[ 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] The present invention relates to novel conpounds of
reverse-turn mnetics, a nmethod for manufacturing the same, and the use
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Particularly, efforts have been focused on the development of compounds
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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20The substituted aryl may be acyl -substituted aryl (as defined herein).
In one enbodi nent, in Chemcal Formula I, R is a Cl-C6 al kyl group or a
C9--C3 al kenyl group; Rois - C(HD)Re wherein Re is Cl-f6 alkyl; and Re is
-H, PG3H2, -HP03- Nat, or -P0321t2t. I n anot her enbodi nent, in
Chemcal Formula I, Pe is nmethyl; Rbis - 25 (CO)R wherein R is C -05

al kyl; and Re is -H. In yet another enbodinent, in Chem cal Fornula
I, R is kemmyy:ofRveriionlo 0)Re wherein R, is Or-05 alkyl: and Re is
-P016112 [TadrR084! Rathlemdr - FO22- Na2t. In one aspect, the present

di scl osure provi deshérdphar MACebiccEadf QaPAELiitONnEAR L $b ngroaldzeommémd

gggglcgsed bﬂ@‘éc@irvg %&ﬁo&d@ha{ﬂséﬁ‘rﬁgé'tttféi?‘éoéa%e%?éﬂeﬁt %X%g&itgngr &Qd ute wg[oi 4
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ef fectivdig ?néﬂm§ﬁéc ound or conposition provided hereln In certain

enbodi nents, the nethod conprises injecting an effective anount of the

conpound &FecbmrepbSohitomlt o a patient having AMI. 35l n anot her aspect, the

presen di scl bsUicGoriafd G&sh aanrr%tsb&d tigredt, mMROWrasdndr iin@nt e sRYPRYNd

pr ovi dednweéompouﬁ@ém;ép%ég‘égtédhsy e ﬁ%m%%ﬁ&%ﬁfg mufd gps: (@) 1ntroduci ng
carbal dehyde g e

an acyl group dnto } I hr ou riedel Crafts Acylation to
provi de 3- .cy e- ?"car al dehyde; (b) introducing an al kyl group and an
am noacet grqup to 3-a gl-lndole-7-carbaldehyde to provide 5 a

1-al kyl - Bl e derwwﬁtlve (c) am dating the 1-al kyl-3-acyl -indol e
derivative mnth ereoselec i Y Chz-Tyrosine-QBu and 2-(1-allyl-4-
benzylsenlc -|d 0 provide a reaction intermediate; (d)
cyclizing the reachi o ntersredi ate in the presence of formc acid to
provide a cycliell i nternBdi ate; and (e) phosphorylating the cyclic
internedi ate to ft ovibde~a conmpound of Chemical Formula (1). In certain
enbodi ments, 2-(1l-all benzyl sem car bazi do)acetic acid is synthesized
by the followi ng sequenti alo&eps: (1) adding TEA (triethylam ne) to an

et hyl hydr azi ngageipat e sol uti on Lo provide a reaction solution; (2) adding
all'yl (prom de R} i ) socyanate I n
certalﬁ furth rg%hggékgﬁ lgﬂm g 2E%3@¥§R@ %323%9gsqg£§ﬁs ana are
added in a d uﬁ 2 sufst L“S 4 Bﬁ‘ﬂlas ecteCY e B
d|sclosu@elﬁ#dvkﬂkgﬂﬁpnét g |ﬁgi %ﬁmKhenlcal For mul a
OF conpr|5|ﬁgls(aﬁ cdﬁU@rtrﬂﬁb dol eP0s" Fas- caF@ﬁKﬂehﬁﬂkaﬁRb—H%ﬁ%aein Rb

is an aryl § group, a supstlbuted aryl groupmHor -C(=0) Re, wherein Re is a

Cl-C6 al Ngroup, a‘gﬂ\r; al kenyl qup, or a 02-C6 al kynyl group; (b)
convertlngRbbo Rb  wHer ern Remics a Ikyﬂ group, a C2-C6 al keayl, or a

C2- (16 Rb CEt Theagmfmt@rw ma9oae Qd”yﬂl%Bét”ﬂJtE& N wg %éﬁhé‘d)ﬁ@r‘e%“ vity in

t he presence
-ben_Fz)yI S% ca aZf %‘é’gac% Ct ) 1%0%“}1%&1 ﬁ%lg & ]%(;C? : ]grouﬁ‘ll_f aCI dto
provi de znccaqﬁ wherein 1 a ,
‘HP03 Na', or —P03 a
In another embodlment, 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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5 pp is -1)(13H2, -1-P03- Nat, -1)02-Naa, 4032101, --POPMe, -1:032-Ca2 .

In certain enbodinents, Reis nethyl, R, is -C(4))Ille, and Re is nethyl
or cyclopropyl. [Advantageous Effect] The novel reverse turn mnetics
according to the present invention are | o observed to effectively inhibit
the in vitr rowt h of AML cancer |ls. Also, they are ohserved in testing
of mice %r&‘gf“g‘ublfr_’ga%t(é)mﬂff}g‘ﬁoqra‘”ld@@ﬁ’@ﬁ?l&j ORI Pt Hipef Q1 IPHAR piegushid ! gr owt h
of t unor §tePdy t{BUNtREH NG GNtasYb&rBpu o byde ke brcprbaldehyde thioughhtriefelt as t he
| eavi ng Grafop AdRpItioml w0 prefide r gdcyloimb ! ¢Hiecapbadehyge - f (b clintondicigyr aap, is
separ at edlkyll hgrolS aadmpoatitscefal Ghetd aal 3-kofridald-7+darhltiéyBe a6t hré@ideor Ms.
Howevey , at hesigy PLANE-ihQS18E daf Safivel | € tanh @it HELPRES 1LA1LP1 B0, GHURRNS

sol uti onqgig, {iQc t NIt PAGLBAIMALI&Y 1, YRl &nc ikl eyl 0drud, figins.  the
conpounds 0O Chem cal. Fornula I, i naccordance w t he prés n?,ynv ntion
are of hPEHYSSTHEBFPazidP)ad10f 2hidghtSt ABTVIE y 2arf@agian ed8 ,r{“‘EShB@’pr(éigar ed as
a prepar &¥¢loaingothe] iagldon ontermediatenin e Rresanse dholesdic paid ttherevedgpeunds of
t he presentli¢ nveermedintdiasmel éxc phdspiiry piangriabe uyéldal ingérinediacy .to Tivogidseens t o
be attgi butabpbendt of t iemf@st Formatnv@)N si o ofertdia efiRDEAES i2RtIeatlfeis active

forms j usbnzpfdchlcat blzi @YEARYUS AAHEGST Qhtnédlded NGBS €% D1 INELARGueMal Ni L al
drug congeLr 4t Ol AT & [RANGH inch NE, SRESH, H Ve 4g
conmpounds turninto .acti e.]rqr |n(1‘L epce. on The redr ciNal %fol_cacy
Cher eof , Py 1462 TACL PR OfidPTake) FOIERAOLE ProBifleute -heTersiaMarO b itips whi ch
al | ow opfidréP) afdiagtbenzyi psasyanape ef & et ahiibiihaie sbodireat r eyl gorpidet i onal
groups arel benzy heofyanaheodr ephidsp hateedivpeizasentdie phosphat e prodrugs are
converted fasheraifeldiado dspécd, ackd Vgreb@itnelisdlasurther@tibey Prednsigstohavi ng
other fupehbomala G5RHRRL. of CheniMSbrhiig ﬂ')?%ﬁg'i§H»§9t('a§’%hve%%p®dﬁlree_ in the
formof sodiumsalts, they are easy to prepare and have high solubility in
water. In addition, they au 15 highly stable during storage at room

t enper at ur e. Usual 'y, a Buitable injection composition is known to
range in pHfrom4 to 9, i preferably has a pHthat is close to that of
human bl ood, 7.4. A conpostion which is strongly acidic or strongly basic
i s not prefaebalachyds ta conposi R on f eliereitj @6t isoan drpl tdreu;asesubét iautehosphat e
functiongty10erip, &hec2d)kd NaheRiPHUGS @fClldgea%??i&‘%p,' %V@E-U; oflk&RY be in
the form of nonosodi um or di sodi um phosphate depending on the anount of
sodi um hydroxi de. These conpounds are advantageous for marggoacturing a
conposi ti on having pH val ues suitable for injection. 25Futithdt, the
manuf act uri ng met hod according to the present invention t he
production of not only conpounds of Chem cal Formula I, b SO reverse
turn 20 netdups tdrer eof oty amlliyndustgrowl; sl e.cofveesiogi pti on of RDr awnitngs]
30Figure 1 is Ry graph showing a correl ati on between the changes in pH and

t he potenti al ducted during the final step of the nethod for
manuf act ur i he, conpound, in which 0.5 N NaCH is added dropw se to
4- (((6, 9aS) R

(benzyl carb EEL) I)-Sa-((3-acetyl -1-nmethyl -l Hindol -7-yOret hyl ) -2-al | yl - oct ahy
dr o4, 7- di ox0Q- yrazino[2,1-c][1,2,4]triazin-6-yOrethyl)phenyl dihydrogen
phosphat Et(ﬁ/g\k&ﬁpouﬂgréﬁg)%li@ t he SC.Ok R, or) v X sents
t he added amounts of NaOH. The fi rli% 3233 s%%gﬁdgpg%_ﬁﬁfs%q%ny?nfofe%:??ﬁ
correspond to the start of the producti gn of nonosodi um and di sodi um
respectively. [Best Mde] 40Thus, on mbpdi nent provi des novel reverse
turn mnetics, represented by the f iMg Chemical Fornmula I, which are
useful as therapeutic agents for can , i particular for acute nyeloid

| eukemia. [Chemical Formula I] whelQ&tn) Rd may be any of the conventional
function roups which are avail iNH pr odr ygs. Exanpl es.of the

functi ong\l o guq’nc(FEdémlﬁﬂUélﬁha e, carbox W‘%n&tEEQOS@e@_%‘Véka‘é‘th& and
acyl ani npresgisehohLhzAyssipe-OtiyRiand 44l-al hdsébwl@am@mm)apemmd




14, --CH30CH3 | NCH3 My2t -1)032-Caaf ,CH3CH3, or O -P -012d Preferably, Rp
is a phosphate functional group ( OR) wherein R, and Rd are independently
H Na, My, Ca or K Preferably, both of Re and Rl are H or Na, or one of
themis Na while the other is H 10RO may also he - H, the resulting

chem cal structure in an act%ye formof the corresponding prodrug as the

prodrug functional group is noved. tBu Na is an al kyl group, an al kenyl
group, or an al kynyl group; erabfy a CF-C6 al kyl group, a C2-C6
al kenyl, or a C2-C6 al kyny, N d nore preferably a Cl1-C6 al kyl group.

15Rb is an aryl group, a s i&y aryl|| group, or - C(4))Re wherein R is
a Cl-C6 al kyl group, a C2-ggtal kenyl @roup, gor a 62-C6 al kynyl, and the
substituted aryl group is a ng; tdﬂed aryl group and preferably
aryl -substituted phenylEOThe céﬁﬁ\a M pri¥dirug fromturn into active
forns intbhe lpooyide When 20 t he Qrodrugs have t he phosphdtie fuwgdlisimgl group
as a leaving dgfwoup, the -PO3ReRa group is rapidly cleaved by phosphat ase
and the prodrugs han -Bunto the active forns thereof. At this tine, Rd is
changed intg nlcal structure in active formas the prodrug

functronal ,pr ronrthe structure). As used herein, the term
"al kyl" or "al kyl™@gto p tended to 25 include |inear, branched or
cyclic hydr rbon ragic I c nprrsrng carbon and hydrogen atons, therein

t he carbego her by single bonds. In sone enbodinent,

al kyl contains u td*ZO carbons. Q%gf Lgd.e g? §5@Ept%ﬁd ﬁkgﬁhﬁnay

conprise gne to six carbon atons and epresente

al kyl is ached to thef{est of the nmolecule by a srngle bond. 30 Exanpl es
of aIkyIs oOwi t hout iy tation, nethyl, ethyl, n-propyl, 1

- met hyl et hyl |Sq-propy ), [n-pyyl, rrpentyl, rrhexyI, 1,1 -dinethylethyl
(t-butyl), Zhldl Hqulia} Cneo-pentyl ), 3-methyl hexyl, 2-nethyl hexyl,
and the 1ike. so be a nonocyclic or bicyclic hydrocarbon
ring radical, mhrch may |nclude fused or bridged ring systens. A cyclic

al kyl is also referreg "t as "cycloalkyl." In certain enmbodinents, a
cycl oal kyl may conpri s ree to six carbon atons and be represented by
"C2_6nyc|oa|ky| " Exanpl esC8f monocyclic cyctmal kyl Kedi cal s comesrtide, e.g.,
cycl opropy cyclobutyl cyclopentf y%IohexyI cycl oheptyl, and

cycl ooct @ " Al ke-\nyl or "al | @r "1 ef es to Iinear, br anched
Vo d% Bon radi*tak, conpri sing cafﬁgp

or cyclic on and hyu agen atons, wherein
at least t arh t ons 4 Ry,nked by a~gdotihl e hon Rie enbodi nent,
al kyl contarns’hp f\}gg bns. 1n preferred jenbodi an al kenyl may
conprise two to~gt'X gn atons and be presera py "Cr-C6 al kyl." An

Exanpl es of al kenyl s ude, mﬁthout limtation, enyl, allyl, butenyl

and the |ike. &B or "al kynyl group 6'R, to I|near
branched or cyclic hydrocarbon rag cal cgnprr%@gg car hon_‘and hy@@ﬁﬁen

at ons,5 wherlgi 0. | Navo 95°daT bomOAKD i nk& Gay . a {xigsreibond. In

sone enbeutiodments, aR.kisl metbnt,aknss w0k 2@nd By homsthyll rorpesefl eromd . enbodi nent s,

an aIkynyI may conprise two to six carbon atons and be represented by
"C2--C6 alAdympthgeoufBfBdckynyl is attached to the rest of the nolecule by a

single bond. fapRleesr&tr & Ifr)(ﬂ?lylnﬁne'tnfél H&%rd thPuhe |ﬂr@§én@t irﬁ@mtlgﬁ hyayl .

1- propyn 3 t herw s

speci §$§§&ﬂ a)gnge%ggb? |on Pﬁ$“i%% %;gy Sm o Eg@p ?H@rude an
al kyl ag%r%hs VBl Honteshiren Erwsn ohrs? CWe‘?ImyS £liguted

al kyl , ﬂﬂ?@HV?%TeﬁBbﬂoU&h8%WHyp rtgBfiréal in whi ch one or nore hydrogen
atons are repliabed phogetobe none sykidedry uant s itmdrglplemdﬁneis yheeleecingd from
acyl, al gway (Rar, YhlLsoCidBfred CioC b ahd Yk odriddf Onc t hor@l ogfysup 25 sBpdrb@d, the

- 0C( 0) dN(JRUQ e 1ca1 Formula [ turn 1nto tive forms Q@r h@é@)awi%')zr
N 12ﬂ>%§;0§1€1d LD 0 %fa aﬁ AR g i It b
?’qcrrhéreware ¢ piodsierm aé EotppuRds P%&B%Téﬁ%?)e @iy dr ogen,

-S(0)tORu

- S(0) t N( Bt

al kyl, aryl, as defined herein. The terns "al kenyl" and "al kynyl" are
Iikemﬁse defined as including "substituted al kenyl" and 30"substituted

al kynyl ," respectively. "Al koxy" refers to a radical represented by
the forrmula al kyl-O, wherein alkyl is as defined herein. The al kyl portion
can be further substituted by one or nore hal ogen. An al koxy may al so be
represented by the nunber of the carbons in the al kyl group, for exanple,

CF- 6al koxy or CE2al koxy.

al kenyl is attacBed:ito Ihe rest of the nol ecal e by a single or doubl e bond.



35"Acyl" refers to a radical represented by the fornmula Ift(-0)-, wherein
R2 is alkyl or aryl as defined herein. The al kyl or aryl can be optionally
substituted with the substituents as described for an al kyl or an aryl
group, respectively. Exerrpl ary acyl groups include, vvi thout limtation,

met hyl acyl (i.e., acetyl % phenyl acyl, cycl opropyl acyl, and the like.

40" Ary| " 1R fSPISIaRGS ATt 4DE AAresrst i Vgntipnmranoato@htsosutibiac g o

bi cycl i ¢ stdbniitsyant exe Bpsy éaodei prgparefhyadrageapardtoon feromigctiong car bon at om
The aromatic Arimelcyebisc showedi ¢hyatl ithe hyoalipamady bidn thé Ngesanst efMeaOPr h8€S Si X
to twel vex@aldp@npratmidButitaleef fiCBy42 Bli¥! JeendBr & Rt Aibh@BEL 18NGeOfast Ne

rings dn. Ig@rgibrﬂ fsvtﬁ&esembamﬁw irrrouraﬁarusaaeed formse yusrtaﬁg.}q rgr]P;v Sgyelic,

del ocal i z by % E(:jr e i .ckel
theory. EX&fipi%8s élrfgrr ; Al ARGTEasan U iy %ﬁecorrertf%tmnted PothiBhenyl
and naphf#yer. UAe e9eeds Wattheﬂhlé?h@remi’@ér@pé@lpf’liﬂé‘al fugn | ite st Sige armp dasi on,

t he termitt n@ﬂcé ins thremedictrali eldlicate thotdof arspl thandit" ssibgpart artetio ahydse “whi ch
refers torapugfyict foadi gedupS whichwhiloh ophimabreffaote. hydrogen atons are

repl aged by OnNgE 406y cF&6d %ng&itirhén‘#ertthé drogependenthy §1‘5‘o'u§§ta?éi ihr e cRay!

aIkoxy, Yy 0

“N(Ru) Sf 8 gg@‘f)}ee %‘ %a@%&q %@ﬂve?{eﬁ s q& QPZVR flnto
-N(Rll)Se %lo‘(‘%fé% ejosher” prodiygs é‘?”é tng 1or 2, -S(O)R’l
10 (where p i%hep, the B Izag—ftaﬁaone( 6§QURIE raxq_)lz rfwhécrre of jsaditmyalts).” {{ig¥r e each
Ruis i nde?peassYem@IWerWdramgelrraveafhllgbrISoluhlyity as wdedri. neth hédigion, thepla® refers
to fluorbighthlsostde dar o@ostardkei stdmuon temperdhgeactive form of the conpounds is
not suitable Qa1 \a shiitlaBld igfecHide dofpdsi€iohOW Bl bid réf&e epeqtol B an

aqueous B5c) U Brdterast?, k2 G YRCH). cé&ée T@ethgr Oft Hheh Of TR J9SET 1 Red
herein are Suitabl C;‘ a\/ eir.inproved 'solubility in
t he aque&d¥® Wéd‘?%r’”fﬁ = S[BF%“Igje’F raé lé?nBrocﬁ Fﬁi‘ﬁy ﬁsﬁhdﬁgﬁ St FEHFISEY (S Rs used:
and whenCHRESIGIon Br N&ieet és Wt €D nease difc adPiwephale BRelErAlt 81Gv8i b9, t he
sol ub2d i finail sprfodrugheo! ithprivesant Toention odvcee Na sheorferm o6 diansdaydr oxi de i s
added (edgsodiwdrshowphae) dégenting q@hosphmiuet oo rpounchydioxad0 Bpecichipoundal ue of

PH 10 pepformapphabist Wi Amhuthdtlr RBea UondodP: iBh Haflty B vhNRst Qg phesRbat e
noi ety w; di um i ons. Thus, a further enbodi ment provides a

phar naceu{”rr(l'(c:gllg conposition conprising a conpound of Chem cal Formula (1)
and a pharmaceutically acceptabl e excipient. The conpounds or conpositions
of th® presenfurthffenticom chi iR gthod japcardigt itAg thanPrasendedetenbien i n
detai|l bellows the profimsighax naetewnlc abmpoommsosf tGhemicet Homeulpr ésémt @lsventi on
i s fornutaicesk twnbenmedapatetabe oni dohindust rii 4it edxded route of adm nistration.
Exanpl es of routes of administration include parenteral, e.g., intravenous,

i ntrader rrﬁjeﬁcrsigpémoarﬁgwﬁgppral (e.g., inhalation), transdermal (topical),

t ranspmucos E dm ni st ratr g Sol uti g or susppﬁnsr ons used
for pdrent er al Eiht riSde PR S RGFNg, i et ol OBLeLyHT i e chgker dR A dde t he
fol | ow naoteerrebrr@ﬁ@%tedaderlégrrfe fingdiesiep sifc @a§‘eWé2€1 fort panufaftedng die sal i ne
sol ut i oncombpundd ainl syhipiol Wed hy eNelligl y& oladdedgl dropriisae, topré‘r{&(fﬁrﬁswlycol or
ot her sy fbdagtlicarbamlyVestE3-azotyil baoétdy i-ai-1ageAt-51 motyl r2- etleﬂZ—yétahis}d@@hol or
net hyl parra@r%rmrr%raz%rgan&ﬁr1smhra§ma%chr>hétﬁy@§ha91 @h Hcrgbhrtéul fite;

chel af $osuch, eﬁh@q{of‘{?oﬂt%tl%&?%ﬁ%e%té‘ig 8!51? s $pch as

t t P&E‘H t
?ﬁihaa?ﬁ%)ﬁ LR B sr%g RO DRSS T 16 o P PR G ot neitt tfhtiron' o
phar naceaﬁqdé‘all@fyo%l&‘@@é@(ﬁm @n%ﬂbﬁoﬁll@ntfeﬁ@cklﬁiﬂtyabl e for use in .

adm nistration, such as |I.V. injection or infusion. 40 Suitable carrr ers
for |.V. EBdst Moddlration include physiol ogical saline, bacteriostatic water,

Cr enoghor ELTMu§ B/A% eml?c%’iﬁén@ %B‘YrdeMﬂw&r rERPsP hahenihbf fesr edpeaddtBe b PBS) .
Inall c et Lsag fg'lﬁt c t%'us%{r?i”%s Jr/}}%&’%q%up% %%elh'tg ftop the
extent t eas EXI

é&‘t O'Jar%‘l hﬁﬁ%@'ﬁﬁ

condi t i oh&*E} st be preserved against the
contanlnatrng(b@WﬁéhF@Wmﬁié oorganrsns such as bacteria and fungi. In other
enbodi ments, oral conpositions that generally include an inert diluent or
an edible carrier are provided. Such conpositions can be enclosed 5 in

gel atin capsul es or conpressed into tablets. For the purpose of oral

t herapeutic adm ni stration, conpound described herein can be incorporated
wi th excipients and used in the formof tablets, troches, or capsules. Oal
conpositions can also be prepared using a fluid carrier for use as a

nmout hwash, wherein the conmpound in the fluid carrier is applied orally and
swi shed and 10 expectorated or swall owed. Pharmaceutically conpatible

bi ndi ng agents, and/or adjuvant materials can be included as part of the
conposrtron The tabIets prIIs capsules troches and the Irke can contarn

Y M r 1 I - o o o



In accordance with another aspect, the present disclosure provides a 20

met hod of treatnent of diseases, particularly cancer, nore particularly
acute nyeloid | eukem a (AM.) conprising admnistering to a cancer patient
(e.g., a patient with AML) an effective amnbunt of a conmpound of Chem cal
Formula (I) or _a pharmaceutical conposition conprising the sanme. Exanple 23
provi des bel otrat es that exenplary conpounds of the present

di scl osure ar exetrfedi 25 iﬁ%gJeating AML in an ani mal nodel.

Exanpl es of the_conpoynds of Chemigal Formula (1) are given in Table 1,

bel ow. Because ToUr N n<p6DN S abl® 1 are different only in the IR

noi ety which is H oﬂ\%bnsp t ctional group have the sane MAR data, it
is commonly 30 given thheretd®in Table 1 (R was not observed in 1H NVR
spectra because it wa® su Rtuted with deuterium. TABLE 1 No. Cpd. MW
NVR 1 "Il HN',..... Or \ 11111 1009a -PCON OH 736.69 EH NMR
(500MHz, 0t13)68.43 (d, J=4. TREH),7.63 (s,Ed), 7.38-7.35 (m 2H),
7.31-7.30 (Mfekdin 7-29-7.21 (m 2H), 7.00 (d,J=4.8 Hz, 2H), 6. 97 2 H 110N

o0 rN k""ﬁg‘méy“ﬁé“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]

CH3

)J\N/CHJ o I
Mg2+, “POg,Z-C a2+ ’ LLL” |CH; ’ “sl/lk/“\cﬂ3

o CI:Ha
N
or ii/"\u/\/ \CH;,
O

I
~—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



N110 11119,0Na ONa 758.67 (d,J=4.8 Hz, Ul), 6.69-6.65 (m311),5.87 (s, 10,
5.55-5.44 (m 310, 5.34 (t, J=4.6 Hz, 10, 5.03 (d, J=6.3 Hz, 1H), 4.87 (d,
J=9.0 Hz, E), 4.79 (d, J=7.5 Hz, 1H), 4.42 (dd, J=9.0, 3.6 Hz,11-1),4.29
(dd, J=9.0,3.6 Hz, 11-), 4.02(s,311),3.43 (d, J=7.2 Hz, 110, 3. 38-
b o1in)  abiogh dniSh ey 3hpge qumd O biideed Fing: nstens. - b el e sBl 13-+ T G
OH 714. 7@lsurefenred. to g Newlealkyd .i'b IN certain c@bpdBm@R4, A2cycloalkyl 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



H N 792.79 111 MR (WO, 300MHz)5 7.27 (d, 211, J=8.4 Hz), 7.175

(d, 111, J=7.2 Hz), 6.37-6.31 (m 3H),6.214 (d,2H), 6.14-6.07 (m 411),
4.51-4.46 (dd, 211, J=10.8 Hz), 4.31-4.04 (dd, 2H, J=14.7 Hz), 3.39-3.34
(d, 111, J=8.4 Hz), 3.34-2.97 (dd, 2H, J153153Hz 433

5 it g et A1 B S

radicals include, but are not limited to phenyl and naphthyl Unless stated
otherwise specifically in the specification, the term “aryl” is meant to
include both aryl 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

NIIT o



0" ONa 814.77 7 H(OP N-? -kk,.. ----,_-N N1111 So 0-P-OH OH 770.81 (dd,

2H, J=15.3Hz), 1.19(s, 01-1) 8 H 4(01?1,....c-,0 | N N110 Ly N ogill gir
690.83 9 40 ,-,:. t.\0 .Nyes.'-N Hi -N, A0 Okb. .. Ois? lir O-y -ONa OH
762. 72 -

10
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20

25

30

stable under the conditions 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
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
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
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
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
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
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 [:::I\V/H 736.69 |1H NVR (500MHz, CDCls)
N._-0 \N\ 6)8A3(%.ﬁ4§HL
H), 7.63 (s, 1H),
SN N\V/I;A\I:fi}>L\§; 7.38-7.35 (m, 2H),
S0 7.31-7.30 (m, 1H),
o = o 7.29-7.21 (m, 2), 7.00
\T:::l\ _pONa (d, J=4.8 Hz, 2H), 6.97
O~ OH

oH



1H NVR (300MHz, CBCl13) 88.43 (d, J=4.8 Hz, 111),7.63 (s, El), 7.38-7.35 (m

2H), 7.31-7.30 (m11-1), 7.29-7.21 (m 2H), 7.00 (d, 1=4.8 Hz, 2H) , 6.97
(d,J=4.8 Hz, 1H), 6.69-6.65 (m 3H), 5.87 (s,lFD,5.55-5.44 (m 3H),5.34 (t,
J=4.6 Hz, 1H),5.03 (d, 1=6.3 Hz, 111),4.87 (d,J=9.0 Hz, 1H 4.79 (d, J=7.5
Hz, 111), 442 {di—1=9-6 3.5 Hz 111} 4-29 (dd—J=0.03 6 Hz1H) ' 4. 02
(s 3H). 3|43 ( =7.2 Hz, 1H), 3 38 - 3.33 (Moad)|(d3IxR8H, Wy 2 . 1H),
3.29- 3.24(n11 rngad . 2.4 Hz, BM 1. 2é«ﬁrdiﬁ)@0133 ©n87|10
A11Er10 1'"0 LyNGgL i/ 411" | 0--p [(ONAHON& 538444 Im, 11 401 HNO
F0 %-- TN NETAY ! N 3H), 5.34 (t, J=4.6 Hz,

; H), 5.03 (d, J=6.3 Hz,

1H), 4.87 (d, J=9.0 He,
1H), 4.79 (d, J=7.5 He,
1H), 4.42 (dd, J=9.0,
3.6 Hz, 1H), 4.29 (dd,
J=0.0, 3.6 Hz, 1H),
XN 4.02 (s, 31, 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, 1),
634.72 |2.51 (s, 3H)

714.70

792.79 |H NR (D0, 300MHz) 6
7.27 (4, 2H, J=8.4 Hz),
7.175 (d, 1, J=7.2
Hz), 6.37~6.31 (m,

) . 6.214 (d, 2D,
6.14~6.07 (m, 4H),
4.51~4.46 (dd, 2H,
J=10.8 Hz), 4.31~4.04
814.77 \(4d, 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, 1, J=15.3, 6.3
Hz), 2.97 (s, 3H),
2.75 (d, H), 2.49~2.05
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Lii-N--Loit? Oisoi I" 4-0H OH 740.74 12 ONfri.rO"N\ \O
P> ---"NENr-"N,di N, -411.-- i0 0 - di ir O H660.76 2H), 0.38 (m 2H) 13
40H NyO\N 1 's-k----- NN -N-- - - - - 10Yo0 0-P-oONa\ OH778.77 111

NVR (300MHz, ODC13) 68.43 (d, 1=4.8 Hz, El) 7.63 (s, 1H), 7.38-7.35 (m
2H), 7. 31-F30Em—B)+—F+29-F+2 2H)—7-00 (d.--1=4.8 Hz 2H) 6. 97 (d,
J=4.8 Hz, j_’b, 770.81 (dd, 2H, J=15.3Hz),

1.19 (s, 9

\

690.83

762.72 |1H NIR (300MHz, CDCls)
& 8.43 (d, J=4.8 Hz,
H), 7.63 (s, H),
7.38-7.35 (m, 2H),
7.31-7.30 (m, 1H),
7.29-7.21 (m, 2, 7.00
(d, J4.8 Hz, ), 6.97
(d, J=4.8 Hz, 1H),
6.69-6.65 (m, 3H), 5.87
78471 \(s 1H), 5.55-5.44 (m,
M), 5.34 (t, J=4.6 Hz,
1), 5.03 (d, J=6.3 Hz,
1), 4.87 (d, J=9.0 Hz,
1), 4.79 (d, J=7.5 Hz,
1H), 4.42 (dd, J=9.0,
3.6 Hz, 1H), 4.29 (dd,
1071 17=9.0, 3.6 Hz, 1),
4.02 (s, 3H), 3.43 (d,
J=7.2 Hz, 1H), 3.3%
3.33 (m, 3H), 3.27 (d,
J=7.2 Hz, 1H), 3.29-
3.24 (m, 1), 3.18 (dd,
1=7.2. 2.4 Hz, 1),
1.28 (m, 1H), 0.63 (m,

10

11
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(s,111),5.55-5.44 (m 3H),5.34 (t,J=4.6 Hz, Hp,

5.03 (d, J=6.3 Hz,

111), 4. 87 (d,J=9.0 Hz, 1H),4.79 (d,J=7.5 Hz, 110, 4.42 (dd, 1-9.0, 3.6
Hz, 111),4.29 (dd, J=9.0, 3.6 Hz, UM 402 (s, 3H), 3.43 (d, 1=7.2 Hz, 1H),
3.38- 3. 33 (m 39, 3.27 (d, 1=7.2 Hz,1H), 3.29 - 3.24 (m1H), 3.18 (dd,
J=7.2,2. 4 HptH— 251 e I=5-0He—2H)- 206 {m111) 1. 01 (dI - 5 2 Hz,
6H) 4 inla "2 . NTi 0 -=N ----- N- (399 TRipDa 0% 38 (podh ona | 800. 75
15 410H NyO c-- % @--legl'\j-'-" LyN n'sibb, {Il igiO O --P ---nw\ w
e
VNNWN\C?\&
N~
O z
i:‘OH
13 [::]\\/H 778.77 |1H MR (300MHz, CDCls)
N. -0 N § 8.43 (d, J=4.8 Hz,
\/\N/N\,/\N 1), 7.63 (s, 1H),
Ay o 7.38-7.35 (m, 2H),
o) z 7.31—7.30 (m, 1H)y
T g 7.29-7.21 (m, 2H), 7.00
O—P-0Na (d, J=4.8 Hz, 2H), 6.97
OH (d, J=4.8 Hz, 1),
14 @H 800.75 16.69-6.65 (m, 3H), 5.87
N__O g \ (s, 1H), 5.55-5.44 (m,
SN 3H), 5.34 (t, J=4.6 Hz,
! 7§j:]ij\1:fi}>\ﬂfA\T/ 1H), 5.03 (d, J=6.3 Hz,
.0 1H), 4.87 (d, J=9.0 Hz
(i , 4. , J=9.0 Hz,
\\[:::L\ 0 1H), 4.79 (d, J=7.5 Hz,
0—P-ona 1H), 4.42 (dd, 1=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 [::j\\/H 796.78 |7=7.2 Hz, 1H), 3.38-
N0 Ny 3.33 (m, 3H), 3.27 (d,
\/\N’N\(\N/\©>\”/Y J=7.2 Hz, ].H), 3.29-
N, 0 3.24 (m, 1H), 3.18 (dd,
6 J=7.2, 2.4 Hz, W),
\(:L&_g 2.51 (d, J = 5.0 He,
Lo 2H). 2.06 (m, 1), 1.01
(d, J = 5.2 Hz, 6H)
16 [:::l\v,H 676.80
N () \N \
\/\N,N\(\N/\g\”/\r
(0]
N§/£b
(0] :\©\
OH




OH 756-78 1 6 HisN,..,,ro ....-...",,,NN..... N410 rio OAlmqur OH
676. 80 17 1110 H Nt O ON ---. Opl ONa OH 764.74 111 NVR (300MHz,
CDC13) 68.43 (d, 1=4.8 Hz, LH) 7.63 (s,111), 7.38-7.35 (m 2H), 7.31-7.30

(mLH, 7.29-7.21 (m 2H), 7.00 (d, J=4.8 Hz, 2H), 6 97 (d,J=4.8 Hz,EH),
6. 69- 6. 65 {311 5-87(s, |p\ 5 5 _44 5.34 (t - J=4.6Hz, 1H)

E_B
5 03 (d, 1. 3 Tiﬁ«g, “4.87 (d, J=9.0 kz,\fﬁ$744H?§Wi&$xw%q.@ﬁhﬁ,’1H),
4. 42 (dd, [1=9. Wz, d1), 409 (d 9.0, 3. 6 |iz 8813 §d. 402 Hes, |3H) |
3.43 (d, 1=7.2 He2H), Ng(gg 3. 33\ 3 27 (dH)J=762 (kz,1HL), 3)29-
7.38-7.35 (m, 2H),
7.31-7.30 (m, 1H),

© \\[:::1\ 0 7.29-7.21 (m, 2H), 7.00
O—_%“ONa (d, J=4.8 Hz, 2H), 6.97
OH (d, J=4.8 Hz, 1),
6.69-6.65 (m, 3H), 5.87
18 [:::L\V/H 786.72 \(s, 1), 5.55-5.44 (m,
N 3H), 5.34 (t, J=4.6 Hz,

H), 5.03 (d, J=6.3 Hz,
1H), 4.87 (d, J=9.0 Hz,
H), 4.79 (d, J=7.5 Hz,
H), 4.42 (dd, J=9.0,

A 3.6 Hz, 1H), 4.29 (dd,

O0—P—
bra 1=9.0, 3.6 Hz, 1),
4.02 (s, 3H), 3.43 (d,
19 .y 742.76 \1=7 2 Hz, 1H), 3.38-
[::j\\/w 0 3.33 (m, 30), 3.27 (d,

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

20 ' 662.78

OH
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3.24 (m1H),3.18 (dd, J=7.2,2.4 Hz,tH), 2.

(m 211),0.98 (t,

O PII\--ONa oNa 786' 72 19 -5--

742.76 20 HN',....01 NNoO

J =4.2 Hz,311) 18 n HtO

1 HroO

2H) . 1. 66
... jJf.. o
40 11 0 -11113cOH OH

21

1H NMR (300MHz, CDCls)
§ 8.43 (d, J=4.8 Hz,
H), 7.63 (s, 1H),
7.38-7.35 (m, 2H),
7.31-7.30 (m, 1H),
7.29-7.21 (m, 2H),
(d, J=4.8 Hz, 2H),
(d, J=4.8 Hz, 1),
6.69-6.65 (m, 3H), 5.87

7.00
6.97

22

798.73

(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 He,
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,

23

754.77

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,
H), 1.51 (t, J = 5 Hz,
3H), 1.28 (m, 1H), 0.63
(m, 2), 0.38 (m, 2H)

24

O

674.79

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



110 10 OH 662.78 21 --.7"--Ht'I-Ni Nl11l1 ole -P\ -ONa OH 776.75 E
NVR (300MHz, CDC12) 68.43 (d, J=4.8 Hz, 110,7.63 (s, 1H), 7.38-7.35 (m 2H)
7.31-7.30 (m114), 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,111),5.55-5.44 (m 3H),5.34 (t, J=4.6
HZ, E|)1 \LLQ (jdﬁ 0—63“7 I:/I\ /IQ7 {rl 1—0('\1—]7 111) A7Q (rl 75HZ

110, 4. 42 (&, U 3. 6 HE ﬁr) 4,29 (dd 11890.34 36 695862 14p, 3H) 05 7] 1,
4.8 Hz, 2#), 3. Zgjed 111), 3. 38- 3| 33 (rffs.3H)), B2 Am(d) J+7.
1H), 3.2943.24 ( =7. 2 2.4 Hz, [355)5.445h, () J5345
3H.1.28 (m1 0. 063 @’Eﬂg (m 2 22 (t, J=4.6 Hz, 1), 5.17
(m, 2H), 5.03 (d, J=6.3
Hz, 1H), 4.87 (d, J=9.0
O“‘ﬁ\\ONa 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 lz, 1),
3.29-3.24 (m, 1), 3.18
(dd, J=7.2, 2.4 He,
1H), 1.28 (m, 1H), 0.63
(m, 2H), 0.38 (m, 2H)

p—
(G

Hz,

EFro

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



.- "__.-- 1H ---
1)0- Th?J -NL .

674.79 25 ,H Nto .

N. ,

,NO -..
No1/0 \OH OH

Nel

----N'" 1111 1. 1WO-P,

754.77 24 40;to

NoH--P-__

\ONa ONa 798.73 23 40NO
-y,,,---N-N110 40 OH

3.6 Hz, 1H), 4.29 (dd,
J=9.0, 3.6 Hz, 1H),
4.02 (s, 3H), 3.43 (4,
J=7.2 Hz, 1H), 3.38-
3.33 (m, 3, 3.27 (d,
J=7.2 Hz, 1H), 3.29-
3.24 (m, 1H), 3.18 (dd,
J=7.2, 2.4 Hz, 1H),
2.51 (d, J =5.0 Hz,
2H). 1.62 (m, 2H), 1.33
(m, 2H), 0.96 (t, J =
4.0 Hz, 3H)

31 756.78
32 676.80
OH
33 [::L\/H 750.71
N__O \
Y N
SN N Y
KWN:V&O
O =
0
1 _ONa
O/b\OH
34 772.69
b N
S~V N Y
KH/N o
O =
O',ONa
\©\O/b\ONa
35 H 728 .73
N
RPN
36 [::]\V/H 648.75
N__O N
N N
N\{)§O ©
OH

1H NMR (300MHz, CDCl3)
§ 8.43 (d, J=4.8 Hz,
H), 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, 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,
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, 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-
3.24 (m, 1H), 3.18 (dd,
J=7.2, 2.4 Hz, 1H),
2.44 (q, J = 4.1 Hz,
2H). 1.18 (t, J =4.1
Hz, 3H)

16



OONa \ OH 788.76 1H MAR (300MHz, CDC12) 68.43 (d, J=4.8 Hz, 1H),7.63
(s,Bi), 7.38-7.35 (m 2H), 7.31-7.30 (mH), 7.29-7.21 (m 2H), 7.00
(d,J=4.8 Hz, 2H),6.97 (d,J=4.8 Hz,H ),  810.746.69-6.65 (m 3H), 5.87 (s,
111),,5.83(m 110, 5.55-5.44 (m 3H),5.34 (t, J=4.6 H, 111),5.17 :
211), 5./03(e 163 Hr~ 113} 4 87{ e J=0 0 Hz |11} 4 79(d 1=7 5 Hz El), 4. 42
Ecrjnd, The da5e 5.0, 3 0 e, '111 4.29 (dd, [756.78 |1 NER 00Ny COCA3)02 (Zn
211), 3.43 (d, , . 3.38-3.33 (m|3H), |$ 3743 éd, 114782{sz 111),
3.29-3.24|(m 11 o 1¥(dd, N<Y. 2.4 Hz| EH),|1H).,2B66nGs, IH), O. 63 (m
2H), 0.38|(m PRH) 11\>|/N 13) 5 B. 43 (|d,3817458yHap)111), 7.63
(s, EH), 7.38-[7.35 (m -7.30 (m EH, 7.]29,7 %gm gH) 7.00 (d,
J=4.8 Hz, |2H),| 6.97 (d ®= .69-B. 65 ( 3%\& % 111),
5.55-5.44 |(m B1-), 5.34 (t\ﬁj;‘zzlangz EH), |5.03 (¢ hgo 4.87
(d, J=9.0|Hz, 111), d, J—48Hz 2H), 6
(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 Ny 3H), 5.34 (t, J=4.6 Hz,
\/\N/N\(\N/\&“( 1H), 5.03 (d, J=6.3 Hz,
N A ° 1H), 4.87 (d, J=9.0 Hz,
o ° 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 ?N 3.85 (m, 2H), 3.43 (d,
\ J=7.2 Hz, 1H), 3.38-
v“”‘@“& 3.33 (m, 3H), 3.27 (d,
Yo J=7.2 Hz, 1H), 3.29-
\Q 2 on 3.24 (m, 1H), 3.18 (dd,
0" “OH J=7.2, 2.4 Hz, 1H),
2.51 (s, 3H). 1.81 (m,
2H), 0.96 (t, J = 4.3
40 662.78 |z 3t
Qi
N NO N \
NN \(\N&@\(
N\i/go °
I
.,
41 820.85 |[1H NMR (D0, 300MHz) &
@H o ? 7.27 (d, 24, 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, %H,

17



4.79 (d, 1=7.5 Hz, 111), 4.42 (dd,1=9.0, 31 HNt O NIN O toH OH 756.78
3.6 Hz, EH), 4.29 (dd, J=9.0,3.6 Hz, EH), 4.02 (s,3H),3.43 (d, J=7.2 Hz, 1H)
3.38- 3.33 (m3H),3.27 (d, J=7.2 Hz, EH), 3.29- 3.24 (m1H). 3.18 (dd,
J=7.2,2.4 2, 1), 2,51 (d,J =50 Hz, 2H.1.62 (m 2H,1.33 (m2H),0.96
(t,J = 4.0 i\ z NN N

O “[842.83 [7=10.8 Hz), TIL08

(dd, 2H, J=14.7 Hz),
3.39-3.34 (d, H, J=8.4
Hz), 3.34~2.97 (dd, 2H,
J=15.3, 15.3 Hz), 4.33
(dd, 1, J=15.3, 6.3
Hz), 2.97 (m, 2H),
2.75 (d, 1), 2.49~2.05
798.86 |(dd, 2H, J=15.3Hz),
1.92 (m, 2H), 1.20 (s,
9H), 1.01 (t, J = 4.3
Hz, 3H)

718.88

862.93 |1H NMR (DO, 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)

46 884.91 , 2H, :
%} 3.39~3.34 (d, 1H, J=8.4

Hz), 3.34~2.97 (dd, 2H,
J=15.3, 15.3 Hz), 4.33

N
\
Sy { (dd, 1H, J=15.3, 6.3
I Mo Hz), 2.97 (m, 2H),
L Rone 2.75 (d, 1), 2.49~2.05
0" “ONa

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

18



(d, J=4.8 Hz,
7.29-7.21 (m 2H),

el

1H), 7.63 (s, EH),

7.00 (d'J=4.8 Hz' 2H)'

I (E1l,ONa O O-'OH 750.71 1H NWMR (300ML-1z. CDC13)
7.38-7.35 (m 2H
6' 97 1d,J=4.8 Hz, EH),

7.31-7.30 (m 1H),

88. 43

6. 69-6. 65

(n' 3H)5.87 (s, 1H),5.55-5.44 (m 3H),5.34 (t,J=4.6 Hz, EH),5.03 (d, J=6.3

EH) 4. .42 (dd_J=9

Hz, 1H), 4.
Hz, EH) , 4.
3.38 - 3.3
J=7.2,2.4
N,..0 -

7/

J=9.0 Hz 1H) 4.79 (d
J1W 4. 02 (s,

Y
3 =7.2 Hz, 1H),
Hz

1=7.5 Hz,

B4MP43L 43 (4,30 78D, He,

2H) . 1

3. 29-
18 (t

48

760.96

B.204(s(, r§HEH) . 98.(18 J
+b5.6 18, Bz, 3H 3

49

804.80

50

826.78

51

782.82

1H NMR (300MHz, CDCls)
& 8.43 (d, J=4.8 Hz,
1), 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),
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 (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=1.2, 2.4 Hz, 1H),

1.77 (m, 2H), 1.88 (m,

19

0, 3.6

1H),
dd,

34 WO H



35 40H NyO -, ..-..... ".N..m10 N 40ii.OH 0" '''OH 728.73 36 41H m, (0 NN
NAO 40 OH 648. 75 37 EJ T2 '',---NN),'-N-Al\c) ---. ,0 ,14,0Na -.."' OOH
ry ' 764.74 Ei NVR (300MHz, CBCA3) 88.43 (d, J=4.8 Hz, 11),7.63 (s, 1H),
7.38-7.35 (m 2H), 7.31-7.30 (mEl), 7.29-7.21 (m 2H), 7.00 (d, J=4.8 Hz.
2H), 6.97 {d,J=4.8 Hz Ed),  6.69-6.65 (m 3H) 5 87 (5,114\ 5.55-5.44 Cm

52 702.84 |2H), 1.28 (m, 1H), 0.98

(t, J =4.8 Hz, 3D,

0 /\;Ei}>\(l> 0.63 (m, 2H), 0.38 (m,
*b/\N N 2H)
_ N\/&O ©

53 H 812.78 |1H NMR (CDCls, 300MHz) &
N__O N\ 8.05 (d, 2H, J=8.4 Hz),
A

[ N7 o 7.91 (d, 1, J=7.2 Hz),
NN O O 7.71 (d, 2, J=8.4 Hz),

7.40~7.20 (m, 4H), 7.16

o * (t, 1H, J=7.2Hz), 7.05 (d,
\©\ O Na H, 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),
N0 \y \ 5.37 (t, 1, J=5.7 Hz),
o 5.03 (d, 1, J=10.8 Hz),
SN O O 4.97 (d, M, J=14.7 Hz),

4.81 (d, 1M, J=17.1 Hz),

o i 4.47 (dd, H, J=15.3, 6.3
\©\ 0 Na Hz), 4.33 (dd, W, 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



3H), 5.34 (t, J=4.6 Hz, 1H), 5.03 (d, 1=6.3 Hz, E4), 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, 110, 4.29 (dd, J=9.0, 3.6
Hz,Ei ), 3.85 (m2H),3.43 (d, J=7.2 Hz,1H), 3.38 - 3.33 (m3H), 3.27 (d,
J=7.2 Hz, 10, 3. 29 - 3 24 (m Ed), 3 18 (dd J 7 2,2.4 Hz, 111) 2 51
s, 3 181( 6(tJ: 3H) --/- -- N,,rO No
(o---H%( n%@ e fogs thl%@esve@@) ELOXI\FW& &bera@wtec effpitg 1S the
therapeutlc 1ndex 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



742.76 40 lirHN ,rO NN NN 40 40 OH 662.78 41 Hel NI,NN 1110 i'3
,ONa 110 0- 'OH 820.85 Ei NWR (Bp, 300MHz) 8 7.27 (d, 2H, 1=8.4 Hz), 7.175
(d,El, 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, 42 ' 1IHNNIC NIlo 113, 0Na

cyclizing the reaction intermediate in the presence of formic acid to
provide a cyclic intermediate; 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]

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

N
8. POCly, TEA ‘N \ 9. Phosphorylization \/\N’N\(\N \ Rp
\/\N’N\(\N Ry o N
10. lyophilization o)
(¢}

N

N o
\Q o-R,
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.
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4 H),

' ' ONa 842.83 J=10.8 Hz), 4.31-4.04 (dd,211,J=14.7 Hz), 3.39-3.34
3.34-2.97 (dd, 211, J=15.3,15.3 Hz), 4.33 Th (dd,.J=15. 3, 6.
Hz), 2.97 (m 2H), 2 75 (d.111),2.49-2.05 43 411H N.,..(.0 798. 86
(dd, 211. J=15. 3Hz), 1.92 (M 2H), 1.20 (s, 914),1.01 (t,J = 4.3
JMe--N----NNN"-N"--0 -Lo Hz, 3H  "----- cs, 0

10

[Mode for Invention]
A better understanding of the present invention may
the following examples which are set forth to illustrate,
construed as limiting the present invention.

be obtained through
but are not to be

As demonstrated herein, the compounds of Chemical Formula [ exhibit
anticancer activity.
The manufacturing method of the present

detail as follows.

invention is 1illustrated in

<Reaction Scheme 1>

H.__O H_.0
H. 0 Acetyl chioride H / Aminoacetal
n AlCI N KzCOs, CH3l N NaBH,, AcOH
AL -, p _NaBh, AcOR
p, MC, 11, 20 DMF, t, h MeOH, rt, 3h o
o o]
Mol. Wt.: 145.16 /\o)\/NH
Indole Mol. Wt.: 187.19 Mol. Wt.: 201.22
P9 P8 C1gH26N>04
Mol. Wt.: 318.41
P7
o
< o—é
Cbz-Tyr(t-Bu)-OH
BCyFr'(NMh)A ||q Q Ammonium formate
0 EA, -10°C ~-30°C L)O\/ F MeOH reflux j’\/ i
o~ N_ AL .Cbz o~ N
/\OJ\/NH o \n/\: o NNH,
e} o
C1aHy6N205
. CagHagN307 C31H4aN30s
Mol. Wt.: 318:41 — Mol Wt 671.82 Mol. Wt.: 537.69
P7 P6 P5
H
Oﬁé N._O N\ N
s3 o S N Y0
BCF. NMM '|~l | formic acid (85%) XN \(\N
EA, -10°C e H o ., 15h N\i/&o
: o ¢
/\o)\/ Nj]/\N N‘N)kN
6 H H H
OH
CaaHsgNgO7 CagHagNgO
Mol. Wt.: 782.97 Mol. Wi: 634 72
P4 P3
H H
N__O \ N__O \
N\ o N\ 0
POCI3 [_yy-N NN
TEA N \IN/\N 0.1N NaOH Lyophilzer N \&
THF, rt, 30 min A H,0, 5°C A
Y Io} o]
RO g m
0-P-OH 0-P-0
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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JOH e 0-10H 44 718.88 '7'H KN O C-------- N-N-r--N
H'slo O - iii 41" OH 45 862.93 111 NWVR (1)20, 300MHz)6  7.27 (d,
211, J=8. 4 Hz),

Allylbromide HI | |
Q Benzyli te [¢] o] aq, KOH [} 0
H TEA o enzylisocyanal .
1 L L SRS J A A
CTHy*N N THF. R, S8h N . 30 min ‘ N :
S oo HaN Ao~ NN o NN OH
Mol Wt 1546 C/HuN,0, CigHz N0y CigHizN20;
Mol. Wt.: 158.2 Mol. Wt.; 291.35 Motl. Wt.: 263.29
S-SM S1 s2 s3

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

5
EXAMPLE 1
Synthesis of S3
2-(1-Allyl-4-benzylsemicarbazido)acetic acid
10 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
15 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
20 100 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
25 obtained was slurried in 134 ml of FA (ethylacetate), filtered at 0°C 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,
30 2.5Hz, 1H).

EXAMPLE 2
Synthesis of P9
3-Acetyl-1H-indole-7-carbaldehyde
35
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
40 solution must be maintained at 0~52C upon the addition and then allowed to
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884.91 (dd, 2H, J=14.7 Hz),

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

EXAMPLE 3
Synthesis of P8
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
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%).

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
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
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%).

' \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).

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

7.2 Hz), 6.37-6.31 (m 3H), 6. 214(d, 211), 6. 14-6. 07
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3.39-3.34 (d,1H, J=8.4  Hz), 3.34-2.97 (dd, 2H, J=15. 3, 15. 3 Hz),
(dd, Ei, J=15.3,6.3  Hz),2.97 (m2H), 2.75 (d, 1H), 2.49-2.05
(dd, 2H, J=15.3Hz), 47 | " --NN O OP 0IC),OH 0' ' OH 840. 94
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85 g of Cbz-Tyr(OtBu) was dissolved in 449 ml of EA (ethylacetate) with
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
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1.77 - 1.30 (m8H), 1.20 (s, 9H 0.98 (t,J = 5.0 Hz, 311) 48 -4---¢, ==-.
OH 760.96 49 (--1. H (.) "\N,\ 410a \ONa CH 804.80 1H NWR (300MHz,
CDC13) 68.43 (d, J=4.8 Hz, 111),7.63(s,111), 7.38-7.35 (m 2H), 7.31-7.30
(mE), 7.29-7.21 (n, 2H), 7.00 (d,J=4.8 Hz, 211), 6.97 (d,J=4.8 Hz, E),
6.69-6.65 (m 3H), 5.87 (s,111),5.55-5.44 (m 3H),5.34 (t,J=4.6 Hz,
El),5.03 (d,J=6.3 Hz. H), 4.87 (d, J=9.0 Hz, ElI), 4.79 (d, J=7.5 Hz, H),
4.42 (dd, J=930, g f6 Pzyap1d)ssalzg (micdB83Jmi0.of, 86 fbimiEi 3Gid4a@R heate@Ho 3. 43
(d, = J7.52 %z, 1kter Ded® stirred for 1~2 hrs at the same temperature, 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



3.33 (m311),3.27 (d, J=7.2 Hz,Ei), 3.29 - 3.24 (mEl)
1.77 (m2H),1.88 (M 50 410H NO "t-------- N- N

Hz, E4),

1.1,
Il 41110 O__p \---ONa ONa 826.78 51 iiiHnprN,..r.O N,NN Il)o le9
\OH OR 782. 82 52 (10H N,r0-S 1,11:NO I

10

15

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
stirring. The solution was cooled to 0~5°C, 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
(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
below.
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..---2-/--0H 702.84 2H),1.28 (mEH),0.98 (t,J = 4.8 Hz, 3H), 0.63
(m211),0.38(nh 2H) 53 IIIHNO N NIS\ So /Na O-P-0 OH 812.78 1H NMR

(CDCI 3, 300MLz)8 8.05 (d,2H J=8.4 Hz), 7.91 (d,111,1=7.2 Hz), 7.71 (d, 211,
J=8.4 Hz), 740-7.20(m 4H) 7.16 (t, 1H, J=7.2Hz), 7.05 (d, 2H J=8.4
Hz),6.96 (d, 111,J=6.9 Hz),6.69(d, 211J=8.4 Hz),6.68 (m 111),5.58-5.44
(in,311), 5 37<Retctivh Sch@e2>Hz 5.03 (d, 1H, J=10.8 Hz), 4.97 (d,1H, J=14.7
Hz), 4.81(d,111,J=17.1 Hz)" 47 (dd, 1H"3215.3, 6.3 ), 4.33 (dd, 111, 3=15. 3,

6.3 Hz), 4. 33(5 kBll)lzKor«B 47 (M (Sydbegoni t - i
&

7

- s . . youFE s DMF, 1, 1h MeOH, t, 3 h
[
Mol. Wt.: 145.16 Mol WL: 271.05 /\o)\/NH
ol, Wt.: R Mol. Wt.: 285.08
Indole Q10 Qo C1gH23IN20;
Mol. Wt.: 40227
Qs

! I
| - o% - o%
B FmocTyr(t-Bu)-OH Pioeridi
N HATU, DIPEA I"l iperidine ;lq
N — - .
L CH,Cly, 1t |\O ¥ CH,Clg, rt LO ¥
0 : B

/\0)\/NH o N\g/"\”/Fmoc /\OJ\/NT)]/\NHZ

CgH23IN20;

d — CaqHs0tN30g C20HaolN30,4 -
Mol. Wlb480227 Mol. Wt.: 843.70 Mol. Wt.: 621.55
Q7 Q6

©\/: (0] \
S3 b N
HATU, DIPEA N p-TSOH.H,0, Toliene  Su~y-N N/\&'\I
80 °C, 30 min H(N\;_/go
/\O/K/N

s 5 5 :
SRR R AT L0k

Ca2Hs5INgOg C3gHaalNgOs
Mol. Wt.: 866.83 Mol. Wt.: 774.69
Q5 Q4

o Qi SEURN
N
D \(\N O\ O o P_PE(ﬂa \/\N'N\N(\N O O ?
(o}

Naco3 Pd(PPh3), N\i/go THF, rt, 30 min B
dioxane/H,0 (2:1) 0 3 0 \©\ o
90°C \©\OH 0_;%_0,4
CaaHagNsO5 CazHazNgOsP OH
Mol. Wt.: 710.82 Mol. Wt 790.80

ALk
N__O
\N
e}
\/\N’N N O
0.1N NaOH Lyophilzer \(\ O
0

H;0, 5°C i H
ROW ¥
;
0-P-0
OH
CyaoHaaNgNaQgP
Mol. Wt.: 812.78
Q1
Allylbromide | , Hl A
o} 0 0 ag, KOH o} 0
n\)L TEA H o Benzylisocyanate J\ N\)L q J\ N\)L
CIHg™N" 0"~ THF..5h N 1,30 min N7 ONT o NN OH
e CINO HN" o H H H H
491 22
. Wt.: 154.] CyH14N20. C15Ha1N30: Cy3H(7N 102
Mol. W 154.6 MoI?V\::.:%Sé.Z Molﬁl\/a 2:':‘11.335 Mol.’Wl.: 263.29
S-SM S1 52 S3

The method illustrated in Reaction Scheme 2 is described in detail in
5 Examples 11 to 21.
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NOoO---....------ * 1 0Na ONa 834.76 Met hods known in the art may be
used to determine the effectiveness of a conpound provided here in treating
cancer, such as AM.. For exanple, the nethod described in Exanple 23 nay be
used for assessing the anticancer activity of a 5 given conpound.

Addi tional exenplary nethods for assessing Lhe activity of a conpound in
treati ng AML i ellt hose described in Bishop et al., Blood 87: 1710-7,
1996; Bi shop, $aticsiOot@3 Fldb&Thae) 1997; and Estey, Oncol ogy 16: 343- 52,
2002. The conpsupdsoithiddieiPtiRs St fih&s! &5k Examye he administered to a
patient 10 in need thereof via various routes, such as orally, topically,

t ransder nal | y,%g&ﬂ) Eafzent erally. In one enbodi nent, the conpounds or
corrposisti ons t eL f*“are_adm ni stered parenterally. The term "parenteral,"”
as used her ei mYnihests@ER8ubcut aneous | nj ections, intravenous,

i nt ranuscul ar, 3-lodo-3tiindd ervatanbaldelttdeons, and i ntravenous infusions. In
preferred enmbodisoRrini® of 2¢ £oheundgs mi dfSDMFofiasttyi wnsanade ednaddedtter ed
via injectheO8sar i aAST lant (i AxABIUSarbAideRide PREd reacted WoM 613 ¥ ANKDH with

Lher apgut Lir B! gﬂré%r$£ct§] PR, Ol Jnéggt&re SAME TR SCHRAUAR £A0: B ves
exper i rrenf%pye&ﬁ%ng m e(&g.%g ?ﬁp?ﬁfgf%?%aﬂﬁ t"Heoﬁ_BSﬁI? e aggltséljee?%%ﬁ to
50% of t héo FERuRER ilavey swarathen-E0BE Prghel cabayer t1hEY 9B ¥ag1 Vaphes Feldt fve in
50% of t hé0%2@queoupNagtfom)lutie, dsed raxet dVabs®s visediunosuléatend kibhkarapenti c

ef fects i soricherhfedrape Cctoi gideX)land 4 tocamrhedexpidesed as the ratio
LD50/ ER50.  Comgagrdecnt hat 3oepiy) bt 10 8r af, tivgr apezit(s ¢ 1Hndizems (@r e, J=7.8

pref erredy Whi und: i iyt oxb g ghyde; e fectiy ey Jbg,used, care
shoul d be@?ﬂi}%@,ﬁ?v@géirygz'éaﬁ@t’dg&?v(gfylH’sgst'emﬁit)hat' ta(?get’s such c)osrrrgounds
to the si? : ffected tissue in order to mnimze potential damage to

uni nfected cells and, thereby, reduce side effects. The data obt ai ned
fromthe cell BUMELErB assays and ani mal studies can be used in fornulating
a rangg of dos®@ehdsds ofi¥® i n humans. The dosage of such 10 conpounds |ies
preferably wi thin afr gnuev9f diEsé sl aid NGO CRINGENDITRL (dofs hy Hakmah Tie) usheht he
ED50 Wi thsl it fle OfhenPd OXhE! Lyt il LG GRAGT BX il tf 8 & B 18qrppUNds
may be de %ﬁgr.;n( id accor m&te}]o ihe tlho E%crlhb 1d f({é %)éarg) ew.g4 Geeldow.
The dosag AV RO Ehi s §ﬁ§gmd8 Y50iR KE(?H A& SEARIASS AFH

enpl oyed abdethetheogo it e Hemivaimst r @ reW RIPEIZEE b StaRgd dohpbanySused in
t he 1523veilend thef st 4rd inghwmeterii h was heecodnereslpesitdicaipegr iag f vasdbdéersan be
esti mat edof )i fdladuey Hyr @vsell 1 zacidnt v kexass ay giveAQ@lose may be fornul ated in
ani lmalj model s 0 mhkms,?sm»mﬁﬁl@t %mgt@,am&} fﬁﬂ%icfm,:ﬂl{,i qm.lsagg?dlflmth

i ncl udes i 8. c r e test conpoun ic

achi eves zﬁg’%§i7ﬁ§IHzi)hﬁ?g:??’o%%df@s%ggt g”ﬁ%) as determned in cell
culture. Such information can be 20 used to nore accurately determ ne
usef ul 3oses i HKAW&als. Levels in plasnma may be neasured, for exanple, by
hi gh perf or manbmthésgsiiol @hr omat ogr aphy. '[he effective dose depends on
the type of diBeasslutibe oforfpesift @mn BS@ehl dfhdeOHolieehandl)asks addst r0at imbn, t he

type of subj gah gidigc t he@d ed, at heodhytehgerhtuedar BICHAr o3t iafodeth ivghypeci fi ¢
subl ect URAShy GONSH ALK if Ohe  dFALIBE Mol 1BmdC N ST BRI (SIEALLAE S ONpheand
that those t he

ot her factors. SKi I,n Ical arts 1 recogn For
exanmpl & P%lﬂl%.iqneé’laF n@OOZRﬂ__ Y Jcoo— o o -Phé k,e&%treﬁl%l&qog%??g %@B}Be
admi ni st efedivicyanobeyohydsjiéedt vasn sSHWLY mAdesh orftathignt Mo fre Hat viebt 281ng/ kg
and 500 mbédegsq @ydroger0 g6s tapd Ii@anygeky ceadrateasl. 108 tay/thy, reaplogn mMEQIre gvas00
mg/ kg bodyt weedhdt) rwbihCchenpaimthe: afdri ni $i er etk asogress ngf etldoseactdai |was 30
weekly, npibdtd. Ofih tIRNYeRPRAORE! @Sk & €334t of MACREhyAheet8r)ogdnemt s,
the digcl %feoc% g%mg%daa@yw&g yqded ’%ﬁ{x{rﬁ '@gaé!\i THe Qr%éﬁ{d M&erStifis! ar to
that used _for Ara- n_accor gﬂce (ﬁn%a%(g uriner ?spﬁct qLaer eiil., (i e
present i nO'8REI"GR SEYERAER HEL KB Ho2rlr (SR U F T e HESPIVERL &0t ur n
m metics OfxappdoFiEeddt i nvention on a mass scal e. The nethod conprises the
foll ow ng sequential steps; i ntroducing an acyl group into indole -7
- car bal dehyde, ppnERffrer®bl y t hrough Friedel -Crafts acylation to provide 3
-acyl -indole -7-carbal dehyde; 30l Ntroduci ng an al kyl group and an
am noacetal group to 3 -acyl -indole-7 - 40 carbal dehyde to provide a 1
-alkyl -3 -acyl -indole derivative; am dating the 1 -al kyl -3-acyl
-indole derivative with stereoselectivity with Coz-Tyr(QBu) (i.e., (S

- (benzyl oxycar bonyl ani no) -3-(4-tert - butoxyphenyl)propanoic 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 internediate in the presence
of formc acid to provide a cyclic internmedi ate; and phosphorylating the
cyclic internedi ate.



In the above nethod, 2 -(1 -allyl -4 -benzyl sem carbazi do)acetic acid may
be 5 prepared by the follow ng sequential steps: addi ng
TEA(triethylam ne) to an ethyl hydrazi noacetate solution to forma reaction
sol ution; adding allyl bromde (e.g., dropw se) to the reaction solution
and addi ng benzyl i socyanat edropwi se). 10 Represent ati ve conpounds of
the invention Yathdses pf &dared as illustrated in the follow ng Reaction
Schenme. Rb [ AM [gAé6]Fmoc-Tyr (OtBu)l masc di $saivedeirb @0 nenb§ , MOR (d schiebimthaneRb i s

-C(D)Re, and Rirdisg Metdryhi08o1LbimYlsORKEPYS ¢ of HATUAR-§BeRatRas®R I hzol-he

reacti on SPNGNEY! 8- ef /et Gd1h 8 AV Slox] AHSRR D) Mo C20 1APT Gsentied bY
Chem cal c%un s acco ftl‘ ? sent d.nve Qtl on
are based @ﬁS%Pf?l?yéﬁ%%%m& fa gf’% LG n o f(ﬁl fV% rS di'fy e |Qenlti;1
functi onalrsyr Bixsd Hithadhéd & B G oBIrERE BB R 3l centlerige

t her eof , timpletoapoliritie rmtlorbedsa,tnklleéswat@dwaﬁ&d@@éél@@m \}@fey separationAn acyl
group is i oaduicethyentthud Herneddak evaghed ot I @b&l el ydfea dfe addous hriouighacid
Friedel - Cg@n‘uE fon2@id AN, off @l I5pWagLeBYs tNABOG; NES1QERt | Bdhyafatad kiith amgso,

ani noaget al %?gaﬁS%{l]%ronéeH?ratQ@% .27 a‘@oﬁ&n“]%e@%&ﬁhe conpound

(Cbz - yrosme e resulting intermediate i's subjected

stereosel ective anidation with PivCl (Pival oyl chloride) and i BCF

(i sobutyl chl orWLﬁa]@e) to afford AA3. Thereafter, AA3 is cyclized with
formic acid t oSobiesinoAR, foll owed by phosphorylization, introduction of
salt (additionTot Ndutionpifodphade Q7simgo® mbNoiND X @) chAodbm8thahe)opds hddedt i on
to synisheshzg hhghliYeUIR. PYTEZENOcHe! irdZAN6h CRMROMAGSed, ABe 2Rlution is AS

denons”a%&g:ext&?giteedn’ fBﬂ%w&P?P%g s&iar&? gfﬁ:ﬁi 'anfaMd (@f&m&b&etﬁé}kgcancer

activity. e

| nvent, o
i 11 ustrat &Y 8910 Imé ‘?erpé‘?tll Y%FT Qﬁ%a&&ﬁ |18¥1er85 OrTQE e% é)]Scherre
1, side chf #ls¥ aail @é‘i‘?ﬁ’lﬂ%ﬁél"é’& asidi pelysranandy Spml ogf 2 5 aquewB each
step of thkelutemufaadtthen nognoertratell i lGust @at ed in Reaction Schene 1 will be
descrifped in detail in Exanples 1 to 10. 5 EXAMPLE 1 Synt hesis of 53
2-(1-Ally1- 4- bepgplpseim car bazi do) acetic acid 1067 g of

et hyl hydr azi nog%gﬁe% oMags di ssolved in 673 n1 of TI-1F (tetrahydrofuran)
and m xed WlthT nieof TI,T_Algtrle Iam Ot“MCS L ea tloqh 5<ture was
dropwi se added %P P By bk o g B it Tr(ﬁh JIOTFS Kool

stirred f@ropsisers addef fil% er%d ofrg {'W@ f| a?%abﬁ%?é’ Urephi9e ) Aaldd 53 m of
benzyl isotylapmithyloveniul5 nhexaf fuoronbosnlatey stiandi ngléor 80 ni efat PBEM 15

t enper at ur@iisdgregyeaftiytiming sOlrodn oenpefatd®:. g AdferKOE §@lat amsiasnsthiyddobor de) in
673 m of odi §td | ) ediwedebt WBSy df @lwnsmmdgfi M ei&H8 o Snk fHah&IwisO8r oBii s n.

Layer sepgiall g uas geperal iy o008 Ao fL O (9 bl ofanel e and

201 m of he 1 G@éﬂg@gﬁﬂ%ﬂ“@%ﬁ’aﬂ GEtist

exane and Sh@ﬁ
201 i of TR (& KA GPBHEEHarE) m
of 2- 33%yW@|t§irr1’@rQ(9‘S@_<b(90 SENESALE daveer mratm e & §791 S tlpYer el UF dormed WSn, t he
pH adj ust eastedl with ci0wals ofx & r 2c tagdeous tdi t1i@0GCd solfut B @ell AP dlirloﬁétma@%e)
The MC (diaglogy SEOhadIa) idhayelr déhhtitebtvaiindd) wasf NebYd(swdacd wilthte26Hhdg of

Na2934, fIthénezs&l@emamdtﬂaeﬁfeﬂmﬁ%raaE&féeﬁtma@dv[%ma@ The concentrate is
crystallized wth 134 of EA (ethylacetate) and 269 m of hexane,

fol |l oned by flm% The solid thus 25 obtained was slurried in 134 m
of EA #®thyl ac filtered at 09-C and dried in a vacuumto produce 40

g of 53 as a whmthessdlof R4 yiel d 35% .
289 mg of p~TsOH.HX0 was added to a solution of 4 g of Q5 in 100 ml of

toluene which was then heated to 802C. The resulting solution was stirred at
the same temperature for 30 min, cooled to room temperature and concentrated.
40 Layer separation was generated with EA (ethylacetate) and distilled water. The
organic layer was washed with 200 ml of a 5% aqueous citric acid solution and
200 ml of a 5% aqueous NaHCOs solution and dehydrated with 340 g of NaxSOs

(sodium sulfate) and then concentrated to give Q4 as a concentrated residue.
'H-NMR (CDCl3, 300MHz) & 7.43-7.27 (m, 3H), 7.23~7.21 (m, 2H), 7.12 (t,
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11-1 NMR (500MHz, CDC13) 6 10.84 (bs, 110, 6 7.90 (s, El), 6 7.4-7.3 (m
5H), 6 6.42 (t, J=5.0 Hz, El), 6 5.85-5.72 (m 111), 6 5.28 (dd, J=28.5,
2.0 Hz, 1H), 6 5.19 (d, J=17 Hz, El), 8 4.47-4.42 (m 2H), 6 3.70 (dd,
J=40.0, 30 2.5Hz, 1H), EXAMPLE 2 Synthesis Of P9

3-Acetyl -] Ji ndol e- 7- car bal dehyde 35 of AcCl (/acetyl chI ori de)
was dr opwitbelHadd. t70083(s,o|11[11)c|6@50(fd 1, gT‘EBfS B@)Cl@9i7rﬁd40]@ =7 of

(di chl or okt BHne)=8wW tHx) st6.69 i (tg. 1o J=hils Hepl it 6D ddasltdr dpii.Ze 4a8ldi@d, a

sol ution 9f534§391 @f suhessizact,i 09 st @mzal 5(02ndp! 8t 75=10ar hal delegda) 1Hn 400

i nt ai e S &ggoé OHPRRE N, TR Lo A ol it 8D, SobUk ona BStugbe
room te?np ﬁzﬁr‘o @sg ?IID![ h%@e%% 8@& ?WV{g q‘)H%d using thin

| ayer chromat ography (TLC) and high perfor mance | i qui d chronmat ogr aphy.
After the readtXAMfEwWs conpl et ed, the solution was subjected to |ayer
separation w t$ynwsdsés of Be organic | ayer thus forned was dried over MgSH4
(magnesium 5 spy E%&mnloﬁldft f0efl dRAL hen pDRGANLE B A oAt 1 490G okaheginge441 g

of P9 ﬁs_%f)%?eﬂétreﬁt ¢t Wéq(s %g"cﬁ'g a%@lbe é@éﬁﬁ’kﬁ@a@%‘t Q?Srlg% off NL3, 103

- Acety -

di ssol ved ?Oﬁe%lléarﬁ'f) ﬁ%ﬁ?t& lséﬁlc?hgp’l P@é@“n%atly\g%'f"ﬂe
sol ution MéO‘Y?SOIPSéd@’@R?rTG@ eé‘?é’a@“l?f G 87 Prigashdhet 97 a8 adled
t hereto, &hed @@lemtermfermre(rrﬁtmy:tqlntjpde)wamsoqiﬁd)p\t\pséoms teger@tureheand
resul ti ngc@ebnitrbied. waskEAl (eohedcdtatd)naneas st iil hedt @aEer aéner @sddo to ogamerate

t emper gt umfeans’ep\é@ailéﬁl rrigg §r@bnid- Pajer S thudhesrneenast aehydr edabighi @d,S0pas
2?;2?2: Izle @?umﬁ'slﬁgfgﬁgﬁrthgﬂ%eo%g%nm%% | tﬁ{e%or%cefltzrat lw‘a@"‘@%sg%@ed in MC_
809 . 2 OESARPLEU i) 1 EY: s “%roﬁ??é% }%ﬁ “’ ‘%ﬁw )

- 1- et hyI addedy ﬁH]@Wed BV y$Y1 Bt & rin £9%F0 %"%‘Eﬂ%‘iei on elﬁ‘Boq H ﬂ n of
MeOH (et heasblon, wee aeagébn3mbxtite 28s ofasigsiomi thadet mlc Oécﬁd§% awu%diaﬂ@(?zon was
m xed wi t bolaBionl andf dehndraoaicettal Migddy deodime tshiflase)et @lgiat Q3 asra tewpdratedr e and
stirred foLsigret hrs. After the sol utlon was cooled to 10C, 3.3 g of the

[?ﬂgc' rc]gr agent iy "ﬁﬁgkf‘cné pO0) 9r82¥(H ?—8?1119-13‘)3/ 72gded Itlﬁerje’ﬁ(é HZG}t this
exot her ma? ﬁ gdct?% ?‘I%gk]%g &@ﬁ @a Zgl% 9 g’g&?e?rrpogp for 1
hr. Wien t# b | §r96wé Bhpl&-daliz 5@ @% (g e ate man )354 i
of di sl Bé?'@ﬁv&ﬂdm \A%ibe5a37déﬁ # &5 7&Z%e§d?3a£da éTIQ 8 thb 69@a(rfﬂ| clH, ayer

thus for ngdavasizily i4esll ¢ erii14E1g. 100z)Yy8a4 (ddaglhleshl&%uﬁﬂaﬂe)) argd (dd,
crystal li zgdyip Hexang,;f 0 4fkard 1515 @.01-374 as sH)yed. I6@vwssmﬁsolni/@l 7yisel d
80%) . SSIWS\jIAR(SOOM-lz 'CDC13), '6 8.36 (d, i=4.8 Hz, 111), 6 7.61 (s, 1H),
5 7.17 (d, , 5 7.10 (d, j-42HzIH),6458(t j=3.3, IH,
5 4.21 (s, 3H) 5 4.07 (s 3H), 53.68 (m 2H), 6 3.51 (m 211), 5 2.82 (d,
i=3.3 Mz, 2H),EVBLEM® (s, 311), 5 1.19 (t, )64 .2 Hz, 611). 40EXAMPLE 5
Synt hesi s of P@mmwmgp -1 -(N-((3 -acetyl -1 -nethyl -1Hi ndol

-7-yQOret hyl ) - NsoQit2on ofliset hoxyast hybR)Tat bd iyl (tet 2hidrofiean) was cooled to

- but oxypheaynet ! Gaedanet @5 ml of POCBR AT thEamd Wetier Bike Va8 Ml ss0lMed in

449 m of rr r l¢ led to
0-5C. 31 Eﬁ%eéh?&f%ﬁ%c%iﬁfei)wﬂ Hdo‘léa te h{é ggtoﬁ wh E\JN?@ I'féd ?ﬂr}“@ns £&0Q e
dr opwi e &f ! ‘i’% w@@?u“faiso ‘Po fy hr%qug(ﬁl& aﬁ 44.9
g of P7 waeluhtiectpst #eeaad 4 eﬁomtschasrﬁ@ré dhmiks hgraddt 10p of

t enper at umk of HA evbldogtage) resulged on 12y kﬁrpgratAfbrt erTa éharaazpisohaxst Vtahe
reaction, agtiegt 2171 atl ofatier (meets | addeldot ideperier latel Ibayaijusiépartat i mh of Tie

or gani ¢ | @é(l%"tldnh't'§ 1f~9rmel Ymn V@tsfzesﬁc WHGlh B9k hodiic AaH ARL TSR idsi C

oL SR B Bl oathguepas bR el i gregudpn chie:

over 1 oncentrdate was cr T?-lF (EEeE yaro rat %1 of n-

uran) and
hexane and the SOlld was filtered and drled in a vacuum.

EXAMPLE 21
32



10 of P6 was obtained as a residue (yield 90%. EXAMPLE 6 Synthesis of P5
(S) -3-(4-tert -butoxyphenyl) -N((3 -acetyl -1-nmethyl -1Hindol
-7-yOrethyl) - 15 2 -amino -N- (2,2 -diethoxyethyl)propanam de To 85¢g
of P6 in 853 m of MeOH was added 8.5 g of |Om% Pd/ C. 16 g of ammoni um
formate was added and then ref luxed for 2 hrs. After conpletion of the
reaction, the Yothesioaf Wads cool ed to roomtenperature and Pd/ C was
filtered. 20 THe gsalfutdronl WAs waondiendlvat ech 90 omk bfaydist dépdrateomwinht h 853

n of EA (ethybacataeloodiid €06 at, of INNFHi ddsesl owBt added Theadiug@abhe pli ayer

t hus for e i a ution and
850 ni O][TGf;t E%‘Y%‘E‘Zd%uﬁb %ﬂaéﬁ?:&?@g%ltoﬁ@naﬁg&ggﬁggﬁt%?}ggEa{dalttgo 0 Eﬁ \Q/EV%5 g of PS

(yield 90%. 25EXA|\/PL 7 Synthesis of P4 of si.de chain 8

di ssol ved in 4bedeipil 85 gosCr B RPN e bt dtte)2i¥d Oéoéh%aegftfﬁd Wcthio RRRATED ut| on
wer e dropwimpeundsldbelodl ml of NMM (N- 30 met hyl nor pholine) and 20 ml of i BCF
(i so-butylchlorofornmate) at the sane tenperature. The reaction m xture was

stirred for 2-@Zalpis @t -10C after which a solution of 56 g of P5 in 200 m

3/; A d(ote; hgloa%feafc&aeppgx?%r géfémré ég@gﬁd tthf(%oof Tg&dp@cttbomme@ %@Cﬁ )
was terni F\%Lﬂlgg nH(eé Hy Iacﬂf 3?*5“} 8% fﬂtmdgc%% ol s$| ?S §&e q)?ogr

added to §‘§1§51rt§?f§ é@‘éﬁ‘hs e Sf‘tfénl @SI ayRr seithefs RS ﬁedOWth
850 m of dESOS%HBI@@IPJ@@@ ferm.ri ¢ acid solution and 850 ni of a 5% aqueous
NaHCOB sol ut i ofhiangtodinigedaso\peepaddd by addindgy SOdi uhimaginesidanis ilf athedh twas t he
concents azz;%r?es@eh gc®fdiRgd MABxABIANE BoaS mendSed1ER Nint ad i€ 6d i@ Sodhte of Whel d

90% . 4oE n £
(6S, 9aS) Wsé)%%ﬁ% }p f to 400 Tg/ml 5%3; forms ve advantageous

e l) -
2-al 1y Eee o il Trc s lanR - Belaghls FUPEL D L
- car bo&dmi disod lum formghagsp \Kﬁ@éz di ssolved in 383 nl of 85%formc
aC| d and heat eFtIGt ol &D@hlﬁﬁlﬂérsﬂaﬁ rehanges rinepH fapd motenthek when Ohel Jabke is
t enper @t uadledt frepwice utd ahe Vvasp@nd| &d tho preent t enpeiat.ur dnarid graped thet h
acet one. E&J@orﬁgi Wk iOPeprBsenbs 30 Wadedtnb@htd dIHsdh wfhitrdxideby 16w 4@, addi ng

SN NaOH, ff?rrslfn Eﬁ{dugﬁ%oﬁd 5{)3&&% of Aﬁﬁl@(&é@?ﬁ%@?})({r\}g tjoofﬂégimet be p?&luhfjioﬁvas

flltereda ; h war m ng.

cool i ng pPEE’F’%S@P’&@n@r‘g}@f@% Wﬂ cHreW?FTe Ttered to afford P3 as a p| nk| sh
white crystal (40g, yield 60%. 1H NIC (500MHz, CDC13) 8.43 (d, J=4.8 Hz,
LH), 72%3 (s, BWPLEZ38-7.35 (m 10 2H), 7.31-7.30 (m 1H), 7.29-7.21 (m
2H), 7.00 (d, AmdcdBcdizActAty fn Adutediyelbid [8ultdmja EANL) Ani6dl- BodebS (m 3H),
ii—|)87 gsé7LH) @s@%a’fte%léWer@"%rep@eadfn(tbheJﬁﬂ’mGOHZproélHks Bo O3cAedse Jhb. g 22
e, 1E), 2&1 Bli JE%DO oé ﬂém@reé pﬁo%%%@% filn @nﬁ’l %%L%dﬁtnch] g%%e

IH), 3.38%% %(WPPS%)‘““ isody o) 3Prodral S Hﬁ‘ 31) T
(dd, J¥7.2, 2.4 Hz, 11-1), 2.51 (s, 3 EXAI\/PLE 9 Synt hesi s of P2

4- (a6s, 9aS<)ﬂDleclE§énzyl car banoy1) - 84( 3- d A2 f met hyl - 111-i ndol - 7- 20
yOnet hyl ) - 2-al | octyahydr o- 4, 7-di oxo- 1H pyrazino[ 2, 1-c][1, 2, 41tri azi n- 6-

yQret hyl ) phenyl regen phosy C@d/ g, of P3 was di ssol ved in 217
m of THF (tetrahydrs f\/ﬁf}u 0Ql ekt 0 0-5 rm@@ed w t\g-25 m of POC13.
At the sane terrperat @ TEA 25 (tl’l\/th ropw se
added. Stirring for r wasofolowed by slow a 7 o1 of

distilled water. 348 f\%it _oRgueous NaHCOB on was added to the
sol ution which wasthen sti b~ mNaBO mn. After th Iublgn was
subjected to layer separation by adding 217 m of EA F@gaet ate), 217 nm

of MC (net hyl enechl ori de) was added to the aqueous | ayer and then the pH
was 3035adj usted to 1-3 with 14 m of conc. HCl to separate |ayers. The
organi T |l ayer thus formed WAs dehydrated with 174 g of Na2SO4 (sodi um

sul fate) and concentrated in a vacuum The concentrate was crystallized in
130 M of TIE (tetrahydrofuran) and 435 m of n-hexane, filtered, and
vacuumdried to afford 40 g of P2 as a white solid (yield 90%. 35111 NWR
(500MHz, DVMsO-d6) 8.27 (s, 1H), 8.16 (d, J=7.5 Hz, LH), 7.85 (t, J=6.3 Hz,
li), 7.34-7.29 (m 3H), 7.22-7.01 (m 9k, 6.79 (d, J=6.9 Hz, 1E), 5.84 -
5.7 (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 LH), 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 Pl Sodium 4-(((68, 9aS)-1-(benzyl carbanoyl) 8
((3-acetyl-1-methyl-1Hindol -7- 27

yOnet hyl ) - 2-al | yl - oct ahydr o- 4, 7-di oxo-| H pyrazino[ 2, 1-c][1, 2, 4] tri azi n- 6-
yurret hyl)phenyl hydrogenphosphate 40 g of dried P2 was di ssol ved in 2000 m

.



5 stirring. The solution was cooled to 0-5C, followed by adjusting the pH
thereof to 4.6-4.8 (130 -110nmV) by slowy adding a 0.1 N agueous NaCH
solution, and then lyophilized to afford 40 g of P1 as a white solid (yield
959%) . "H NVR (300MHz, D20) 7.86 (d, 1=7.8 Hz, 11), 7.60 (s, in),
7.07-6.93 (m 1011), 6.56 (d, J=7.2 Hz, IH), 5.39-5.32 (IL 2H), 5.09 (t,
J=5.4 Hz, Campeunil A34. 95 10 (d, J=15.6 r‘&xnpom){\ 4.70-4.53 (m 211), 4.14 (d,

1=15.6 Hz, El), 397( 1=15.6 Hz, 1H), 3. Sy 3H), 3.56-3.49 (m 111),
3.30-2.81 6H) 2. 81 (m EH) 2.18 (3 3y° Anot A P eparation
exanple fo BFFE ent at| conmpounds is sugges@sql. o eaction
Schene 2> o~ nmethod il lustrated eqct henme 2 is
described in dét Exdhples 11 to 21. EXA E: 11°Synt hesis of S3
(Side Chain) S3 was cbt ained in the sane manner as in M Snal- SEXAMPLE
12 Synt hesi s of QlO ocﬁgmﬂaH-l ndol e- 7- car bal dehyde oXsi@l ution of 24

g of 12 in 125 m of ~BME (eNanet hyl f or mam de) was added to the starting
material (indole -7 -carbal dehyde) and reacted with 5.3 g of KOH with 10

stirring. Copema@acti on progress was nmifvnpoaricB2with [11:. Wen the reaction
was conpleted, 354 m of EA (ethyl acetat e) and 354 m of distilled water
were added to generate | ayer separation. nic layer th formed was
washed wit 1.0% aqueouys Na2gl) sol uti on Wer Naivg4, (sodi um

sul fate), e and cQn e trated at 409C \o we A a-g¢oncentr at ed
resi due. 15 /N BMHz) 6 10 3 (bs, |2 @ 1e), 7.79 (d,
1H, J=7.8 Hz), 9=7.2 744(d 11 221 Hz), 7.37 (t,
111, J=7.2 Hz); P2, [W]t EXAIVPLE 13 208ynf’he of 0@ 17 ¢
of QLO was di ssoPve: 10Q it of DMVE (di met hyl forma Ob\ioﬁ}] stirring.
The resulting soluti \d;.g)ol ed to 109C and m xed with 18 g of K2CO3

(pot assi um carbonate). After 6 ml of Ml (nethyliodide) was dropw se added
thereto pdt i on was warned to r QQJuRdBer at ure and stirred for 4-5
hrs. V\E&ﬁo?ﬁe starting material was recogni zed as di sappearing, K2(X)3
was f| I tered off, fold owed by crystallizati mHhexane to gi 09
1H NWR (C13, 300MHz) )6 10.2 (s, IH), 7.76 (‘& 0J=7. 8,yA-

IR J=7.8 Hz), 7.12 ( 1H), 4.14 (s, 3H 30EXAMP (s of (B

To a sol upf 18 g bf in 600 M of MOH ( @l) @ added 0.4 m
of AcOH (acet craci d). roomtenperature, 14 ni ‘an? noacet al dehyde

di et hyl acet™ ™ wis & ot he solution, foIIowedcby rimg for 3-4 hrs.
The 35 solutio \3NE ed to 109C before 3.3 g of th\:@%b@g agent
NaCNI 3H3 ( sodi unty: orphydride) was slowy added. At this tine, care had
to be taken because %rkb n gas and heat were generated. After the

reacti n m xt ure was stlr(rjedv\ﬁt roamterrperature for 1I hr, dthe pr(r)ﬂgrefss of
t he reacti.on vv%s nonitore en the rmkms conpl eted, 354 of EA

Hz), 7.31(t,

(et hyl acePePeydddd 354 ao nl of distil r were used to separate
| ayers. The nic | ayer thus formed was de a,ted w th,141 g of Na2SO™4
(sodi um sul f ryst\q,l ized in hexane 4
Synt hesi s of af Megfoc- Tyr ( Ot Bu) W
(di chl ar onet hane) | ng. To this soluti on ‘
(0-(7 azabenzotn%{})ﬁ 01- yl) -NNN,N -tetrane hy u‘?onl um
hexaf | uor ophosphate) a 0 ord,, of DI PEA  ONa
\F@O’#{O:a \©\o b ONa .
Compound C3 Compound C

20
H S ©\/H
@\/N 0 N0 HN ]\
x N -

o] ls) :
o
i _ONa O
25 \Qo,b\om \©\ _i.ONa

34 0" “ONa



5 (diisopropyl ethylam ne) at roomtenperature. The solution was stirred for
1-2 hrs, mxed with 15.8 g of @ and further stirred for 2-3 hrs. After the
conpletion of the reaction, distilled water was added to cause | ayer
separation. The organic |layer thus forned was washed with 898 m of a 5% -
aqueous citric acid solution and 898nl of a 5% aqueous Hal i CO3 sol ution,
dehydrated with Na230l 10 (sodiumsulfate), and concentrated to afford 07
as a conckeferatedMatesiadue ArERANPEedBa Sy niahedalsleofdrO6 far drsatling i btef 34 g
of Q7 in WG LdkenlVk) (di chl oronet hane) was added 15 20 ml of pi peri di ne.
After the reactlon |s conpl et ed, the solution is concentrated, followed by

| ayer separ ati ( | or orret han

di stilI’ed vvat e g@“ ?@gnf?ﬁnl gyi% ]\&hcﬁfowﬁe u&/:%a%\%\d/algﬂéif\é%go aﬁ? of a
5% aqueou$! éilrtefil & ali’d Sefeit porrd MPNof D 5l SEGE | ﬁtl on,
and then ¥ohee ¢Be0 edatt#o-m@ﬁ@bSmlelwotwwpﬂé%lf?t@yh@mé%lsérh@f B0, cat# To a
sol uti on 2303038y) .0fFchdle Balb0D node wifce MOr {attt Bibol, Guognentrane) Kavenk 56 weeks
dropwi seagdped}QgohEATHIRI ( Yo - @eabrraie rgk0t Udingyla) sterilided syringe, a

tetranmpt hyl )e;eﬁr%“bfm *feafawﬁi@f %@b&sphﬁattﬁ)ge@f@/vlﬁwgé iR aQ{éﬂEﬁm an amount of

di i sopro @th ne rat ter tirred
1£o|rI 2- g h / a]i’ﬁn‘ﬁ %‘ g}I‘ 31 ?6(52 %‘Rcﬁ}%ggﬁe %el) was
dr opwi se %i‘%fhédi ﬁeﬁeFkﬁt anliirtta% stp? rmr”éedw%ﬁe iy4Rd %gf‘?ﬂps 1RSUGR s

When t he emoterothaives moomy dewdtionoo thireggrd Mo (l@i%hﬂlé? @ﬁétbﬁébhé@lgahdfaﬁoo m
of distil bigdii2d aehertheegreunssedhibotegenetatield ayer dssphredt inophysidlegmagani ¢
llayer {shusaified rgd M@savéﬁ&@eﬂ Widdte?QR #1deé & F80MYMEQHBe G aY Gnaci ige

sol ut i on g3, 200 Pk, (3% AGHEOUa NALERE oLyl an @Bl fRbydiat saoe th 340
o el LD g
0 FPueéne

p- Ts011. 19ateomied agderdquiabed ollis if® W4€08‘1%19n
whi ch Was ShdnenAxtied edTheo Le@2 @nd 1Hher tr dsedl ©f nidies Simet i ¥aseweeaswiel r federgtht he
sane tmpesiagur éidioal 3 ipamn (Micewtoed Iapamnoorfihtemparaatarr actavidy adnidentasat ed.

40 Layer RARAIAL 0 RS aBaNBIcHHdifl Wl the EB) (Rt A bdleloale) and distilled
water. The organic |ayer was washed with 200 mM of a 5% aqueous citric acid

oo a3 i e e NGRS B a8 el v >

concentrated résrelge. 11- 1- NMR éClB 300MHz) 6 7.43-7. 27 (m 311),
7.23-7221 (m 2H)mead. tu@or( size3df dffg-adpuyispered group. @8legs]l 1F1), 7.05 (d, 2H,

J=7.8 Hz), 6. 9% =(isban lthor] siZe2ofHajug-Ginai s(eted 2HpupleBDady BZ), 6.59 (t, 1H,
jfg 8 $g1 S. G%fgéi(i’me}ﬂ]{’um&r—%pze%f) fheBcdigdol &n B3 B. 3? g-gl 53ﬁ3 Z 3; E;[j, iﬂ,
J=17.1 Hz), 40%1 ?dﬁgﬁﬁa‘“‘?iée% thes C‘i?i? dud 9{1% %%ld 51H, J=15.0, 6.0 i—|z) ’
3.97 (s, 3H), 3.49-3.19 (m 8H)

S E 19 S s of
To a s¥l ution enite RglofuTy F‘r?eaoét%ﬁu@ré‘g@pm@l?ﬂerﬁé_ gowp O énﬁf’&‘(ai% "%ilﬁd
M of wat emalher ehandihet! @3jusy hefore thecasmynistins ineblorbmitestavatariads, i 16f
Na2CO38 ( s oatigaed arsbRapaee) orid1(0%) nyTmbr Re¢wPR1Ibh3)iBion Rates of tumor growth
(tetraki sptitphepyt pitesnhi nepalhasli ) in To1t owaiby, tenperature el evation to
90C. After being stirred for 2 hrs at the same tenperature, the solution
was cooled to roomtenperature and cgﬂ@gnérat ed. EA (ethyl acetate) and
di stil Ped water were used to generat ayer separation. The organic |ayer
thus fornmed was dehydrated v&“gﬁ’ Npndiate Oés%lﬂi‘i’ruﬁ‘io& fate) to the
concentration. The concentrate was dissolved in MC (dichl oronethane) to
which 1 m of| Mé& @htdridluor ogeiesd Cngdrd)d) was t helomshr gyowiis énlddiiedn f ol | owed
by stirring at roomtenperatiure. After the co efion of the reaction, the
reaction m xt :JArc_q/vab washed 'Ln TOm—of—= i
and dehydr at H-h—Na2S0 4 Csedi-um—sulate) —re—03—as—a—conecen! rat ed
resi due. Ara-C 11-}25NI\/R (CDC13, 300 5805 (d_211_ 1+8. 4
Hz), 7.91 (d,|Gokpouaddl2 Hz) [ 25. 71 (d, 2H J=8.|Regrepsion. adod) 20 (m 411),
7.16 (t, ill,|Ghmgjourdia?, 7.05 26d, 2H, 1=8.4 Hz)|Refrel86ioad>1EH) J=6.9 Hz),
6.69 (d, 211, I=8.4 Hz), 6.68 (m 1E),
35
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25 5.58-5.44 (m 3H), 5.37 (t, EH, J=5.7 Hz), 5.03 (d, 1H, J=10.8 Hz), 4.97

(d, UH, J=14.7 Hz), 4.81 (d, LH, 1=17.1 Hz), 4.47 (dd, I-1, J=15.3, 6.3
Hz), 4.33 (dd, 1H, J-15.3, 6.3 Hz), 4.33 (s, 311), 3.47-3.24 (m 8H), 2.64
(s, 3H); nmz 711.56 Beit 30EXAMPLE 20 Synthesis of @ A sol ution of

50 g of 03 in217 m of 111F (tetrahydrofuran) was cooled to Q-5C and m xed
with 25 nml of| (B@oL8. AAt the|8anme tenperature, |Régrapsiof (FHBEYtri et hy| ami ne)
was dropw se @@Iﬁb@glﬂdtp the sopbmtion which was fiegh stirred for 1 35 hr. 87
m of distill OBl Was ST oyl'y added. 348 i Qéregmgﬁt(ﬂo@gyeous NaHCO38

sol ution was ced the $gtuttonwas stirre of Hdd%. Ffre—addj ti on of
217 M of EA%QQW@Zl at n) icnlforl [ila} I::ynr Eggg§§sc} the agueous

| ayer was add pur By of F‘Z'{’ net hyl enechl rori g i, f ol | owed by adi u%ti ng

the pH of the Comlowtd Bn to 1{35with 14 m of cod®%h HCl. The organ’i c | ayer
thus formed Jasngbihddehydrat ¢dswi th Na2304 (sodiedresdibat(®@)0omnd concentrated

in avacuum [H nirat gpyas crystallized 130 1> Rom ) THF
(tetrahydrothg%Wﬁ:%qoo i 25}| r——hexane—antd 7?5{6 bgllﬁnl(u V\Id.)b f+—+tered and

dried in a v WRPLE ] Q\/nf hesi s of Q 44 g of —dri-ed was

di ssol ved in [£owomd b distiPPed water with sti2ping. After coolingl to
0-5C, 0.14 NaOH was slowy added to adjust the pH of the solution to
4.6-4.8 (130 -1ebPmsulisokkidwed oyt | y0phédti zadpoaidst Bavgi Ushibitory achivieyai | ed

descri pti 1@4# |th>‘? g;owa{l Ofmt BSp&ilis CA1-#f, tsmeagpaﬁp@m% %eéaggﬁ]gd&, the! ow.

EXAMPLE 2 f
t he sol ubPlieS?'%} tlﬂveP fl Eﬁbpgm arae((glsn 10 uce'%rgnst%a B%g% 57670 gmjéove
subst i ueFR& Givieth E CS%tlrﬁStel %(fr?ef RoWidE b Bt ﬁ fodt was oun

di sodi unphodpteas dunar mhltnml@n pa@d¢h@6%\asTab¢rep@§eél@ﬁrbythad@ﬁwgSs(i@a@rﬁﬁﬁate

hydr oxi dethiay P ocoponidsnvas 1ie gyedenesiment iaccoedhrgly oirfixtatptye of. tiBot h
monosodi ugrgfl di sodi um forns of the prodrug show a solubility of up to 400
nmg/ ml. Both forms have advantageous properties as a conposition for |.V.

i nj ectl on in thﬁﬁ@Pﬁ nosodl um form has pH 4.45 and a di sodi um form has pH
of 7.62. FIG rL p |c(§ .sho chan%q tj Igﬁ( and p entl al when 5N
NaOH i s 20 addBuVHr® C’ctPf SRt 6F f‘”l AERTSE™ n t he
graph, the horizontal axis represents the added am)unts of sodi um

hydr oxi de. | n HEEBOwaphrartshectéd msth aBRG $hmendthoi-otge-of Relat éd GenedncDNA
correspongyt a8 tHe (isii i LofofPE@fet 2000 Ofhvimagaodisam amee diraRdédiad HBKI®B,
Eiﬁ/Esc% :’r‘c?mc%l?fs ARE AR e r%”%&?ﬂ%ﬁr Dﬁ‘%e'cé’dté’ lMed/afﬁut@EMemw Leukeni a

ter| al s .we ep
prodr ugs ?Lbl)) [1(?%:}1 egs%ltphq‘gzs gj]gﬁnﬁ pyr]uV t 1% R p% 1cq ih t,}}?ptfo yLJTE:(fthat o
funct i onall)gra8d Leaming fy L & O%Fnﬁo?fo%dl H‘Y‘ |ur‘[rxuf

i nt r oducedetashed bp@dﬂa@)agms‘tﬂsﬁﬁénby tepsinizaedror Hisc KRR eellal weramphaced

( Commrer ci ah lay chanet abt epadchug 1 ingr récoedingng Awehicle-dd) &l mitch Lod arpe metdipd 5k e
human AM &l ltd | ARordMHERG L I+ el r diME chas&@a%TQ@uSU Sifg) taad feubtinged at

372C d di
e S s i o Sl R

25030- 0813Vlt %ﬁ?@ﬂ@%@guw@‘ ent Sung y, Kor 5-6
weeks ol d, wer® ARURFGHAYIEH SObULiAR graé‘@%ﬁ ?‘590%1\4 kﬁg 2%% i‘?@ ?I"ﬁ é@&)
syringe, a0 Mg-ATuré offl, 1112-@ﬁs(|vwllnqphe@§y eshanerfa NN’ gttty Aqoet igasacid

i npl antsed (BARTAN 1@ miiy dt-(Bhydrsdeehytotispi feese addthdnesu ldmikc| & id f(HEESh 16fmM, he
mice. WhefoltMREd Washel RMNBEG R waeeksedafd afjusihend ppltart.ation, the nice were

di vided into flvey &ﬁéﬁ% 1hﬂoﬁ“¢b{é€%§%@f%ﬁ Mgy a rraaals em fleviggt) an i th
tegt mat e amlé\ér'@fgd@g @@M \?ﬁ %" ?ﬁd E‘i‘lug %h%‘%ﬁr}% g p% enousl y
injected at a dseengrangPokential daz e%P Baye ? 219 ¥(Tts t Wo

weeks ¥eadmi réi gholatdedh raaghs codmpt easle #nslt dicnarepplanizegsto pdo DMZ)‘OF Fi00ns,
control, amliygphychi tHeogditadur sault i afeomar dulsRRE . K+Ther ¢nirovas Siezer dedhs thetlesm ned

as_cal cul at&da bynd B&acfa@ﬂrb@ﬂ@h@%feﬂl@aéomwmndd-@m Al Feqi reAOfok 5K isih dboi Sfear t
AXxi s/ 2. ng ¢ QQQH%PQ E%\ﬂr@g%%ed)gs tthe tunor were nmeasured in length 20

using a digi tsutoyo apan). The anticancer activity of the
test materials was nurrerat ed accordingsgo the foll ow ng equation. Tunor
gromh Inhibition Rate A (% = 100 X [1-(b-a)/(Ref b -Ref a)) wherein 25a =
mean tunor size of drug-adm nistered group on Day 1



b = mean tunor size of drug-admnistered group on Day 12 Ref a = nean tunor
size of the control on Day 1 Ref b = nmean tunor size of the control on Day
12 30When the nmean tunor size of the drug-adm nistered group on Day 12 was
smal l er than that of just before the adm nistration of the test materials,
it is indicated as Regression (>100% . Tunor growth Inhibition Rates of
tunor growth of the Lest materials are sunmari zed in Table 2, bel ow
35TABLE 2 | nhiTaBtE 8n Rate of Tunmor Growt h Test material dose (ng/kg) Tunor
growt h I nhi bi tCak@i@té?@t:ﬁtyAﬁs%aﬁ 50 77% Ara-C 25 66% Conpound Al 25 Regression

>100% Co cW Regr yconpound A3 25 Regression
§>1000;3 Coggoun 5 61%gC( égljd?&%ﬁ%% egrg\ggl (>100% gComizugd B2 25
Regressi on (>100% Corrpound
Assay, IC50)
Compound Al 80
Compound A 14
Compound Bl 18
Compound B2 25
Compound B3 20
Compound B 1.6
5 The risk of cardiotoxicity has been raised in many drugs. Some of them

were withdrawn from the market because they caused a sudden death due to the
cardiotoxicity thereof. The cardiotoxicity of drugs is associated with the
extension of QT intervals on electrocardiograms. Particularly, most of the
drugs extending QT intervals are known to inhibit IKr channels (Bernard Fermini

10 and Anthony A. Fossa, Nature Reviews Drug Discovery, 2003, 2, 439-447). The
hERG channel shows the most important effect on cardiotoxicity among IKr
channels. In this example, the risk of cardiotoxicity was evaluated using human
hERG channel-expressing mammal cells, which are internationally recognized as a
system (ICH guideline, S7B, Step4, 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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80% Conpound B 25 49% Conpound C 25 Regression (>100% Conpound C2 25
Regression (>100% Conpound C3 25 70% Conpound C 25 25% Test results
exhibit that all test conmpounds have inhibitory activity against tunor
grow h. In conpounds Al-A3, B1-B3 and C -C3 according to the present
invention, tunmor inhibition rates wereLmgapured to range from70%to 5
regression (>100%. In contrast, Ara-C, a wdely used drug for AM.,, was
found to have af¢mipr)inhibition rate of 66% Taken together, the results

denonstrate that th f.1 resent invention are highly

i nhi bitory of tumrggcggl&ﬁ%%%?ggwﬁ@?géafn vitro Cardiotoxicity Assay:
Assay for Inhibitory Activity agai ual” " " LEko93 was transfect ed

wi th hERG (human Et her-A-go Reliat ed Gene) cDNA for 48 hrs using

Li pof ect ami ne 2000 (I nvitrogeni USA) .0The trRnsfected HEK293 15 cells were
cultured in Mdified Dul becco’ s Medium ( VEM

10% FBS, sodi um pyruvate (10 W)y~ p&hieiyin/
Zeocin (100 pg/m, Invitrogen) at [372C under |5%)

co, 1 L) supplenented with
ptirycin (10 m) and

CQ2. After being detached
fromincubation vessels by trypsinization, ot h EK293 cells were placed in
a chanber for patch clanp recordi ngo A whole-cell patch clanp nmethod was 20
used to record hERG K+ currents in HEK293 | s using the foll ow ng
intra/extracellular solutions. Thereafter £ s on K+ currents were
observed with tge .conpounds applied outside the ¢ells. intracellular
sol ution: K-asPart@te 100 KCl 25 "M NaCl 5 mM Myd 2 hilM M-ATP 4
M 1,2 -bis(o -anifdphenbxikdiramne & aenyt orat@tGsadoerligowci d 25 (BAPTA)
10 mil, 4 -(2 -hydriuedyan syl groupla substfeedayrpaphanesud)RamwlercdacRds § HEPES) 10
mv  nor mal i zedirnecatied gionp,@NS)s allend gusipbria @&t jalkshyl ohppddt o 7. 2;
extracel I ul ar sol utRan:H,NaGH, 145 01\Wa’ KEO, NpWP@f Ke0F0, I0fMpOC12 1 v
CaCl 2 2 mM HEPES 107mM HCL were used,to adjust the pHto 7.4. The
menbr ane potenti al Wgsmﬂ*épol arizedi from-80 mv t§ +20 nV for 1,000 nms 30 in
a whol e-cel | ch %I aémp node a t \K&ﬁm ar HW%GHSW for 1,000 ns,
during which [{Eyl’taih current’of outward HERG K+ clrrents was recorded. In
this regard, t @Bddent r at i ons of the conpounds that are required for 50%
i nhibition of the @GFP@WPOW@ECOF%T@S?@WéGV@SmIC TABLE 3 Cardiotoxicity
Assay Test Cpd. Cardiivt Oxteilky} gloop of hERG alkdni growmgAct i vity Assay, | C50)

Compound Al Ry is -C(=O)R. wherein R, is C;-Cy alkyl, and

Ry is -H, -POsH,, -HPO5 Na', or -PO;* Na, ™.

[Claim 3]
The compound according to claim 1, wherein:
R, is methyl,
Ry is -C=OR, wherein R, is C;-Cg alkyl, and
Ry 1s-H.

[Claim 4]
The compound according to claim 1, wherein
R, is methy,

Ry is -C(=O)R. wherein R, is C;-Cs alkyl, and
R, is -PO3H,, -HPOy Na', or -POs*Na,".
[Claim 5]
The compound according to claim 1, wherein the substituted aryl is acyl-
substituted aryl.
[Claim 6]
The compound according to claim 1, wherein the compound represented
by Chemical Formula I is
8-(3-Acetyl-1-methyl-1H-indol-7-ylmethyl)-2-allyl-6-(4-hydroxy-benzyl)-
4,7-dioxo-hexahydro-pyrazino[2,1-c][1,2,4]triazine-1-carboxylic acid benzylamide,
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80 Conpound A 14 Conpound Bl 18 Conpound B2 25 Conpound B3 20 Conpound B
1.6 5The risk of cardiotoxicity has been raised in many drugs. Sone of
them were withdrawn fromthe market because they caused a sudden death due
to the cardiotoxicity thereof.The cardiotoxicity of drugs is associated
with the extension DAIGI-[NESURkS YRR IRCIEEGAN Hiigd 258 1} 5@4“ arly, nost
of the drugs exjeng 33@47 -BoR6-HeMah (ﬁ(ﬂﬁyxjéi)ﬂW@lIcﬂlQQ%%e 1- nel s
(Bernard Fermguldﬂ,éﬂz d@nt hony A. ossa Nat'ure Revi ews Drug | scovery,

2003, 2, 439-447). I ?g}% 1 ﬁlecért' 1%%% -mdo??—gintl& 1) éfeCt on
di
s ty )ﬁogfng ?r%ra%%ﬁ)é 2#31 plr%aé Pﬁlbc nmanmal

car di ot oxi ci tyac
cells, which are in |1y . rec zed as a system (| CH guideline,
ALY Wgﬁ%ﬁ@ R R S S ot oo
shoul d be take%y yllcoh 1P%P%PFW-P§%@%HCH1 & Bliazieddcasoxplindcidy a | ow
cardiotoxicity benzdamidpen | C w thereof is 10 uMor hi gher. In this assay,
nmost test conpoundsZ-yleS-Gomtaylt omethgl Basslot hylsmethyltee@itydroxfdavi ng hi gher

| C50, conpoundbeakylrhE-dewahwahedioperabiao[@A @ Adiwinzice pabingdlidacidnd conpounds
Bl , B2 and B3 lhdnaylarsidagpound B. 20 CLAIMS [dain] A conpound of Chemi cal
Formul a |: Cheni cal2-Eaylsii3aytiopto % ancIRIG]- ﬂe;gel}[ -fhddl- ﬁyﬁne@@l)ad @yl group, a

C2- C6_al kenyl , hy@foxg-b ’ﬁcﬁbﬁo k 9
substituted ar%}ﬁ?ﬁ§_ %ym 1 }%ﬁgﬁ?zg 1ngﬁll g% Cl- C6 léa&?b&lf group, a

C2- C6 al kenyl gr oup2 §1 Sa(l%l g;% Ly q @m PO3H2,
pro 1] B ethyl)-
- HPO3- Na+, 38%1% ;’% I) 47 %()g}%a% %ﬁ‘gﬁw 1, ,4 azme-ﬁ 5flp_‘%aoxyl_{?’ 1c
acid benzylamide,
2-Allyl-6-(4-hydroxy-benzyl)-8-(1-methyl-3-pentanoyl-1H-indol-7-
ylmethyl)-4,7-dioxo-hexahydro-pyrazino[2,1-¢][ 1,2,4]triazine-1-carboxylic acid
benzylamide,
2-Allyl-6-(4-hydroxy-benzyl)-8-(1-methyl-3-propionyl- 1 H-indol-7-
ylmethyl)-4,7-dioxo-hexahydro-pyrazino[2,1-c][ 1,2,4]triazine-1-carboxylic acid
benzylamide,
8-(3-Acetyl-1-propyl-1H-indol-7-ylmethyl)-2-allyl-6-(4-hydroxy-benzyl)-
4,7-dioxo-hexahydro-pyrazino[2,1-c][1,2,4]triazine-1-carboxylic acid benzylamide,
2-Allyl-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
acid benzylamide,
2-Allyl-8-[3-(3,3-dimethyl-butyryl)-1-hexyl-1H-indol-7-ylmethyl]-6-(4-
hydroxy-benzyl)-4,7-dioxo-hexahydro-pyrazino[2,1-c][1,2,4]triazine- 1 -carboxylic
acid benzylamide, or
2-Allyl-8-(1-butyl-3-cyclopropanecarbonyl-1H-indol-7-ylmethyl)-6-(4-
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.
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itl cH3 -cH3 The conpound according to claim1l, wherein: Rais a Cl-C6

al kyl group or a C2-C6 al kenyl group, Rb is -C(=0)120 wherein Re is Cl-C6
al kyl, and Rp is -H, -P03142, -HP03- Nat or -P032-Na2+. [Caim3] The
conpound according to claiml1l, wherein: Re is nethyl, Rb is -C=0OR, wherein
Re is C1-C6 al k¥l, and Rp is -H [Caim4] The conpound according to claim
1, wherein Ra i $Claimt BYI, Ro is -C(=0)Re wherein Re is C1-C6 al kyl, and
Ro is - PO3H2, -HP037AJ\|ﬂéthochbrmBQ§a%m¥ih% ' : The conpound
according to Cb@hﬁﬁs%gt%ﬂ@wiﬂgg,ﬁferﬁﬂ ali?%%@&%%fdl?gswg?y g’ubsti tuted aryl.
[ aim6] The conpo ~ - Iy , r.ei.n.the co und
represented bycgﬁg %ﬁgﬂ&wg}g _gh?_én d‘%']{z?a%\gg@sl}yﬂﬁ@{%gbﬁﬂ%t hyl -1
H-i ndol- 7- yl net hy ;Q;n%ba(fnlﬁf-gl- 12' d??gxﬁaél??} ?’e _

4, 7- di oxo- hexahéégglghga/ WHSBP2Yherapd o0 aminpacst] grawp todzehandals-¢ aci d
carbaldehydedp plpyidg a3 -allys3-geyldndelerdegyativeit yry1) - 1 - et hyl -

benzyl am de, . . ]
1H i ndol- 7- yI met hy 1§gangtheldkygdracybindgle Yervafpedyityeterdoestettiyitr Sozpyr azi no[ 2, 1
-c][ 1,2, 4] t ri a¥PHe-QBuamd Bdkyilyld-bevidschecarhpzidojackic acid to provide a

2- Al | y1- 8- ( 3- cigestiopinspamedistar bony1-1 -nethyl - 1 Hindol-7-yl nethyl)-6- (4-
hydr oxy- benzy1) - 4, 7eydlizingthh eceethoyditanpyiaR i he pledende Sfolndic Zidblrdvar ne- 1

- car boxyl i ¢ acadychemgyhediateland 2-Allyl-6-(4-hydroxy-benzyl)-84 1
-methyl -3 -(3 phosphorylating the cyclic intermediate t id dof
- met hyl - but yr y&hendibhl Fo&QIA Ay Igrret hyyl] -4, 7-di oggfo%fgﬁgg?%qnpfr azino [2, 1

-c][ 1,2,4]triazine-1 -carboxylic acid benzyl am de,

2- Al y1-8-(3-bL{t(%4%]. -]1 - et hyl -

111-i ndol-7-yl ne % 6-1g4- hydr,oxglbenzyl) -4, 7- di oxo- hcxahydr o- pyrazi no
[2,1-c][1, 2, 4].fri azltféRdhodasrasding jodaig s; whasein 21 -atilde, 2-Ally1-8-(3
-cycl opr opanec caybazidp)agatic agid isupehesized byt Fyjlojving-seqtiential steps:

hydr oxy- benzy1) - 4, 7AddingdEAEsedtipdrios) pyamecthyttydfa2indaceeie[stlufordb pravideai  ne- 1
-car boxyl i ¢ adeatipeseytoarn de, 2-Allyl-8-(1

-al | y1- 3- cycl opr opaxdding kb byoinide thiherei@fionsoyihivetany then 6- ( 4-

hydr oxy- benzyl) - 4, &ddingkezhkseaymateo- pyrazino [2,1 -c] [ 1,2,4]triazine-1
-carboxylic acid benzyl am de,

2-Allyl-6-(4- hé@qa@mmpenzyl )-8-(1-methyl -3 -pentanoyl- 1Hinclol-7-

yl met hyl ) - 4, 7- di oxemhexahwdr.o-pyrazino [2 .1 -c][1,2,4]triazine-1
-carboxylic acaid(g bcn%%eghr(r%ﬁé’gga‘%}@’w %WAIIVWQ@GJGQD%%FHQWYB%%%@) -8- (I

- met hy1- 3- propi %V?@ PR{SE Fger7 - yl met hyl ) -4, 7-di oxo- hexahydr o- pyrazi no
[2,1-c] [ 1,2,4]triazine-1 -carboxylic acid benzyl am de, 8- (3- Acetyl -
1 -propyl- 1+ i ngsIm#1 i net hyl)-2-al | y1- 6- (4- hydr oxy- benzy1) -

4, 7- di oxo- hexahydr @ pythad fon prep@ing a-colpound2f ¢hthicaZionsuld (b, eahpemg: i ¢ aci d
benzyl am de, 2-Allyl-8-[3-(3,3 -dinethyl-butyryl)-1
-propyl-1Hindol-7-yl net hyl]-6-(4- CHO

hydr oxy- benzy1l) - 4, 7- di oxo- hexahydro-pyrazino[ 2,1 +c] [1, 2, 4]thazine-1
-carboxylic acid benzyl am dc, 2-Allyl- -N , 3 -dimethyl-butyryl)-1
- hexy1l- 1H i ndol- 7-yl net hyl ] - 6- (4- Y

hydr oxy- benzyl) - 4, 7- di oxo- hexahydro-pyrazino[ 2,1 -¢] [1,2,4]triazine- 1
-carboxylic acid pEMRTIRgingele-Lrarbaldehydego ol | y1-8-T61  , wherein Ryis

- but yl - 3- cycl BpHBpHAEE & pEsHyEd 3Rl grave or (YOIt Wrdin Be {s4-C)-Cs alkyl

hydr oxy- henzy #ug aladi e iexaipyaradspyraionpegd; 1 -c][ 1, 2, 4] tri azi ne-
1-carboxylic acid benzylam de. [C aim7] A pharmaceuti cal conposition
conprising the conmpound according to any one of clainms 1 to 6 and a
pharmaceutically acceptable excipient. [Cairn 8] A et hod for

manuf acturing the conpound according to claim1, conprising the follow ng
sequenti al steps:
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i ntroduci ng an acyl group into indole-7-carbal dehyde through Friedel Crafts

Acyl ation to provide 3-acyl -indol e-7-car bal dehyde; i ntroduci ng an
al kyl group and an am noacetal group to 3-acyl-indol e-7- carbal dehycle to
provide a 1 -al kyl-3-acyl -indol e derivati ve; arni dating the

1-al ky1-3-acyl -indol e derivative with stereosel ectivity CbzTyrosi ne-Q Bu
and 2-(1l-allyl-4-benzyl sem carbazi do) aceti cRacid to provi de a reaction

i nt er nedi at e; cyclizing the reaction ifttkem ediate in the presence of
formc acid to provide a cﬁfﬁ G i nternmedi/at & _Nand phosphoryl ati ng
the cyclic intermediate tgsproNjde a conpewyd oR. Chemical Forrmula (1).
[Caim9] The nethod acco o claim &g Waerein 2-(1-allyl-4-

benzyl sem car bazi do) acetic~acid is synthegsizgd by the foll ow ng sequenti al
steps: addi ng ddke(tting et hyl am Me) t oo &Oetyl hydrdeieiaar;etsah €,-<plalityilon t o
provi de agr@@ctd OPCSAketyll Oy aaqgcdﬁg1k@h§1ygmt;pom de to the reaction solution,
and then addi ng benzylisocyapate. [C ai m 10] The nmethod of claim?9,
wherein allyl brom de and bepgylisocyanate are added in a dropw se nanner.
[Claim11l] A nethod for pyet ng a conpound of Chem cal Fornula (1),
conprising: converting i e-&- car bal dehyde toRb, wherein Rb is an aryl
group, a substituted aryl group, *or -C(-0)12,, wherein Re is a Cl1-C6 al kyl
group, a C2-05 al kenyl gr@ip) or a C2- CG al kynyl group; conver ti ngRbt o

Rb
o) ORI P R B e Bl R pErcoen (S BE ThS "

2(1-al | y1- Xr%éﬁ‘*? Bgle%?ﬁc?ar(ﬁéiﬂd géw?%ema@raa@ F%t\}Fd'f’é“hBO Eefiderting H
Ra

Ot-Bu

5 o H
Ry
Ot-Bu

\
N
i
R, |

OEt /0 j\
Eto)\/N\n/\HJk/N N” “NHBn
cyclizing o in the presence of formic

acid to provide



N O -RP, wherein R is -PO3H2, -HP03- Na+, _p032-K2t _p032-ny2+,
11032-Ca2+. [Caim 12] The nmethod of claim 11, where 12 , is nethyl,
Rh is -C(=0)1-c, and 12, is nmethyl or cycl opropyl.

N
\
_N
\/\N W/\N Ry
Nv&
T @]
O —\O\
converting OH to
H
N__O Ra.
hid N7
\/\N/N N/\i X Rb
O 1 X
ZN0-R,

. , wherein R, is -POsHy, -HPO; Na', -
PO;*Na,’, -PO;"K,", -PO:>*Mg?', -PO > Ca?".

[Claim 12]

The method of claim 11, where R, is methyl, Rb is -C(=0)R,, and R, is
methyl or cyclopropyl.

42



	Front Page page:1
	Description page:3
	Claims page:40
	Drawings page:45

