbgdzyl)-4,7—dioxo—hexahydro—pyrazino[2,l—c][1,2,4]triazine—l—carboxylic
acid benzylamide,
2-Ally1-6-(4-hydroxy—benzyl )-8-(1-methy!-3-pentanoyl-1H-indo1-7-
20 ylmethyl)-4,7-dioxo-hexahydro-pyrazino(2,1-c][1,2,4]triazine-1-carboxylic acid
benzylamide,
2-Ally1-6-(4-hydroxy-benzyl )-8-(1-methyl-3-propionyl-1H-indol1-7-
ylmethyl)-4,7-dioxo-hexahydro-pyrazino[2,1-c][1,2,4]triazine-1-carboxylic acid
benzylamide,
25 8-(3-Acetyl-1-propyl-1H-indol1-7-yImethyl)-2-al lyl-6-(4-hydroxy-benzyl )-
4,7-dioxo-hexahydro-pyrazinol2,1-c][1,2,4]triazine-1-carboxylic acid
benzylamide,
2-A11y1-8-[3-(3,3-dimethyl-butyryl )-1-propyl-1H-indol-7-ylmethyl ]-6-(4-
hydroxy-benzyl)-4,7-dioxo-hexahydro-pyrazino[2,1-c][1,2,4]triazine-1-carboxylic
30 acid benzylamide,
2-Al1y1-8-[3-(3,3-dimethyl-butyryl)-1-hexyl-1H-indol-7-yImethy1]-6-(4-
hydroxy-benzyl)-4,7-dioxo-hexahydro-pyrazino[2,1-c][1,2,4]triazine-1-carboxy!lic
acid benzylamide, or
2-Al1y1-8-(1-butyl-3-cyclopropanecarbonyl-1H-indol-7-ylmethyl )-6-(4-
35 hydroxy-benzyl)-4,7-dioxo-hexahydro—pyrazino[2,1-c][1,2,4]triazine-1-carboxylic
acid benzylamide.
[Claim 7]
A pharmaceutical composition comprising the compound according to any one
of claims 1 to 6 and a pharmaceutically acceptable excipient.
40 [Claim 8]
A method of treating acute myeloid leukemia (AML) comprising
administering to a patient having AML an effective amount of the pharmaceutical
composition according to claim 7.
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The conpound according to claim1, wherein: It%is a Cl-C6 al kyl group or a
C2-C6 al kenyl group, 15Ripis -C(D)Re wherein R is Cl1-C6 alkyl, and Rp is
-H, -FO3HRo 200@B8t12Na+, or -P032-Na2+. [ aim 3] The cowpeuoaz®esedi ng to
claim1, wherei n: R, is methyl, 20Rb is -C=ORe wherein Re is Cl-C6 al kyl,
and Rp is ai m4] The conpound according to claim1, wherein R is
met hyl , E‘ﬁlalml -C())Re wherein Re is C1-C6 al kyl, and Rp is -F0311[ 2,

-H1: 03- Nal -, The metpod2f 1612 8. wheGtiaiatmBiistering cmmelmngrpomdmac@or ding to
claim 1, phhmaeeumldaﬂla:ospdsstuohuttoedqeamthents acyl - substituted aryl. 30[Claim
6] [Themci@pound according to claim 1, wherein the corrpound

represented b I e h

SR TG0l e SR Aoy 48 gompng Bk rotta 1R

-hexahydr(li1 i}f k‘é e[qﬁenfl-c Fef 2,4]triazine -1 -carboxylic acid 35

benzyl ani de, mtmducmgzanﬁlc}’ groug’ inta indode-carpakiehide Ungnahriiigdel1 - net hyl

_1H -i nddlrattg Acylateerh {9 Jprovd de G4acy Ihipdolexicrdalkdehydes 4, 7 - di oxo - hexahydr o

- pyr azi no[ 2, 1 intebfuk,idy 41 tatkydzgmep ahd a6 anboxydtat gaeipdtderzyl-dnide;7-2 - Al | yl
- (3o~ ccﬁ%aq&@h%@ﬂ@%\h@@w 1—a1ky1”?taf95)/l|—md@>l‘é uadohtivd; -yl methyl) -6 -(4 - 5

Ry oy benzy afs RSN B \g@g&hlﬁtemsam jg1 azine -1

- car boxyl i c.

et hyl -GS |anad"% Ayt 41bfiZ>f.lﬁ%¥ e estript g e 4 oo
- hexahydrréaQ%% aeHEI23te - ] [ 1, 2, 4] triazine -1 -carboxylic acid

benzyl am de, cyclizing thaldegttios- 1(1t33rm¢mta§ﬂy11 thelpnesendeyOf {didiciandblo - 7

-yl metihylprovi@e -a( dycd hy ditexyedbeezydnfl - 4, 7 -di oxo - hexahydro -pyrazino[2,1
-c][1, 2, 4] tri agioBghoryat G RRXWI fc detlethdantzyicam od?de a cgmoynd r-Allyl -8 -(3
-cycl oprqul@mg Salp&@[}g; d>1 -ethyl -1Hindol -yl rret yl) -6 -(4

hydr oxy- b @lz% 1 I 0X0 -hexahydro pyra2| no[2 1 -c][1,2,4]triazine -1
- car boxyl i B EH)I d benzyl am d -(1 -all yI -3

-cycl opr opanech Befhgy acady UlgnEFbFlalSVI]rQet‘Wi?fle)m %(l ehlvl=hydr oxy- benzyl) -4,7
- di 0x@0 - theravthsani earbany Aaaceiof 2cid -is]gynthes 4pd mvdbﬁnf@llow1ngaecblemal c acid
benzyl amsdeps:2 -Allyl -6 -(4 -hydroxy-benzyl) -8 -(1 -nmethyl -3 -pentanoyl
-1H -i ndol -7add13QIEA et fyhylanthe Y to%%ﬁyh@@ﬁé@fﬁb@é&at@%ﬁﬂdﬁo{@ 1

-c][1, 2, MIH@;A%%{ s%‘?ﬁtl?f? yI ic acid benzyl am de, Alyl -6 -(4

- hyd dol -7 | et hyl
- 4y7r gl)()c/)xoe?f\ Wé‘% %Oo[tlﬁe iearéi Oﬁlsoé%iif‘i‘ (L?}ﬁegl c)altr ggxy?ll 2: aci d

benzyl?%lm de, 2¢H ng SHZY EOf¥aate: - propyl -1H -indol -7 yI methyl) -2 -allyl
-(4 - hﬁlk0m¢2benzyl) - 4,7 -dioxo -hexahydro -pyrazino[2,1

- C] [1,2,4]tri @zd method of cduboXy] bicerani dl Ipemzyiidenade benzylisocyandte dbd yl -8 -[3

-(3,3 - dlaa@édhydadgbgmgylmm; propyl -1H -indol -7 -ylnmethyl] -6 -(4 -

hydr oxy- bq )3 4,7 -dioxo -hexahydro -pyrazino[2,1 -c][1,2,4]triazine -1

-carb I|c enzyl am 3 -di net hyl
“butyrdl) - wgi‘gﬂ% B Fpig = conpgiaf e oAb Fopmi 2 )Py bRz ) - 4, 7
- di oxo -hexahydro -pyrazino[2,1 -c][1,2,4]triazine -1 -carboxylic acid
benzylam de, or 2 -Allyl -8 -(1 -butyl -3 -cE’Pqpr opanecar bonyl -1H i ndol
-7 -yl et hyl ) -6 -(4 - 35 hydroxy-benzyl) -4 di oxo - hexahydro
-pyrazino[2,1 -c][1,2,4]triazine -1 -carbox ci d benzylam de. [Caim7]
A pharmaceutical conposition conprising the npbund according to any one
of clainms 1 toofeardg angiiarfraadatdebalkel 0 accept abRe exciwpérem R, 49[a6l ai m 8]

A met hod a1 gfdagt laNgibaCiut Ged Sl Qirup, @3k €ITERR( Aere RORPI$ S MRy NI steri ng

to a patig aﬁ%ylagro%f %ptal vechamul #bud;he pharmaceuti cal

conpositi on acco Ing to claim?7
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[Aaim9] The met hod of claim8 wherein adm nistering conprising

i njecting the pharmaceutical conposition to the patient. [Caim10] 5A

met hod f owormatweaturi ng t he conpound accordi ng to cl ai wehkeorgoessng t he
foll ow ng sequential steps: i ntroducing an acyl group into indole -7

- car bal dehyde through Friedel - Crafts Acylation to provide 3 -acyl -indole
-7 -carbal dehyde; introducing an al kyl gr ou%b and an am noacetal group to 3
-acyl -indole -7 - 10 carbal dehyde to provi 1 -alkyl -3 -acyl -indole

derivati ve; ani dati ngttthg 1 -al ky! yl -indole derivative with
stereosel ectivity Chz-Tyr NG Bu and
- benzyl sem car bazi do) acet cid to provigig reaction internedi at e;

cyclizing the reaction intefnediate int sence of formc acid to 15
provide a cycl cewentieg nedi at e; Rand to EtO prosphorwheedin®y ishe Ceye laile]

i nter medi @t&pt & OFQVA1REYR, GRMPOHOM aDdnEherusal Formula (1). [daim 11] The
met hod according to claim 1@, wherein 2 -(1 -allyl -4 - 20

benzyl sem car bazi do) acetic agid is synthesized by the follow ng sequenti al
st eps: addi ng TEA (prKet yI am ne) to an ethyl hydrazi noacet ate
solution to provide a re @. gol ution; adding allyl bromde to the
reaction solution; and th 25addi ng benzyl i socyanate. [Claim 12] The
met hod of claim 11, wher al |yl brom de and benzyl i socyanate are added in
a dropw se manner g“g FHBOA t hod for ar | ng. a ng gg

Cheni cal For muf'd co f ng: \%?Ols?lr? llvﬁ ol %pr%sgp yaf Pﬁ/de t oRb,
wher ei n R|Tyrq8éneaﬂt3&r #vla é)&%@/t F%@aéaazaﬂ%ac@rlwﬁl 4P PreYIBfRe, wher ei n
Re is a Cl1-C6 aBtkyI gr a C2- C6 al kenyl group, or a C2-C6 al kynyl group;

Rb convertingRbio oup, a C2-106al kenyl, or a C2-C6 al kynyl group;
Rb am dat i h stereosel ectivity in the presence of Cbz-
aI I ﬂ 4- benzyl sem car bazi do) acetic acid to provide

RS

TYrosi ne-O B
Rb

Eto)\/ N H NHBn

EtO N\n/\ Jk/ NHBn

cyclizing o in the presence of formic

acid to provide



Rb acid to provideOH converting Ra, Rb O -Rp, wherein Rp is -PCl31-12,
-HPO3 Nat, -P032-Na2+, p032-K2+ p032-ng2+ po32-ca2+ [C aim 14] 5The
met hod ofwol2aiom2did2 where Ra is methyl, Rb is -C(3)Re, aod/Eeoion®ehy!

cycl opropyl .

converting to

@/“\(O Ra\N
A

\
N/N\(\N&(g\f-?b
N
(0]
O-R

0

, wherein R, is —POdlp, -HPOs™ Na*, -POs“Na,', -
POSSKs", -PO*Mg®, -POSCa®.
[Claim 14]
5 The method of claim 13, where R, is methyl, Rb is C(=0)R., and R, is
methyl or cyclopropyl.
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