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during the elongation process [Adams, J.M. (1968) J. Mol. Biol. 33, 571-589; Livingston,

D.M. and Leder, P. (1969) Biochemistry 8, 435-443; Ball, L.A. and Kaesberg, P. (1973)
J. Mol. Biol. 79, 531-537]. Depending on the nature of their second amino acid,
polypeptides are further processed by methionine amino peptidase (MAP) to yield the
mature protein. Deformylation plays an indispensable role in protein maturation as MAP,

an essential enzyme for bacterial growth, cannot hydrolyze N-blocked peptides.
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PDF is ubiquitous in bacteria, with at least one pdf gene present in all bacterial genomes

sequenced to date.

PDF does not play a role in eukaryotic cytoplasmic protein synthesis which does not
involve  N-formylation, but nuclear-encoded PDF proteins, containing a
chloroplast/mitochondria localization signal, have been identified in parasites, plants and
mammals, including humans. PDF is essential in plant and parasite organelles since

their genomes encode for a number of proteins which require deformylation for activity,



but there is evidence to suggest that this is not the case in animals.In
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activity egsb-gosglnber of such conpounds have been disclosed in the art.
However, there remains a continuing need for inhibitors of PDF which can be
used in the treatnment of bacterial infections. 20 SUMVARY OF THE | NVENTI ON
Thepr esenThig; ®DH idhibReHs resrbesht agesrmBing{rew dhdeydfanBbdRer(@afidriiowiih 4-novel
pyrimdin drazi no] - 3- oxopropyl Thydr oxyf.or mam dederi vati ves, conposi ti ons
cont ai ni népolf]ﬁé’h?é{qq UEE B G‘Bﬁpﬁgﬁ'ﬁ’bﬁﬁ%‘?h?%@he i nhi bition of bacteri al
pept i 25def ornyl ase (PDF) activity, and in the treatnment of bacteri al

i nfections. Specifically, the invention is directed to conmpounds of Formul a
(1): FH PDF inhibitors have been described in the art. Patent applications have been filed on
hydrazine-3-oxopropyl hydroxyformamide derivatives of the following formula, see WO

03/101442 and WO2006/055663.
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15  Thus, attempts have been made to prepare compounds that inhibit PDF activity and a
number of such compounds have been disclosed in the art. However, there remains a
continuing need for inhibitors of PDF which can be used in the treatment of bacterial

infections.

20 SUMMARY OF THE INVENTION

The present invention is directed to certain {2-(alkyl)-3-[2-(5-fluoro-4-
pyrimidinyl)hydrazino]-3-oxopropylthydroxyformamide derivatives, compositions
containing them, the use of such compounds in the inhibition of bacterial peptide
25 deformylase (PDF) activity, and in the treatment of bacterial infections. Specifically, the

invention is directed to compounds of Formula (1):



NIl HRL OH R2 WD 2009/ 061879PCT/ 1JS2008/ 082575 wherein 51, 52 and 53 are
defined bel ow and to pharnaceutically acceptable salts thereof. The
conpoundswof2o0adicss7obnvent i on are bacterial peptide def or mgiraseoosnsdshs t or s
and can be useful in the treatnent of bacterial infections. 5 BRIEF
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( Cycl opentheravst He) eatnain{l of lthionrehtidr 9aShadieria pyglidepysfarhyiadeinhibithlsl, 4] ox
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azi n- 1HB§JE|§/DF§§R{BT| E-THE PRAWINGS,| | hydr azi no) - 3- oxopr opyl ] hyd
roxyformam de. The x-axis is in 15cm1 and the y-axis is absorbance. Figure
3 provi deBigard-T4 Ranandespest IFTAROT sgeatrymorgfhi golynesrphid  ¢lorrR2R) - 8F  [(2R)-2-

I | met hyl)-3-(2-45:%l -6-1.(9a9) - h hyd ' 2,1 1,4
S e syl S e G R PP BB L
r oxyf or maylirR deethyiiepytinddingl}Hydrazinof8exoproppithydrexyforaaimiiel s Tihat @asgist ig. inFi gur e
4 proyides g FT-Raman.spectrum of pol ynorphic Form 2 of [(25)-2-

(Cycl )é(?)enf% @Q%gbﬁ)yf%xls('g-aﬁggrgﬁﬁ(@r 0- 6-[ (9aS) - hexahydr opyrazi no[ 2, 1-c] [ 1, 4] ox
azin-8(1H )- yl]-2-methyl-4-pyri mdi nyllhydrazino)-3-oxopropyl]hyd
Yo anE 2 Rl P SR Aor i Bl S ) Sholdra o
(Cycl g?iﬂmmﬁ ht;yln)etBy;I%1-3](2-56-flm¢rp46q_(9“§3:)(r@iai£)ydk®yeémdﬂ_ ' mggcn[azﬂoxe{aiaial:]m)h[ 1, 4] ox
azi n- z -2- et hyl - 4-pyri i n razi no) - 3- oxapropyl ] hyd.

oyt or Aoy Aoy B ne e o R RE SRR b el PREeRbie K ur e
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R2R) - 2-
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yl]-2-methyl-4-pyrimidinylthydrazino)-3-oxopropyllhydroxyformamide. The x-axis is in

20 om1 and the y-axis is intensity.

Figure 4 provides a FT-Raman spectrum of polymorphic Form 2 of [(2R)-2-
(Cyclopentylmethyl)-3-(2-{5-fluoro-6-[(9aS)-hexahydropyrazino[2,1-c][1,4]oxazin-8(1H)-
yl]-2-methyl-4-pyrimidinylthydrazino)-3-oxopropyllhydroxyformamide. The x-axis is in

25 com1 and the y-axis is intensity.

Figure 5 provides a FT-Raman spectrum of polymorphic Form 3 of [(2R)-2-
(Cyclopentylmethyl)-3-(2-{5-fluoro-6-[(9aS)-hexahydropyrazino[2,1-c][1,4]oxazin-8(1H)-
yl]-2-methyl-4-pyrimidinylthydrazino)-3-oxopropyllhydroxyformamide. The x-axis is in

30 cm!andthe y-axis is intensity.

Figure 6 provides an X-ray powder diffraction pattern of polymorphic Form 1 of [(2R)-2-
(Cyclopentylmethyl)-3-(2-{5-fluoro-6-[(9aS)-hexahydropyrazino[2,1-c][1,4]oxazin-8(1H)-
yl]-2-methyl-4-pyrimidinylthydrazino)-3-oxopropyllhydroxyformamide. The x-axis is in

35 degrees 2 theta and the y-axis is intensity.



Figure 7 provides an X-ray powder diffraction pattern of polynorphic Form 2
of [(2R)-2-
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The x-axis is temperature (°C) and the y-axis is heat flow (Watts/gram).

Figure 12 provides a thermogravimetric analysis (TGA) trace of polymorphic Form 1 of
[(2R)-2-(Cyclopentylmethyl)-3-(2-{5-fluoro-6-[(9aS)-hexahydropyrazino[2,1-c][1,4]oxazin-
30  8(1H)-yl]-2-methyl-4-pyrimidinyl}hydrazino)-3-oxopropyllhydroxyformamide. The x-axis

is temperature (°C) and the y-axis is percent weight change.

Figure 13 provides a thermogravimetric analysis (TGA) trace of polymorphic Form 2 of
[(2R)-2-(Cyclopentylmethyl)-3-(2-{5-fluoro-6-[(9aS)-hexahydropyrazino[2,1-c][1,4]oxazin-
35  8(1H)-yl]-2-methyl-4-pyrimidinyl}hydrazino)-3-oxopropyllhydroxyformamide. The x-axis
is temperature (°C) and the y-axis is percent weight change.
-4-
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thernogravinetric analysis (TGA) trace of pol ynorphic Form 3 of

R2R) - 2- ( Qyol2opawisb et hyl ) - 3- (2- { 5- f | uor 0- 6- [ (9aS) - hexalrguruspyosAagisnd[ 2, 1- c]
[ 1, 4] oxazi n8( 1H) - y1] - 2- net hyl - 4- pyri m di nyl } hydr azi no) - 3- oxopr opyl ] hydr oxyf
ormam de. The x-axis 5is tenperature (0C) and the y-axis is percent weight
change. DETAI LED DESCRI PTI ON OF THE | NVENTI ON I n descri bing the invention,
chem cal FEigarem pravidesi dléetmbdgradimetricaarysia(TGA \Wrdde dfhﬁ)lyhﬂ)rﬁﬁé IFoeh @ diabl e
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skilled i amhg;u&hmmhgla‘l pgarrrdudbithmm@d) (ﬁbicﬁ)rop@nﬁﬁjréxmhiamdé heTHeo kiagial ng
abbr evj at | ons may h .exa ahqd t hr oughout the specification:
g (gra PR Llr?g @nasr)dt 331@@“3('%P?r8 ?ta"?’r%? (92096 cr ogr ams); L (liters);rnL

(mllili ters) pL (mcroliters);psi (pounds per square inch); M (nolar);nv
111 ol 20pM (pi conol ar); nm

ErTanolnen?eﬁ?rA"ﬁ% %ﬁ%ﬁﬁ?ﬁﬂo&[ bfnmé mmﬁbﬁ) N (N(F;r m(alo) CFU (cz)l ony formng

units); 1. V. (| ntravenous); Hz (Hertz); Miz (rregahertz) nmol (nol es); 25nmmmol

(mlllerIFns o%m.te erat ure

éscrlb the invention, cheml)cél elemegl{‘rI are |de?1t’f|ed mogcco?dance with the
10  Periodic Table of the Elements. Abbreviations and symbols utilized herein are in
accordance with the common usage of such abbreviations and symbols by those skilled
in the chemical and biological arts. Specifically, the following abbreviations may be used

in the examples and throughout the specification:

g (grams); mg (milligrams);
15 kg (kilograms); Mg (micrograms);
L (liters); mL (milliliters);
ML (microliters); psi (pounds per square inch);
M (molar); mM (millimolar);
MM (micromolar); nM (nanomolar);
20 pM (picomolar); nm (nanometers);
mm (millimeters); wt (weight);
N (Normal); CFU (colony forming units);
[. V. (intravenous); Hz (Hertz);
MHz (megahertz); mol (moles);
25 mmol (millimoles); RT (room temperature);
min (minutes); h (hours);
b.p. (boiling point); TLC (thin layer chromatography);
Tr (retention time); RP (reverse phase);
MeOH (methanol); i-PrOH (isopropanol);
30 TEA (triethylamine); TFA (trifluoroacetic acid);
TFAA (trifluoroacetic anhydride); THF (tetrahydrofuran);
DMSO (dimethylsulfoxide); EtOAc (ethyl acetate);
DME (1,2-dimethoxyethane); DCM (dichloromethane);
DCE (dichloroethane); DMF (N,N-dimethylformamide);
35 DMPU (N,N'-dimethylpropyleneurea); CDI (1,1-carbonyldiimidazole);
IBCF (isobutyl chloroformate); AcOH (acetic acid);

-5-



b.p. (boiling
RP (reverse ph

point); TLC (thin | ayer chromatography); Tr (retention tinme);

ase); MeOH (nethanol);i-PrOH (isopropanol); 30TEA

(triethylsoizo@yeeTsa (trifluoroacetic acid); TFAA (trifl roTame@sio82575

anhydri de); THE (tetrahydrofuran);

acetate);

(di chl or oet han
(N, NLdi net hyl p
chl or of or mat e)
HOAt ( 1- hydrox
(N- et hyI nor ph

CLie)s TET, ARl 3205 RERA AR R Spotgencor € el o

(tert-butyl oxy
TMSE (2-(trinme

10

15

20

25

OV bR RRENeL IR 5P el o et hane). 0

DVBO ( di met hyl sul f oxi de) ; Et 0Ac (et hyl

THPYtetagydrepyrancD! (1, 1 CBJI\/hMDW—InCHtrhyTrmd@hollr%)),; | BCF (i sobutyl

P AR Cabibe) | R R
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Bat lromulyloxpeRbéliicy ¢l oherpama(bmbénimehoxyarioagst v ) ;
b% (%lcyglgﬁéxr}Ycazbod%r%Beg)s ( E:II’B%I (Bgrpzy%g)(ycarbor}glll)

Ac (acetyl); atm (atmosphere);
TMSE (2-(trimethylsilyl)ethyl); TMS (trimethylsilyl);
TIPS (triisopropylsilyl); TBS (t-butyldimethylsilyl);

DMAP (4-dimethylaminopyridine);  BSA (bovine serum albumin)
NAD (nicotinamide adenine dinucleotide);

HPLC (high pressure liquid chromatography);

LC/MS (liquid chromatography/mass spectrometry);

BOP (bis(2-oxo-3-oxazolidinyl)phosphinic chloride);

TBAF (tetra-n-butylammonium fluoride);
HBTU(O-Benzotriazole-1-yl-N,N,N’,N’-tetramethyluroniumhexafluoro phosphate).
HEPES (4-(2-hydroxyethyl)-1-piperazine ethane sulfonic acid);

DPPA (diphenylphosphoryl azide); LAH (Lithium aluminum hydride);
fHNO; (fuming HNO3); NaOMe (sodium methoxide);
EDTA (ethylenediaminetetraacetic acid);

TMEDA (N,N,N',N'-tetramethyl-1,2-ethanediamine);

NBS (N-bromosuccinimide); DIPEA (diisopropylethylamine);
dppf (1,1'-bis(diphenylphosphino)ferrocene); and

NIS (N-iodsuccinimide).

All references to ether are to diethyl ether and brine refers to a saturated

aqueous solution of NaCl.

Terms
30

and Definitions

“Alkyl” refers to a monovalent saturated hydrocarbon chain having the specified

number of member carbon atoms. For example, C1-C7 alkyl refers to an alkyl group

having

from 1 to 7 member carbon atoms. Alkyl groups may be optionally substituted

with one or more substituents as defined herein. Alkyl groups may be straight or

35 branched. Representative branched alkyl groups have one, two, or three branches.

-6-
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DVAP (4-di met hyl am nopyridine); FMOC (9-fluorenyl met hoxycarbonyl); CBZ
(benzyl oxycar bonyl); atm (atnosphere); TMS (trinethylsilyl); TBS

(t-butyl dvoebiwdessbyl ) ; BSA (bovi ne serum al bumi n)  NADpCmiuseaosnsasise

adeni ne di nucl eot i de) HPLC (hi gh pressure |iquid chromatography); LC/ M
(quuidc ogra s spectronetry); 15BOP :

(b1 o 2- ox BT BRATes T Mh U d-Eraeb] S BBOPYALY (RPHY YY1 ABhroni um
fl uori de) t-bidF] \HedtyBengaityli vamdryl land ndspbhty), SMdetexgiret hyl ur oni umhexaf | uoro
phosphat e). HEPES (4-(2-hydroxyethyl)-1-pi perazi ne ethane sul fonic acid);
DPPA (di phenyl phosphoryl azide); LAH (Lithium alum num hydride); 20fHNG3
(fum ng HNAKEhNaOBEer{ $0eh umis@tﬁtdn@i(hylﬁbcarE&TAhéuﬁtHayingrtadis@a&m;t atimbeceft i C

acid);_TMEDA (N, N, N1', Wtetranet hyl 2-et ha ed| a
(N bt ciros CERIERT P80 A5 baA DAY e 6p7 o i G HaTGeAB dipie bonds within he
(1, 1' - bi s¢ekipheror phospdi o)deakesg nejers a@dan25llklbr§/| (gﬁbumhaumglfmmmzde) 6
Al'l references to ethe areto |ethr\?/hqe+@ Fjgblrlner fers to b
Sat ur at od "SAVRGIETER GEMEn 41 REe Sras ey Akepylpiripn dave one”cdibon-
carbon double bond Wlthln the chain. In other embodiments, alkenyl groups have more
than one carbon-carbon double bond within the chain. Alkenyl groups may be optionally
10  substituted with one or more substituents as defined herein. Alkenyl groups may be
straight or branched. Representative branched alkenyl groups have one, two, or three

branches. Alkenyl includes ethylenyl, propenyl, butenyl, pentenyl, and hexenyl.

“Alkoxy” refers to an alkyl moiety attached through an oxygen bridge (i.e. a —O-C1-C6
15  alkyl group wherein C1-C6 is defined herein). Examples of such groups include

methoxy, ethoxy, propoxy, butoxy, pentoxy and hexoxy.

“Alkynyl” refers to an unsaturated hydrocarbon chain having the specified number of
member carbon atoms and having one or more carbon-carbon triple bonds within the
20  chain. For example, C2-C6 alkynyl refers to an alkynyl group having from 2 to 6 member
atoms. In certain embodiments alkynyl groups have one carbon-carbon triple bond
within the chain. In other embodiments, alkynyl groups have more than one carbon-
carbon triple bond within the chain. For the sake of clarity, unsaturated hydrocarbon
chains having one or more carbon-carbon triple bond within the chain and one or more
25  carbon-carbon double bond within the chain are referred to as alkynyl groups. Alkynyl
groups may be optionally substituted with one or more substituents as defined herein.
Representative branched alkynyl groups have one, two, or three branches. Alkynyl

includes ethynyl, propynyl, butynyl, pentynyl, and hexynyl.

30  “Aryl” refers to an aromatic hydrocarbon ring system. Aryl groups are monocyclic ring
systems or bicyclic ring systems. Monocyclic aryl ring refers to phenyl. Bicyclic aryl
rings refer to napthyl and to rings wherein phenyl is fused to a cycloalkyl or cycloalkenyl
ring having 5, 6, or 7 member carbon atoms. Aryl groups may be optionally substituted
with one or more substituents as defined herein.

35



30 "Alkyl" refers to a nonoval ent saturated hydrocarbon chain having the
speci fi ed nunber of nenber carbon atons. For exanple, Cl-C7 alkyl refers to
an al kyl woaop/dsaszong from 1 to 7 nenber carbon atons. ACKyUS2g8083335 may be
optionally substituted vvith one or nore substituents as defined herein.

Al ky! ht 3 hed R t hed al kyl
L Oy T o T A RS RAE WRSS0BS, B
Al k%I i Inc hgeie®r IEEEl‘fbbWatorﬁé hYllycloallkwpgfbu;ﬁsnarlérrﬁﬁrydcyelndnrlg_Sstltemey.| I)=or bxdnyple,

n t nd nt | nt an

Coonont yi $2Gaviaas i dar ) dveioBRar Yok aR i, Siom, 53 R08 bribst HgBR chai n

havi ng t heyspakylfgragphsmimbies o;ﬁtfonélIymlﬁéﬂtfuteﬁamb%hea(brﬂﬁ&emdsthae/rit@ls definedr nore

"ot or 5 { oMl RARA SRR AR G ao . &/ HBRBUE RARKOT Aome. 1

certain enbodinents, al kenyl groups have one carbon-carbon doubl e bond

ithin th nbodi tg, .alk th
Car bon- car BUHIOHEBYE BERIAAT Hsr R He R 1o Gcilp SorapEbatmber °"
opt i onal | yf hembebsdrbbiibtnsrandhangy afcardhaasbdnsddublectidril wishiel éfe mg:i &t ei n.

Al kenyl h t at d al kenyl
ooy | 96l BY b oriloalke e, R B kel ot oY DA gL o ig Pangod <
propeny!l , cirbberydms.pemicenyih, erﬁtlitdjld‘iexgnWCloaIkenyIPd;rbop(yha\Ve%bﬁ!é %attn@najartﬁinkyl

noi ety att t u an ox nbr dge k rou
Mher o) n- 040 Pardifine e o S hiher Bt foveBakenr smes ke deee Helhony
et hoxy, pb@@@ﬁbbonlwttmmydou}b@nb@)dﬁ \RitHin Wﬂrxg/ Cyblbkkew! ringefaes aot aroaratic.
unsaturat %/Iﬁ arbon chain haV||ng theWQecifi gd nulgbe of nmenber .carbon
atons and M%JQ rﬁf%‘?s AT MRAQYEIE K0P LIRS pl SYBBAEE i RIS (T 26
Chai6n. ﬁgbpt&)nany)ls&bstﬁﬂe@ﬁwml dmmm‘j n’(fjcﬁé QUBsttt@erﬁﬁl asl defingd h@feﬂmp Gavoal@nyir om 2
to er atons. In certai i nents al kyn

o bolE cariRes Frarsonih R o e BT Y bhei b g Ao 8enycy ny
groups have nore than one carbon-carbon triple bond Wlthl n the chain. For
the sake @f clarit unsat,ur at ed ,h d ocar bon chai ns h one

car bon- car %?Pt'torr?ﬁ% KGR WPt hi ﬁetrf Nen&FPSEnY Bfe eB?n eg QT tﬁ?b ecar bon
doubl e boeibr%stehl as & herceln&ige akearred et side totrasnartioyayd agr prepent ikldgualy |
groups na pti onal %/l Ltl {htu ted. with one or S;u%s/tltuent s]c as

defi ned héWBPWS TR [P TUR MG the SRR RXPRSH 'S&FEHJ@ o Ry d1YRYer f@ne o

t hr ee2r asedrtidvmeAl Wy \Enriched wdes mbhymcbnstmte@y%f/{, ofbtiey pydduchetheyingde, and

hexynyl. 30"Aryl" refers t c h droc r.bon r.ing, system

or onps. ar Enaitiegiaesss wald 1, &8 % i ApEhCo R Grbb Rt AN Re S
aryl ri ngmirefsehs ainouptherityd oth8i eneeltioeas9d). ri ngs refer to napthyl and to
rings wherein phenyl is fused to a cycloal kyl or cycloal kenyl ring having
5, 6, or 7 menber carbon atonms. Aryl groups may be optionally substituted

with one osnmrcﬁnmﬁmwi éritithied” asfedetol predudievbbse elddntid@eric excess is greater

2009/ PCT/ lJSZ 08/ 082575 l oal k f t t t
hydr o "t “H haV| Phg® ’far%m%’p&?%??ti'ogﬁer%bfbe%n?ﬁﬁéie@geég Eogrpﬁéﬁuciq offpose

Cycl oal kybn@ftom@ac akeessDiapyater thanis0g. Sy,Sjredtsr: theo 17 58X e gredid-thdn 90%
cycloal kyl refers to a cycloal kyl group having from3 to 6 nenber atons.
Cycl oal kyFe'gr oups may be optionally substituted with one or nore
substituents as defined 5herein. Cycl oal kyl includes cycl opropyl,

cycl obut y| cIo H

‘Ena tiom r|ca I>§| puren%f%ys go proéé’cts whose enantiomeric excess is 99% ee or

30 greater.
““Halo” refers to the halogen radicals fluoro, chloro, bromo, and iodo.

"Haloalkyl"” refers to an alkyl group wherein at least one hydrogen atom attached to a

35 member atom within the alkyl group is replaced with halo. The number of halo
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"Cycl oal kenyl" refers to an unsaturated hydrocarbon ring having the
speci fi ed nunber of nenber carbon atons and having a carbon-carbon doubl e
bond wi t Wo 20dven870g. For exanpl e, C3-C6 cycl oal kenyl r eCEns2108/082575
cycl oal kenyl group having from3 to 6 menber 10 carbon atons. In certain

enbodi nment (oF:} nyI rou v car carbo ouble ond thin
The ri no. SatstEiERlsy PEEEhundie 957 IDBREAT Bery B dr Gu bl erapstiiare: . HaRe:
carbon-cambmneﬁﬁMhbﬁxb@ﬂd&yMUHb@ﬁembeahdnﬂmOQWmﬁmmlkenyl rings are not
aromati c. Cycl oal kenyl groups are nonocyclic ring systens. Cycl oal kenyl
groups may be optionally substituted with one or nore substituents as

def: ned hemeﬁeroary}ycdeﬁm k@ralyilar&h‘ngn@Iriulgleﬁ)ntaygﬁg)nbmpenyls seyaﬂlpbumenymore

CyCl O nt en C Xe an cycC ex en nantl oneri c exces or
TS OPEM &My £UER BRRKGRY s 2R ks SUE M ke Moo oTog S0UR: SamgRG

per cent aggoré\thaa dhemtetroatsﬂnnﬁ@ ﬁﬁﬂéﬂn drff@rgnit oeRfcaténe Hytedam gnonpgﬁ}walbe
anounts in a race e, the enantio ri exc Zero 9% ee
Coaver. | Pptogaly Sbsindke  WhEonead G SR St rdaet et HlesE Y506 of

the pr odugtoups hed nidrdcpdianingosmtdrss, exrcassfuvelibityélie Y/ spterhs. hevlamvatc of
t he enrlcﬁqg enqntloner QSO%Eﬁ%nus t he anopu t he ot her enan r
d

f
59 . " EnaRPEHYi"0gs NgvefiPm memphsr Atqrys. pﬁwﬁa@t%ﬂ% r'%‘??a'r"ﬁ"e
exfcesm i Stcgn@d&tembeZBItdrimantlm hd’?@ba@}(ﬂ:ﬁ@ﬁ Bcluge andse crmgslw'rﬁlréuy tmpnmb@d
refers to roau ose enantlonerl a r, t.han
reator L RBERE g the RE e ARy U, BB RE e P ReToatl Vbur e
refers toophetucdrsgl vu‘ig)weeaitmhe@nwmmgexcﬂssdltﬁc;&%@rmg Qfste?ﬁ)gl’eléteediaryl Hal o"
refers to. tm}a hal ogr}enotéadl cal s LI uor o, . ¢chl or

"Hal oal ky["UdgY-<d froal RGP, rchL?&O(Xhé’F‘E’iaEOX' OF%ZQ"EV %%Zﬂ'y'd%@dé%%'om
attached thazlyB5Snsuhiarold! oiadidzbiyh tflrenyl kivfazgrypupthieaylr eplaaolgld wyrhdinynal o.

The n 2009/ 061879PCT/ 1JS2008/ 08257 st.i nt.s | Iude
Mo Ve o S zpvr%z'ni AL oG e, i Sl udes
nonof | uor welizinyl,, iddddolyar qeirinyll , qaindliriyt,i fisdstnatmytl,nyduindxdityer oguindzolimef er s
to an aronmt.i,c rin 0 a|n|n on11 to 5 suitably 1 tq 4, nore 5

sui t by RegEng. aPRfEat one B0, ok ¢ REAr APV b AP BRERROMyr oups
cont ai ni ngemfigatynan IchithnIZ@ﬂJ@'nQIat obemmjyhu@mw ali rbe@hizfsbmraenlryl, hebenzvations,.

Het er oary r e ,option stituted w o} r re

Cober 1 TR TR BV B aiui s iregb Sosthiy kB Tl 5
systen®, appyamnilifised BH-CY 2 BItdaddldjg5)siridmyl. Monocyclic heteroaryl rings
have from5 to 6 nmenber atons. Bicyclic heteroaryl rings have from8 10 to

10 nmenber atons. Bicyclic heteroaryl rings include those rings wherein the
primary heHetebodatym”asidrd foea siecgardadljurn®@rxeyal atonmcycl oal kyl , cycl oal kenyl ,
het erocycl oal kyl, aryl or heteroaryl ring are attached, formng a fused
bicyclic ring system Heteroaryl includes, anong others, pyrrolyl,

pyr azol yl “Hetereaztdatkyl” osferoty b, sdtsawaizol yhsataradi dap byhtaintngi Baol ylto 4

i sot hyaz h| adi azol furany fura I hienyl, triazol :
oyt |ty | eI B RGP ber alofias i indhy FRBFRCloBk s g Rocrbiatiny
tetrazol yHeteramj»olopilkyl gmp@d;@hmimng mdxadaltlzamyohe hetetaziohy maypeurnitaiy | different
qui nol i ny}] ui ng& oxal in qU| na
i nnol i ny WStrcioil 6%bs Beyi o< el Ru i 8 eeBersmer |
benzof ur alU’ds,htUeﬂ&Miﬂdéﬁan amdm blerez@iybloalmll yrbupdeezrheichclazigydystems or
benzot hi en ro r|d| na th r.idin py{,2zol opyri dyl ,
pyr azol Op9¥9| Pﬁ 8%3] %9 b[r%g%d é)] yP||I A 0ng gy%te@_s. I(/Ionocych)é/ heﬁja¥odycloalkyl rings
30 have from 4 to 7 member atoms. Bicyclic heterocycloalkyl rings have from 7 to 11
member atoms. In certain embodiments, heterocycloalkyl is saturated. In other
embodiments, heterocycloalkyl is unsaturated, but not aromatic. Heterocycloalkyl
includes, among others, pyrrolidinyl, tetrahydrofuranyl, dihydrofuranyl, pyranyl,
tetrahydropyranyl,  dihydropyranyl, tetrahydrothienyl, pyrazolidinyl, oxazolidinyl,
35 thiazolidinyl, piperidinyl, homopiperidinyl, piperazinyl, morpholinyl, thiamorpholinyl, 1-
pyrazolidinyl, azepinyl, 1,3-dioxanyl, 1,4-dioxanyl, 1,3-oxathiolanyl, 1,3-dithianyl,
-9-



20d] pyrim dinyl, and 3H41, 2, 3]triazol o[ 4,5-b] pyridinyl. "Heteroatont refers
to a nitrogen, sulfur, or oxygen atom "Heterocycloal kyl" refers to a
sat ur at edwonomsat7ar ated ring containing from1 to 4 25PoetUsScaaissss as
menber atonms in the ring. Heterocycloal kyl rings are not aromatic.

Het er ocycl oal k roups containing.nore th het t

01T oron HEElh af ook g o careomosia s O he. oatati o fotR "

ngbst i tut lezlamkwﬁ@s.en@amm, nor e a&BhSﬁlb[ﬁl}Mjh@nﬁs def a@@bjaeubmm[z 2, 1]heptany|
terocycl oa r ocycllic rin S nNs Or, a II‘O or

vt Goed” peeh oo 2 i orocye | ¢ rersavRrezrpl TSk Ning s

fr(r)rtT 4 t ooxXabiBIIRD. 1@1@@ Bi c;(;cl h@(dhgarﬁrmyzépn@ll mel4k74tétga$1yh@vm-faz@my7| to 11

me er_at 1 i.nment eter a r n

ot her %rrbga&' mé(hf’é?'ﬁﬁ ’6‘?% %IPYJW@ s unsa?qil%gl'%a 1%{%0[3&0 mcyl

g_eL e{j oc]ych@adh:yydopymabpcuas]fy@mr(gHwhers pbb?ﬁ%drgpmklno[ﬁﬂ slabomii-ofHnany | |

| ror ury an ran | n | ro

Lot ) o BeThtoPYeaDbl, T AR SR keSS Stk Fvt. 10-

pi peri di ngka-4tacamipyde6i2ch. WB]dewlper azi nydctahyaroph@Hi- ONhoxdllhylmhphl@HI-HlW , 1-

Ty - o SRS EUBPUR S o Peore et feeras . “octaurd Brniorots & ! 11

azet i th nybjpysdingzaliditizaypircd2.apatyi, ayid15edz23sgird)2 Aweptyl.azabi cyl o[ 3. 2. 1] oct yl ,
azabi cyl o[ 3. 3. 1] nonyl , azabi cyl o[ 4. 3. O] nonyl , 2, 5- di azabi cycl o[ 2. 2. 1] hept anyl
, octahydropyrrol o[ 1, 2-a] pyrazi nyl, oct ahydr opyr azi no[ 2, 1-c] [ 1, 4] oxazi nyl
oxabi cyl ofMembét hegrhy'l rdiensab sk atchiHona®pisnthht Brd, 2 cifaib &k riahy dvberdbHnazepi nyl

' ¢ g: ?;L?d%dlqr—q%f %?B‘Péla%] Eyérg%((%t?%ﬁ) ﬁmcr] BP{é I;N(I)th% a ring, each member atom is
hexahydr Opwaie)itlgb[bbuﬁd & aryad;za:enﬁ hiHrl)bejlaiom in the chain or ring. Atoms that make up

ﬁg;:ﬂi’,ﬂ; ggérpgéit&%{l fo_ztlpé% r(rirlla]a %fpﬁ mﬁnber atoms in the chain or ring.
hexahydr opyrr ol o[ 3, 4-c] pyr r oI (1H) yl, 10-
oxa- 4-azat i cycl 2.6 L, ,octahydro- y
oot ahydr o- QRSN SHEstTueR ABOFASY watc iy Svat ot 219 SR b AV Ry
oct ahydr oeydtbgil, r olctjakedyl, h@t@}cwblbdlkylylor hétefoshya zaspbe aindubdtingey,| or ted
5azasp|r024h at ons” ers to the. at or atons that form
2 hath oBIPAEEY Wi SERE o SRRSO OAT PETRAZGEE: [n a chain and
withizoa ring, each menber atomis covalently bound to an adjacent member
atomin the chain At ke up 15a ubstlt ent roup on a
chain or  retgrzeauGi,AfkateSEh ket RsSe WBmiofedy mgendls ContbodtRng

and dosage forms which are, within the scope of sound medlcal Judgment, suitable for

use in contact with the tissues of human beings or animals without excessive toxicity,

irritation, or other problem or complication, commensurate with a reasonable benefit/risk

25  ratio.

"Substituted” in reference to a group indicates that one or more hydrogen atoms
attached to a member atom within the group is replaced with a substituent selected from
the group of defined substituents. It should be understood that the term "substituted”
30 includes the implicit provision that such substitution be in accordance with the permitted
valence of the substituted atom and the substituent, and that the substitution results in a
stable compound (i.e. one that does not spontaneously undergo transformation such as
by hydrolysis, rearrangement, cyclization, or elimination, and that is sufficiently robust to
survive isolation from a reaction mixture). When it is stated that a group may contain
35 one or more substituents, one or more (as appropriate) member atom within the group
may be substituted. In addition, a single member atom within the group may be
-10 -



"Optionally substituted" indicates that a group, such as al kyl, al kenyl,

al kynyl, aryl, cycloal kyl, cycloal kenyl, heterocycl oal kyl, or heteroaryl,
may be urwobsevdsws7ed, or the group nay be substituted wpCh/use@sos2sndr e
substituents as defined herein. 20 "Pharnmaceutically acceptable” refers to

t hose co teria co sji.tians, and whi ch e,

W e nadtEfRed R Bl it ERp Rt o Y g S e b hEHoT st phcer it
with the witsshweseroiittddwabsncbef thgSatomn. @uitamsle Subdtituemtd arexieassd Nereindyi €adhy,
irritation, ghg({hertg qgleglqrtgo | i cation, comensurate with a

r easonabl 8YFURER] 97 RioRallysuRpttted-GEURSt i t uted” in reference to a group

i ndicates that one or nore hydrogen atoms attached to a member atom within
t he grou replaced with subs ent s | ected from.the rou efi ned
I T T i R e T N R T e e

i ncl udes kgl grﬂipblvmdrelpr(mﬁCSI aKkyltihak dfiabd Sighsh). t Ekamplebfigulfagt qgrolaizce

with the permtted engc he substituted atom and the substituent, and
that the E]S[B‘?Ftﬂf'ﬁm? M ’]éjstﬁ'lofa&‘yfn a stabl e compound (i.e. one that does not
spont aneously undergo transformati on such as by hydrol ysis, rearrangenent,
cyclizatig %Ilnlnatlon and that is sufficiently robust to survive

i sol ati on“PPRRAURYScaction mixture). Wen it is stated that a group nay

contai® 350ne or nore substituents, one or nore (as appropriate) nenber

atomw thip the stituted dition, a single nmenber atom
a0 om W LR Le AU IR G RS hbbU st B b Singl e Terber at on
w th nore than one substituent aB |oHg a® such sgbstitution is in
accordance with the permttgg va encé of [[t he _ato Sui t abl e substituents
are defined herein for each sufStRyUt eN”or ptN naH y substituted group.
5"Sulfanyl” refers to an al kylymoi hhrough a sul phur bridge
(i.e -S-C1-C6 al kyl group mhere 1-06 al kyl I's as defined herein).

Exanpl es of sul fanyl groups |nclﬁge t hi onet hyl and thi oethyl. Conpounds 10
The present invention is directed to conpounds according to Fornula I:

(1)

wherein

15  R1is selected from the group consisting of C2-C7 alkyl and -(CH2),—C3-C6 cycloalkyl,

R2 is selected from the group consisting of C1-C3 alkyl; cyclopropyl; C1-C3 alkoxy; C1-
C3 haloalkyl; C1-C3 sulfanyl; 5-membered heteroaryl; 5-membered heterocycloalkyl;
halo; hydroxymethyl; and —-NRaRb;

20
R3 is selected from the group consisting of —NR4R5; halo; phenyl, optionally substituted
by one to three R6 groups; and heteroaryl, optionally substituted by one to three R6

groups;

25 R4 is selected from the group consisting of H; C1-C6 alkyl, optionally substituted with
one or two R7 groups; C1-C6 alkoxy; C3-C6 cycloalkyl, optionally substituted with one to
three R6 groups; heterocycloalkyl, optionally substituted by one to three R6 groups;
heteroaryl, optionally substituted by one to three R6 groups; and phenyl, optionally
substituted by one to three R6 groups;

30
R5 is selected from H; C1-C6 alkyl, optionally substituted with one or two R7 groups; C1-
C6 alkoxy; C3-C6 cycloalkyl, optionally substituted with one to three R6 groups;

-11 -



(I') wherein 15R1l is selected fromthe group consisting of C2-C7 al kyl and
-(CH2) n-C3-C6 cycloalkyl; R2 is selected fromthe group consisting of Cl1-C3
al kyl ; cywbaprspys7s Cl- C3 al koxy; Cl- C3 hal oal kyl; O PC3/usaéosasashs
5-menbered heteroaryl; 5-nenbered heterocycloalkyl hal o; hydroxynethyl'

and - NRa Iec ed f the i sting

B e S P e A S X e

opt i onal | yutsstibigéd bybesltdtyirearRe youpsrae gRengll optisally sltktitutedie) 6 Bthfgeom t he
gr oup conﬁlstug% of H Cl1-C6 alkyl, optionally substituted with one or two
R7 groups, al koxy; C3-C6 cycloal kyl, optionally substituted with one
to three R6 groups; heterocycl oal kyl, optionally substituted by one to

t hree rQups; teroaryl, tio II substitute o.three R6
or oupsS afRARRHTS SEgoneaeles iBthe Kty Wi ey bre Bache PitiRa = 0
WO 2009/ 06818ridipEldalkyl S8R IS RaI s ubstiteted ayithl omalti YHree RBtgreupat | y substi t ut ed
by one to three R6 groups; heteroaryl, optionally substituted by one to
three R6 groups; and phenyl, optionally substituted by one to three R6

groups; SQéCFRRGaﬂﬂddeEer&Teentli/ gtleewddtfape tHregrovp tobnsistthghbfat BI6t Dkyhbptibnallyey ar e

fo three MOYMTDaRncRs, Retice PratisuftioR 06 of ELrederom o rNGRBlL— "
consi $0 i ng(@)‘RcClC(@QOchyéterdEptlb@mﬁi C3-GaubgAdalkyt egtionatinsebstituted Wit ege R7

D roper  CNEER oVt st i R oRany S ehasH o 8an Lh one - NRaRb

or pyrrolidinyl; oxo; cyano; -NRaRb; phenyl; heteroaryl; and hal o; each R7

e L e R T Sl o MO
optional | Haldbpubali t:yérﬁxﬂ mméR@n&:(m)NR@RM,, O@I)RE:OQ}&C@%)J@}&JIKW ogiBasly

group‘i heterocycl oal kyl ; and heteroaryl optionally substituted with one

met hy15 WHwﬂsWdr%chﬁtﬁ@cv@o%@é 19" iR FETeraHR | Retererdaadieyifaeim t he
group conﬁet%Fdam oaf.odauﬁeefos@iméﬁwﬁm kié Ry, QRRLRY oF Hpdbky;ut €d with one

hydr oxy, nethoxy, or di nethyl am ne;

each Ra is each independently selected from the group consisting of H and C1-C3 alkyl

optionally substituted with one hydroxy, methoxy, or dimethylamine;

20
each Rb is independently selected from the group consisting of H and C1-C3 alkyl;
each Rc is independently selected from the group consisting of C1-C3 alkyl optionally
substituted with one methoxy group; phenyl; heterocycloalkyl; and heteroaryl; and

25

n is an integer from 0O to 2.

The compounds according to Formula | may contain one or more asymmetric centers
(also referred to as a chiral center) and may, therefore, exist as individual enantiomers,
30 diastereomers, or other stereocisomeric forms, or as mixtures thereof. Chiral centers,
such as chiral carbon atoms, may also be present in a substituent such as an alkyl
group. Where the stereochemistry of a chiral center present in Formula I, or in any
chemical structure illustrated herein, is not specified, the structure is intended to
encompass all individual stereocisomers and all mixtures thereof. Thus, compounds
35 according to Formula | containing one or more chiral centers may be used as racemic

mixtures, diastereomeric mixtures, enantiomerically enriched mixtures,
-12 -



each Rb is independently selected fromthe group consisting of H and Cl-C3
al kyl; each Rc is independently selected fromthe group consisting of Cl-03
al kyl optwonatdosisabstituted with one net hoxy group; pheayius2008/082575

het erocycl oal kyl ; and heteroaryl; and n is an integer fromO to 2. The
conmpounds ,accordi n o Fo la | may contai.n one or re.asymetric centers
(a1 50 r ef HEF EEPAITEM R PY Mt oo STl AN AR ete e goaly burs

i ndi vi dualndeihiat storselsesmedd) di ast er eoners, or other stereoisoneric forns, or
as mxtures thereof. Chiral centers, such as chiral carbon atons, nmay al so
be present in a substituent such as an al kyl group. Were the

stereoc henjdls/}idlml @ferea)(;ﬁd;]tlhér@!of %emrﬁnio@ld&ﬁm_tdfirigﬁtd:ﬁbrrm]nﬂlzal hwhichr ccbrngiart_;necdsre? gal
structure illustrated herein, is not specifjed, the structure is intende

o enchmm e B sPo May b seraRanahadakioth G e ik B e Fhas.
corrpgu nds Fébexmasliell si@htresdiotionuinay Ibecsantieal titnd) by Goratatio o€ dikierédissredticer s
may be used, as racemc o . , . :

mi Xt ur es, 8%&5&8%’3%‘6? i€ n?ReU AL/l (P R rSEEEY S EFRGIER YR Rt 3IPESISOmeE>.  wo
2009/ 061849t/ rdd GeHOBf B%:hpld belicasyrastosRiddtionldr yedution lve @3)royxgasriRgid &  as
enantioneric&l&y and di.aster onﬁricalhy ggre indhvidual.sﬁereoiso rs.

I ndi vi dual'd4{ 8P0B1aLR"Y 182 ELRPERETCIL Yy RS M FLPHER! SURPARHTUYA %ont ai n
one o105 Biliceewhls ybaRhd tisirat @gdrer & imthe fresdres el wanirblysoehh ot dilkdrartisant hose
skilled in, the atH.tEor exaqﬁl%,.s%gq resol ution n%%FHe farrie out %1) by
f or mat i on"B PRATGRTIE BT WTET'e IERTRY SeEsoMEk 4% OB VEEEA POt A RIT IR ( 2)
by sel ect bale dopasiét on darit/tive, St erther MR IsS pagirtd cor kbagstet thef ddsired aibph.e by
enzynaticﬁgxidption or.. reduction;

il & or (b3) b% gas%i gui d og{. i ﬁw d .
chr omat ogfAPRFIEY SPEH{G HFTORPMErHMEN O Y eaR SirBY @Sy BT EP S d43Hor t
such as 10ptially cactive tleagerisuBsdbstfatasal cdtalgsts doroksolvents her pye seneating anechi r al
sol Veﬂ%' The tski I ﬁ@ artisan wll ag&rﬂe&)i ate that where the desired
st er ebi sofBFMtCTIEL MhiDE QNG B GEYNMel|cA s8I Y ¢ salt, conpl ex or
derivative, a further step is required to liberate the desired form
Al ternati yel specj fic stereaq soners may be synt hesjzed by asymetric
Synt hoot & e B PRTHs AdErG R B Mea A Ed quit 40 SomiapBle Sengs oy DL Ceters
sol vent s, obgedmettoasieirhetng Vomee Ieestarbtiosmistry of & bentet dfeyeometritsasymetigtiyc
transformation.. e _conpounds accor din o _For | may. al so cantajn
oubl e boRMESORn SRR B Bty 3 egieahatyd e dRipied Ne-Stvi Mot pofteair
st er e2® hepgirngdturg i©ntendednd encaripaze anee trans (B sgometriciisgmes et cis (2)flgebmegtriz 1, or
in any chem cal _structure illustrated.herein, is .nqt specified, the 20
v oot ur oPien ih Bl G osn i st o 1Ruiokprf dhi Al ShEHRIIER e ci s
(Z) geoneFointuld s@hether suttl taltbmetsxdxist @seduilibriant or prédopvinstely imbhe foatat onmeri ¢
forms are also included in Formula |I whether such tautonmers exist in

equi libriumor predomnately in one form In certain enbodi nents, conpounds
accor di nglirt geffain namhidodimensty, compaunsadccaadin ¢o Formula | may contain an acidic

25  functional group. In certain other embodiments, compounds according to Formula | may
contain a basic functional group. Thus, the skilled artisan will appreciate that salts of the
compounds according to Formula | may be prepared. Indeed, in certain embodiments of
the invention, salts of the compounds according to Formula | may be preferred over the
respective free base or free acid because, for example, such salts may impart greater

30  stability or solubility to the molecule thereby facilitating formulation into a dosage form.
Accordingly, the invention is further directed pharmaceutically acceptable salts of the
compounds according to Formula I. For a review on suitable salts see Berge et al, J.
Pharm. Sci., 1977, 66, 1-19.

35 Acid salts: Suitable addition salts are formed from acids which form non-toxic salts and
examples are hydrochloride, hydrobromide, hydroiodide, sulphate, bisulphate, nitrate,
-13 -



25 functional group. In certain other enbodi nents, conpounds according to
Formula | may contain a basic functional group. Thus, the skilled artisan
wi | | apprwoizatsetdrat salts of the conpounds accordi ng t @eCFasxosasis7sray be
prepared. Indeed, in certain enbodinments of the invention, salts of the

conpounds _accor di to Fornul a | be preferred over the respective free
baen or i PRGPRETENrbier BhOPbR e gl en mtat, Fealres Ryt el s 50
st abili fj ytabirraté,](c)l tivate) twrr’hgtet hlgIUUMeﬁe;UIstﬁlcéihﬁéﬁerd\/é]Ed,l ioﬁahieggof@dja’dgltaié,i on
into a do e for Accordi ngly, the inventjon i urt her direct
ohar maceul MESIOPGe Hle e ptEREN a&al 1 EBPalEhe TEHYcRARICRR Y dihgesOIPRcRale a |
For a revbéewenssd@iptidnald, e pstaluesesifishdiateg e nisth@lesulphoiblardmaresulphodif7 7p- 66,
1-19. %SAfoi&%n%al ts: .Suitable addition salts are formed from aci ds whi ch
non-

form swghonic. 204 'SSUMA®s are hydrochl oride, hydrobromi de,
hydr oi odi de, sul phate, bisul phate, nitrate, - 13- WO
2009/ 0618 29PCT/ UUS2Q08/ 082575 phosph , hydrogen phosphate, acetate, .
el oate.  RAPSINST AMErHsc el ORGRE 0 en prd 5o Mg, SN o urh et (Dalr e,
gl uconat emesdlGaits18l¢h aPtiody aff @pdiomadrat potassidh Oalkglinateartht metal saltsoachtat e,
saccharat g, begz ate, net hanesulﬁgﬁnﬁte,. et haneéul h.onlat.e, £ ori
benzenesuﬁ}?ﬁ%ﬁ? cium’ang) RGeS M Hsheals With&r galie 8RS hBAVENI Spi e dS¥oni ¢,
pt ol uehes séqunaaiyCand ngtiarg edrhinesladuech &Basdpaalylamiindhdiethpamitig, cahdnolamtiaept abl e
base salts. include amonium salts kal i tal salts such as those of
codt urn andrsEUeERentomaR R as redNiBety e h ae those of calci um
and magnesi um and salts with organic bases, including salts of primary,
10secondary and . tertiary am,nes, such as isopropylam ne, .diethylam.ne,
ot hano b eRot e HEP defeterneG NGBy aao R AR R AR et gl B8 ne.
As used heieediasiret golbgican gtiiar ohtheudubist lcpmpoaaptad leehivilmisimal efheesiredo

i activibLe;r/?agf t he, subj ect, conpound

2nd okhi DI A R Io LN TP e e O oMo ERIPEle TRl ke b ddupared o

phar maceutiurdray thy finaciepibtidr end plirifeatizry ofitte poepansd] dr by Separathly reagtiidithef i nal
isolation and purification of the conpound r by.separately reacting the
puri 11 ed BBMSIURRMPITS: & Py dgec25e B es Bast m PP welFPS RSt oreCbase
or acid, resppetiveiyvely. 20As used herein, the term "conpounds of the
i nvention"” means both the conpounds according to Fornmula | and salts
t hereof, including pharmaceutically acceptable salts. The term"a conpound

of the invention" also appears herein and refers to both a conpound
accor 2 ngAs asedrhmania, theatedmi tcompalitds, of thel indéentignp naranma detit itlesalcbypaaadspt abl e

salts. 25_The.,co nds_qf_the jnyentian exist in.solid or, Iiquid form
h the soPtardiarR P e doarsh SaaNRoL B e i pieclytl Selfinb e Al 11 e
or noncr y3haltbinnéafammouod aistha invetitiun'e atsheametirs Rereirc anp aufeds tofbotthhe
invention that are i n.crzs al | iln(? fﬁr.{snseaithe. slki lle artiqm\n IW | | Efeci ate
that phar fEEBHNTCE PR OeE?rgEHae S0P V5t Bl g §UB9RIPTRACHIER i 378888 vent
nol ecul essaltse i ncorporated into the crystalline lattice during
crystallization. Solvates may involve nonaqueous sol vents such as ethanol,

i sopr2panol, DVMBO, acetic acid, ethanolanm ne, and ethyl acetate, or they

may involve water as the solvent that is incorporated into the crystalline
| attice. Tbé¢ campsundserfdhainwanten may ekiet issoliednt lighidiforms Inrbesglol stbtedthient o

the crystallhifhds3dt heCindhfiohYRhY xlsY if Tt bO nBRery MR i, or YAt €S
mixture thereof. For compounds of the invention that are in crystalline form, the skilled
artisan will appreciate that pharmaceutically-acceptable solvates may be formed wherein
30 solvent molecules are incorporated into the crystalline lattice during crystallization.
Solvates may involve nonaqueous solvents such as ethanol, isopropanol, DMSO, acetic
acid, ethanolamine, and ethyl acetate, or they may involve water as the solvent that is
incorporated into the crystalline lattice. Solvates wherein water is the solvent that is

incorporated into the crystalline lattice are typically referred to as "hydrates." Hydrates

-14 -



WO 2009/ 061879PCT/ 1JS2008/ 082575 i ncl ude stoichionmetric hydrates as well as
conpositions containing variable anounts of water. The invention includes
al | such wolzvawmess79The skilled artisan will further apprPretitst@sibmsys cert ain
conmpounds of the invention that 5 exist in crystalline form includi ng the

various solv t her eaf exhi b po h| sm e.

oecur 1 BRRREAEERS e TR e MaL o e SO PG HROE AR e
forms arewaidpi Th inyektitnvinclades flicdughBophies. The invention includes all such
pol ynor phs. Pol ynor phs have the sanme chem cal conposition but differ in
packi ng, geonetrical arrangenent, and other descriptive properties of the
crystalline solid state. Pol ynorphs, 10 therefore, may have different

physi caI rﬁh@rsmnlédi eﬂisauomll aﬂtr&hapsrecmmatt mertdalaramnﬁﬁ)sndsjef tbfemabédtiohychat

st abi I nd d| t| on erties PoI i cal hi bi t

G T orn exEnf oS Re b b g ous SoARR Debst By et Sl phim
patter ns (iwhitrehcapayitp & osoed irf differenﬁentylsfallmatstmnturéﬁ)e Thkséd i@ rent tcrysaing | |
appreci at g _t hat gvl ff

| )
e o e, Belchll Etw S R e B InEn o Felyed, L s PR uforf¥ ki ng
t he corrpoanlgimoqrhsbya\ws'tmagsafhéfcmeemal icoalpasbitiom bt qlrtmnﬁl ekingn gpome’eldulr es

F h
o yese b fand 8 i S STREH A Eonsi e e BB LR e b ks e
pol ymto phthensfere, oeayt aave diffeckrit i physical2flopedine senbhadi sheapie, akensitye hardreent

cyer oal kyPoumaRlth Sy e R s RO Rtins by SR dnt e,

enbodi nentnedlhgtdommrlﬁwattra ravid ¢-rayrpok@ler difftilctios pattdeys,; wiidh @3y dekexy for01- 03

hal oal kyl ; an hal o. . Sui t ab [ rreth |, et hyl ;

i omet hyI9eViREBaT vy T Skiied GriRa iy sbuiR R boPakelir: Hym st fhen e,

chl or o; cpmldomd)pfw exmpleﬁbhaﬂoynglﬁgudraidljgshﬁ@ tlnes regettibry lconeitiond pr téugenst hyl ;
or ch i enbodi nent of the | nventl NRARS;

&1 G181 b mdPaAE G ROAE b Sy oBEREE RE R SpbL ke e lliRe
groups. Shot @t}inypleR&haBgesl\dR%pé@tmeasnrd%r BolvéliltnGh rebllyin, pcm,pmorphml IIny
subst 1 t ut SOy SR8 PR logp L BRde B atiBTisn g R Rt v P Rt o
al koxy. vdRM8/ 061879PCT/ 1JS2008/ 082575 I n anot her enbodi msnt of the
present invention R4 is cyclopropyl; cyclobutyl; cyclopentyl; tetra hyd
ro-2 H pyranyl; 2-oxohexahydro-1 H aze pi nyl; 2-ox0-2 , 3 ,4, 7- tetrahyd
ro-1 H azepinyl; 5-fluoro-pyridinyl; or 01-06 al kyl optionally substituted
wi t h 2he bf onchembodimewt nfythR7orgsemt reestdre Bt asl -t USeC@cmiqmllqdmﬁuﬂablmg of
h I | ;
3 ey az BT b G Gt R s 1ty RES PR klfogenlf ' ™

1- hydroxy-1H i m dazolyl; and R5 is H, Cl1-03 al kyl; cycl opropyl; or

pi perazi nyl_ onpt i ongl | it h. on FQUD, 1 ~q her

P Pt 2L Ry SEh Mge FE R, R AP0, o
10sel ect etalbaleyh CHeCYysolfamyt amshadd.i Byitatbly R/ &r muethy|; etiethimiometimgl; thildreaii;

propy g yl (%gwt a g }? p n er
B b en BB FUELARERY BB, Yorg? M LA il bl
consi st i n&2ad mlelthy(:bt@ﬁ thibkgthyl; Gl et@Broal koxy, and 03-06 cycl oal kyl . Suitabl ey
R5 is H nethyl; or
In another embodiment of the present invention R3 is —NR4R5; C1-C6 alkoxy; or
heteroaryl, optionally substituted by one to three R6 groups. Suitably R3 is —-NR4R5
30  wherein R4 is C1-C6 alkyl, optionally substituted with one or two R7 groups; or C3-C6
cycloalkyl, optionally substituted by one to three R6 groups; and R5 is H, C1-C6 alkyl, or
C1-C6 alkoxy.
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15nmet hoxy. Suitably R5 is H, 01-03 al kyl; cyclopropyl; or piperazinyl
optionally substituted with one R6 group. |In another enbodi nent of the
present iwoentymwm7/R3 i s - NRARS wherein R4 and RS are joipngdst@gesises with
the N-atomto which they are attached to forma heterocycloalkyl 20 group

1 [ 1 bstit ut d 1 1 th R6 NR4R5
OPer ool ke SRBOatehE A et bt et S i ity oYy b o
gt té ag hﬁddtmmengzl aZEtéﬂrahyﬂsd 2Hh{p>yrarr?<9l i dizmxbhe)mhperroaizl-u ayépuzmr hoka-pl4,7- 5

, o-al exa (0]
o avo IRl S RU SR i P PR SF LBy Bpfidiahy PR W'l
2, 5hdi azatbi cr%eﬁfoub\amg R equpg! sl(ﬁemu ?Enwhec@roumcoh?sm*]g ?Dﬁy’tﬂrbxyl Zﬁxsuf@ayl t;JF ed
V\/lt one (0] r 0 n an e (0] r lnventil on
o ' B Mo R Ra R 8 g T BROBTh a8 She L Rabiag i ST SUBRr DG bt o
t1 hey areI agé@qh&d?ﬁy?raﬂ@gzl :Lapd pe—hyd}bmthH irhidakstiy/Io rapdp IR3l usjleJll,, Ct1-ct:3 aAkyé; ”
- razol 1l di n etra r X ro ; etra r o-
Soruror 9, syadhiony o S %%@wb% ? o RE BRI Col Tt by
hexahydropyrrolo[l 2- a]pyra2|n (1 H)-yl; hexahydropyrazi no[ 2,
1-¢c][1, 4 ahydr of 3, 4- H
cet by afole epdlimbns BESE YL 3{9&"{ aﬂva?%ﬁ’f@?ﬁ%ﬂt it k- Sbsfiment |

H) -ylimct Qﬁﬁdé@lﬂﬁﬁﬁhb yedud, cohsistind af: hy’dr@%ﬁzrhéthbxy and —-NRaRb; propyl; isopropyl;
oct ahydr o- 1F+c%@#openta razi nyl ; octahydro 1 (2H )-q uinoxalinyl;

p
oct ahydr 0S¥ %F'BP@%%‘{BW‘?%” ; 3- 35azabi cycl 0[3 1. 0] hexyl ;
2, 5-di azabi cycl o[ 2. 2. 1] heptyl ; 4, 7- dlazaspiro[z 5] octyl;

azaspi ro[2.4 hegityl; or 10-oxa- 4 azatricyclo[5.2.1.02, 6]rtdecry - 16- WO
2009/ 0618 FERIGENEH 9576 PEESNARIVEN D R s gqfentes (paites aropa caneistieg ar e

j oi ned togeHhen-gd bikyk l0a-Gb alkeRry;tahdOB-CTB &yRRMIKG. esatémhﬁsl i§ OF Mdigyl; or
azetldlnyl opt i onallel substituted with one or two P
methoxy. Suitably R5 is H; C1-C3 alkyl; cyclopropyl; or plperazm?/I optionally substituted

with one R6 group.

In another embodiment of the present invention R3 is —~NR4R5 wherein R4 and R5 are

joined together with the N-atom to which they are attached to form a heterocycloalkyl
20  group optionally substituted with one to three R6 groups. Suitably R3 is —NR4R5

wherein R4 and R5 are joined together with the N-atom to which they are attached

forming azetidinyl; pyrrolidinyl; piperazinyl; morpholinyl; 2,5-dihydro-1H-pyrrolyl;

hexahydropyrazino[2,1-c][1,4]oxazin-(1H)-yl; isoxazolidinyl; hexahydropyrrolo[1,2-

alpyrazin-(1H)-yl; or 2,5-diazabicyclo[2.2.1]heptyl each of which may be optionally
25  substituted with one to three R6 groups.

In another embodiment of the present invention R3 is —~NR4R5 wherein R4 and R5 are
joined together with the N-atom to which they are attached forming 1-piperidinyl; 4-
thiomorpholinyl; 1-pyrazolidinyl; tetrahydro-5H-[1,3]dioxolo[4,5-c]pyrrolyl; tetrahydro-1H-
30  furo[3,4-c]pyrrol-(3H)-yl; hexahydropyrrolo[3,4-c]pyrrol-(1H)-yl;  hexahydropyrrolo[1,2-
alpyrazin-(1H)-yl; hexahydropyrazino[2,1-c][1,4]oxazin-(1H)-yl; hexahydrofuro[3,4-
blpyrazin-(2H)-yl; octahydro-2H-pyrido[1,2-a]pyrazinyl; octahydropyrazino[1,2-alazepin-
(1H)-yl;  octahydropyrazino[2,1-c][1,4]oxazinyl;  octahydro-1H-cyclopenta[b]pyrazinyl;
octahydro-1(2H)-quinoxalinyl; octahydro-6H-pyrrolo[3,4-b]pyridinyl; 3-
35 azabicyclo[3.1.0]hexyl;  2,5-diazabicyclo[2.2.1]heptyl;  4,7-diazaspiro[2.5]octyl;  5-
azaspiro[2.4]heptyl; or 10-oxa-4-azatricyclo[5.2.1.02,6]decyl.
-16 -



each independently selected fromthe group consisting of nethyl; ethyl;
fluoro; nethoxy; 5hydroxyl; hydroxynethyl; cyclopropyl; dinethylam no;

et hyl nmet hybanmiwvesi1s79 CH2- di met hyl am no; norphol i nyl; pyr Polriuseeglog2575
-CH2-pyrrolidinyl; and pyridinyl. Suitably R3 is -NR4ARS5 wherein R4 and RS
are joined together with the NNatomto which they are attached form ng
pyrrolidinyl optionally substituted with one to three R6 groups 10 each

i ndependesuitabl\s RBecLtRR4R5 ometdie RGrapdRE afegbined fgyetfer meth hyd N-dtermhhexhich- CH2-

nmet hoxy; droxyl.; h oxynet hyl.: hydroxyet hyl.: . dj hyl am no;

Tt byt et AT et g s i et or el SRt B e RS cpmiesi 1
p)élr_I izdian| pach ihdé;br{ﬁffdbyﬂl)ﬁé,ﬁilméd fr&mltlaé_llgl’ﬁslfprwneﬁh)d of r?]étrlgbll’ omgr; Fiwdro; methoxy;

- -2- r oxyet t ani no; . - -2- ne xy.et m nQ; . cyano,

o R BN, B o e o e RS L e AP i Gt

- CH2- di et biyeatmiiarino; o GhryHHGHB)dnyI;--CHS-wiroedihyl] and pyridfaiyl -

i sopropyl met hyl am no; - CH2- pr opyl net hyl am no; - N HCOOOH3; - CH2- 3H-
[1,2,3]triazolo[4,5-0]pyrimd in-3-y'; and

(ci s) - 10- gyitably R3as rNRYRE dlharein RAGAJIR T hegoided kogehidr nathltlye R3atbrd to WRHRS

wherein R d R i oi.ned together. with the N atomt ich 20 th

o rehad sy e gtadisd oG Pyes B h G iaely st Eudsfv il bhe b ee b e alsle ©
grﬁuioﬁo eaedicH mdjlﬁpé@duiﬂh ; ptéeyec?eﬁi fﬁ@hﬁﬁhé rgmsnpi berlm@gtmgp%fcmt i‘nﬁmg&i/; Fotggé'}%l ;

et , 1'sSopr,o . I OX . rgxye e - U- X n - .

St bt v RRREY.. Kyl ety S GRBYE el giat e AR EREON at om
to which 25H2%Ym@th?laﬁﬁﬁo@¢bﬁ§-;ﬁy®ﬂ’0ﬂéiiﬁﬂ; -CHo-morpholinyl; pyridinyl; 2-(dimethylamino)-

(9aS) - oct ahy .roE%/rr azi no[ 2, 1-c] [tl’ 4] oxazi nél . I'n anot her enbodi nent of the
t he present!"¢imeENteth R6 filugrodeliyd al kyitH2-ghyiongihymetivamingit ed wHtaZone to

three R7 ; Y; =.03. i15-C( : = Suiggbly R6
is methyl %grtbﬁg?th%?@gﬁo&%mcﬁ?@wr o%@lﬁ%ﬁ% ggﬁr{ﬂ)%ﬁ%ﬁb y!ir éﬁ?

30N, Ntali nethiplehetietaanindo--CHp-déatiotidmeinoe RGN (@ CHRE)2i s Chipt mpayaing; . —Gdg-t-abl y
R6 is a 6:nenbered heteroaryl . Suitaply R6 is pyridi ~ W

5009/ 0618 FOPER TFLNFORT Ba25 =0t A g b RSB et GPOGHS or o5 Gt 2H

i nvent i on[1R,3]trazGb{48-didykinvidin-3hy,cindXyik -1 ®bxa-4-Rafrby cI @62t B0 *jdeBA-yIs met hoxy.
I n anot her enbodi nent R7 is heterocycloal kyl.Suitably R7 is a 6-nenbered

5het erocycl oal kyl . Suitably R7 is norpholinyl.
Suitably R3 is -NR4R5 wherein R4 and R5 are joined together with the N-atom to which

20 they are attached forming piperazinyl optionally subsituted with one to three R6 groups
each indepdendently selected from the group consisting of methyl; ethyl; isopropyl;
hydroxymethyl; hydroxyethyl; -CH2-O-CHg; and -COOCH3.

Suitably R3 is -NR4R5 wherein R4 and R5 are joined together with the N-atom to which
25  they are attached forming (9aS)-octahydropyrazino[2,1-c][1,4]oxazinyl.

In another embodiment of the the present invention R6 is C1-C3 alkyl, optionally

substituted with one to three R7 groups; hydroxy; C1-C3 alkoxy; -C(O)NRaRb; or

—NRaRb. Suitably R6 is methyl; ethyl; isopropyl; methoxy; hydroxyl; diethylamino; or
30  N,N-dimethylacetamido.

In another embodiment R6 is heteroaryl. Suitably R6 is a 6-membered heteroaryl.

Suitably R6 is pyridinyl.
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I n anot her enbodinent R7 is heteroaryl. Suitably R7 is pyridinyl;
1,3-thiazolyl; thienyl; furanyl; imdazolyl; 1H benzam dazolyl,

3H[ 1, 2, 3vonv@zsisip4, 5- d] pyrim din-3-yl; or PCT/US2008/082575

3H 1, 2, 3]triazol o[ 4,5-b] pyridin-3-yl. In another enbodi nent of the present
inventionIRa qu Rb. are bftgtnetq¥l. Ln anot%gr.eggggim?nt_ f the pr esent
i nvent i on'"RENPECHEMRPURPRT QLIRS IPresgnl {yBMERN RE BT hvrr 8K ?IVPFO XA &Y rier
enbodi nenNRaRbt Iszitpie Ren$ miethoxpt i on i s a conpound according to Formula (1)
wherein: Si is selected fromthe group consisting of C2-C7 al kyl and
-(CH2)n-C3-C6 cycloal kyl; 20R2 is selected fromthe group consisting of
Cl- C3 al ki ;anoper ophbedinentCIR7C3s ahatoroyyclSalkyl.C3 Slﬁbblﬂ Ryl is GL-OBembbieany! ;

5- menb het er o ered hete rocycloalkyl hal o; hydroxynet hyl ;
and - N%aﬂﬁem“myﬁ%%Fé §@§@5EE§'$FGH¥P Wlgroup consisting of -NR4RS: hal o:
phenyl , optlonally substituted 25by one to three R6 groups; and heteroaryl,
o] tlonaII tltut e to thr r S; R4 is ected fromthe
oF oup conth Sxty wromedt B8 Rubstoangostat M B irBnyE d S REPHE SHEREr tvo
R7 gr oupsfurdiy; Cﬁmabi@y(y 1 HASerZamiisebigial &y41,2 Optidzongd, byd|Suibsdin3ui:edr vBH-h one
to 30 thr r heterocycloalkyl optionally substituted by one to
three R6 EW%EE?g ﬁﬁ?SPBaF ¥ptional iy substituted by one to three R6
groups) and phenyl optlonally substituted by one to three R6 groups;

R5 is sel cte t he cons st| optionally
Substi ¢ ut BePriattes cqsHEvest of B reeegt Bliponia e BP aBooth (1 °Fy o oal Kyl
optionally substltuted with one to - 18- WO 2009/061879PCT/1J82008/082575
three R6 grou al k nal stlt db t hree
k6. or oups!h FB SRR Jinpreeat Biartpn e D eepe olg R  Suley o oo,

and phenypyrr@iginybnal | y substituted by one to three R6 groups; 5or R4 and R5
are joined together with the NNatomto which they are attached, formng a
het ertg&ycl oal kyl group optionally substituted with one to three R6 groups;
each R6 is independently selected fromthe group consisting of Cl1-C6 al kyl,
opt i onal | pnsthbs embodiedntvot theopresdrd invenéen 7 a gooyosnd lagclrding ;to EbrigBlaall )k oxy;

-(0) NRaRbhereln

R1 is selected from the group consisting of C2-C7 alkyl and -(CH2),-C3-C6 cycloalkyl,

20 R2is selected from the group consisting of C1-C3 alkyl; cyclopropyl; C1-C3 alkoxy; C1-
C3 haloalkyl; C1-C3 sulfanyl; 5-membered heteroaryl; 5-membered heterocycloalkyl;
halo; hydroxymethyl; and -NRaRb;

R3 is selected from the group consisting of —-NR4RS5; halo; phenyl, optionally substituted
25 by one to three R6 groups; and heteroaryl, optionally substituted by one to three R6

groups;

R4 is selected from the group consisting of H; C1-C6 alkyl, optionally substituted with
one or two R7 groups; C1-C6 alkoxy; C3-C6 cycloalkyl, optionally substituted with one to

30 three R6 groups; heterocycloalkyl, optionally substituted by one to three R6 groups;
heteroaryl, optionally substituted by one to three R6 groups; and phenyl, optionally
substituted by one to three R6 groups;

R5 is selected from the group consisting of H; C1-C6 alkyl, optionally substituted with
35 one or two R7 groups; C1-C6 alkoxy; C3-C6 cycloalkyl, optionally substituted with one to
-18 -



10C(0) Rc; heterocycl oal kyl ; C3-06 cycl oal kyl ; oxo; cyano; -NRaRb; phenyl;
het eroaryl; and hal o; each R7 is independently selected fromthe group
consi st i myoabodsas7oxy; 01-03 al koxy; hal o; phenyl; cyaneCTANRORI0$2575
-C(0)NRaRb; -C(0)Rc; C3-C6 cycloal kyl, optionally 15substituted with one

hyd , t | | kyl - Rb . he | kyl : d
ey e s PR s radhtsal: P baiD s b B Cor e Hise Hhgioupsing of
H and Cl- aderddiyl] ppidhadyg subtitited | byd epe nolahickbyR6 ejregdse canidr piigriyh eopgiooally

consi sting of H and Cl- al kyl; each Rc is independently selected fromthe
gr oup cong?@¥W¥Eﬁh¥O%ipggegﬁgiwpuﬁﬁenyl; het erocycl oal kyl ; and heteroaryl ;

and 25n is an integer fromO to 2. Another enbodi nent of the present

invention ig,a ound accor di ng. For roul [) erein. S is .
| So- 5ol shRAgyn FEare anaE fetfer th e Rrbranite ey S strcbetiaemips 2
et hyl; t hheerichybalkyl yraugt dptibhalfyl substowet hyith; onditd thies BBRirdYYs; 1-f | uor omet hyl ;
chl oro; cyclopropyl; or nethoxy;, R3 is -NRAR5; WO
2009/ 061879PCT/ 1JS2008/ 082575 R4 is selected fromthe group consisting of
H; Céé C3 aééhyRBR 5i§jmj|ep@r:idmw ;selfamédﬁ'rqﬁeltrngn@ub copsistngad f|®1-]§ﬂlmk)jl,t¢tgiedal}yiktlh
one roup;. is selecte r t he grpup con ing o ; - a :
opti onar SRR viinafngiprinieeohl BbipinRHTOBr oules ehols W ONBARES -
cycl o#d Ky C(OYRet inetsrbdyyloalkhls tG3-0G6 esycloilkhl; @ne;, tymnbhr8iRaRb; gphemsheteroaryl;
het er ocycl o&ahggl optionally substituted by one to three R6 groups;

ion

het er oar yf" ally substituted by one to three R6 groups; and phenyl,
optionally substituted by one to three R6 groups; 10or R4 and R5 are joined

together with_the N ato 0¥Ynichthe are attached, Eorm’n a )
heter ocycPBaI Ry BRGHH BRI SHAFPS "o00Ee o HLLWA R 5 BVENF it 6% A8Foups:

halo; phenyl; cyano; —NRaRb; -C(O)NRaRb; -C(O)Rc; C3-C6 cycloalkyl, optionally

15  substituted with one hydroxy, heterocycloalkyl or -NRaRb group; heterocycloalkyl; and

heteroaryl;
each Ra is independently selected from the group consisting of H and C1-C3 alkyl;
20 each Rbis independently selected from the group consisting of H and C1-C3 alkyl;

each Rc is independently selected from the group consisting of C1-C3 alkyl; phenyl;

heterocycloalkyl; and heteroaryl; and
25 nis aninteger from 0 to 2.

Another embodiment of the present invention is a compound according to Formula (I)

wherein:

R1 is -CH2-cyclopentyl;

30
R2 is selected from the group consisting of methyl; ethyl; thiomethyl; thioethyl;
fluoromethyl; difluoromethyl; 1-fluoromethyl; chloro; cyclopropyl; or methoxy;
R3 is -NR4R5;

35

-19 -



each R6 is independently selected fromthe group consisting of 01-06 al kyl,
optionally substituted with one to three R7 groups; hydroxy; Cl-C3 al koxy;
- C(0) NRaRNO 20®/06(€0Y Rc; C(0) ORc; heterocycl oal kyl ; C3- C6Prcyaisoaisiogisss
optionally substituted with one -NRaRb or pyrrolidinyl; oxo; cyano; -NRaRb;

phenyl ; eroa | ;. .and hal o; each R7 ind dently sel ected fromthe
O o contet PREUEH TRPLING SR SR a5 Ky CHER B s SMy el

- C( 0) NRaRbptiona(P3Ratitutst &ith cyecRegkdpt , optional |y 20substituted wit h one
hydr oxy, heterocycl oal kyl or -NRaRb group; heterocycl oal kyl; and heteroaryl
optionally substituted with one nethyl, -NRaRb or hydroxy; each Ra is each

i ndependeRsliy s%l%b%dtfﬁﬂnfttﬁ@@?ddp%dﬁsi@ﬂngﬁaf Al bﬁLC@atkyprm@hdmeugu;bsétitmwa &dthwi t h

one hy rox 0 r 5 ea ndependent | y

o6 ected PR oAb e R Ao e -Ch R op RaabenteRi b SR Ba T r om
Cl-C3 al k}Hre@ﬂRﬂ givabs; yhaumyélbwk)&dow&bllpBebsT&Itéw)by @TeOttpthrwlﬂ%ybroups
Y R, B A SSERE S o8 OB S SRR 1"
((2R) - 2- ( sysstiapenby bmetoltiitel-Re §rduph- f | uor o- 2- met hyl - 6- (1-pyrrolidinyl)-4-
pyri m di nyl ] hydr azi no) - 3- oxopr opyphydr oxyf or mam de;

R2R) - 3-{246- (1- Azeti di nyl)-2-et hyl -5-fl uoro-4-pyrimdinyl]hydrazi no}-2-(cyc
| openty! met Ry lahd REH@requinpd aqaetten waith abey Nodtominto detich W6y are attached, forming a

2009/ 061879PCT/

R2R) - 3- { 248y %195@ @i’%&Pl‘39§'8”?'|VLF6‘P6“tEteE%?‘W‘Fttﬂ *B?e RO QRYRSi di nyl ] hydr azi no}
-2- (cycl opent yl met hy0- 3- oxopr opyl ] hydr oxyf or mam de;

2R I 5- -4- i m.di nyl ] hyd
LSy 2+ Sty B o Bippadsnly 65isSies S iR vy ol Bendh s s A dpuondly 1 MY
5[( 2;?) 3- é@as{tufiﬁ@lvﬂﬂofﬁef tou@hiree6RV( groups; hymy@bhymmm_c%ko’kypwd(mi)rdmm;} hydr a
zi no clo o) e, . .
Ry 1 { 206 RO AGROT B Te vl B b oAl G iEhRl Sybshyes agh . 2-

(cycl OpenLMhﬁﬁbW?V@OIQKQPBQ@Ydy]aHUdeBN H@rWI Ofdteroaryl; and halo;
((2R) - 2- (Cycl opentyl net Ayl ') - 3-{ 245-f | uor 0- 2-met hy1- 6- ( 4- nor phol i ny1) - 4-

10pyri m di nyl ] hydr azi no} - 3- oxopr opyl ) hydr oxyf or mam de;
each R7 is independently selected from the group consisting of hydroxy; C1-C3 alkoxy;

halo; phenyl; cyano; —NRaRb; -C(O)NRaRb; -C(O)Rc; C3-C6 cycloalkyl, optionally
20  substituted with one hydroxy, heterocycloalkyl or -NRaRb group; heterocycloalkyl; and
heteroaryl optionally substituted with one methyl, -NRaRb or hydroxy;

each Ra is each independently selected from H and C1-C3 alkyl optionally substituted

with one hydroxy, methoxy group or dimethylamine;

25
each Rb is independently selected from H and C1-C3 alkyl; and
each Rc is independently selected from C1-C3 alkyl optionally substituted with one
methoxy group; phenyl; heterocycloalkyl; and heteroaryl.

30

Specific examples of compounds of the present invention include the following:

((2R)-2-(Cyclopentylmethyl)-3-{2-[5-fluoro-2-methyl-6-(1-pyrrolidinyl )-4-

pyrimidinyl]lhydrazino}-3-oxopropyl)hydroxyformamide;

[(2R)-3-{2-[6-(1-Azetidinyl)-2-ethyl-5-fluoro-4-pyrimidinyl]hydrazino}-2-(cyclopentylmethyl)-
35  3-oxopropyllhydroxyformamide;
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R2R) - 2- (Cycl opentyl net hyl ) - 3- (2-{5-f | uor o- 2- net hy1l- 6- [ net hyl ( met hyl oxy) am n
0] -4- pyrimdinyl}hydrazi no) - 3- oxopropyl ] hydr oxyf or mam de;

((2R) - 2- (Wpchopemry| et hyl ) - 3-{246- (2, 5- di hydr o- 1H- pyr r eCTAsy@s8Bs1srsior o- 2- m
et hyl-4- pyrim dinyl ] hydrazi no}- 3- oxopr opyphydr oxyf or mam de;

S e LB s s o 95
dRZR)I 2- gfO&@bl@perﬁtylwelm)Wb))op'ﬁo;ﬁyiﬂhﬁd}oiyfwam@e met hy1- 6- [3 (rret hyI oxy) - 1- azet |
o o YRR Bl 8% 4 0 B D Bl P RSO R IR0k 21 iyt oxy) - 1-
|oyrR ; o|2 i ((jloﬁ wﬁgg?ﬁﬂmﬁw)méd%mbzyéyirazyf@aaag%@%fr Opy%:@ég%f ?EZ n?kr?y?gxy) L

3 el] drmeihyleyiarangkt s DySLRANG); :
Pl éyc.Lw‘i%Wwﬁ;’émayd@xmﬁ%gdﬁfet D
25{(% I%?%%%B%ﬁt@%‘?’r@i’%(?% E‘QE(@& gPVIS%X'H@ *13{”3%12@% “fiet hyl [ 2- (et hyl oxy
)nghylz] anoyoeppertylpetiymi- 3oxopebi ROorr3mad@pr ogél}hydr ox%/}‘ or mamzde o

t

N (A e Maﬁ%&éﬁ% e E by pal | Uor 0 2= methy
deR) ﬂ|3(OWHrﬂlﬁElvllwdmﬁr’fwb)ox%p(@yl{)@dﬁéwr@raﬁﬂdd23) 2- (hydr oxynet hy:c) 1- pytrjro
A A B e AR Ll S e e s s M T
2R-2R§ C%d{ ggﬁfmmInmymzih&)wwpﬁnwl]&wy@(mmbﬁfﬁm dz rj mdin drazi no}-2
byl opbrRy A CY AR B S Tote bR Haa e vt b Heuky i

35R2R) - 2- b@yﬁlhmp@‘iydydm’&i}@ydxbp&rp@%){(ﬁoiyfmmbmdb[(3R) 3- (hydr oxynet hy0- 1- pyrr

"o R UZBuPT Rttt b Oy e et eti-o-11 SARBE AR A AL 0 or mam e

:R’IZ(I;) n2I ](E)w_airﬁuﬁ?pl]w_d;rfa_ﬁidtyisﬁxbp(ci)yl{)@dfréxyﬁirmﬁnde(, 3S) - ?O( hydr o>0<|)r/rret hyIr ararln ggr ro
RoR) - 2 ( eRbRgraEB ey ot lero RIS BVASS nof 2. 1.
[ 1, 4] oxazpy’r&(uiﬂH)/I}iyyli}aﬂwdjﬂ-dmobfdbymwdrmytbrmyahﬁdwdr azi no) - 3- oxopr opyl ] hydr oxyf

or mam de;

5( ( 2R) - 2- (EFEFSBETRATMTRPYY P42 54500 ey Pl 6y - Bt APy i gmdler azi ny

1)-4- §(pyrnmydmnydy]}hyﬁaazombx@arom]pympwfbdmyain|de(yf or mani de; I )

N- R2R) - 2- ent t PRCH 2-ethyl-5 2-i soxazol i yl)-4-

oy dt PR Eg b IR Tae b e g PR AR S P oty

N-[ ( 2R) - 2pyrinyidingpreyal ydinat3hastoprapy ([ Rrdr Gefdrdinide:; ( di met hyI am no) - 1- pyrrolidiny

|']-2-ethy

10f | uor o- QZ%W YRR RGN A2 (oY 1400 BEERy QNN APAPEYRBIRER de;

N-[ ( 2R) - 2pyrinyidingpreyalradinet3hyxdpiopy Bhdbexyfa@amiddd; di met hyl ami no) - 1- pyrrol i di nyl

]-2-ethyl -5 :

H tor g4 H?ﬁ?‘ﬁi(GY?{R}FP%FM’HPmt)'ﬁé?:(étﬂa%%?r'@ﬁm'%iﬂ‘ﬁﬁ}‘éﬂ%@?@y'%lf?ﬁﬁ‘&]am'”0}'

N- :?25{) 2I QWﬂmmqm)hydgaahhm -pxcbro@Athizdrekyigimamitié; uoro 6- ([j(SS) 3- hyd_rgxy- 1- pyr

rol1drny r1.m dal ra ro rmam e;

150 R - BT B e B30 Ry o B 2 e 3 by oxy- 1-p

yrrol i di ngyrimidinyl}hydrazino)-3-oxopropyl]hydroxyformamide;
[(2R)-2-(Cyclopentylmethyl)-3-(2-{5-fluoro-6-[(2S)-2-(hydroxymethyl)-1-pyrrolidinyl]-2-

30  methyl-4-pyrimidinylthydrazino)-3-oxopropyllhydroxyformamide;
[(2R)-3-{2-[6-(Cyclobutylamino)-5-fluoro-2-methyl-4-pyrimidinyl]hydrazino}-2-
(cyclopentylmethyl)-3-oxopropyl]lhydroxyformamide;
[(2R)-3-{2-[6-(Cyclopentylamino)-5-fluoro-2-methyl-4-pyrimidinyl]hydrazino}-2-
(cyclopentylmethyl)-3-oxopropyl]lhydroxyformamide;

35 [(2R)-2-(Cyclopentylmethyl)-3-(2-{5-fluoro-6-[(3R)-3-(hydroxymethyl)-1-pyrrolidinyl]-2-
methyl-4-pyrimidinylthydrazino)-3-oxopropyl]hydroxyformamide;
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pyri m di nyl } hydr azi

no) - 3- oxopr opy1] - N- hydr oxyf or mam de;

N R2R) - 2- ( Cycl opent yl net hy0- 3- { 246- (cycl opr opyl am no) - 2- et hy1l-5-f| uor o- 4-

pyri m di nybD]2bgsdrcaszb

no} - 3- oxopr opy1] - N- hydr oxyf or mam de; PCT/US2008/082575

N[ (2R)-2-(Cycl opentyl met hyl ) -3-{2[ 2- et hyl-6- (4- ethyl 1 pi perazinyl)-5-fluo

ro-4- 20p
N R2R) - 2-
pi per azi nylelivyit4-pgpim
N R2R) - 2-
pyrimdin

HeGEr S MimhirADyy Sheda SRRy e ath b ety
kRt ietins augt

(EWH%%%et hyl ) - 1-
id’uﬁw}hmfrbiuhy&azmmobw]ay@mmbmmfﬁhe N- hydr oxyf or mami de;

ﬁorleqftﬂt}/é? ﬁwﬁﬂﬁ))ﬁézmo[g)ﬁ éTH‘ Aﬁogazm

25N- R2R) - 8¢1HMA20meintyly4- ﬁmrhmﬁlyﬁhy{&élz%@tﬁwﬂopﬁop(thmbwf@rn@}m&ef | uor o- 4-

rimgdin
Rﬁ/[ (2 &%&éq{}b‘é
- pi per azi pytirhidivyl]pp
1- (6-{2-
i no}- 2-

SR LD

ﬁ%?ﬁvﬁ)% {g%’flf{ykf"@l’ {J H@P 6%’9{%"(3’1) Fet hyl et hyl ) - 1

ram@smsdobmpgnwjrm}or&ammr opy1] - N- hydr oxyf or mami de;
ent pr opanoyl ] hydr az

SRy o R R T

i nam de;

N-{ ( 2R) - 2pyrityidIngRrejatadines3hadopropy -R-fyar §fyPor (dimiaas; hy | ami no) et hyl ] (et hypami no

I 2- et hyl
| uor o- 4-

SrAeNe

RO A R R e ARy PTSilY >

N-[(2R) - 2fllﬁ@¢ml-m|ﬁﬂ(ﬂ|w/|mtji‘aylnb) 3-dx8propylf- N&fz}hf&yﬁrrrdlam&iehyl 1- pi per azinyl]-2-e

thyl -5-fl
35N R2R) -

BE st

m de;
I nyl]-2-

S S iR SOy s e

et hyI 5 fflumba-;éympdﬂnylmydrazymlo) Byesto P IBN= reydﬁmyrmrrmamiue N- hydr oxyformam de; -

(2;?) 2- (@3@{'%%%

RN L + o4 e Buoso PATRCHME D951 BUrlEiv - 2- e

hyI t hi o) - éyrlrﬁMrnlyl}tmyﬂjrmdd)lBy(ﬁi(o@deyl}-}Mﬂyderﬁ@ydldéjydr oxyf or mam de;

2R
(e

R

or o;
OXY-

] %y#rcrﬁ%tm%l t hi o) - 4-

DL R Kt e P SR

5((2R) - 2 b@yﬁlhmpl?hiytoydlzrmd)mycbﬂop&pwxwhjdrobqﬁ@fr@n(mmt hyI ami no) - 2- (net hyl t hi 0) - 4

- pyrimd
]((ZR) 2-(
((2R)-2-(
4- 10pyri
((2R)2@2- ( pyrrhidipgtiyd

e

((2R)-2-(
met hyl t hi pyrirdidinptiyid
1514642- (

i no] - 5- &ﬁ@@%&yﬁ

( ( 2R) - 2- ( Pyrirhidpe Ity

(( ZR;T%ZhyEy@F&?eﬁyf

- 5- f | uor opgrimidinyljhyd
20( et hyl t hi.Q).-.4-
((2R)- 2(&1@%&3@%}
yl t hi 0) - 4pyrwidingi}iclid
R2R) - 3- {2
(cycl open

30

N-{(2R)-2-(Cyc

e

2- (et hw/rirhltjm)/ﬁhﬂfazyﬂd}mddopsdp}/ﬂry@mmoijmﬁﬂmpr opyphydr oxyf or mam de;

R R PR e S S By b By Popinainy rgtudrcad ot YL ERT )

L

ethyl-5-fluoro-4-pyrimidinyl)-N,N-dimethyl-L-prolinamide;

dro for

r%g) ??’F% CW%%’PBY m[”@%%)et@y‘?ﬁ)/ﬁ‘ro&(y 1- pyrrol i di nyl

Famtidpalgxoprdpt -y duanytor2ratriat; hy | t hi 0) - 6- (pr opyl am no) - 4-

B B P A S B2 omyrtoy el - 2-

mzﬁnojs@-d%wdmtym@}dféxmﬁ@hﬁwmydr oxyf or mam de;
Eyllpropanoyphydraz

e&%]t%%) %g%ld{] r%y(h ﬁ rj?é{“ﬂﬁ} L- prol i nani de;

kdmid}%deoarc{o?ﬂ&rﬁydn@(yﬁarﬁmh{&?) 3- hydr oxy- 1- pyrrolidinyl]

%ﬁﬁ ‘{J{L i rr]%) %Bé/%gtﬂl 3- oxoBrLg_ﬁé/?r)grﬂydr oxyf or mam de;

st et@"?’ﬁ'in no) - 1- pyrrol i di nyl ]
ralnzmo} -3-oxopropyl]-N- rllydroxyfcirm)?mlde I 5 o
o R b L St
mdﬂdja@dasm‘prmﬂ%hyﬂtam@pmph&dr oxyf or mam de;

f uor o- %){;[ ﬂrwngb c?%%‘ﬁ?r%ﬁ%ﬁ"}?éﬁ%“ m d| L%%B?EI no} - 2-

)QSBt]yI propanoy

f or mam

lopentylmethyl)-3-[2-(6-{[2-(dimethylamino)ethyl](methyl)amino}-2-ethyl-5-

fluoro-4-pyrimidinyl)hydrazino]-3-oxopropyl}-N-hydroxyformamide;

N-[(2R)-2-(Cyc
pyrimidinylthyd
N-[(2R)-2-(Cyc
pyrimidinylthyd

35

lopentylmethyl)-3-(2-{6-[(3S)-3,4-dimethyl-1-piperazinyl]-2-ethyl-5-fluoro-4-
razino)-3-oxopropyl]-N-hydroxyformamide;
lopentylmethyl)-3-(2-{6-[(3R)-3,4-dimethyl-1-piperazinyl]-2-ethyl-5-fluoro-4-
razino)-3-oxopropyl]-N-hydroxyformamide;
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25R2R) - 3- {2-[ 6- (1- Azet i di nyl) - 2- chl or 0o- 5-fl uor o- 4- pyri m di nyl ] hydr azi nol - 2-
(cycl opent yl met hy0O- 3- oxopr opyl ] hydr oxyf or mam de;

R2R) - 3- { 240 20W/w18796- ( 4- et hy1- 1- pi perazi nyl) - 5-f | uor o- 4Ppyriseiodiosas’d hydr azi
no}-2- (cycl opentyl met hyl ) - 3- oxopropyl ] hydr oxyf or mam de;

R2R) - 3- (2 %%éoroSflu él h'ygé yyimdinyl
v a2 nBp BB SRR RE R ot T B by PR Pt ad e

}L(EZZR; a:z; ?By%r{n’zludﬂyﬂw%j?&d}raiswgwaﬁyybgyszdimbg@e)ﬁ fquzetl di nyl ] 4 pyrim di nyl |
RR) - 342 V3R EY B D 5 e Y B R HO G4 EERPR Do oy - 4

pyri m di ngyrrhidihgyaaidrainc- 3(@m9fdwlﬁ)woyd>xy&irmahw)d& oxopr opy! ] hydr oxyf or mani de;

35[ ( ZPg 3((&%) Jé%C;c/},open?ylme hyf')l%r{g [g f|[]g zmgﬁfl(lam nos QF)(meEh%/lltﬁL);lﬂ-z_ a] pyrazin-2(1
pyr| m di npyrrhidchy RBidre)nol-3(sxoptapp Bnidydbxyesrimgthide; oxopr opyl | hydr oxyf or mami de;

Coon - o BRR bl essﬁ%o@’[%’?mg% (B HBVHgRY 3Pyl ETRMYIE). 11 he

pt-2-y1]- 4—-pyr|m|d|nyl]hydrazmo}3oxopropyl)hydroxyformamlde

B o e R s Rssmr bt e o o

V\gr rryi(111hlyﬂymﬁuymymwedmnyd@pr@pmwawtdmmm] 5-fluoro-4-pyrimdinyl}-N N
I met ny

o) 5 | o3RI O s g -2 S U PRORIYPT Kl azi no) - 2-
(?BZ/S) Oge?byrin‘i‘ﬁtnthdﬁa ch@)bfd Mld{ net (ﬁm@&meﬂeera flu rimd
iyl | yar B2 RERTOYSbRET RN TRt Hp e S e By By MRt
éORZ:?) 3- bﬁhr{uamﬁ]ﬂymrm@}{sé@da))ro’bylﬁ}hyﬂjrmfdimlaﬂﬂd@| per azi nyI ]- 5f fl uoro 4 pyri m
RS e e O L A ) ST A
£y| I gydrzalzoraa}(m&h)(ltgmhqpanﬁdnhw]emdeuhweﬁwy@xqmlmpwd&ydr oxyf or mani de; §
R 4-
1)y alP RSP ek Ry Lo B T aht PRI TR oo
[ (2R) - 3- ( 2-py2midnytinpdrazinb B oxomepyl Badpxyiexadnyids;.opyr azi no[ 2, 1-c] [ 1, 4] oxazi n-
oy d nPRkGAP USRS DU S G AR B R U s W 8P de:
%I 2hz(|a|st (rhdétegzlﬂfbd) -4-2Hon eingliiyd chizimei3-axb plopel pesgfirmamident i on i s a conpound
(e openf@%ﬁws>eeg.tverf.eshgoasr{aa@zs‘l-gmb—gge%wgrﬁjmwf(mwgr@,)—f: 111, 4] ox
azi n- 8( 1Hpynriliinyllhydrazino}-3-oxopropyl )hydroxyformamide; _
e BB St o
R (cyclopentylmethyl)-3- oxopropyl]h;llldrgxyformam]{di - 4 _
EZII( nyl) ﬁ%‘%%%gﬁ%a &:‘5'9[ &52&@&&%@0 gypw@ﬁﬁw&"%%gg}gyf or ml;cn)‘lr ge O[r)y;| "
sal t theregﬁlopé\litplh’rw‘ryl)eimnﬂjrdswﬂhydlbxytfdnﬁwamne@ent invention is a conpound
which is

(vl openf kTR oIS S4BV bRPEEA A A=A B GRABMAGRPER: 11 wor o- 2- e
t hyl - 4-  (cyclopentylmethyl)-3-oxopropyl]hydroxyformamide;
[(2R)-3-(2-{2-Chloro-5-fluoro-6-[(2-hydroxyethyl)(methyl)aminol]-4-pyrimidinyl}hydrazino)-
30  2-(cyclopentylmethyl)-3-oxopropyllhydroxyformamide;
[(2R)-3-(2-{2-Chloro-5-fluoro-6-[3-(methyloxy)-1-azetidinyl]-4-pyrimidinyl}hydrazino)-2-
(cyclopentylmethyl)-3-oxopropyl]lhydroxyformamide;
[(2R)-3-[2-(2-Chloro-5-fluoro-6-{methyl[2-(methyloxy)ethyl]amino}-4-
pyrimidinyl)hydrazino]-2-(cyclopentylmethyl)-3-oxopropyl]hydroxyformamide;
35 [(2R)-3-(2-{2-Chloro-5-fluoro-6-[(8aS)-hexahydropyrrolo[1,2-a]pyrazin-2(1H)-yl]-4-
pyrimidinyl}hydrazino)-2-(cyclopentylmethyl)-3-oxopropyl]lhydroxyformamide;
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30pyri m di nyl } hydr azi no) - 3- oxopr opyl ] hydr oxyf or mam de or a salt thereof.
Anot her enbodi nent of the present invention is a conmpound which is

R2R) - 3- { 2%4©-2009/061879 PCT/US2008/082575

Chl or o- 5-f 1 uoro- 6- (4-met hyl - 4, 7- di azaspi ro[ 2. 5] oct - 7-y1) - 4- pyri mi di nyl ] hydr

| t.h f d | t
G I Tl ST S S e S
E)g;slent [ pymﬁutjlnpmhy@am@mwmbnmmefmylt)ﬁ (f)(ogli%pil%ydtr%xy}‘orrza?ldde [2.5)

cl open or 0- 2- me me i azaspiro 0
ct-7- yg) %@‘ﬁqrﬁﬁ)&?ﬁﬁfﬁ/ Fﬂtéfg 3- ox)c/)pr opyl)hydr)c/)xyf or mani de gr a salt
t her eof . ﬁfoﬁﬂw{wmi(yﬂ’nﬂﬁ@]hﬁthyﬂ}bro'ﬁbﬁoyﬂmp@l@umdFSﬂQ@@Fﬂpy}gn|‘dmyIF-N’Imdirﬁethylar e

pr epar ed ﬁSi % [of0) \_/enti onal organic syntheses. Suitable synthetic routes
are degl ctéf'ha 'in the foll owi ng general reaction schenmes. 10The skilled

arti san wW(R)-app{BChiat@5iibato-6-{prepysamiabj-4-pemhidiggeydramebiterei n i s not
conpati bl descri bed herein, the substituent may

S
be. br ot ec HORPRHME S SRR B LB Bip t hat | s stable Lot he
reaction QFRREBYR-NEhIoFRE-[(3PBeEdimathydn Pitreraznyy( e i oavigainadin gihydiazrb)-e
point in Eg& reacé(\ orn s]gguence t'ﬁ‘ﬁ [ oVl de a desired internmedi ate or target
conmpound. RS Y IMFBY Se XAy Oy B@x& 8"#H% et hods for 15 protecting and
are uel | koomo 6. Chese 6"*‘3.“?13‘;5“'&??#25'“;‘??3‘3&”2’25&3?“;2@‘3“?’%”?'2%'“22**‘8‘3% ound

y u

in T. Geéggcﬂﬁnwm%ﬁgg %PWPBY:Ilhiyﬂré’ EPBUHEIYn Chemi cal Synthesis (3rd
ed.), Joh[(ZIW B@z/ {ZCHAS6- [M)—Ql‘Q&Bﬂethyl m pmm@zumyn]sa -Are S pyainsdibgEhy titsembo)-may be
speci fi caé Y5 &L[?% qt] der the reaction conditions used.
Under the éy(f‘iorp@[] H\ﬁlgg OX?WBW yd EOI)% TYAYFt i ons 20convert the sel ect ed
substit ger(TZR) -B4(2-{B0alohe6-[ QR 4-Hioestiyl-t fpdera Anygl-3-hesroWisgfrintidiag} ydrazino)-
i nter iate co n i S i red ubstjtuen in a target conpound. WO
2009/ éﬁ@%png@ﬁggﬁgé%?%mﬁgﬁ‘gﬂ f'ﬁa@gﬁe 1, (11) can be prepared by
S0 e e i ot e

xaz [ X [ ﬁ
br bsence BITOBMYRFETE B ISHRETeR B Gtpr by PRI, P5 @ s
i nt ermedi dieeedf3). Treatnent of the conpound (3) with a base, such as
dii sopropyl ethylamne, in the 5 presence of a chelating agent, such as
titani um tetrachl ori de in a solvent, such as tetrahydrofuran fol |l oned by
addi t}] f an ctr hil g, such as. be nz | oxynet h IchI
compotihd £15” PelIEaRon! ofiecanipaRanbaalo S ha. carPedibrthfy B A o
(7) can be:;wuipjeetymdetby/l) a(Eﬁ}ﬂwoﬁ [@aﬂ)mesamgirmpyratma[?/e-oq{h dioxagie-39t Hy-yip
chiral oxazol hﬁl none h| um J de, to the

L spact 12y AP Al ezl R ey Rty P Sl & e e 8d for

internediate (7). Conpound (3) can al so be converted to internediate (7) in

an al ternat pr.ocedure. For this transfor t|on

reated wAPME" g BedEl B IB P Sy Biarieh iy AP reSiFh wRE' 5t LRREEEEE &

chel a25 ngCalpess; [(ZR}QM ajmetthyua;pupmzne;tl]taﬂmi)rom-m,eumudmyl‘,zhyacdzir@l)nz- such as
a.suitable alternative

t et rahydr of ur an of t.r.i oxan r
for mal Henjadore i SR eSIRp Bl Bt o £8) Berich | o then subm 1 ed
to oxidative cleavage of the chiral oxazolidinone, using, for exarrpl e H202
and lithi dr oxi de res tive ac 7) 7)
wth benzompRRaTsdettgt JFe EREETLVENRR g komrptR ol s ek-4
(Cyclopentylmethyl)-3-(2-{6-[(2R)-2,4-dimethyl-1-piperazinyl]-5-fluoro-2-methyl-4-
30  pyrimidinyl}hydrazino)-3-oxopropyllhydroxyformamide or a salt thereof.

Another embodiment of the present invention is a compound which is [(2R)-3-{2-[2-
Chloro-5-fluoro-6-(4-methyl-4,7-diazaspiro[2.5]oct-7-yl)-4-pyrimidinyl]hydrazino}-2-
(cyclopentylmethyl)-3-oxopropyl]hydroxyformamide or a salt thereof.
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20 EDC and DVAP, yields the amde (8). This can be cyclized to
azetidin-2-one (9) using Mtsunobu conditions. Hydrolysis of the

azeti di n-woan®/06%979 usi ng for exanple |ithium hydroxi dePCH/UsR00808256Hr i at e
sol vent, gives the corresponding acid (10). Conversion of conpound (10) to

product ( can he achlev usin n._appropriate for g such
P or i <A, oo el g Enir PR e R oo Firdt GOMPRU N g reF

an 25appr (Qydapenty ot ERS-{2-§8:tlora-meb il Bometyrne-dibelpinsi2.8]oct-7-y)-4-

?Tég) 30 gﬁmlgﬁm}(ghydrezmo}g oxopropyrhy%rogr?gr&lg}ée gr)a mthérgcl)- P ATHP ori  RL GHO

5 Compound Preparation

The compounds according to Formula | are prepared using conventional organic
syntheses. Suitable synthetic routes are depicted below in the following general reaction

schemes.

10  The skilled artisan will appreciate that if a substituent described herein is not compatible
with the synthetic methods described herein, the substituent may be protected with a
suitable protecting group that is stable to the reaction conditions. The protecting group
may be removed at a suitable point in the reaction sequence to provide a desired
intermediate or target compound. Suitable protecting groups and the methods for

15  protecting and de-protecting different substituents using such suitable protecting groups
are well known to those skilled in the art; examples of which may be found in T. Greene
and P. Wuts, Protecting Groups in Chemical Synthesis (3rd ed.), John Wiley & Sons, NY

(1999). In some instances, a substituent may be specifically selected to be reactive

under the reaction conditions used. Under these circumstances, the reaction conditions
20 convert the selected substituent into another substituent that is either useful as an

intermediate compound or is a desired substituent in a target compound.

Scheme 1
0 0
C|)J\/R1 - OX-)J\/R1 — )H/\ )H/\
@) ®) RT (5
0 0
Ox')H/\OH = HO)H/\OH
R1 (6) R1 ()
Q o. R Q 0
7 , BHO\”)Y\OH Ej , HO)H/\”’OBH HO)H/\’\I‘,OBn
R1 BnO’ R1 R1 CHO
(8) 9) (10) (11)
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As shown in Scheme 2, THP-protected internediate (15) can be prepared by
hydr ogenati on of azetidin-2-one (9) using a catalyst, such as 10% Pd/C, in
an appropwvpar®/sm7vent, such as ethanol to provide (12) PCTrusatosesds7df (12)
wi th di hydropyran under acid - 26 - WO 2009/ 061879PCT/ 1JS2008/ 082575

t al h i di t ol | | at.
ol vent . Bashous Mhafrend M b peraRi B g Aot B A3 sb Bl - one
g 13) Hédwnh wSohialadgeay e_tm:rfla@@ (- )M"#?er(zlt@-,ox&lfd#ﬂ@oﬁ@(E\@Nérﬂgﬁral dxakbliditione),
r oxi ae, | an a ri e sol,ven I VEeS C (0] 1.Nn acCl
Conver si off BF esRBa A 235 2604 A Hh e vins & S8aH SR SBralceBiedebafhy an
appropri atr&aairﬁémtybfathengorag@md (BHuwhh as bfa@é nbgchaas ddiigeeropethnlayriiie, de me
nmet hyl _formate neat rea

s or an . appr rlat sol vent, suc
0 chl o onitRgne obang Rl Gnde o siiond ] EBogIaiiEea @150 enn S abe
acconpl i St‘@dh}t@bﬂu@arﬁfcﬂbﬁvﬁ;ﬂlby%rddttlbh@xén [eﬂeo&oéﬂ rehsmh azivdreryBxgasihakhienyds e
(Yazawa, Hi satoyo; (gm) gtlnsuke trahedron
n

3703. 37064008 PEPAYD BIOY o Car e 42 {o5he cogesheing Maemegd
acet oge (Mt gam&ﬂ;k aat:mgoelcﬁ)bycan seémcbecdlﬁmlglad)xm@ﬂw dlergage dofi ther ahisdle
r ur es cKen us ncavil al n e ers

o e A na PO GEAT wond. T LRI 1885 WSBhoBiySkds b1 he s BBRR, 5
(11) | RFBn(n?&rFeBI%&”Ih(SI)) fdlldwed ByTH'jB(ob%)l'nol?gg-HB ﬁ?)ﬁd\%téﬂﬁm Bée IQ?)lSCOeﬂciii@o@'_;d (3)( 16
co I N 0 e cnlra e I m.dl n r | ] ,
e P LD Ban HS 58 hg Bendf lointetmafbreaith bt A SR MaED Ridse o hardtis: ro
hydr azi detr@dsforaiatidB) (3)Fdanabe deptealt @it laobas(dﬂwﬂubn%nmisyos'r@yleﬂiylwmae ciat@kyst,

0,
fﬁg? gsl igré%epr%ercggltan”g%at%%pag 3 glgc% S aen%rh teHaghlorlde in an(s)cl)li/erlltn sBcea(s:ase

tetrahydrofuran, followed by addition of trioxane or a suitable alternative formaldehyde

15  equivalent to provide compound (6), which is then submitted to oxidative cleavage of the
chiral oxazolidinone, using, for example HoO2 and lithium hydroxide, to the respective
acid (7).

Coupling of acid (7) with benzyloxyamine in the presence of coupling agents, such as
20 EDC and DMAP, yields the amide (8). This can be cyclized to azetidin-2-one (9) using
Mitsunobu conditions. Hydrolysis of the azetidin-2-one (9), using for example lithium
hydroxide in an appropriate solvent, gives the corresponding acid (10). Conversion of
compound (10) to product (11) can be achieved using an appropriate formylating agent,
such as formic acid/acetic anhydride or methyl formate, in neat reagents or in an

25 appropriate solvent, such as dichloromethane.

Scheme 2
O R o. R o R Q 0
i s S _OTHP
= 0 — O — ey ey
BnO’ HO' THPO R1 R1 CHO
(9) (12) (13) (14) (15)

30

As shown in Scheme 2, THP-protected intermediate (15) can be prepared by
hydrogenation of azetidin-2-one (9) using a catalyst, such as 10% Pd/C, in an appropriate

solvent, such as ethanol to provide (12). Treatment of (12) with dihydropyran under acid
- 26 -



25w th 80% acetic acid-water at roomtenperature or 40 Cin the case that P
is THP) gives the final desired conpounds (1), where R2 = alkyl, halo, H
Hydr azi newoabosygemspal structure (16) nay be prepared aceardiSagstos2s7s
literature nethods by those skilled in the art. The foll owi ng exanpl es of

specific s ctures of hydrazine 4 6% ﬁgp d the synthetic lEods used to
generat e CHENFAr SUNbAS BYIATHR F N TESUIRIA It PEBEtEoAdt s Thedodh 25
limtati 0meﬂfyldnb&:h&ﬁﬂeeprofndé@EHprgﬁstem‘edialzwiﬂrﬁ-'QGUme (432 HydrolY¥is of azetidin-2-
2009/ 061879P élJSZOO /0825 dl‘ az 4% where R2 js al kyl and tﬁf’) is
el O T B O S R
ﬁhgwn in SQP@psel kndlmg amdﬁ@@homwﬂs@ﬁhﬁn@)r?%)ouhyg(ﬁaxit@ehé dodushens)Rear de

ro n or, .a an e r ar.e romthe co en
O iAo e BB AR Bniae0 Ladt S S en hls isPhcete 2N ol ne
(20) undemekras fermateah he@tneagént@bﬂw are appyropiatdisoveet, 6ddh as Amudrcmﬁ@th(ar?é)) are

byt hose. SRIGTSAN EhSeRRone T4 QsRhER 55 PRt R dPHRnGsped o S pbe S
FL gv:}I gglsr mm;&w:gqmzfggﬁzdle@cé@al)ﬂehyﬁeeat rrsmz:wa dumbétoy@py?:ogat S'?ﬁir‘ig@ with
SUch a5 mOEKARIoTLSin, TF ol FEatEy TPl her TRV PURL REFE Wy T RYBPLITne

nonohyalr atélyeritnsueh adpigeopel at e sol vent, such as DVMSO, usually with heating,
t hen provides the desired product (24) where R2 is hydrogen or al kyl.
Hydrazi nes of formula (30) [(16) in which R2 = chloro] may be prepared as
shown i n gitérhexdiabe {efesard atso be priffardd CRCOMINT7 HPEEdIN200BCO@ RS FBracken,

Bushell, Dean, Francavilla, Jain, Lee, Seepersaud, Shu, Sundram, Yuan; PCT Int. Appl.
(2006), WO 2006127576 A2].

15
Scheme 3
F
RSWNHNHZ
N.. 2N
o F o) F o)
R2  (16) R3 § OoP R3 N OH
_OP W)\(N\N)H/\N/ AN N\N)H/\N/
HO 'Iﬂ E— | H ) - - | H )
R1  CHO NYN R1 CHO N\fN R1 CHO
R2 R2
(11) P=Bn (17) P=Bn &)
(15) P=THP (18) P=THP
20

As shown in Scheme 3, coupling of the chiral acid (11 or 15) with the pyrimidinyl
hydrazine (16, R2 = alkyl, halo, H), using conditions such as EDC-HOAt-NMM, provides
the hydrazide (17 or 18). Final deprotection (hydrogenolysis using a catalyst, such as
10% Pd/C, in an appropriate solvent, such as ethanol, in the case that P is Bn; treatment
25  with 80% acetic acid-water at room temperature or 40 °C in the case that P is THP) gives

the final desired compounds (1), where R2 = alkyl, halo, H.

Hydrazines of general structure (16) may be prepared according to literature methods by
those skilled in the art. The following examples of specific structures of hydrazines (16)
30 and the synthetic methods used to generate them are merely illustrative and are not to be

construed as a limitation of the scope of the present invention.
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Schene 5 N'Boo NyN Boo CI (28) F6oc 4 N'leoc N N2te..N13oc C (29)
HC / di oxanei | deOH 2.5 days Condensation of comercial |l y-avail abl e
f | uor onalwoar@/ 61y and urea under basic PCT/US2008/082575

Hydrazines (24) where R2 is alkyl and R3 is an amino group (R4R5N) may be prepared

from the appropriate precursors as shown in Scheme 4.

5 Scheme 4
F

HO OH

o 0 NH HCl  NaOMe \K\/ POCI,
~ -+ N — T
OMO HN" R2

NN

MeOH Y 120°C
F R2
(19) (20) 21
. F o Réa RS RS F RS By
| | N Cl _N N.
W H R4 W)\/ NH,NH,.H,0 R4 WI)\/ NH,
NYN MeOH NYN DMSO NYN
or
R2 DMSO R2 R2
(22) (23) (24)

R2 = hydrogen, alkyl

As shown in Scheme 4, hydrazine (24) when R2 is hydrogen or alkyl can be prepared
from the condensation of commercially-available fluoromalonate (19) and the appropriate
10  amidine (20) under basic conditions to provide pyrimidinone (21). Amidines (20) are
commercially available or may be prepared according to literature methods by those
skilled in the art. Treatment of pyrimidinone (21) with POCI; provides dichloropyrimidine
(22). Treatment of dichloropyrimidine (22) with the desired amine R4R5NH at room
temperature in an appropriate solvent, such as methanol or DMSO, followed by further
15  treatment with hydrazine monohydrate, in an appropriate solvent, such as DMSO, usually

with heating, then provides the desired product (24) where R2 is hydrogen or alkyl.

Hydrazines of formula (30) [(16) in which R2 = chloro] may be prepared as shown in

either Schemes 5 or 6.
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5 conditions provides pyrimdinone (25). Treatnent of pyrimdinone (25)
with POCI 3 provides trichloropyrimdine (26). Treatnent of

trichl or owgroevdisre (26) with Boc-protected hydrazi ne amdT/US2008/082575

di i sopropyl et hyl am ne at roomtenperature in an appropriate solvent, such
as THF, provides internediate (27). Further treatment with

di -t-butyldicarbonate in the presence of diisopropylethylamne and DVAP, in
an appropriate solvent, such as 10 ngthyhese chloride, then provides the
desired tri-Bog- protected product (28). Treatnent of (28) with am ne
RARSNH, in a prop, %%ﬁ%ﬂﬁm M§Q£S$M@mwow %£¥1mggg(2%

and depr ot ect of T Y byoeomasi ¢
wor kup, provi d@s the desi r\éd hydr azi ngs (30). 15Al ter\ﬁatl vel ¥, 5Rydr azi nes

of formula (30)3 may be pre%ared as sh9vvn i n Schene 6., Scherre 6 - 29 -
WO 2009/ 06182%4112@]'/ 1JS2008/082575 Treafnent of trichlor opyr| m dine (26) with
the desired am né R4RSNH at roomtenperature in an appropriate sol vent,

such as DVMSO, followed by further treatpent wth hydrazine nonohydrate and

F

heati ng, provi m%«gocdm,\r&g&pr odph éOE)oq aSacwRlidbon as,, b %gl oi soneric
product (32). T e Tt W regrorsone rs 'Ih usual | y-Hes sépar atle

5chr omat ogr aphi c§||y such as by HPL Fi nal conmpounds (1} where R2 is

t hi omet hyl or methoxy can be prepar edzgas shown in Schene & 10Schene 7

R2 (33) I:Eondensatlon of commercially-available fluoromalonate (19) and urea under basic
5 conditions provides pyrimidinone (25). Treatment of pyrimidinone (25) with POCI;
provides trichloropyrimidine (26). Treatment of trichloropyrimidine (26) with Boc-protected

hydrazine and diisopropylethylamine at room temperature in an appropriate solvent, such

as THF, provides intermediate (27). Further treatment with di-t-butyldicarbonate in the

presence of diisopropylethylamine and DMAP, in an appropriate solvent, such as

10  methylene chloride, then provides the desired tri-Boc-protected product (28). Treatment

of (28) with amine R4R5NH, in an appropriate solvent such as DMF, provides pyrimidine

(29), and deprotection of (29) under acidic conditions, followed by a basic workup,

provides the desired hydrazines (30).
15  Alternatively, hydrazines of formula (30) may be prepared as shown in Scheme 6.

Scheme 6

206 Lo e o]
NaOMe HO B OH Me,NPh  Cl N Cl' R4RS5NH, DIPEA

°©.° MeOH N.zN NN
e = =

+
T T
jl)\ OH cl
H,N™ "NH, (25) (26)

o Tk K
R4/NWCI NH,NH, H,0 RA” WI)\( NH, * |Ra” s “NH,
N\fN N.zN N
Cl Cl Cl
(31) (30) (32)

20
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Cl .-L,cil1.2 eq NH2NH2 H20CI (11) or (15)Cl IyH DMSO, rt. 2 hED HON N'r-N1.5
eq.- TEAN.",,,,NIC, NUWN'.",N,.... 10, RRR2DVFS .-- (34)(35)(36) P =
Bn, THP wo 2009@emiensati on of commercial |l y-avail abl e f| eorarsadosnstses (19)
and either 0 nethylisourea hem sul fate or S—nethylisothiourea hem sul fate

under bas t ons, provi.des rimdi L n | I s et hoxy
or i orel EATETte ohoBEnB Py fTEEa o gt 5 et nBmrs RGN s
provi des d;nﬁﬂdrammyrranmpiirmra(e?»éolvenTrmhrmrtheD ﬂJIIO\We@bQWfHeImtréam@r(t 34h with

v e BRI oRyrele, Bty PRRLOP s Re ‘Tt BSE R et alg dsitp or

(15) usi n@gﬁmntmérrcortﬁomh(m. ED@aéﬂwo Nidyldisonmarovieste uduay nbeli aggarhidq) .
Addition of 20, R4R NH to | erng@;’ te (36) provides either the

O Bn- p? ot S¥PRGIGga ‘ﬁtﬁfﬂp & Lg:roduct (37). Final deprotection by
either hydr ogenol ysis using a catal yst such as 10% Pd/C, in an appropriate
sol vent, suc et ha ase hat PiJls Bn;, or treat 80%
Soetic achiianarapoid NSt BoBeratiraebi tomel o thn BB THAES e Rp,
gi ves t heSthemé 7desi red conpounds (1) when R2 is nethoxy or thionethyl,
respectively. - 30 -

10 Scheme 7
F
POCI
F NH NaOMe HOW)\(OH o
o o U | Me,NPh
- N+ HNTR2 12H,80,  MeOH N\fN
O O R2

(R2 = -SMe, -OMe)
(19) (33)

F

F F
H
CIWCI 1.2 6q NH,NH, H,0 CIWN\NH _(nor(s) ﬁ)\( N
| ! ® T hHoat |

1.5eq. TEA N N N O O
NN DMSO, rt. 2 h \f EDCI, NMM Y
R2 R2 DMF _s
(34) (35) (36)
P =Bn, THP
RS F RS F o) o)
9 N N L
_ R4RSNH, DIPEA \HY _ 80%aqACOH _ gue Aty N K
~ DMSO,3days days " 3days, (THP days if THP N\fN H OH
H,, 10%Pd/C R2
EtOH if Bn
(37) (1
P =Bn, THP R2 = -SMe, -OMe

Condensation of commercially-available fluoromalonate (19) and either O-methylisourea
hemisulfate or S-methylisothiourea hemisulfate under basic conditions provides
15  pyrimidinone (33), in which R2 is methoxy or thiomethyl, respectively. Treatment of
pyrimidinone (33) with POCI; provides dichloropyrimidine (34). Treatment of
dichloropyrimidine (34) with hydrazine monohydrate, in an appropriate solvent, such as
methanol, provides pyrimidinylhydrazine (35), which is then coupled to acid (11) or (15)
using conditions such as EDC-HOAt-NMM to provide intermediate (36). Addition of
20 R4R5NH to intermediate (36) provides either the O-Bn-protected or O-THP-protected
product (37). Final deprotection by either hydrogenolysis using a catalyst such as 10%
Pd/C, in an appropriate solvent, such as ethanol, in the case that P is Bn; or treatment
with 80% acetic acid-water at room temperature or 40 °C in the case that P is THP, gives

the final desired compounds (1) when R2 is methoxy or thiomethyl, respectively.
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WO 2009/ 061879PCT/ 1JS2008/ 082575 Am nes RARS5NH may be purchased from
avai |l abl e comrerci al sources, prepared according to literature nethods by
t hose skiwbedoswosig7he art, or prepared as discl osed in tireTasasngloexs7her ein.
5 Met hods of Use The conpounds of the invention are inhibitors of mcrobial
pepti de defornyl ase (PDF) and are, therefore, capable of preventing
bacterial growth. These conpounds are 10 potentially useful in the

tr eat nent AafnésnRaeztsNeusnay peap@shadedr ebm tab@labmdebdnweﬁgalpe@moé@gyrebare(jat

or gani snsocedgtebeRiR o dub i SRR b v ed el pp aRlRoE R G am

negative seimpleshéerh. anaer obic bacteria fromthe genera St rept ococcus, e.Jg.
S. pneunonia and S. pyo genes, Staphylococcus, e.g. S aureus, S
epidermdis, and S. saprophyticus, 15 Moraxella, e.g. M catarrhalis,
Haenmophi | Methadsdof We | Nnf | uenzae, Nei sseria, Mycoplasma, e.g. M pneunoni a,
Legionlla, e.g. L. pneunophila, Chlanydia, e.g. C. pneunonia, Bacteroides,
Clostridium Fusobacterium Prop/on/bacterium and Peptostreptococcus.
Suitably The ccmlrﬁpmmdaf 1k m\reempm af&e Mhibitorseort mizrobia pebidal defotrhylase (FEF)

treat ment _of 20b grlal ect.i ons caused by Streptocpccus, nore SU|tany

S, pneunoAiheTor Moo GaHANS o PIARTIAR P SiBundeSHt ChRESRBSt

|S nveﬂ’((? onpom@ytidIg uwfnulm Itﬁ% ttlr@tmeetatolmantecmdusba&gesesagvheréuecmeogsder@u@ed by
{ a ococcu nore suita er mdl s or . .

Sy o RSt (SRS R auRiEE R Fae BISELIN S Roudy P

useful i notgaaushfseaEMeg)hclba@tt&maaé notnifngitsdi tonSrama pssith dyndVizran @lehatjvenor e

my. be. sEVERCI At TILRHHE B e 0GB VHPECRT ok ScaU Ll e ord "

Haenophi | gs pyagnrres,smatpaployoddusl Blgl W naseus, Jii épddrnidis) eareio Speepaphyicus he
cterial i nfections

th t

P usell by Maelers & Mg o S0dreBar e P TSamPos RS ssads MiEhy St
(t:) 0 anoundis eqf f/\/11 h@epmesieBbt Legw:wma; 04. nraynélena,tﬁﬁé ud:h/amtytlfasaelgr €atprenhoabe,
acterial _infe ayl r.e . sui eunoni ae.
S0 bl v EAECERAso L HRO R AL AR B S S RGP
treatment of 5bacterial infections caused by Leg/one/la, nore suitably L.

h tably th d f. the t t ful
Pt bt r SHARbh(S PoabyEls, d TR P ese iRt el oBay By ey dfe TEipeRsof tabi y
C. pn2unobacerial infections caused by Streptococcus, more suitably S. pneumoniae or S.

pyogenes.

Suitably the compounds of the present invention may be useful in the treatment of
bacterial infections caused by Staphylococcus, more suitably S. aureus, S. epidermidis,

25  or S. saprophyticus.

Suitably the compounds of the present invention may be useful in the treatment of

bacterial infections caused by Moraxella, more suitably M. catarrhalis.

30  Suitably the compounds of the present invention may be useful in the treatment of

bacterial infections caused by Haemophilus, more suitably H. influenzae.
Suitably the compounds of the present invention may be useful in the treatment of
bacterial infections caused by Neisseria.

35
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10Sui tably the conmpounds of the present invention may be useful in the
treatnent of bacterial infections caused by Bacteroides. Suitably the
conpoundswofoadeigtpesent i nventi on may be useful in thePCraskonsns250f
bacteri al inf ecti ons caused by C ostri di um 15 Sui tably t he corrpounds of

t he presenpt. ntion seful in t r eat nent b

i ect | onSULEHIC P B9pAUHsast B bifpent Inventigh Fab By (360 I8 B AETER: The
present i baaarﬁalmedmys beusggelyWrydopldshe, inoeasurably Mfpri20baaiaer i al i nfections
caused by Propioni bacterium Suitably the conmpounds of the present
invention may be useful in the treatnent of bacterial infections caused by

Pept ostr esnmpm codpdireiscomnpreuprdseriif inVdrtioh Mgy toeOms il yin ahe ardzemestedful i n
the treat cterial |nfect|os cau bacteria that are resistant
to° 155 acPANTATRIREREe SN Heeinele KT RHRY) L ToLERERI o and

oxazol i di none classes of antibiotics. Such drug resistant bact eri aI
infectiong include, but a imted t ni ci roli

| vor | oxacpiatie e pampoutsceo feopieRi hutie TrY FecrsiloRane disarbeftsetant
and vancoby@téﬂitalnrﬁé@bﬁ@da@ee b?@/afaw:e,uﬁorerﬁattéblyzd bheumesast ant  S.

epiderm dis; and oxazolidinone resistant S. aureus. The conmpounds of the
invention may be used to treat a bacterial infection in manmal s,

speci 10 cablyannmnsompBoatisi off Bet presenti inedrtide, mbytbeasefiah thé rirda@deritoof ear

i nfection . itis, upper d.lower respiratory tract infections,
geni t al ﬁ?@‘érf‘?qﬁﬁgd'ogﬁFﬁ“%ﬁd’y%er@%f'ssue i nfections, and bacteri al

endocardl tis. The conpounds of the invention may also WO

2009/ 0618Z9P JS2008/ 082575 be used to prevent ,a ba terl infection in
mammal s, SPE 3f FP';’?F’?HﬂFén t@u%rﬁsgﬂ gvegliop dPPa s el d ! tF?é‘Emﬁ%tyoresult
from nedi badtedl irdedtions cws@deﬂw/e@‘ndlamitabl y the conpounds of the invention
may bf used to treat ear infections. Suitably the conpounds of the

i nvent on may be used to treat sinusitis. Suitably the conpounds of the

i nvent i onSobhpehasetipbundsr efatheuprieesntaindertionanay eepigeddl Gnythe rtesztment of

bgale;:;: Onﬁ?ﬁ%ﬁ'ﬁ{ﬁ?%”s Cause%rgg/%usggac%rﬁmhe invention may be used to treat

Suitably the compounds of the present invention may be useful in the treatment of

20  bacterial infections caused by Propionibacterium.

Suitably the compounds of the present invention may be useful in the treatment of

bacterial infections caused by Peptostreptococcus.

25 The compounds of the invention may also be useful in the treatment of bacterial
infections caused by bacteria that are resistant to p-lactam, quinolone, macrolides,
ketolides, glycopeptide, and oxazolidinone classes of antibiotics. Such drug resistant
bacterial infections include, but are not limited to, penicillin, macrolide or levofloxacin
resistant S. pneumoniae; methicillin or macrolide resistant, and vancomycin intermediate

30  S. aureus; methicillin resistant S. epidermidis; and oxazolidinone resistant S. aureus.

The compounds of the invention may be used to treat a bacterial infection in mammals,
specifically humans. Such infections include, but are not limited to, ear infections,
sinusitis, upper and lower respiratory tract infections, genital infections, skin and soft

35 tissue infections, and bacterial endocarditis. The compounds of the invention may also
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Sui tably the compounds of the invention nmay be used to treat skin and soft
tissue infections. Suitably the conpounds of the invention nay be used to
treat bacwenn@locestdocarditis. The net hods of treatnent @CTiUse00s808EMs | on,
specifically nmethods for the treatnent infectious diseases including
bacterial _infections onprise admnisterin n effective 20anpbunt of a
conpound BE EPHAGTISES A TgstoR s BB epealc) JEeEatapid edrt

t her eof , bacterigatiéaion thal meeadsiilhesre diedidaner earia ravoedtresf t he present

i nvention provides for a nethod of treating a bacterial infection in humans
conprising adm nistration of R2R)-2-(Cycl opentyl nmethyl)-3-(2-{5-

25f | uor o- BuitdHafbk-dompabiydl cfaye mxemtndndy b4 [deddbaxazen-iBedtdnsy 1] - 2- net hyl - 4-
pyri m di nyl } hydrazi no) - 3- oxopr opyl ] hydr oxyf ormam de, or a pharnaceutically
acceptabl e salt thereof, to a human in need thereof. Another enbodi nent of
t he pr esestitablydetdoaipopidyvofdes inkertioh may be dsef tottfeadsiningtisa 30bact eri al
infection in humans conpri sing adm ni stration of

[ (2R)-3-(2-{2-Chl oro-6-[(2R)-

2, 4- di met Byitably iepehpoungs ¢f-the nlvedtiop-rdaplyé Lsadtionieal typshr ard oyer2- (cycl openty
| met hyl ) - 3- oxopr.opyl | hydr oxyf or mam de, or a pharmaceutically acceptable
sal t theréeép',ratf’%téﬁp%h °F'% need thereof. 35Another embodi nent of the
preserd invention provides for a method of treating a bacterial infection

' huranscCRI Lalng, Adri st on of . f (2R (QUELIREM LY ) -3 - 33

(2-{6-[(2R) -2, 4-di met hyl - 1- pi per azi nyl ] -5-fl uor o- 2- et hyl - 4- pyri m di nyl } hyd
razi no) - 3: opyl ] hydr oxyf or mam de, or a pharnmaceutically. acceptabl e
ot " her SufaOTP oSS o b e e be SsBIERT Shib ot rehisE T ho
present i mventibh@n provides for a nethod of treating a bacterial infection
i n hupans conprising adm ni stration of
R2R) - 3-{242- Chl oro-5-fl uoro6- (4-nmet hyl -4, 7-di azaspiro[ 2. 5] oct-7-y1l)-4-pyrim
i di nyl ] hy8uigablnthk-cdmpovedsogfand invemtidmyrhay Be usedoprieaybidisriil exydoardiien de, or a
pharmaceutically acceptable salt thereof, to a human in need thereof. 10
The methods of treatment of the invention, specifically methods for the treatment
infectious diseases including bacterial infections, comprise administering an effective
20 amount of a compound according to Formula I, or a pharmaceutically acceptable salt

thereof, to a patient in need thereof.

One embodiment of the present invention provides for a method of treating a bacterial

infection in humans comprising administration of [(2R)-2-(Cyclopentylmethyl)-3-(2-{5-
25  fluoro-6-[(9aS)-hexahydropyrazino[2,1-c][1,4]oxazin-8(1H)-yl]-2-methyl-4-

pyrimidinyl}hydrazino)-3-oxopropyllhydroxyformamide, or a pharmaceutically acceptable

salt thereof, to a human in need thereof.

Another embodiment of the present invention provides for a method of treating a
30  Dbacterial infection in humans comprising administration of [(2R)-3-(2-{2-Chloro-6-[(2R)-

2,4-dimethyl-1-piperazinyl]-5-fluoro-4-pyrimidinyl}hydrazino)-2-(cyclopentylmethyl)-3-

oxopropyllhydroxyformamide, or a pharmaceutically acceptable salt thereof, to a human

in need thereof.

35 Another embodiment of the present invention provides for a method of treating a
bacterial infection in humans comprising administration of [(2R)-2-(Cyclopentylmethyl)-3-
-33-



Anot her enbodi ment of the present invention provides for a nethod of
treating a bacterial infection in humans conprising adm nistration of

((2R) - 2- (Wochopesnt7y| met hyl ) - 3- PCT/US2008/082575
{2-[5-fluoro-2-nethyl -6-(4-nmethyl -4, 7-di azaspiro[2.5]oct-7-yl)-4-pyrimdiny

| ] hydr azi no).-3-_.0Xopr 0 drox fo m de phar tically,_ acceptable
ARG 2 G A R A R i B R At e R i

di sease" bedpeosylhpdraxyforthheas corchptiachesuticaty dcebtablepsattsteresf, o aduniaer obi al
i nfection, suc P bacterial infection. 20As used herein, "treat" in

r ef er ence™E g%‘?ﬁ{ﬁal tion nmeans: (1) to anmeliorate or prevent the condition
or one or nore of the biological manifestations of the condition, (2) to

|nterf W ne re ts in the biolaogical casca | eads
Lo or 81 b fthodtest onBecaRarth Bredion Bpvighs Yot Snmeltar of Al B0g1 cal
mani f est abaaaﬁl offettion mcrﬂudtatntscv@mp(n&)wgt]amw:hubtgmtoat@ [@RY- 3;{2 [mmaorefs-ftthﬁo A

sympt oms qr,, ef f.ect ssoci a t e con t he

) oo ousi Bie et SRtepr ol He s SV R by tin sk gty

mani f est abkdpwpw]ﬁydrbwf@mmﬂmde,m?.a psarinade tiebiBda@lpeele’ daltethéeen td adluntan

condi tion.incl L{ﬁi ]pr event i on of the condition. The skilled artisan wll
appr eci at B 199895 vention” is not an absolute term In nedicine, 30

"prevemtion" is understood to refer to the prophyl actic adm ni stration of a
tlon or

drug to sybstanti di m_nish the hood or sgver | it

bi 6 001 ool A PETRHMEH 3 hbBcpbSons: nienighy Bpvihe TBhecmeode abieemRt | on
orf bi ol ogbsaérigraiiedteatiahumand &ﬂﬁ@ﬁﬁng“édrﬂﬁ%dah&f@‘l((IZ.R)"Z%Gnyebbel’]gt@In;]ﬁﬂWlIm "t nd
ref erence 0 of, t ention anou e C oun
ot 1 of ont2-Bter e aihe-enaf L el o oLy SR gh Ry eA0era
serious Sbifﬁ)rqiyfl)ﬁyd@xﬁaﬁmainiﬁe,a&r@ﬁﬂidrﬁtab@tﬂ%éllﬁ 4ddeplableaddltathensot, o B HuReainscope
of sound - 34 - 2009/ 061879PCT/ 1JS2008/ 082575 nedi cal judgnent. An
effecﬁ?ve”ﬁﬁﬁﬂﬁ? €6 a compound will vary with the particular conpound
chosen (e.g. COI’ISI der the potency, efficacy, and hal f-1ife of the
conpound the stration, chos dlt 20 bei ng treated,
Che” sover 15t hek: Blealtibeliisp e abtouTotane oyt B ik pfendsng
physi cal obmmldrolﬂal iofectidne spat aenbadieiiaihféctioneat ed; t he medi cal hi story of
the patient being treated; the duration of the treatnent; the nature of
concurrent therapy; the desired therapeutic effect; and |i ke factors, and
can b20 r oAk iused Werdet &ranitmiedefbrentdeo s kohdikmh ragdnss &).to Amelicatd dsrqrraiemt the

atient" refers to a r n
- Pvent 1 on St e e e e Biga SRR siatop it B GRMBH. A7x Breres
i ncl udi ngwhiei(dh) eysbdembre pelntsnh she a:blogra;aamrhcb@@tmllea@drtb oir $4 reabo:tntble Fyrst em ¢
adm ni str t|on |tncl udes oral adm str tlor?lnéqoafr ) eraft dm nlf {alon
transder mhl® GRRHIRD S Bk PO ?‘8%?1% At AR AT SPI L P by
i nhal at i oalleviate one or more of the symptoms or effects associated with the condition, or (4) to
25  slow the progression of the condition or one or more of the biological manifestations of

the condition.

As indicated above “treatment” of a condition includes prevention of the condition. The
skilled artisan will appreciate that "prevention" is not an absolute term. In medicine,
30  “prevention” is understood to refer to the prophylactic administration of a drug to
substantially diminish the likelihood or severity of a condition or biological manifestation

thereof, or to delay the onset of such condition or biological manifestation thereof.

As used herein, “effective amount” in reference to a compound of the invention means
35 an amount of the compound sufficient to treat the patient's condition, but low enough to
avoid serious side effects (at a reasonable benefit/risk ratio) within the scope of sound
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15Parenteral adm nistration refers to routes of adm nistration other than
enteral, transdermal, or by inhalation, and is typically by injection or

i nfusi on.wBan@mses7al adm ni stration includes intravenou®CTIUSRO0BOB2SCHI ar
and subcut aneous injection or infusion. Inhalation refers to adm nistration
into the patjient's |ungs whether inhaled through the nouth or through the
nnsal  pasEagisel JueBmethr AfRTHCe ATGh o e P MSOM B LAt oot GAr OB ki
as wel | asompduraiochalsan (e.gnicoasiagr thalpoterioy, éffidacanasdihalaifgiolitisd cahpound);The
conmpounds, of the invention may be adm ni stered once or according to a
Gosi ng 1 eb R et A TS R goSGR: (s B difc BeiRp rreats cie e voaFy Py

i nt er val scérdditidnnidgtreadied ithe Bg@&ided deljht, tandhy§iod coxaitipt 6f thd patentaingbe
adm ni stered ol two, three, or four 25 tines per, day. ses may b

e ni 5t ePEdtete mefal tRlRy e Rl bie veaRre e Qe bp Brctenent e

i ndef i ni t ahtyird 6f dvALMF&it thdrigy; des déshaditheabpaaidtafiece b @ ke fadtoirs, albead @i ng

regi nens for. conmpound of the invention depend on the pharnmacokinetic
propertief F&YHQ{‘EP’EB‘F?%@M%‘? ggll?éjl“?rﬁ%anabsor ption, distribution, and

hal f-1ife, which can be determ ned by the skilled artisan. In addition,

sui tabl e qosi ng, reqgi pens, ., i ncl ydi the dyration such 30 regi mens are

i i st eraised bire. BB SHHO prEmans B AuBEng on t he condi t fon bei ng

treated, the severity of the condition being treated, the age and physi cal
bei ng treated hi st or i ent

condition_pof the patient .. the nmedi cal / the p
boing 1 eIP6EoRRRRNE oo Ealdrt ih bet A RREred R, Pl e ndt | ¢
ef fect, aadministatib@cireiwling thothn $ykeenkooxndraifgeratad adpaopicse admirisiationi | | ed
artisan. |t will b .fuhtper unld r st oo bé such . skill ed tariii sans. Stt.hat

sui tabl e G¥EPNY r%‘SP'HE 8oy INFWEES r 83l PSRRI RateniRra naP Mindgigtion.
patient' stragsieansie atmirdidi@atidos iréigalr aginmigiration,ovad admivisasationn diyv irthaktiopat i ent
needs, chapge. .- 35 - .V 009/ 061879PCT/ 1JS2008/ 082575 Typi c dai | osages
ey i Rt I RE BAPE: dal sS i Sgp At SPTes T - et
chosen. Typacsierrdal loy slosagesiohomndrial typidatiynbgtin@tiicn or tisfusiohumRarengdrghi ng
approxi matel y. 70 waul. d range from 50 to 3 ui tably 100 0 2g of a
o ond eSSt B, R Eg S er B e b s Mcton o

i nvent i oninfaayorbe |@tthhation Sicesre do aminphisidkitlonsintoAtheu petibnlle rengs, waethpr adhaleg” of a

conpound @Qf the invention,s functignal derivative of th onpound whi ch,
pon_adm freldaenionh! 8 drppdhite Sordloasnses. | Haplb SommTEBR Uaesr 10
t he | 2yentpmicaiion toith@skiddsweil it irettdootlan inteaveginploamtinobnddaead mvisbtian as a
prodrug may enable the skilled artisan to do one or nore of the follow ng:
(a) nodify the onset of the conpound in vivo; (b) nodify the duration of
action of Théeompopadsndf the ikvenion (hay bedidinistbedt srairs@oadoatding tob dosing

O B TP of o ol SR T R el 2
encount er gidetvipehod betirdé. Eormpramgle, doses Gady baladhinistierbd dae ma) thres, drged t o
PreDase LGRS dcl keIt ba bl PR BETRRURS, oskeePle S0
pr epar at i achiefedpbospfetihiety tamaeain st desredt tieemprltic Bffectar ISanatle sdosgd
car bamat e?égin%nes %’c\)? Ialcolr(nnp(g)wir?d toPthtehl(r?\%enti%h idlelpgrgd Ior'11 tﬁehgha?rrntabokinetic properties of
that compound, such as absorption, distribution, and half-life, which can be determined
by the skilled artisan. In addition, suitable dosing regimens, including the duration such
30 regimens are administered, for a compound of the invention depend on the condition
being treated, the severity of the condition being treated, the age and physical condition
of the patient being treated, the medical history of the patient being treated, the nature of
concurrent therapy, the desired therapeutic effect, and like factors within the knowledge
and expertise of the skilled artisan. It will be further understood by such skilled artisans
35 that suitable dosing regimens may require adjustment given an individual patient's
response to the dosing regimen or over time as individual patient needs change.
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20The invention al so provides a conpound of the invention for use in

nmedi cal therapy, particularly in bacterial infections. Thus, in a further
aspect, twe owmemg7bon is directed to the use of a conpornd/ime@snsisng to
Formula | or a pharmaceutically-acceptable salt thereof in the preparation
of a nmedicanment for the treatnment of bacterial infections. 25As stated
above, conpounds according to Fornula | are PDF inhibitors, and nay be
uief ul i nTy%ealtd’aﬂ‘;’aitdggﬁ‘gesomaba@fyedéﬁdndin@flﬁﬁini tglaSpartheargb@tbagiMm@mtidni ty of
t e conpounds acc ing.tp Formula . ca etermn using suita

hosays SutHoRe t nouacatodall iR (41N SOrTHE Bhoy e, BURERT VEEPTSr POF

and t hoseagakibatdinPoRd voak lahgey from 300y AT LIt 1At 2y of Decrhesunal
growth_in yitro or in anl mal nodel s of infection. 30 Certain Exanples of
the i n@enp{%ﬁ"ﬁ’ﬁgé‘&g @¥eater in vitro antibacterial activity (MC and/or
M C90) and/or better in vivo efficacy over the exarrpl es from WD 03/101442.

-nggg;aoE;(_ggglgjgfswaiilg%‘ggggr/‘n@g;%dfggf?hen%{/entlow r%e?ydbé gdmlnl (teereg as prodn L(l:’gs \%% used
R2R) - 2- (le@ﬂeﬁp@t'pfbdiﬁiabhy)f)a- Soro@odria- 6l ther Lvéntion %85y filrexahy dievipytivdz ohiie2, 1- C]

E);Ln,g]nfégz Iccl;]rzr%'goul_r!?d \k;hll:h upon ag%lmstra%%a Itcr)n adp)laﬂgrln} e\yednrtl?a%ly Ilggr_al?‘ésotﬁg %B%B&H(P gfd roxyf

[ (2R) 10; ( ﬂre{lavé?;r'mbﬂnmv?‘ro[ (AR)inidtrdtioni difﬁ &Mhpdmldlqmlﬁ@mmyﬂic%rr& 3|p1n@dr09 4nay |
rimdin - C ent yl met 0X0 roxyf or pam de;
Y Lo - b Hisesit (R e e s G i Tolofi R tanprod S, 8t PR 57

Fc(arz OR) 3rr?t:dsm oclhfhld :py/riuombjmmduf]yhu@lﬁaramambf %@anmym;bmﬂfdonwmr gra);mdﬁfy
OI’ | aZ 1 r

pyr i L Gieiarap et or stiUglipn SEHE fohnci by BB sl Fiss S G0 oY et e
( ( 2R) com?ound I{[‘l v;vo and ?e) overcorér;g a]c sllde effec; or otther dlﬁlcultaencotuntered with the

T L~ ClO n uor o- ne azas i
Horo) B o 60m00 Y Bl WSkl T BR AR Gioa. O BB R eS  BIGHEeS o
PDE 5050 ma:yatlimswfr&te cbn&mimd'ltﬁey am‘LcH%laEcamsw @E@BMNE tedllw@em@dan f/mb n&ica
dehydr ogena ass azenngc, an i nne Anal .
B oxhens BipaTioiss) sBph et T e fa RESh EPEakE M isn: ttm SITREDy POF,
it is oxidarpbechtby, dﬁ%at&aerméy areeduiC kmgvrotoehsse! skilled én e INAD t 0 NADH and
resulting in an increase in absorbance at 340 nm Reactions were initiated

by adding PDF to mcrotiter plates containing all other reaction conponents
and weg e Thatinweutors bisongrovites adcdngroud® ofithe a’iveaﬁtﬁh foFhsef innakdica abéiapn

i tion for th vl (SaP
SOOI AR LR S R T R M A R O S e S
ga:DD{: anthef2u§b Ei\/gfc?hmohmﬂ/%hedkbmg%rFOrmu&Ol pLat;ﬁﬁaaan aveltivag-acoeptable ?alt t

11T utl ons, o0 1.0 1TOrs wer ertl.or ne Sa or nm
were. | denReca T BF PrERETRIR o 0 TN S d PEE e AL PRI Mt Al o Ser
was 6 nmM fi nal In the Streptococcus pneunoni ae PDF assay, reaction

di 1 lar but t ai 3

ore 78 s Shiba 2Bl Horghun GE RGNS 5 R MNBL AP R e P A e

refl ect Kosefal ineke freatnsand of batterialShiegtidrnize THé fbidaas@afﬁl alftyi (ﬁdﬁeylafempomr@?sos

wer e determndb Fttln to the e%{atlﬁn % b%t ion = 100 ?{050/[1])
where s i 8°®" P%p qody ! A Lo ABCTRIRRE; YipY c%‘H% Rt ¥REVDIPYS daS[ WO€Cs0 | s
t he concenteastringninbibition mspmamhztyhatlc @atiiste of PP amthihost ieoaluatdiyRas wblligy of

Exanpl 281 i nhi,bj f PDF
et vi 1 eleiTIpoRcaTle b BEGRHA SRy uburb et 7uea oresb0g GBS

30

Certain Examples of the invention possess greater in vifro antibacterial activity (MIC
and/or MIC90) and/or better in vivo efficacy over the examples from WO 03/101442.

These Examples include, but are not limited to, the following:

-36 -



Antim crobial Activity Assay Wole-cell antimcrobial activity was

determ ned by broth mcrodilution using the Cinical and Laboratory

St andar dswonsavydasug7e ( CLSI, formerly NCCLS) reconmended merhusdaisosps7d ( NCCLS
Docunent M/- A6, "Methods for Dilution Susceptibility Tests for Bacteria

o o 0 TSI LRI S bl o
PR ok vl et oo ”hym‘”w??fiéd@%? Shhs Fgcgfccﬂg ©
aur eus V\%ﬁ%&gg(gﬁgﬁﬁ’%éi@#&&'gﬁ%' 3@'Rerazé?}\fqt$ ﬁlé(ﬁfecus f aecal |§ )7/

Ic_lgt(:a gtr) Phia: pwlmlﬂfnvmwgtzlerﬂ)tbg-ag?@u 'Irlnumyl)m(bmm@hyg” rmh’bzdga:(,]el | ﬁ unpni ae
367,55t ot RS G DR g e R T2 e Bt f—ﬁ-b PR IG5 bR PABERDY) - and
E 13880 ) i M C
oo ot o W”ﬁ'g'”g'}”* HEiaZ('"m bmpvg?mmmﬁmécfm ' tor;dcf’ et haibired O

vi si bl e g A f@ff 'ﬁfqg POFP'(‘%&EWG%&L 5‘@?113{58'@25})%? YH“det ermi ni ng the M

| C end|to;):le pyrimiB@g i idsa Areg{2- (@fxcl@dmt;f‘mr??tmpl)e&xbp&ﬁ)yl]rk;@v&ya)rnggmgdr@abnd nhi bi itgpéd
Shove FolbBRoEiadoand By T BI8 B3 b a el S R At DS 08 | east

one eiK(aerL/I¢-4hi§drrmquh§2drézmo}p:g»b%prowl)hbdrbhﬁoev@ﬁlﬂm on of Enterococcus
faecalis |, and Enterococcus faecalis 7, for which nost exanples had MCs >
16 pg/ L. Antim crobial Activity data (MC s in pg/nm) for specific
Exanpl es | | in Table 2. 25 Table 2 Exanple 24* pqg/nL Exanple 63*
pq/ mL Exahgfgb)ilggsﬁa)'m_

Enzymatic activity of PDF was measured using a formate dehydrogenase (FDH)-coupled

assay [Lazennec and Meinnel (1997) Anal. Biochem. 244, 180-182]. Once formate is
15  released from methionine by PDF, it is oxidized by FDH thereby reducing one molecule
of NAD to NADH and resulting in an increase in absorbance at 340 nm. Reactions were
initiated by adding PDF to microtiter plates containing all other reaction components and
were continuously monitored for 20 min at 25°C. The final reaction composition for the
Staphylococcus aureus PDF (SaPDF) assay was 50 mM potassium phosphate, pH 7.6,
20 5 units/mL FDH, 7 mM NAD, 5% DMSO, 1 nM SaPDF, and 2.9 mM formyl-Met-Ala-Ser
in 50 WL total volume. Serial dilutions of inhibitors were performed in DMSO. Reagents
and assay format were identical for Haemophilus influenzae PDF except that formyl-Met-
Ala-Ser was 6 mM final. In the Streptococcus pneumoniae PDF assay, reaction
conditions were similar but contained 30 pM enzyme, 2 mM NAD and 4 mM formyl-Met-
25 Ala-Ser. The varying formyl-Met-Ala-Ser concentrations reflect Ky values for substrate
using the different PDF isozymes. |Csos were determined by fitting to the equation:
%Inhibition = 100/1+(ICs0/[1])°, where s is a slope factor, | is the inhibitor concentration

and the ICs is the concentration of compound that causes 50% inhibition.
30 Results

Examples 1-281 inhibit S. aureus, H. influenzae and S. pneumoniae PDF activities with
IC50s < 100 nM.
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Exanpl e 172 pq/ nL Exanple 275 pg/nL Organi sm S. aureus xford 2 1 2
1,2 2,4 S. aureus WCUH29 0.375 0.5
WO 2009/061879 PCT/US2008/082575

Antimicrobial Activity Assay
Whole-cell antimicrobial activity was determined by broth microdilution using the Clinical
and Laboratory Standards Institute (CLSI, formerly NCCLS) recommended methodology
5 (NCCLS Document M7-A6, "Methods for Dilution Susceptibility Tests for Bacteria that
Grow Aerobically — Approved Standard Sixth Edition", 2003). Compounds were tested in
serial two-fold dilutions ranging from 64 to 0.06 yg/mL. A panel of 12 strains was
evaluated in the assay. This panel consisted of the following laboratory strains:
Staphylococcus aureus Oxford, Staphylococcus aureus WCUH29, Enterococcus faecalis
10 |, Enterococcus faecalis 7, Haemophilus influenzae Q1, Haemophilus influenzae NEMCA1,
Moraxella catarrhalis 1502, Streptococcus pneumoniae 1629, Streptococcus pneumoniae
N1387, Streptococcus pneumoniae Ery2, Escherichia coli 7623 (AcrABEFD+) and
Escherichia coli 120 (AcrAB-). The minimum inhibitory concentration (MIC) was
determined as the lowest concentration of compound that inhibited visible growth. A

15 mirror reader was used to assist in determining the MIC endpoint.

Results

Each of the Examples 1-281 have a minimal inhibitory concentration (MIC) < 4 ug/mL

against at least one of the organisms listed above. For at least one strain of every
20  organism listed above, at least one example had an MIC < 4 ug/mL, with the exception of

Enterococcus faecalis |, and Enterococcus faecalis 7, for which most examples had MICs

> 16 pg/mL.

Antimicrobial Activity data (MIC’s in ug/mL) for specific Examples is given in Table 2.

25 Table 2
Example Example Example Example | Example
24 63* 109 172 275

pug/mL pug/mL pug/mL pug/mL pug/mL
Organism
S. aureus 2 1 2 1,2 2,4
Oxford
S. aureus 0.375 0.5 0.5 0.5 0.5, 1
WCUH29
E. faecalis | 48 16 64, >64 16 32, 64
E. faecalis 7 32 64 >64 8, 64 16, 64
H .influenzae 0.5 0.25 0.5 1,2 0.5,1
Q1
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0.50.50.5 1E faecalis | 48 16 64, >64 16 32, 64 E. faecalis 7 32 64
>64 8, 64 16, 64 H .influenzae QL 0.5 0.25 0.5 1, 2 0.5, 1

WO 2009/061879 PCT/US2008/082575
H. influenzae 1 0.5 1 1,2 1
NEMC1
M. catarrhalis 0.375 0.125 0.25 <0.086, 0.25
1502 0.125
S. pneumoniae 0.75 0.5 0.5 0.5 1
1629
S. pneumoniae 0.5 0.25 0.25 0.125 0.5
N1387
S. pneumoniae 0.375 0.25 0.25 0.125- 0.5
ERY2 0.25
E. coli 7623 16 4 8 4,16 4,16
AcrABEFD+
E. coli120 0.1875 0.25 <0.086, 0.125-0.5 | <0.06, 0.5
AcrAB- 0.125
Number of times 6 13 2 2 2
entire panel of
12 strains was
run

* MIC data is expressed as the median of all results obtained

Animal models of infection

All procedures were performed in accordance with protocols approved by the GSK
5 Institutional Animal Care and Use Committee, and meet or exceed the standards of the

American Association for the Accreditation of Laboratory Animal Care (AAALAC), the

United States Department of Health and Human Services and all local and federal

animal welfare laws.

10  Rat respiratory tract infection (RTI) model with H. influenzae or S. pneumoniae. In
this model, anesthetized rats (male Sprague Dawley [Cr1:CD (SD] 100g) (Charles River)
were infected by intrabronchial instillation of 2-3 x10° bacterial CFU/rat in 100 pL of agar
directly into the lungs [G. Smith (1991) Lab Animals vol 25, 46-49]. Animals (n = 6 per
group) were dosed with different amounts of compound (2-fold dilution ranging from 37.5

15  to 300 mg/kg) by oral gavage twice daily for 4 days starting 1 h after infection. Control
animals were dosed with diluent on the same schedule. The rats were euthanized 96 h
post infection and the lungs removed aseptically and homogenized in 1 mL of sterile
saline with a stomacher machine. Ten fold serial dilutions were done in sterile saline to
enumerate viable bacteria numbers. This rat lung infection model has been shown to be

20  able to predict human efficacy in community-acquired pneumonia (CAP) caused by S.
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catarrhalis 1502 0.375 0.125 0.25 <0.06, 0.125 0.25 S. pneunoni a& 1629 0.75
0.5 0.5 Owb 2009/061879 PCT/US2008/082575

pneumoniae [Hoover J. L., C. Mininger, R. Page, R. Straub, S. Rittenhouse, and D.
Payne. (2007). Abstract A-17. Proceedings of the 47th ICAAC, Chicago, lllinois].

Murine groin S. aureus abscess model of skin and soft tissue infection (SSTI). In
5 this model, anesthetized mice (male CD1, 20 g) (Charles River) were infected with S.
aureus in semi-solid agar (1 x10° CFU/mouse) subcutaneously in the groin area
(Jarvest, R.L., Berge, J.M., Berry, V., Boyd, H.F., Brown, M.J., Elder, J.S., Forrest, A.K,
Fosberry, A.P., Gentry, D.R., Hibbs, M.J., Jaworski, D.D., O’'Hanlon, P.J., Pope, A.J.,
Rittenhouse, S. Sheppard, R.J., Slater-Radosti, C. and Worby, A. (2002) J. Med Chem.,
10 45, 1959-1962). The animals (n=6 per group) were dosed with different amounts of
compound (2-fold dilution ranging from 37.5 to 300 mg/kg) by oral gavage twice daily
starting 1 h after infection. Control animals were dosed with diluent on the same
schedule. Mice are euthanized 96 h post infection and the abscesses are aseptically
removed and homogenized. Ten fold serial dilutions were done in sterile saline to

15 enumerate viable bacteria numbers.

Results
Some of the Examples described herein have demonstrated oral efficacy in one or more
of the above animal models of infection, reducing the amount of bacteria recovered from

20 lungs or abscesses, with respect to the untreated control animals, by > 3 log 1o CFU/mL.

Compositions

The compounds of the invention will normally, but not necessarily, be formulated into
25  pharmaceutical compositions prior to administration to a patient. Accordingly, in another
aspect, the invention is directed to pharmaceutical compositions comprising a compound

of the invention and one or more pharmaceutically acceptable excipients.

The pharmaceutical compositions of the invention may be prepared and packaged in
30  bulk form wherein a safe and effective amount of a compound of the invention can be

extracted and then given to the patient such as with powders or syrups. Alternatively,

the pharmaceutical compositions of the invention may be prepared and packaged in unit

dosage form wherein each physically discrete unit contains a safe and effective amount

of a compound of the invention. When prepared in unit dosage form, the pharmaceutical
35 compositions of the invention typically contain from 25 mg to 1.5 g, suitably 100 to 500

mg, of compound of the invention.
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0.25 0.125- 0.25 0.5 E. coli 7623 AcrABEFD+ 16 4 8 4,16 4,16 E. coli 120
Acr AB- 0.w82809/061879 PCT/US2008/082575

The pharmaceutical compositions of the invention typically contain one compound of the
invention. However, in certain embodiments, the pharmaceutical compositions of the
invention may contain more than one compound of the invention. For example, in
5 certain embodiments the pharmaceutical compositions of the invention may contain two
compounds of the invention. In addition, the pharmaceutical compositions of the
invention may optionally further comprise one or more additional pharmaceutically active

compounds.

10  As used herein, "pharmaceutically acceptable excipient” means a pharmaceutically
acceptable material, composition or vehicle that, for example, are involved in giving form
or consistency to the pharmaceutical composition. Each excipient must be compatible
with the other ingredients of the pharmaceutical composition when commingled such that
interactions which would substantially reduce the efficacy of the compound of the

15 invention when administered to a patient and interactions which would result in
pharmaceutical compositions that are not pharmaceutically acceptable are avoided. In
addition, each excipient must of course be of sufficiently high purity to render it

pharmaceutically-acceptable.

20 The compound of the invention and the pharmaceutically acceptable excipient or
excipients will typically be formulated into a dosage form adapted for administration to
the patient by the desired route of administration. For example, dosage forms include
those adapted for (1) oral administration such as tablets, capsules, caplets, pills, troches,
powders, syrups, elixers, suspensions, solutions, emulsions, sachets, and cachets; (2)

25 parenteral administration such as sterile solutions, suspensions, and powders for
reconstitution; (3) transdermal administration such as transdermal patches; (4) rectal
administration such as suppositories; (5) inhalation such as dry powders, aerosols,
suspensions, and solutions; and (6) topical administration such as creams, ointments,
lotions, solutions, pastes, sprays, foams, and gels.

30
Suitable pharmaceutically-acceptable excipients will vary depending upon the particular
dosage form chosen. In addition, suitable pharmaceutically acceptable excipients may
be chosen for a particular function that they may serve in the composition. For example,
certain pharmaceutically-acceptable excipients may be chosen for their ability to facilitate

35 the production of uniform dosage forms. Certain pharmaceutically acceptable excipients
may be chosen for their ability to facilitate the production of stable dosage forms. Certain
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preservatives, stabilizers, surfactants, and buffering agents. The skilled artisan will
appreciate that certain pharmaceutically acceptable excipients may serve more than one
function and may serve alternative functions depending on how much of the excipient is

15  present in the formulation and what other ingredients are present in the formulation.

Skilled artisans possess the knowledge and skill in the art to enable them to select
suitable pharmaceutically-acceptable excipients in appropriate amounts for use in the
invention. In addition, there are a number of resources that are available to the skilled
20 artisan which describe pharmaceutically-acceptable excipients and may be useful in
selecting suitable pharmaceutically-acceptable excipients. Examples include

Remington's Pharmaceutical Sciences (Mack Publishing Company), The Handbook of

Pharmaceutical Additives (Gower Publishing Limited), and The Handbook of

Pharmaceutical Excipients (the American Pharmaceutical Association and the

25  Pharmaceutical Press).

The pharmaceutical compositions of the invention are prepared using technigues and
methods known to those skilled in the art. Some of the methods commonly used in the

art are described in Remington's Pharmaceutical Sciences (Mack Publishing Company).

30
In one aspect, the invention is directed to a solid oral dosage form such as a tablet or
capsule comprising a safe and effective amount of a compound of the invention and a
diluent or filler. Suitable diluents and fillers include lactose, sucrose, dextrose, mannitol,
sorbitol, starch (e.g. corn starch, potato starch, and pre-gelatinized starch), cellulose and
35 its derivatives (e.g. microcrystalline cellulose), calcium sulfate, and dibasic calcium
phosphate. The oral solid dosage form may further comprise a binder. Suitable binders
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In another aspect, the invention is directed to a liquid oral dosage form. Oral liquids
25  such as solution, syrups and elixirs can be prepared in dosage unit form so that a given
quantity contains a predetermined amount of a compound of the invention. Syrups can
be prepared by dissolving the compound of the invention in a suitably flavored aqueous
solution, while elixirs are prepared through the use of a non-toxic alcoholic vehicle.
Suspensions can be formulated by dispersing the compound of the invention in a non-
30 toxic vehicle. Solubilizers and emulsifiers such as ethoxylated isostearyl alcohols and
polyoxy ethylene sorbitol ethers, preservatives, flavor additive such as peppermint oil or
natural sweeteners or saccharin or other artificial sweeteners, and the like can also be

added.

35 In another aspect, the invention is directed to parenteral administration. Pharmaceutical
compositions adapted for parenteral administration include aqueous and non-aqueous
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15pr e3@nt pyrimitiing!}fiyeiranin B43-epespd ] wuadxytdrimamide) g edbranhacaltieallyr &septablen t he
formul ati (s)g‘t thereof, and a pharmaceutically acceptable excipient. Suitably [(2R)-2-
(Cyclopentylmethyl)-3-(2-{6-[(2R)-2,4-dimethyl-1-piperazinyl]-5-fluoro-2-methyl-4-
pyrimidinyl}hydrazino)-3-oxopropyllhydroxyformamide, or a pharmaceutically acceptable
salt thereof, may be formulated for oral administration, suitably in a liquid or tablet form,

35  or for patenteral administration.
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forms of [(2R)-2-(Cyclopentylmethyl)-3-(2-{5-fluoro-6-[(9aS)-hexahydropyrazino[2,1-
c][1,4]oxazin-8(1H)-yl]-2-methyl-4-pyrimidinyl}hydrazino)-3-oxopropyl]hydroxyformamide.
These three forms are Form 1, Form 2, and Form 3.

25
Form 1 is a crystalline form which may be produced from a slurry of [(2R)-2-
(Cyclopentylmethyl)-3-(2-{5-fluoro-6-[(9aS)-hexahydropyrazino[2,1-c][1,4]oxazin-8(1H)-
yl]-2-methyl-4-pyrimidinylthydrazino)-3-oxopropyllhydroxyformamide in ethers, acetates,
ketones, longer chain alcohols, and other solvent systems (for example, nitromethane,
30  acetonitrile, 2-butanone, methyl acetate, ethyl acetate, diethyl ether, heptane, dimethyl
carbonate, t-butyl ethyl ether, 1-methoxy-2-propanol, 2-methoxyethyl ether, chloroform,

chlorobenzene, tetrahydrofuran, toluene, cyclohexane, and cyclohexanone).

A solvated form has been analytically observed for [(2R)-2-(Cyclopentylmethyl)-3-(2-{5-
35  fluoro-6-[(9aS)-hexahydropyrazino[2,1-c][1,4]oxazin-8(1H)-yl]-2-methyl-4-
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pol yhydr oxyet hyl aspart am dephenol , or pol yet hyl eneoxi depol yl ysi ne
substituted with pal mtoyl residues. Furthernore, the conpounds of the
i nvent i orworagodnsiszoupl ed to a cl ass of bi odegradabl e polpgmassoos®esfsas in
achieving controlled rel ease of a drug, for 20 exanple pol yl actic acid,
pol epsilon ca act one ol 0X ric acid, po rthoesters,
ol yacet aPe TRy SRR g saTi B Sovirifos Corpialt of
anphi pat hire dihy eketapivareinay bk deyctneigaks by bacuunotilreioraapeedsults e i nvent i on
IS directEd t? a liquid oral dosage form Oral liquids 25 such as
solution, "8Y?lps and elixirs can be prepared in dosage unit formso that a
given quantity contains a predeterm ned ampunt of a compound of the
i nventjion_ Syrups can pr are di s IV|n t he. conpoynd of
| ventd onFPR o i 4 BTy ae Qg B0 TBoPURTHS T I B ST ez
pr epar ed (Ccyomp@htytrﬁ@hylﬁa-(bf{&ﬁudﬁo!ﬁ-[(M)Qle&élwlﬁﬁﬁyrézmtﬂ]ﬂ&:l][diA]OS(ESMEBQ‘SHPHS can
be fornul i& qéﬂ é qg}t e c ound o@1 nven on |g%a non-
toxi c vehVEFEnelgid; 1”"'8¥ y&ﬁﬁ"@ TEPpicaY Ygﬁgﬁogga@f dX et ed |sostearyl
al cohol s and pol yoxy ethyl ene sorbitol ethers, preservatives, flavor
addi tive t I n g@ﬁ% n r ar ot her
artlflC|aFH§€éﬁﬁzﬁigﬁﬁﬁdn1§ RQM mm&m ﬁb 8+ @dﬁgﬁ Q3%?ﬁygﬂot erP%s ect,
the i HventGysiprestyimetay- w{%flw@&ﬁ%ar%fhea@nﬁdmmazm[%ﬂ. clitiaxaaindi(ifk al
conposi ti t f ude, a u d

np ONS-rAdAnL @W&lngg{@@zﬂo (ﬁ(ﬂ??ogglg{d&j AhAREmbRfdeUdR, AQHSOUSHR)

non- aqueous - 43 - 6187 2575 sterile injection

sol ut i onsalgah@Isolygpt syskams, susthes n@@thamhtkproaamqle@@ 1{pdtanek i Drasataicohnts

sol ut es whiuNod RAHRio!th o AEL AR Ro b5k BRIicAT b Kdith 21RABUAH tnbMRact

i nt ended reciplent; and gﬁgous and non-aqueous sterile suspensions which
may i ncl uwetewgrpt@nw\r@halg fiohheen eatetlishethg Hagdng EOF”THéO @bﬂ\tﬂ)‘sﬁ?c Cdhdt may
be presentgdybitetifhh ~485% WhichWobildleay Q%%oﬁlﬁaél%m@frtﬁe c&ﬂf) ?‘?ﬂal ed
anpoul es and vials, and may be stored in a freeze-dried (Iyophi |ze

condi t i oneX&eRMY¢ ?@'d(ﬁﬁ@W forpecondenisianai Fefmfiie FeteBi e |iquid carrier, for
exanpl e water for injections, immediately prior to use. Extenporaneous

injection_solutions and suspensions nmay be prepared fromsterile powders,
granul es &Rel t apneandion 101 neravideher d&ghecd-(Cycloeentiinainilodr(3-H-HarebtlEeSto a

phar maceupieal ?W&Qﬂot}? Q@][P@]Wéiﬁ B?Ig-l) yl]-2-meth I r|m|d|nyl}hydrazmo) -3-
R2R) - 2- (Cycl open 3-(2 | uoro- 6- 3/ hexa a/dro yrazi no[ 2, 1- c]
[1, 4]%Q<azpwqujlhyqr]>xséormrm19¢ Eprpfyhﬁﬁrmihw Wﬁr3a'ﬂ|shlé§t33 Y PHFO Y] PEr oxyf

or mani de, iQbnfnP AHHERGEHiIERA Y nARGRRT érbl[(m Ql(byélbsérﬁ%etr@n@, @-{5-fluoro-6-
pharmaceutical |y acceptabl e excipient. Sui

R2R) - 2- (di@@%b@*ﬁb}'%@mmo[@ 1(-<aj[.1{430)fqzurb$(aH$-ylﬂ @gagyylﬁemwg.mwgé@%pz 1-
15

o711, 4 oTERIY O NS MR SRR P o YD o £} FERA R ST 1
xyf or mani ae n @?re eMperimpaicba Mmixiie Paninekige Kbihe™arai t antheeren?., Thagorpeosition

for mupat e%afy%nﬁﬁéé frBfh M, 1, 8t 5 38, '1"(’)“,15% babby 35“4@ A4, Gl §5 Qfo Zabyigof ggM or

for pat ent eral dm ni stration. I'n anot her aspect he'invention is

directed P& 95 p??apﬁﬂf,@ﬁﬁ"l ban abonp88inarennt chephersForg 1 or FOFm 2. In another

20[ (2R) - 3pfBodifieRhHRr Andiré (n%ﬁ) co%mf‘rlsg'm B¥i 3 a[?idpleér?nZB NYhb-camdodbR mhy

ri mdinyl }hydrazino) - pent yl net - 3- oxo dr ox fornanlde 0
P% phar mé@%pna@afmrg bAoA o8, 510, CRCHOLHD, 4anie BonAa Ty 580 185, 80

accept abl g5 eygi R gr%tater than about 99 percent of either Form 2 or Form.3. In anather
SU|tany[(2R) 3- loro-6-[(2R)-2, 4-di neth glpera2|nyl]-5fluoro-4
embodlment the mixture may comprise both Form 1 an Form In another embodiment

pyr i m dl Mot RkEllrg i) DomforsE G LoBeA s/ 118E Y 8130, 23; 9% 3%, ABYAd, IBod B8 e, onmsi de, o
80, 85, 90, 95, 97 or greater than about 99 percent of either Form 1 or Form 3.

In one embodiment of the invention a composition may comprise from 1, 2, 3, 4, 5, 10, 15,
35 20, 25, 30, 35, 40, 45, 50, 55, 60, 70, 75, 80, 85, 90, 95, 97 or greater than about 99

percent of an individual polymorphic form, be it Form 1, Form 2, or Form 3.
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25pharmaceutically acceptable salt thereof, may be fornulated for oral
admnistration, suitably in aliquid or tablet form or for patenteral

admi ni st raDI2009/0618791 N anot her aspect, the invention i s ®CTASL@E/08137R

phar maceuti cal conposition conprising

[ (2R)-2-(Cycl opentyl nmethyl)-3-(2-{6-[(2R) -2, 4-di net hyl - 1- pi perazinyl]-5-flu
or o- 2- et hyl - 4- 30pyri m di nyl ) hydrazi no) - 3- oxopr opyl ] hydr oxyf or mam de, or a
phar maceut\hctab& gmbodiaizhalbl enes miventidheisete , polymdorph HoamMBCRaHN 2abt Fome @ept abl e
excl pi ent.

(Cycl openf 37 L%purg c%y;%lgmg(fgr@ 2, 4-di net hyl - 1- pi per azi nyl ] - 5-f | uor o- 2- net
hyl -4- pyrim di nyI } hydr azi no) - 3- oxopropyl ] hydr oxyf or mam de, or a

phar eu ical acc ptabl e salt, thereof, rra e f ornul at e r
P o St r APt Bkt B SYFRIRE Sl G o cPaBUe feape sisrped Hyaseie a
admi ni str a:tyis’@nogrmﬁmé@@Qinﬂﬁér@79rﬁﬁﬂélﬂdlﬁ§%69i8h§&%'éaé gtdupghaidetons pesition dfhe

ROR) - 3. { 20 BRI 5,168 PO ERIE Y gt HiA S0 SRS ol SBl-cf o8 e De(py gros.
pyri mi di nykddﬁwnaamyniyteram(emyw opetal ylrawahyuyéusB |mgo;wssm»é fonyedeenspbrdmam de, O

;2(:22? ;g}i ?rg;h]%g% éﬁ%naco%%p y%g | g’f gr?llsttal t rees(;e)f dlﬁerent cr;%taﬁlrlnrga?c?rr%tsl graeI I(:Xlled

5Sui t &bl ypaRnodphE2- [ 2- Chl or o- 5-f | uor o- 6- (4- et hyl - 4, 7- di azaspi ro[ 2. 5] oct - 7-
yl)-4-

pyri m di nyl ] hydr azi nol - 2- (cycl opentyl net hyl ) - 3- oxopr opyl ] hydr oxyf or mam de,
or a phar Feeedt Feal byaraCEept albhag tseihufrefteh&ate@fby Xm;ay lpewﬂ@fmdaaﬂ@d(ﬁRHD)or al

adm nistragjon, .sujtaply in liquid or_table m pat ent.er al
S i ot + B bond Bt e 1 Shoundierin g Elfked i S 1o e 1 3h DR ERNES
phar maceufFTdR] FToRzrash,t Dmrmapﬁcsmmgg Calorimetry (DSC), and Thermogravimetric

ol 2, B octtavS TFOR) 55 MANAIEG b et lmincs ra BBl SUyiA has o, or

a phar naceslbreczﬁioh\m adaietitdaldeneseiht t hereof, and a pharmaceutically
acceptabl e excipient Suitably ((2R)-2-

(Cycl opentyl met hyl ) -3-{2-[5-fl uoro-2-nethyl -6-(4-nethyl-4,7-di azaspi ro[ 2. 5]
oct - 7- y1) CAaratteripya i mﬁvﬂieﬁyk]rbyddlﬁﬁdcﬂ@} &t@nmppemylp)obydngxyriaorr@mﬁede,foror a
pharmaceutically ac salt ther nul at ed for oral

D it r oY DRIPAS IR dats Of FeSihduiinestpns sBRLSRY I Eh e vafedin

adm npGtr gémemally chQibysm)(D p)h+/4: 2Rbetas T2@ ehfisr @atham&;rl@mh of hemattto faaks may
characterl bl e hi.c solid state for of . ..

ROR) < o- ( PP SR PIFBE foh 5 3 9ps s 4 ETerRP oS % Praice; SRk e B asiinnes, 1-

c] [ 1, 4] oxaaimnagfubidnt }(ﬂ-lhstaa‘m@ithl)’iﬂ frbrpayeratodiorygetdtydr azi no) - 3- oxopr opyl ] hydro
xyforman‘i de. These three forns are Form1l, Form 2, and Form3. 25 Form1l is

a crystalline formwhich nay be produced froma slurry of [(2R)-2-
( Cycl opentié IMRALY ditaSdds2rifeat hérgprwas agdiad)onhe Baliked Ay PAXRDONGERerdt Afdal, 4] ox

" o1 s s Bolecky AT etiarc o Do ieh O as Aear oA han BN BEREF GokOBR

systens (boglesardplspacingd dremeddnadgtein T3Bleatbéloni tril e, 2-butanone, net hyl
acetate, ethyl acetate, diethyl ether, heptane, dinethyl carbonate, t-butyl
et hyl ether, 1-nethoxy-2-propanol, 2-nethoxyethyl ether, chloroform

chl or obenPelymorghid Fafy dnadfyitheraforé bk dearactetiyed Dhaxanes, aantva \aol aivesaargne) .

four, or any five or more of the 2-theta angle peaks.
30
Polymorphic Form 2 may therefore be characterized by any one, any two, any three, any

four, or any five or more of the 2-theta angle peaks.

Polymorphic Form 3 may therefore be characterized by any one, any two, any three, any

35  four, or any five or more of the 2-theta angle peaks.
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A sol vated form has been anal ytically observed for

R2R) - 2- (Cycl opentyl net hyl ) - 3- (2-{5-

35f | uor o-wO20@aB)s7hexahydr opyr azi no[ 2, 1-c] [ 1, 4] oxazi n- 8fpLiHUbkIjosdsIms hyl - 4-
WD 2009/ 061879PCT/ 1JS2008/ 082575

pyri m di nyl ).hydr azi na) - 3- oxopr opyl ] hydy oxyf ornmam de tn et hyl

Yt at o DO ShABRRGRGRS LBAYohs ales 20T ARE: Y e Ay wHE by
vacuum f i hiayaitdois attiddtedas thd &-spatifkgdr angétrorb&as Bhawm B Pattd yseidld i ne form

whi ch may be produced froma slurry of R2R)-2-

(Cycl opentyl net hyl ) -3-(2-{5-fl uoro-6-[(9aS)-hexahydropyrazi no[ 2, 1-c] [ 1, 4] ox
azin-8(1 yible2r net hyl-4-pyri m di nyl | hydrazi no) - 3- oxopropyl ] hydr oxyf or mam de
I Carm 2 1 ¢ a ~rryctallina farm vwhiech myvy ha nr

|O][1 \[/\/?'LZ%LZ._U.'.__B%,IQ a—grystarling—tormwhi-eh ey be—pr duced froma slurry
10(Cycl g??at VIg@ddeyhg + 3- 8- | A-Epating7 O [26998-spaaiagY & opyr azi no[ 2, 1-c] [ 1, 4]
oxazi n-

y1] - 2- ngt hy1} 4- py?‘i m dijnyl i tydraé‘i no) -3- oxgpr opyl ] hydr oxyf ormam de i n neat,
smal | al[cghRol sopygnt Syggeps, sygh as| gef hanol 14.%- propanol, and 1-butanol.
These allcohols miust containilittle to Ino water content|{ to avoi d pr oducti on
of Form|26-1al t holR t he BRart water cont’eht| t hr é5Kol d has not been

est abl i Shgd. [ Heagp g FaArpal| to abpve 135 ([out I§got greater than -185C
whi ch uld lead to deqgonposition of the cdnpound) causes an exothermc

solid st|aBd formi@8nver|dideh| of Mofm 1 |t & Fdrm 3.9.7
Thei nventpgnprovigesRZR)s4 ( Cyciopent yi iepnyt ) =34 2={5- f | uoro- 6-[ (9aS) -
hexahydro%f\?’r Zi nogt']%. 1-d] f5i6’ 4] oxas(z')?n- 8(l1 Hb) -yl]-2-methyl -4-pyrimdinyl }hyd
razino)-3-1.20 ox o opy!|][18yd| oxyf4e® mani |dé&2.Bgrm 16.Formp, or Form3 in

subst ant l(g'(% ot fort 119'i8|: i ||v4|:-7|ti ot flyht het }.616)Vi des for m xtures of
4 s i
eb3ath

R2R) - 2- ( bpent vl net hyl) - B- (2-{5-f 1 uor o- §-
[ (9aS) - N ydr oy4 azi n&0R [L- c] [413 4] oxjat6.0-|8( L1H)S-6/1] - 2 net hyl - 4- pyri m di nyl
} hydr azing)=B-—oxoptopyihRytroxyfprranige wiﬂﬁ—eh—eéamaﬂ—se two or nore of
Form 1, E‘:)s{‘?n 2, % For r%l134?, In é‘n*é enbo%:ment tt?e m xtjure may include both
Form 1 gnid.3or m 2.8 The |@8ppsi tidh 25 nBF.6conprisz from1l, 2, 3, 4, 5, 10,
15, 20, 25—386—35—406;"45'50—55—"-60—76—+5—86—385, 90, 95, 97 or
greate? than about 99 percent of either Form1 or Form2. In another

enbodi ment the m xture may conprise both Form 2 and Form 3. The conposition
may conpr iTee ATFiRrsdgcti2m 3f the, sd@id thoms Mms 2@prd2d, usity a3bherdd, Mdgna MidIR55,

60, 70, 75, .80, 85, 9 95 7 Q reater t.han abaut 99 percent of either
For m 2" or SIS UG Wemiegk s, T BAD BaTaHen < BREVSHAIDNR &) AR LONBPTSe ot h
Form 1 andxgesten Basdd oantichepeatfith gpéstnictérhempioyedirandmihye @oalpstissearhple2, 3,
4, 5,,10, 15, 20, .25 .30, 35, 40,.45 50 55 60, 70, .75 80, 85 90, 95,
o7 or 1y eReBrATRAICRSTE. S8TBePRR O srrobIamEertt A o ke asSohmeRls op
enbodi nentepofted! beloivn Ve triaegin af eresrpo tHet peaik agBignoentplis sgproxioately +2,1 ct'. 4, 5,
10, 15, 3520, 25, 30, 35, 40, 45, 50, 55, 60, 70, 75, 80, 85, 90, 95, 97 or

greater than ut .99 percent of an,dnd]vidual Y, hiiC be kt Form
e T 570t T8 eas RFE SELy ] BT BELE L GHE, BRLNTOLRALS LRr M- O,
1155 +/- 1 cm™, 1173 +/- 1 cm™, 1347 +/- 1 cm™, 1416 +/- 1 cm™, 1443 +/- 1 cm™, 1603

+/- 1 cm™, and 1656 +/- 1 cm™. Suitably, Form 1 exhibits these characteristic peaks of

15  any one, any two, any three, any four, or any five or more peaks.

Form 2 IR peaks were observed at: 1036 +/- 1 cm™, 1114 +/- 1 cm™, 1152 +/- 1 cm™,
1172 +/- 1 cm™, 1310 +/- 1 cm™, 1414 +/- 1 cm™, 1441 +/- 1 cm™, 1570 +/- 1 cm™, 1601
+/- 1 cm™, and 1662 +/- 1 cm™. Suitably, Form 2 exhibits these characteristic peaks of

20  any one, any two, any three, any four, or any five or more peaks.

The IR data for Forms 1 and 2 are illustrated in Figures 1 and 2 respectively.
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Anot her enbodi nent of the invention is the polynorph Form1, Form 2, or
Form 3 in substantially pure crystalline form 5As is known, the

crystal | iwe 28a%t6e870f a conpound can be descri bed by sevecalus2008/082575
crystal |l ographic paraneters: unit cell dinensions, space groups, and atom c
position of the atonms in the conpound relative to the origin of its unit
cell. These paraneters are experinentally determ ned by crystal x-ray

anal ys: S. TIP]é FiTsRM§r$isbé(ﬂrufn0bf &lelclgfmacru?ﬁb W@sfredfdi‘déﬂlJluﬁgg faamhéime; FY-ﬁ%n@fn
crystal. se different crystallin orns are c ed 10pol ynorphs. Form 1,
Form 5, aldBE 40 Shes PmS ! F e BMOEE Fop g eSerRE] Nstrer ST NPHERTS, XRPD)
of the sobbsbreddpealsoamBexpastednsnsad ey eenspdtifici gpecesmbtet @ntpidyed drar tie 1 to
3 respecti veil%,. FT- II R, FT- Rarrgn Differential .Sc]g;mni n% Cal orinetry fh[gSC),
and Ther nBgf & S eI PEBRARAPY ‘?%‘”W&A%OH&’H"’WH&Oa%‘B' BreERYN 23R8k et i n
di ff er ent pedk assigimérdite rapdritati Belaive Ther margas ofiretros ovike gedk dasighimeats Rer ei n.
Characteristic vvde)' X-ray diffraction pattern peak positions are reported
for pol ynﬁ?%ﬂé’"‘gﬁew & hE"OF the angul ar positions (two theta) with an

al l owabl e variability, 20 generally of about 0.1 +/- 2-theta. The entire
pattern, BornmsRansdn péekspedre @bsepedks B/ +al1son§iebt+/by callo@es @/-1 erh?, due

to differ in caljhration, .s ing,, and e ari.at,i fromyi runent

to instr uﬁg{;tg/'énﬂnf’r %Ooﬂ'eﬁ)e?pbr%@é 68‘&%{{‘071?‘{4% I’TX&WR&EBQE{'J lscliBed

her ei t0 was/-dceui rad 2085a+/Bil ukel. DXBRXRDrrdnexhitits Anese dHabettatiopeaks of

Diffracti on system usin as descfri bed herein. Characteristic XRPD
a

met hod
angl es and™° epzi’@?’ r%% ag?éhrpg,c%}yﬁglg, Phaab eori“%%PS%S- Pol ymor phic Form 1 may

therefore be characterized by any one, any two, any three, any four, or any
five or re gf the 2-theta angle pea 0, Poly hi ¢ Far YV 4
ther ef or ar BE" QA M BB P RRRT B Rl 272 8 By ent 88 BT Fers ™ or any
five or ndee+bf1 dink 827tHtet amantyl7® Pehks', 1228 +/- Panyhddphirc 1Fonn 1878ay-

e oLt g OB “Et Y SR IS A DRl

2009/ 061838@HYy M&S20Q 8hre8 2&nS o, pr ary fivehamaare @eaksat i ons of any one, any
two, any three, any four, or any five or nore may al so be attributed to the
d-spacing / angstrons as shown in Table 1 bel ow.

Form 3 Raman peaks were observed at: 273 +/- 1 om™, 506 +/- 1 cm™, 766 +/- 1 cm™,

797 +/- 1 cm™, 1176 +/- 1 cm™, 1228 +/- 1 cm™, 1302 +/- 1 cm™, 1446 +/- 1 cm™, 1672
20 +/-1om™, and 2934 +/- 1 cm™. Suitably, Form 3 exhibits these characteristic peaks of

any one, any two, any three, any four, or any five or more peaks.
The Raman data for Forms 1 to 3 are illustrated in Figures 3 to 5 respectively.

25 The DSC thermogram of the forms was obtained using a TA Instruments Thermal
Analysis System, Model DSC Q100 using methods as described herein. The data are

illustrated herein as Figures 9 to 11 for Forms 1 to 3 respectively.

Forms 1, 2, and 3 had a melt onset measured by DSC at approximately 187°C, 185°C,
and 190°C respectively. With respect to Form 1 (Figure 9) there was a melt at 1320C

30  which corresponds to exothermic solid state form conversion of Form 1 to Form 3.

The TGA trace of the forms was obtained using a TA Instruments Thermal Analysis
System, Model TGA Q500 using methods described herein. The data are illustrated

herein as Figures 12-14 for Forms 1 to 3 respectively.
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Table 1 Form1 Form 2 Form 3 20 d-spacing / A 20 d-spacing / A 28 d-spacing
A 4.1 21.8 7.8 11.3 6.1 14.5 6.1 14.5 9.5
WO 2009/061879 PCT/US2008/082575

One embodiment of the present invention is the polymorphic form, Form 1, substantially

as shown in the X-ray diffraction pattern of Figure 6, the FT-IR spectrum of Figure 1, the

FT-Raman spectrum of Figure 3, the DSC thermogram of Figure 9, and the TGA trace of
5  Figure 12.

Another embodiment of the present invention is the polymorph Form 1 characterized by
an X-ray diffraction pattern comprising peaks expressed in terms of two theta angles
wherein the x-ray diffraction pattern comprises peaks at 4.1 +/- 0.1°, 6.1 +/- 0.1°, 6.9 +/-

10 0.1°,8.1 4/-0.1°,9.5 +/-0.1°,11.2 +/- 0.1°, 12.9 +/- 0.1°, 13.8 +/- 0.1°, 15.6 +/- 0.1°, and
18.3 +/- 0.1°. Suitably Form 1 is characterized by an X-ray diffraction pattern comprising
of peaks at 8.1 +/- 0.1°, 9.5 +/- 0.1°, 11.2 +/- 0.1°, 12.9 +/- 0.1°, 13.8 +/- 0.1°, and 15.6
+/- 0.1°.

15  Another embodiment of the present invention is the polymorphic form, Form 1, of [(2R)-
2-(Cyclopentylmethyl)-3-(2-{5-fluoro-6-[(9aS)-hexahydropyrazino[2,1-c][1,4]oxazin-
8(1H)-yl]-2-methyl-4-pyrimidinyl}hydrazino)-3-oxopropyllhydroxyformamide wherein said
polymorphic form is characterized by an X-ray diffraction pattern comprising peaks
expressed in terms of 2 theta angles, wherein:

20 a. said X-ray diffraction pattern comprises a peak at 4.1 +/- 0.1°; or

b. said X-ray diffraction pattern comprises a peak at 4.1 +/- 0.1° and 6.1 +/-
0.1°% or

¢. said X-ray diffraction pattern comprises a peak at4.1 +/- 0.1°, 6.1 +/- 0.1°,
and 6.9 +/- 0.1°%; or

25 d. said X-ray diffraction pattern comprises a peak at 4.1 +/- 0.1°, 6.1 +/- 0.1°,

6.9 +/-0.1°,and 8.1 +/- 0.1°; or
e. said X-ray diffraction pattern comprises a peak at 4.1 +/- 0.1°, 6.1 +/- 0.1°,
6.9 +/-0.1°,8.1 +/-0.1°, and 9.5 +/- 0.1°%; or
f. said X-ray diffraction pattern comprises a peak at 4.1 +/- 0.1°, 6.1 +/- 0.1°,
30 6.9 +/-0.1°,8.1 +/-0.1°,9.5 +/- 0.1°, and 11.2 +/- 0.1°; or
g. said X-ray diffraction pattern comprises a peak at 4.1 +/- 0.1°, 6.1 +/- 0.1°,
6.9 +/-0.1°,8.1 +/-0.1°, 9.5 +/- 0.1°, 11.2 +/- 0.1°, and 12.9 +/- 0.1°; or
h. said X-ray diffraction pattern comprises a peak at 4.1 +/- 0.1°, 6.1 +/- 0.1°,
6.9 +/- 0.1°, 8.1 +/-0.1°, 9.5 +/- 0.1°, 11.2 +/- 0.1°, 12.9 +/- 0.1°, and 13.8
35 +/-0.1°; or
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9.3 7.5 11.7 6.9 12.8 12.3 7.2 8.2 10.8 8.1 10.9 13.2 6.7 9.1 9.7 9.5 9.3
15.6 5.7 12.0 7.4
WO 2009/061879 PCT/US2008/082575

i. said X-ray diffraction pattern comprises a peak at 4.1 +/- 0.1°, 6.1 +/- 0.1°,
6.9 +/- 0.1°, 8.1 +/- 0.1°, 9.5 +/- 0.1°, 11.2 +/- 0.1°, 12.9 +/- 0.1°, 13.8 +/-
0.1°, and 15.6 +/- 0.1°; or
j- said X-ray diffraction pattern comprises a peak at 4.1 +/- 0.1°, 6.1 +/- 0.1°,
5 6.9 +/- 0.1°, 8.1 +/- 0.1°, 9.5 +/- 0.1°, 11.2 +/- 0.1°, 12.9 +/- 0.1°, 13.8 +/-
0.1°,15.6 +/- 0.1°, and 18.3 +/- 0.1°.

Another embodiment of the present invention is a pharmaceutical composition
comprising Form 1 and a pharmaceutically acceptable excipient.

10
Another embodiment of the present invention is the polymorphic form, Form 2,
substantially as shown in the X-ray diffraction pattern of Figure 7, the FT-IR spectrum of
Figure 2, the FT-Raman spectrum of Figure 4, the DSC thermogram of Figure 10, and
the TGA trace of Figure 13.

15
Another embodiment of the present invention is the polymorph Form 2 characterized by
an X-ray diffraction pattern comprising peaks expressed in terms of two theta angles
wherein the x-ray diffraction pattern comprises peaks at 7.8 +/- 0.1°, 9.5 +/- 0.1°, 12.3 +/-
0.1°,13.2 +/- 0.1°, 15.6 +/- 0.1°, 18.3 +/- 0.1°, 19.0 +/- 0.1°, 20.6 +/- 0.1°, 21.4 +/- 0.1°,

20 and 26.7 +/- 0.1°. Suitably Form 2 is characterized by an X-ray diffraction pattern
comprising of peaks at 7.8 +/- 0.1°, 9.5 +/- 0.1°, 12.3 +/- 0.1°, 13.2 +/- 0.1°, 15.6 +/- 0.1°,
18.3 +/- 0.1°, and 19.0 +/- 0.1°.

Another embodiment of the present invention is the polymorphic form, Form 2, of [(2R)-
25  2-(Cyclopentylmethyl)-3-(2-{5-fluoro-6-[(9aS)-hexahydropyrazino[2,1-c][1,4]oxazin-
8(1H)-yl]-2-methyl-4-pyrimidinyl}hydrazino)-3-oxopropyllhydroxyformamide wherein said
polymorphic form is characterized by an X-ray diffraction pattern comprising peaks
expressed in terms of 2 theta angles, wherein:
a. said X-ray diffraction pattern comprises a peak at 7.8 +/- 0.1°; or
30 b. said X-ray diffraction pattern comprises a peak at 7.8 +/- 0.1° and 9.5 +/-
0.1°% or
¢. said X-ray diffraction pattern comprises a peak at 7.8 +/- 0.1°, 9.5 +/- 0.1°,
and 12.3 +/- 0.1°; or
d. said X-ray diffraction pattern comprises a peak at 7.8 +/- 0.1°, 9.5 +/- 0.1°,
35 12.3 +/-0.1°, and 13.2 +/- 0.1°; or
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11.2 7.9 18.3 4.8 12.8 6.9 12.9 6.9 19.0 4.7 13.4 6.6 13.8 6.4 20.6 4.3
16.0 5.6 15.6 5.7 21.4
WO 2009/061879 PCT/US2008/082575

e. said X-ray diffraction pattern comprises a peak at 7.8 +/- 0.1°, 9.5 +/- 0.1°,
12.3 +/-0.1°,13.2 +/- 0.1°, and 15.6 +/- 0.1°; or
f. said X-ray diffraction pattern comprises a peak at 7.8 +/- 0.1°, 9.5 +/- 0.1°,
12.3 +/-0.1°,13.2 +/- 0.1°, 15.6 +/- 0.1°, and 18.3 +/- 0.1°; or
5 g. said X-ray diffraction pattern comprises a peak at 7.8 +/- 0.1°, 9.5 +/- 0.1°,
12.3 +/- 0.1°, 13.2 +/- 0.1°, 15.6 +/- 0.1°, 18.3 +/- 0.1°, and 19.0 +/- 0.1°;
or
h. said X-ray diffraction pattern comprises a peak at 7.8 +/- 0.1°, 9.5 +/- 0.1°,
12.3 +/- 0.1°, 13.2 +/- 0.1°, 15.6 +/- 0.1°, 18.3 +/- 0.1°, 19.0 +/- 0.1°, and
10 20.6 +/-0.1°; or
i. said X-ray diffraction pattern comprises a peak at 7.8 +/- 0.1°, 9.5 +/- 0.1°,
12.3 +/- 0.1°, 13.2 +/- 0.1°, 15.6 +/- 0.1°, 18.3 +/- 0.1°, 19.0 +/- 0.1°, 20.6
+/-0.1°,and 21.4 +/- 0.1°; or
j- said X-ray diffraction pattern comprises a peak at 7.8 +/- 0.1°, 9.5 +/- 0.1°,
15 12.3 +/- 0.1°, 13.2 +/- 0.1°, 15.6 +/- 0.1°, 18.3 +/- 0.1°, 19.0 +/- 0.1°, 20.6
+/- 0.1°,21.4 +/- 0.1°, and 26.7 +/- 0.1°.

Another embodiment of the present invention is a pharmaceutical composition
comprising Form 2 and a pharmaceutically acceptable excipient.

20
Another embodiment of the present invention is the polymorphic form, Form 3,
substantially as shown in the X-ray diffraction pattern of Figure 8, the FT-Raman
spectrum of Figure 5, the DSC thermogram of Figure 11, and the TGA trace of Figure
14.

25
Another embodiment of the present invention is the polymorph Form 3 characterized by
an X-ray diffraction pattern comprising peaks expressed in terms of two theta angles
wherein the x-ray diffraction pattern comprises peaks at 6.1 +/- 0.1°, 7.5 +/- 0.1°, 8.2 +/-
0.1°, 9.1 +/- 0.1°, 12.0 +/- 0.1°, 12.8 +/- 0.1°, 13.4 +/- 0.1°, 16.0 +/- 0.1°, 23.3 +/- 0.1°,

30 and 27.6 +/- 0.1°. Suitably Form 3 is characterized by an X-ray diffraction pattern
comprising of peaks at 7.5 +/- 0.1°, 8.2 +/- 0.1°, 9.1 +/- 0.1°, 12.8 +/- 0.1°, 13.4 +/- 0.1°,
and 16.0 +/- 0.1°.

Another embodiment of the present invention is the polymorphic form, Form 3, of [(2R)-
35  2-(Cyclopentylmethyl)-3-(2-{5-fluoro-6-[(9aS)-hexahydropyrazino[2,1-c][1,4]oxazin-
8(1H)-yl]-2-methyl-4-pyrimidinyl}hydrazino)-3-oxopropyllhydroxyformamide wherein said
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4.1 23.3 3.8 18.3 4.8 26.7 3.3 27.6 3.2 5 The FT-1S spectrumof the solid
forms was recorded using a Therno Magna M dI R system usi ng net hods as
descri bedwber@ias1878l i ght vari ati ons in observed peaks aPeTANp@siers7hased on
the specific spectrometer enployed and the analyst's sanple 10preparation

t echni que. Sone margi n. of error i res each of .t he peak.assi gnnents
ooort on B o e s Szt pY 1 Ry ROy Poerire e Resid
appr oxi makghrgsseld-in ﬂermﬂbizmr'eﬂa ﬁhQJeé; errbeaks vvere observed at: 1035 +/- 1
cml1l, 1059 +/- 1 cm 16 . Hr 5 +/ - %% 101173 +/- 1 cml,
1347 +/- 1 cm 1, %4%8% rayffﬁﬂ? '|°”pf ) CP/“F’”EG%%PF"’ 3 FOT1%m 1, and
1656 F/- 1 cm 1.p. Suaiti 2biay, diffrastionlpaaei bdrhsrideB esgeakhareart-p10. Stdng peaks of

15any any two, 3ny three, any four, or any five or nore peaks. Form 2
IR pea s were obsor 0ad %t . 1036 -F/ . 1 cm1, 1114 +/- 1 cm1, 1152 -F/- 1
cml, ¢. said X-ray diffraction pattern comprises a peak at 6.1 +/- 0.1°, 7.5 +/- 0.1°,

and 8.2 +/-0.1°%; or
d. said X-ray diffraction pattern comprises a peak at 6.1 +/- 0.1°, 7.5 +/- 0.1°,
8.2 +/-0.1°,and 9.1 +/- 0.1°; or
10 e. said X-ray diffraction pattern comprises a peak at 6.1 +/- 0.1°, 7.5 +/- 0.1°,
8.2 +/-0.1°,9.1 +/-0.1°, and 12.0 +/- 0.1°; or
f. said X-ray diffraction pattern comprises a peak at 6.1 +/- 0.1°, 7.5 +/- 0.1°,
8.2 +/-0.1°,9.1 +/-0.1°,12.0 +/- 0.1°, and 12.8 +/- 0.1°; or
g. said X-ray diffraction pattern comprises a peak at 6.1 +/- 0.1°, 7.5 +/- 0.1°,
15 8.2 +/-0.1°,9.1 +/-0.1°,12.0 +/- 0.1°, 12.8 +/- 0.1°, and 13.4 +/- 0.1°; or
h. said X-ray diffraction pattern comprises a peak at 6.1 +/- 0.1°, 7.5 +/- 0.1°,
8.2 +/- 0.1°, 9.1 +/- 0.1°, 12.0 +/- 0.1°, 12.8 +/- 0.1°, 13.4 +/- 0.1°, and
16.0 +/- 0.1°; or
i. said X-ray diffraction pattern comprises a peak at 6.1 +/- 0.1°, 7.5 +/- 0.1°,
20 8.2 +/-0.1°, 9.1 +/- 0.1°, 12.0 +/- 0.1°, 12.8 +/- 0.1°, 13.4 +/- 0.1°, 16.0 +/-
0.1°, and 23.3 +/- 0.1°; or
j- said X-ray diffraction pattern comprises a peak at 6.1 +/- 0.1°, 7.5 +/- 0.1°,
8.2 +/-0.1°, 9.1 +/- 0.1°, 12.0 +/- 0.1°, 12.8 +/- 0.1°, 13.4 +/- 0.1°, 16.0 +/-
0.1°,23.3 +/-0.1°, and 27.6 +/- 0.1°.

25
Another embodiment of the present invention is a pharmaceutical composition
comprising Form 3 and a pharmaceutically acceptable excipient.
EXAMPLES

30

The following examples illustrate the invention. These examples are not intended to limit
the scope of the present invention, but rather to provide guidance to the skilled artisan to
prepare and use the compounds, compositions, and methods of the present invention.
While particular embodiments of the present invention are described, the skilled artisan
35  will appreciate that various changes and modifications can be made without departing
from the spirit and scope of the invention.
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1172 +/- 1 cm 1, 1310 +/- 1 cml, 1414 +/- 1 cm1, 1441 +/- 1 cm 1, 1570
+/- 1 cnmd, 1601 +/- 1 cml, and 1662 +/- 1 cm1l. Suitably, Form 2 exhibits
t hese chavecvericst7’oc peaks of 20any one, any two, any t Rceas2@spsisosir, or
any five or nore peaks. The IR data for Forns 1 and 2 are illustrated in
Figures 1 and 2 respectively. WD 2009/ 061879PCT/ 1JS2008/ 082575 The FT- Raman
spectrumof the solid forns was recorded using a Therno FT-Ranan System 960
Spect r omreneruses inegeineiidiegabals ahessnvbetibnbarsednn tidseghrbcesaesagdnemesiand

observed eak are ex ected ed on the eci ectro ed and
Dhe o Pramed e RIS E S TRt e B onlssfae R S Tlersiae: 1

pr eSﬁnt | Q)i(f&ﬁ}ﬁib the Uéwnaﬂwqhas&n@mnmem@ppswdtyb@ . Joﬂmﬁalrﬁir&blﬁglﬁél error
in the_ pe assigngents is, Xi cnt, . For pe svvere
bhservan Eemigy TEnad SndBIE T Eedeir aghuSptiong Bkvodemy B8

1180 +/- degigiatd 30tno Bdid rdsiguds, Whith arE/assﬂmGdimd.belﬁ(ﬂEe LEbnflngr@tmnlunléﬁ74
10+/- 1 ¢ 1 .and %935 +/ - m*.Suitt%alog" Fo xhibits th

Se
char act er PEEMISS Dol otless ‘oifigwisah o P e PETRY HAD £ ve
or nore pe@hmerdﬁﬂrsUppaueF@mnumaMmomeﬂUﬁh@’qmmw@nat 273 +/- 1 cm1, 483 +/-
1 cnt 507 +/- 1 cnt 764 +/- 1 cm¥, 847 +/- 1 cm1, 1179 +/- 1 cmd, 1228 +/-
1 cnt 1446 +/- 1 cm 1, 1673 +1- 151 cntl, and 2932 +/- 1 cnt¥ Suitably, Form

f2 exhi®i t Allfréffe&ec@’@r éhéredre 36 Hiethyeater; ofinamyfesie,a @ﬁwatedoaqgaﬁly’s sdiatem, ofany
our, n I ve or nore, eaks were obseryed at: 273
Wi o RBs06UTeSs MertisRTRgRaienl I Baiseratos o HERiecs I e s iedipesnr
1228 +/ - Cestigradsd0AlHrbactibng melconliﬂiél@d-tfndeﬂarcmeﬂt atrhb6sphedat rooh températ@sd
2934 +/- 1 ch ui t abl |ts e ch ﬁ@Cte” stlfésge?hks of any

one, any PQESS QRPTYiRE diote rﬂ?g]%bﬁé S & q EePUs gt erwise

indicated.
15
'"H NMR (hereinafter also "NMR") spectra were recorded on a Varian VXR-300, a Varian
Unity-300, a Varian Unity-400 instrument, a Brucker AVANCE-400, a General Electric
QE-300 or a Bruker AM 400 spectrometer. Chemical shifts are expressed in parts per
million (ppm, & units). Coupling constants are in units of hertz (Hz). Splitting patterns
20  describe apparent multiplicities and are designated as s (singlet), d (doublet), t (triplet), g

(quartet), quint (quintet), m (multiplet), br (broad).

Mass spectra were run on an open access LC-MS system using electrospray ionization.
LC conditions: 10% to 80% CH3CN (0.018% TFA) in 3.0 min with a 1.25 min hold and

25 0.5 min re-equilibration; detection by MS, UV at 214 nm, and a light scattering detector
(ELS). Column: 2.1 X 50 mm Zorbax SB-C8.

For preparative (prep) HPLC; ca. 100 mg of the final products were injected in 1000 uL
of MeOH, DMSO, or DMF onto a SunFire Prep C18 OBD 5 um 30 x 75 mm column at 35
30 mL/min with a 10 min gradient from 5% CH3;CN to 95% CH,;CN in H,O, followed by a
90% CH3CN in H,O hold for 1.9 min. Flash chromatography was run over Merck Silica
gel 60 (230 - 400 mesh), or using a Teledyne Isco Combiflash Companion with normal

phase, disposable Redi-Sep flash columns.
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The Raman data for Fornms 1 to 3 are illustrated in Figures 3 to 5
respectively. 25The DSC t hernogram of the forns was obtained using a TA

I nst runernwe 20¢vaensk Anal ysis System Mdel DSC 0100 usi RGTSR208082535
descri bed herein. The data are illustrated herein as Figures 9 to 11 for
Forms 1 tP 3 regpectively. Forms 1, 2, and 3 had a nelt onset neasured
by DSC at—'ﬁ%’é@%ﬁaéely 187C, 185C, and 190C respectively. Wth respect to
Form 1 (Fi qarp3DydcldssntyViBgfanii(phetiylrhethyfoRPlahiind)ntethyipsiopadsictazid
exothermc solid state formconversion of Form1 to Form 3. The TGA trace
of the forns was obtained using a TA Instrunents Thermal Analysis System
Model TGA 0500 using nethods descri béd herjisn. The data are illustrated
herein as Figures 12-14 for Forns ' pectively. WO

2009/ 061879PCT/ 1JS2008/ 082575 One errb0| t of the present invention is

t he pol ynorphic form Form 1, sub ially as shown in the X-ray
diffraction pattern of Figure 6, the’FT-IR spectrumof Figure 1, the

FT- Ranan GLrum of Figure 3, the DSC thernogram of Figure 9, and the TGA
trace of re 12. Anot her enbodi nent of the present invention is the
pol ynor ph(48)Benkykdé3-aytlopentytpropanoyi)oxazglidinforsct i on pattern conpri sing
peaks expressed in terns of two theta angles wherein the x-ray diffraction
pat t er n c dopr sabeion et 4% B(- pé-ban2yl-2foxagolitjnode 125 b, 141 ima) i9 THE (360 ol 1at -8 1

+/ - + 9 5
0.1, ang 185 g gty otcpufied (B bo 702 S st ok 148 ot} afer”
diffracti elirripe far &0 rmio @irphvel &amegteofpepmmsthatre&t@n+antuoa was ’@leﬁ tHe/atedomm 3-11.2
ot niS pr SEicheibTpdnidn ERF (21 8-y, RO Povero. 2 b RO pRBrRa! mon
2- (Cycl ogwas;allpwewb)wam(20{raorﬁItamnpena@r[a(@ws;tirrmkawmgbpyﬂwrea@[lqn was] [ 1, 4]
OvaI n-

H-yl]-2- ﬁ%l‘?’}?"?di”'thy?ﬁt%a AN AR e e T R B D R IR LK
wher ei n sexitagesl yito EbAC (3 8r200insL)e hEreacerabined drdapicalayexs megye diieéd (MgBOan
PR LI N S e e TG s L S
sai d ¥ r ayhité é(ﬁlrde(éﬁﬂ(m1p@t’/&)eﬂ_|®MSJn(tMﬂ-$)e530Q Peak at 4.1 +/- 0.1 and 6. 1
+10.1; or c. said X-ray diffraction pattern conprises a peak at 4.1 +/-

0.1, 6.1 + - 0.1, and 6.9 +/- 0.1'; or 25d. said X-ray diffraction pattern
conpri sesPartfgeak at 4.1 +/- 0.1, 6.1 +/- 0.1,

(4S)-3-((2R)-3-Cyclopentyl-2-{[(phenylmethyl)oxy]methyl}propanoyl)-4-

(phenylmethyl)-1,3-oxazolidin-2-one

20 To a solution of (45)-benzyl-3-(3-cyclopentylpropanoyl)oxazolidin-2-one (42.4 g, 141
mmol) in dichloromethane (500 mL) at 0 °C under nitrogen was added titanium (V)
chloride (1 M in DCM, 1865 mL, 155 mmol) in a slow steady stream. After 5 min,
diisopropylethylamine (27 mL, 155 mmol) was added dropwise. After stirring at 0 °C for
1 h, benzyloxymethylchloride (TCI-America) (39 mL, 280 mmol) was added in a slow

25  steady stream to the resulting titanium enolate, and the mixture was maintained at 0 °C
for 3.5 h. The reaction mixture was then quenched with water (400 mL). The aqueous
layer was extracted with dichloromethane (150 mL x 2). The organic extracts were
washed with saturated NaHCO,, were dried (MgSO,) and were evaporated. The residue
was washed with ether (2x), and then was ftriturated with hexanes/ether to provide 2

30 crops of (4S)-3-((2R)-3-cyclopentyl-2-{[(phenylmethyDoxy]methyl}propanoyl)-4-
(phenylmethyl)-1,3-oxazolidin-2-one as a pale yellow solid (42.7 g, 72%). LCMS:
(M+H)": 422.2.
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6.9 +/- 0.1, and 8.1 +/- 0.1; or e. said X-ray diffraction pattern
conprises a peak at 4.1 +/- 0.1, 6.1 +/- 0.1, 6.9 +/- 0.1, 8.1 +/- 0.1, and

9.5 +/- OWO;20@w061879 f. said X-ray diffracti eaTastaosnsescdnpri ses
a peak at 4.1 +/- 0 1 6.1 +/- 0.1, 306.9 +/- 0.1, 8.1 +/- 0.1, 9.5 +/-

.1, and & +/ - or g. said X-ray diffraction pattern conprises a
peak at 4: 0. 1 6 1 +- 0.1, 6.9 4/- 0.1, 8.1 +- 0.1, 9.5 +/- 0.1,

11.2 +/ - (4S)3-R2R) :1-Ey9Iobbntﬁ-zl(hydﬁd’xymethyl)prbpaﬁ@)l}MXpHiéthﬂefﬁyll)at;m on
pattern co;grlses a peak at 4.1 +/- 0.1, 6.1 +/- 0.1, 6.9 +/- 0.1, 8.1 +/-

0.1, 9.5 9xazqlidin-2-ppe, ., 01 129+/-01 and13835+/-01 or WO

2009/ 061879PCT/ 1352008 S diffrac t ern co |ses a
Coak ar AR e 1o QAR ¥Ry o et s Tpren IR gRTE BaS R
11.2 4§ - (bhlanylﬂr%tl@l)*“/:% ofazblidihR-6nerU2.71g, Ganhehol)n ethahel (800 miL)@hd DMF (1&0 sal d

X-ray dif ctlon at n conprises a peak at 4 1 +/- 0.1, 6.1 +/- 0.1,
56.9 -Fi - SRl aRE T Sadh 155 Ly thoh HidC g aniA pilcaro 4
13.8 +1- Bydlrogérﬁ Thetteacliorl wadns0% 8cadnptéte Iy LCMSatterep4 erbliel reetiomfwdshe

Phar mceubyeR? MRt e TpinaGat of SRR Ky METURaE AR BreHEN g es ant
i nvent i oned $, tHeerepoiopmwaBgain arged it mirdgers wastfitatadabhy trasfilshtewolvientst he

X-ray, diffraction ttern of F he FT-I ctrumof Fi gur , the
1 e WBECPRVET 1o gl (et REirspb R DR T B et Fie Ton
trace of ﬁjr@uylmeﬂm)-ﬂﬁoﬂmubmm 6D @88. MgN100%). teMPr @den)’: 33p@ntion is the
pol ynor ph Form 2 characterized by an X-ray diffraction pattern conprising
peaks expressed in terns of two theta angles wherein the x-ray diffraction
pattern cpanmjses peaks at 7. 8 +/- 0 1, 9.5 +- 0.1, 12.3 +10.1, 13.2 +/-
0.1, 15.6 +- +/-01 206+/-01 214+/-0.1,
20 and 26(27’?) WVC'BP?L“WSGT('E'WVPGFW')Pr?%a'lff’d‘a?"a'é’t erized by an X-ray

dl/ ffrﬁs:tl grs)paa[k mcgaapénthn@\y@ﬁoxmaﬂﬁgl),abpa?no%l]qu(phé)n;ﬂme gﬁxﬁd 0.1, 112 3
+/ - and

Anot her eﬁ’fﬁ‘?&iﬁ’fﬁ@for@r 3hé Y Wasvalier dn 8 ’E'XM%OBEHWB?%m'—é af‘Bﬁ’YﬁterFor m

2, of [(2M5 mL) and cooled to 0 °C. 30% HydrOé;en peroxide (96 mL, 1 mol) was added,

252- cl opent yl net hyl 5-fl uoro 9a8S) - hexahydr opyrazi no[ 2, 1-¢] [ 1,
4] oxgquln- foFﬁoweg by I|th|um %ydromde {monohydrate (8. 4 g 0.2 Qnol) The ryeactlopnywas Warn[1ed I

8(1H) -y1] ro%nnabmsbraﬂ:reyrahm fheRY bthrAsad oR&riniyp). - $hé’X'ﬂH’F-‘ owé ]r@bﬁ@('/éﬂ(}’cfyorréfﬁm de

wherein said poly phic formis characterized diffraction

patte?(h chﬁﬂqr%tioﬁgT%%a%eoé&ﬁ?%%%W% Waﬁféerdn‘ﬁ””bfj'cb'oforﬁ‘e%t%a% %6800 Rher@sn: a.

sai d X-r aycidifiéd fvaatdNo FOpadiden s eRiavtéd @fh @tr@ﬁ@lﬁetaie (?f B 169 ng thé oRjaniz0b.

said X-ray diffraction pattern con‘allses a and 9.5 +1-
extracts were dried” (MgSO,4) and were evapor: ted to prowde (2R)3 cyclopentyl -2-
(hydroxymethyl)propanoic acid as a clear, colorless oil (18.5 g, >100%). LCMS:
(M+H)": not detected. 'H NMR (400 MHz,CDCl;): & 7.3 (br s, 1H), 3.79 (d, J=5.83 Hz,

25 2H), 2.64-2.71 (m, 1H), 1.45-1.87 (m, 9H), 1.05-.14 (m, 2H).

Part E:
(2R)-3-Cyclopentyl-2-(hydroxymethyl)-N-[(phenylmethyl)oxy]propanamide

To a mixture of (2R)-3-cyclopentyl-2-(hydroxymethyl)propanoic acid (18.3 g, 106 mmol),
30 O-benzyl hydroxyamine hydrochloride (18.62 g, 117 mmol) and 4-
(dimethylamino)pyridine (28.5 g, 233 mmol) in dichloromethane (110 mL) at 0 °C was
added 1-[3-(dimethylamino)propyl]-3-ethylcarbodiimide hydrochloride (22.3 g, 117
mmol). The mixture was maintained at 0 °C for 3 h. After this time, 500 mL of 1N cold,
aqueous HCI solution was added, and the mixture was stirred for another 30 min. The

35 resulting white solid precipitate was collected by filtration. The precipitate was washed
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0.1; or c. said X-ray diffraction pattern conprises a peak at 7.8 +/- 0.1,
9.5 +4/- 0.1, and 12.3 +/- 0.1; or d. said X-ray diffraction
pattern cwopniwsss7’a peak at 7.8 -FR 0.1, 9.5 +/- 0.1, 3ptZA32008085374, and
13.2 +/- 0.1; or WD 2009/ 061879PCT/ 1JS2008/ 082575 e. sai d X—ray diffracti on
pattern conpr,i eak at 7.8 13.2
2o T, R hEAE By ReR andh W oigihey. PadndipraraBt ingh visHUm ARSESAT | ces
8 peak gt prgnged}-_(QR)GcitcloBerﬁylﬂ 6hy@rcci)ikyméﬂﬁy@ﬂ(?hdﬁﬁyﬂnetﬁﬁ)&y]pv‘opaGarinde1(596 +/ -
.1, and 18 3 +/- 0,1., or .59 said X-ray diffraction pattern conprises a
peak at 79’865@'-'-@?‘?{-, 4¥8)" 3778, 1, 12.3°4/- 0.1, 13.2 +/- 0.1, 15.6 +/ -
0.1, 18.3 +/- 0.1, and 19.0 +/- 0.1, O h. said X-ray diffraction
pattern corrprlses a peak at 7.8 -F/- 0.1, 9.5 +/- 0.1, 12.3 +/- 0.1, 13.2
+/- 0.9, bet&ii/. 0.1, 18.3 +/- 0.1, 19.0 +/- 0.1, and 1020.6 +/- 0.1; or

i d X 8 - F/ 0.1, 9.5 +/-
5209 Xame ga,;ciamymtm ﬁﬁ(ﬁi‘reﬁwﬂthﬁ?&(q-m'ﬁd%"é 1.0 + 2 o1

20.6 + - 008 Mixiwe oh(2k) 37ch@p§”ty'03’(hydroxyme}hw)%[(H‘%VFT&%I“H}OP‘VPWPBW%M tern

0 o
gorlrpr Ilgeg (%9?9681 @ﬁm&l) %nd Er/pheﬂyléhoe%hﬁleﬂ/zz 50g, 197 ﬂfﬁk@ iR THE (ébohgkﬂit (-%/ d‘/ -

and 26.7 Wps ayded d,ﬁéPRW'%ld“%?%QRY" ?H'CQSPO’EVII?ée 5?%@6’]‘1'& 9?1\?@1%‘?'? orl Negregetion

phar mpg euhipdddle WASTRRStAihOM a€ QNI iSr 480 nfit0 Y AvaantheA dVBBGMARGE PUKifEtY by
accept abl e exci pi ent. 20 Anot her enbodi ment of the present invention'is the

pol ynor phFRomgiagrantyran slicasgnlsesing P'&Ielu}'”%§y%tﬁ’6vm rieﬁa'i%'ét%cr@? SiPFvidst i on

pattern of3miaieySofentiif@tyh-15asrmyPRee ok 2hzdtideehe (P6.9td1e sPRE titmeogr am
of Fi guretlFl"l3 g;g §e 9 GAW}-race o%l Fi g}fjreﬂlm 25 Anot(her d;rrbodlgznent of the
present |H\0’e'ﬁ)u%€fpis the pol ynorph Form 3 characterized by an X-ray
diffraction pattern conprising peaks expressed in terns of two theta angles
wherein the x-ray diffraction pattern conprises peaks at 6.1 +/- 0.1, 7.5
+/- 014, Ra?G¢10.1, 9.1 +/- 0.1, 12.0 +/- 0.1, 12.8 +/- 0.1, 13.4 +/- 0.1,

char act or (235 51 SpE40n 2t aitnatio idmsmibr Pand eIl s 2 7.
+/- 0.1, 8.mixtyre of (3R)-B(cyclopgntylmethyl)it Hlen/ylm@hmoxw gzetidinoge ¥20 gnd7.16. 0
+- 0.1 mmol) and LiOHH,0 (32.4 g, 0.77 mol) in THF/water (500 mL/170 mL) was stirred at
room temperature for 36 h. To the reaction mixture was added 6M HCI (130 mL), and
20 then 1 N NaOH was added until a neutral pH was obtained. The layers were separated,
and the aqueous layer was extracted once with EtOAc. The combined organics were
dried (MgS0Q,) and concentrated to provide (2R)-3-cyclopentyl-2-
({[(phenylmethyl)oxy]amino}methyl)propanoic acid (22.85 g, >100%) as a clear, colorless
oil. LCMS: (M+H)": 277.9.
25
Part H:
(2R)-3-Cyclopentyl-2-({formyl[(phenylmethyl)oxy]amino}methyl)propanoic acid
Under a nitrogen atmosphere, formic acid (192 mL, 5 mol) was dissolved in CH,CI, (450
mL) and cooled to 0 °C. Acetic anhydride (73 mL, 0.77 mol) was then added, and the
30  reaction mixture was stirred for 45 min. After this time, a solution of (2R)-3-cyclopentyl-
2-({[(phenylmethyhoxylamino}methyl)propanoic acid (22.85 g crude material, assumed
77.1 mmol) in CH,CI, (450 mL) was added, and the resulting mixture was stirred for 1.5
h at 0 °C . The volatiles were then removed, the crude residue was dissolved in EtOAG
(500 mL), and the mixture was washed with brine (4 X 100 mL). The organics were

35  dried (MgSOy,) and concentrated to provide (2R)-3-cyclopentyl-2-
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Anot her enbodi nent of the present invention is the polynorphic form Form
3, of [(2R)-

352- ( Cyclwpentwdsmsbhyl ) - 3- (2- { 5- f | uor o- 6- [ (9aS) - hexahydraopyusamiseis2s 1-c] [ 1,
4] oxazi n-

8(1H)-y1] hydrazi no ro dr oxyf or mam de
wher o n s HRTHery OB B RSP r e a7 G 5 72 SOV FhaT BHTER PR | <
char act er Lers: qm+an*:8o6ay diffraction pattern conprising peaks expressed in
terns of 2 theta angles, wherein: a. said X-ray diffraction
pattern conprises a peak at 6.1 +/- 0.1'; or b. said X-ray

di ffracti One pat @8- (ﬁ]@lﬁpéntgzl%({fbrrﬁﬂﬁbhea{ylrﬁetﬂ;yl)dxy]a‘rhlﬁo}ﬁi@dwy?)p@paﬂolc 50. écld or c.

d di ff ti
oL o tisonigey R nB b Hpr TRl schete, P S B b oA e IR BB =
peak at 6Ta a- §dlutidh af, (2R)3- dytfop@ntélcl Z—chﬂmﬂ[(-ph@nyilmemvﬂo@]almﬁré}mdhﬂ)pr@i’an&@e

o1 5. o apid @ gloimaeh i Heng a8 i WS fulea, lisomrdpyedivdarify 117

(c)ii ffr SCt | @M, pas henol), coapthe mstuaa paaktidéd 6t dooml tentpetaturé. for approRimbitelB 32h. +/ -

1, 1

O Ly % L bk bt s Bk ouBE RS adofbiss Jehd eBen e ong watesapp

8 1, 168. &Ly/ Th@la@tersQNe'ke sbpar@tetiDandlihergdnic I@yér wasZexratted tho oratiched Jith +/ -
1; or

754 op b mvyfa LA el SATGBI oG SDARS ol weenwiti 305 )

0.1, and ﬂrﬁ_ Oriré - adﬂeﬂi) OThe combindd aaaé(ﬁleX+aryay’s avelré rtasi | @raprdt eith 0%
conprlses eak

12.0 -FR 6"& Opﬂo'én ﬁ%i:?rﬁfoim @3‘ 20‘1/"‘5”0 the f%"“B'”ﬁg 'S?Pripa”a?Hé*'%foém 'Fyeré 1
or j . sai dere raligd d{Nd,80¢), | ilergaatdner Bvammpted S©s povidzakhat2(R)-3-cyBlIBpéhtill-2-7. 5
01% Oﬁﬁ@m@h%y}@etﬂyl}o@j@ﬂQgﬁi?t%pgop%éicg: afILE:iid, Liiopiopydhitaming Fsatt”
isopropanol solvate (30.29 g) as a clear beige oil. LCMS: (M+H)": 306.2.

Intermediate B

(2R)-3-Cyclopentyl-2-{[formyl(tetrahydro-2H-pyran-2-

20 yloxy)amino]methyl}propanoic acid
o o
HO ITIJI\H
OTHP
Part A:

(3R)-3-(Cyclopentylmethyl)-1-(tetrahydro-2H-pyran-2-yloxy)-2-azetidinone
(3R)-3-(Cyclopentylmethyl)-1-[(phenylmethyl)oxy]-2-azetidinone (100 g, 386 mmol) was
25 dissolved in ethanol (1.2 L), and the solution was degassed. Pd on C (10%, dry, 8 g)
was added and the suspension was purged with hydrogen and stirred under a hydrogen
atmosphere (balloon) until the reaction was complete by LC-MS (approximately 6 h). The
suspension was then sparged with nitrogen, filtered through Celite, and evaporated to
dryness. The resulting solid was redissolved in CH,CI, (1 L) and dihydropyran (70 mL,
30 767 mmol) was added, followed by pyridinium p-toluenesulfonate (PPTS, 5%, 4.85 g).
The reaction mixture was stirred 3 days at room temperature, then concentrated and

chromatographed on silica gel using 10-20% ethyl acetate in hexanes to provide (3R)-3-
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25 Anot her enbodi nent of the present invention is a pharnmaceuti cal
conposition conprising Form 3 and a pharnmaceutically acceptabl e excipient.
EXAMPLES WO 20dve6i&T0| owi ng exanpl es illustrate the i nvenecorus2dess’exanpl es
are not intended to limt the scope of the present invention, but rather to

D ARG RSk PR VB EER R B0 58 AR

enbodi men{10ed). t he present invention are described, the skilled artisan

35wi || appreciate that various changes and nodifi cations can be nmade

W t hout departing fromthe spirit and scope of the invention. - 53 - WO
2009/ 0618@9&’@/ 1JS2008/ 082575 As used herein the symbols and conventi ons

used i cesse apd exa re c nsistent w th thps
RN E RN R A R R S R CE S TR
the Ameri (3R)-LBsiopahtymasthy@) y-(tetrattyieo-2 ALpyral-2-9lox - Dhagididne S (heg) s168y .
St andard sing| e-| etter abhrevjations, ar erall ed to
dest gnat Mg Blsaoed b 17 ko HaBOdh & ol b Pyt tomed nésk
[ - confi guthat hed beeh @8&d Gith anvihieenah tHeethocddipliee Fofluxt duieh s, mﬁ edneoalbhlcal
starting mater tained fromco supp e t hout
urther paiTa caentlion SoRPA BREPLIR BoroD e POt Lot BB AGPORTRERS br i ne
r ef er 0 t owas paépared and @dd@@dﬁ)pﬁ\@éwhbdﬁe atditlaCrunnidn lvassvigérbes slisiagi Mhiecat ed,
all tenperatures.are res de r ade ns are
Conduct ecraliar TN SR 5P SraRS b cbP et e Alted SRRk <
not ed, anB58lrhL)saldwedshed avite Hekgrlms(taoamnl abé ergauici dyer walsesgactbd entivitse
i ndi cat ed 5 1H N (herelnfter al so " ct were re or de ona
Var | an vHOoR0 S e e gtcBhnS 1. e, pogBRE B A Geteieh
Brucker AWANCE (M2, acid Gaa6rmall) dibﬁwis’e oveithe306ures oﬂQ(BhutKG(eeécIHbétﬂ@mternal
spectfone hj are. | resse i n rt lion é
ni )8 ST e brIa dht - oo PO rEgra ek SXape e v B I8 e ns
20descri bestapmﬁ)r@m theutdrhiphéd iorgasc aﬂérsawerede@islwﬁmd waers (X8 agdebyer d
(doubl et) (triplet), uarte ui i nt et m It| br
Ubr oach . MaSGhe e ngesabiafid bl bo ol B edda {Piarobifd e
el ect r osptrayresidne Zaisi drted in vacuo to obtain (2R)—3-cyclopentyl-2-{[(tetrahydro 2H-pyran-2-
yloxy)amino]methyl}propanoic acid (70.9 g, 98%) as a colorless liquid.
20
Part C:
(2R)-3-Cyclopentyl-2-{[formyl(tetrahydro-2H-pyran-2-
yloxy)amino]methyl}propanoic acid
To a solution of (2R)-3-cyclopentyl-2-{[(tetrahydro-2H-pyran-2-
25  yloxy)amino]methyl}propanoic acid (97.05 g, 358 mmol) in acetone (1.1 L) at room
temperature was added 5-methyl-2-thioxo-[1,3,4]thiadiazole-3-carbaldehyde (57.3 g, 358
mmol) (Tetrahedron Lett. 1985, 26, 3703-3706). When the reaction was deemed
complete, the acetone was removed in vacuo. The residue was suspended in a mixture
of hexanes (320 mL) and methyl-t-butyl ether (180 mL), then sonicated. After 10 min,
30 the white solid (presumably 5-methyl-3H-[1,3,4]thiadiazole-2-thione) was filtered off, and
the filtrate was evaporated in vacuo to give (2R)-3-cyclopentyl-2-{[formyl(tetrahydro-2H-
pyran-2-yloxy)amino]methyl}propanoic acid as a pale yellow gum (124 g, >100%). NMR
shows the product contains a small amount of MTBE and 5-methyl-3H-[1,3,4]thiadiazole-
2-thione.
35
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LC conditions: 10%to 80% CH3CN (0.018% TFA) in 3.0 mn with a 1.25 mn
hold and 250.5 min re-equilibration; detection by M5, UV at 214 nm and a
| i ght scawoeneagigiet ector (ELS). Columm: 2.1 X 50 mm ZoPhauS3BsaR257F0r
preparative (prep) HPLC, ca. 100 ng of the final products were injected in

1000 pL 0 DVB DIVF Fi P 30 75
POSILIN o1 t8 TR S e N ae  P B h oS S e S
H20, fol | cavedlday bs g@?{a%@ﬁdﬂg%@'ﬂﬁ IgaiadJArfé gfrode(%réﬁ I[BraElkas hB@eshehrBkegr alphy
was run over C 1.1 Ca e - ' | a e e SCO
ot 11 o BT i heEr SHERaratuch il SUAP@RbaTR s PRl i (20RS RS me
WD 2009/ 060@42PE8 AJ[S2008/ 082575 I nternedi ate A

(2R) 3- Cycl opent y1-2- ((fornyl [ (phenyl met hypoxy] am no} net hyl ) propanoi ¢ acid
N OBh 5Part A (4S) - Benzy1- 3- (3-cycl opent yl propanoyl ) oxazol i di n- 2- one

TO a sol uThen QIR)G@);yc(Iop)enflfl DQHZMM(%{@N%&ZI-GDWQM ¥y )dmindidetigmptgpahbic THF
(350 m.) at W se n- 5M solution in

P
hoxane.” 1495 HEPYoPRERUBLTS 54t B HecreREH & oM A Fomper at ure,  t he
Eeact i on A solution CW;’(BRI Mplclbm@a;trlleq[(wmahy&o Z[-@pﬁﬁﬁ&%@@d%&fﬁpb]@dﬁt@h})b&op@hbi@ri de
21.6 nL, 141 r 0.25 h. T C re was wed t rm
Lot oom t Bkt b 24&mapolf PedopVLRemrghs (o8al) dad e Byt i 4t h
sat ur @ edrrmqme@uﬁndw-wﬁ plsoédJTr]ia)s;baﬂeﬁﬂthabhd h@ﬁitedaaeeﬁmoﬂm@/s \Mi&r exdlingct ed
wi th EtO0A 4 % igl %ngfnedo ani c ers were CL él\g 4) and
evapor at e ‘&9"9/ %’F‘Beré en2y 1Y ‘(r@a&ey r&H}%‘/F% B p&EY1 §E AFrFBFANE - one
as a 15whidstlusobagddisbdved ig,dictyd eXer. U‘EN&thdrMbetlmn wa3ZxBacted with water, and
the layers were separated. The aqueous layer was then back-extracted with a solution of
40% isopropanol in chloroform (2X). The combined isopropanol/chloroform layers were
15  then concentrated in vacuo to provide (2R)-3-cyclopentyl-2-{[formyl(tetrahydro-2H-pyran-
2-yloxy)amino]methyl}propanoic acid as the diisopropylethyl amine salt (28 g, containing a

residual amount of chloroform and isopropanol).

Intermediate C

20 4,6-Dichloro-5-fluoro-2-methylpyrimidine
F

me

N .-N

T

Part A:
5-Fluoro-4,6-dihydroxy-2-methylpyrimidine

A solution of 200 mL of 25% wt sodium methoxide in methanol (0.84 mol) was diluted
25  with an additional 200 mL of methanol. Acetamidine-HCI (40 g, 0.42 mol) was added to
the sodium methoxide solution (white precipitate formed), followed by addition of
dimethyl fluoromalonate (70 g, 0.46 mol). The contents were stirred at room
temperature overnight, then concentrated in vacuo to dryness. The resulting residue
was redissolved in hot water (300 mL). After cooling the aqueous solution to room
30  temperature, concentrated HCl was added slowly until crystal formation (fine white
prisms) took place at about pH 5. Concentrated HCIl was added dropwise until pH 3, and

then the contents were filtered. The isolated crystals were rinsed with 1M HCI and dried
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Part B:

(4S)-34(2R) - 3-Cycl opentyl- 2-{(phenyl met hyf | oxyl net hyl } pr opanoyl) - 4-

(phenyl nawbyb)s/ibiggooxazol i di n- 2-one 20To a sol uti on of PCT/US2008/082575

(4S) - benzy1- 3- (3-cycl opent yl propanoypoxazol i di n- 2- one (42 4 g, 141 mol) in

dlchlororrethane 500 a C under, . ni.trogen S j t niu V)

hi or o E10% Yasubtno R S1eB ot S Be BRPLTRERG oo S e Rt 5
mn, diisppMepyvethyliasi ne (27 ni, 155 nmol) was added dropvvl se. After
stirring at 0 Cfor 1 h, benzyloxynethylchloride (I1Cl-Arerica) (39 nL, 280
mmol) was added in a slow 25 steady streamto the resulting titanium

enol ate, ppdg:he m xture was maintained at 0 C for 3.5 h. The reaction

m xture was then quenched with water (400 nlL). The aqueous | ayer was
extrac? ed4xﬁ|"?'ﬁhmr€'rﬁf(|}|'%ﬁe% methylpyrimidifie x 2) " The organic extracts were

washed wi sm&%w@alﬁw b@@%thw@nm@the 3%@%’8%@ g20d R0 \@ééaﬁ@ét@@ &flin The
X

resi due was wash then was triturated with
hexanes/ e?’@l%tml-t gf Bp&h %1%) 3@ ferr 855 a‘pe reaction mixture was then cooled to room

(4S)-3-(( %ﬁ)pe?atﬁbécérﬂlp@%é!ﬂtra?ed fn' Mﬁ@ﬁhﬂ@ﬁéﬁé@@&@dl@nhb@rﬁcﬂfapﬁéﬂw P a dro

(phenyl nmet hyI ).- 1, 3-oxazol idin-2-one as a pale yellow solid (42.7 g, 72%

LOVS:  ( MFta-Of 438 shanyh drop/SEeREis 7PETRreduss o giomendias vpiatile end excéssive
(4S) - 8 ( 2BncRntEdnoRE PENL Rl ME@W@%&]&" ) PRORARY Mdsidtre( RREMHurERL BVér) - 1, 3-

oxazol i din-2-one A sol ution of

(4S) - 3- ((oRpbed iopcpop i Kpuling slupMaraA sHEtasyBDX Y} MEEIRg Whishdisasm Sip1§elutions
(phenyl m?t:émé)to loc?m QXABthiue. N A2y&NB@ dofid fdrmtbd Whih RRs)filteRedebh aihel &G ML)
and DVF (180 nL) was subjected to catalytic hydrogenatl on using 10% Pd/ C (4

g) and a Baerat o S PUGAUNEH e IoNg. o fMIaCEOIS 5ot Goefed niPACSNED 3t t or

24 h. Thedé%&dr%e%@%OQWnﬂB@Wpﬁ*&ld)h rpQﬂaeﬂ 6adehigrots- Mo@&hélﬂ?lﬁymﬁldhﬁédr ogen
was |ntroduced Aft er addi tional h, the reaction was agal n purged

with Wt &ﬁ‘?& Nels pMSt e%*d") 1@&”18% filtrate solvents 10were renoved to
provi de (4S)-3- [(2R) 3-cycl opent y1- 2- (hydr oxynet hyppr opanoyl ] - 4-

(phenyl nmet hyl ) -1, 3-oxazolidin-2-one (33.1 g, 100% . LCMS: (M+H)+: 332. 3.
Part D (2R)-3-Cycl opentyl- 2- ( hydaigrmasiated pr opanoi ¢ aci d

15(49)-3-[(2R) - 3- Q/clopenagsln.%h(otamtahynr-hbwa@rrmamyI] 4- (phenyl methyl ) -1
, 3- oxazolidin-2-one (33.1 g, 0.1 ) s stirred in a mxture of THF (330
m.) and water (55 nlL) and cooled to 30% Hydr ogen peroxide (96 niL, 1
nol ) was added, followed by lithi umh i de nonohydrate (8.4 g, 0.2 nol).
The reaction was warned to roomtenpenatwre, and then stirred overnight.
The THF was renoved by rotary 20 evaporation. The aqueous resi due was

washed wi th dichl oronethane (3 x 100 , was acidified wth 6N HCl, and
was exjraptgd.with ethyl acetate (4 x 100 nL). The organic extracts were
dried (M and were evaporated to provide (2R)-3-cycl opentyl 2-

(hydr oxyrr@tﬂtwpﬁﬂpam&bydmw H3Hppytimidinor®| orl ess oil (18.5 g, >100%

I(_ OCIJVrS J=5. 8?'?} qﬁzon%%%{ﬁ(ﬁg&@%[df%? '?‘5?505;1%6 %%dga)m ﬁwy?g%r&h%o %tej@1 4 3.79

2H) . Part g£76.3 mmol) in anhydrous methanol (400 mL) were treated with solid NaOMe (45 g,
(2R) - 3- Oy gbO RN Ydor for-MAH 0 Yo ey A R0 NG RAY HERI JIMRAX AL RYHAB RN 8 fon
25  was heated to 85 ©C and stirred for 2 h. The solvent was then evaporated to dryness.
To the residue was added 70 mL of 6 N HCI solution with vigorous stirring. The
suspension was stirred for 10 min until the residue was fully neutralized. The white
precipitate was collected by filtration and dried over vacuum to give 2-ethyl-5-fluoro-6-
hydroxy-4(1H)-pyrimidinone as a white solid . LCMS: (M+H)": 159.0; (M+Na)+:181.1.
30 In some cases, this product may contain co-precipitated NaCl, causing the yield to
exceed the theoretical value. In such cases, this product was carried forward through

the next step with the NaCl present.
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To a m xture of (2R)-3-cycl opentyl-2-(hydroxymet hyppropanoic acid (18.3 g,
106 mmol ), 30 0-benzyl hydroxyam ne hydrochloride (18.62 g, 117 mmol) and

4- (di metwgl2aowasog7pyri di ne (28.5 g, 233 mmol ) in di chl oromatshens®sys110 ni)

at 0 C was added 143-(di net hyl am no) propy1l] - 3- et hyl car bodi i m de

hydrochl ofjide (22.3 g, 117 mmol). The m xture was nmaintained at 0 C for 3

h. After “time, 500 nmL of 1N cold, aqueous HCl sol ution was added, and
t he m xt ua@B-Diehlorbi2-étagl 5-ﬂ00:’:ﬂwtrheiam%0 m n. The 35resulting white solid

Db s Do h AT R B S B lel e B05 BREBLPRE SRS BRE R Ee

Dryi ng OVﬁfnﬁUIp\hés h&atad nacnw%deussammo@lz Hor AN iadéidonal 68 mL of fresh POCIl; was

R e

phenyl rretH@ysp@myd; maté@izeivias dohsumn e EThEOe @ e 58 RD@]&N&B‘ distilled (62 °C — 68 ©C) in

2R) - 3- | d th | he th d 22.5
S TRAZE it vre.ap'w%ﬁé TR At coled o R BHDRERREIAT bS] &
was addedwds aputes evitis0smprod pyqzcazmdn pautzaXiytoate waieB (200mnL ). 9To M1 hixturEhe

cvapor at etins pvd PR oo By ir e cypatip e s EROIET MM &l ng

syst eng of sé@(@tnﬁ/ &t BAawo 95y dr3, themgudeds layer was further extracted with 100 mL of

(23 GRS S BTSSR el

met hyl )OXyI}(&t mhcm@enbbbywmchommtrrenowwh@cwdh A 501 xusfe1%f MeOH in CH,Cl..

(3R)-3-(c 0 th -1- hen X azetidi none, (20 77.1
o ) ana iRt e ol profRed I S &P PO Y s
stirred abs éqxgm;teﬂ@mqlaa.ur_ewfsar(l\@@)h.noir@ette&t@d.r cacti on i xture ves added oM
HCl (130 nL), and 20 then 1 N NaOH was added until a neutral pH was

obtai kd. The | ayers were separated, and the aqueous |ayer was extracted
once with EtOAc. The conbi ned or gamlt@rﬁ-.é@i‘étg gdried (MySO4) and concentrat ed

to provide (2R cI opentyl- 2- hypoxy] am no} net hyl ) pr opanoi c
acid (22.85 gl 2 gh'3f%-|5é!éz?°r°@o(mﬁ*hlé|§v°bf‘1m"'m;sylbm}mo} 77.9. 25
Part H: cyclopentylmethyl)-3-oxopropyl](tetrah dro-2H- ran-2-yloxy)formamide

(2R) - 3- Cycl orge%ty?L 2y({fo¥r)ry Uppe p¥]( y i o

et dalpoxy am no} met hyl') pr opanoi ¢ aci d
Under a nitrogen atnosphere, fgrmc (192&% 5 nol) was dissolved in
CH2Cl 2 (450 nmL) and cooled to ide (73 nm., 0.77 nol) was
t hen added, and the 30 reaction Nur s stirrred for 45 mn. After this
time, a solution of (2R)-3-cycl openty

2- (ffl phenyl net hypoxy] am no} net hyTS) propanoic acid (22 85 g crude materi al,
assunggd 7p 1 ool ) in CH2C 2 (450 nL) was added, and the resulting m xture
was stlrrE‘a—fSOr 1.5 hat 0 C. The volatiles were then renoved, the crude
resi due wasldprosohydupxy2-methndthi&d( Hipyrimidionke ni xt ure was washed with

S e R sy O SP I ER 8 otz s 417, , 015 mob an
dimethyl fluoromalonate (45 g, 0.30 mol) in MeOH (600 mL) at 0 oC (ice bath) was added

NaOMe (48.6 g, 0.90 mol) in portions. After the addition was complete, the ice bath was

25 withdrawn and the reaction mixture was stirred at room temperature overnight. LCMS
showed the formation of the desired pyrimidinone product. The reaction mixture was
concentrated to near dryness under vacuum, diluted with water (50 mL), and acidified

with 6N HCI (=150 mL) to ~pH 2 to precipitate the product. After filtration, the solid was

washed with 1N HCI (2 x 10 mL) and dried under vacuum to afford 5-fluoro-6-hydroxy-2-

30  methylthio-4(1H)-pyrimidinone (35.7 g, 68%) as a white solid. LCMS: (M+H)+: 177.3.
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WO 2009/ 061879PCT/ 1JS2008/ 082575
({fornyl[ (phenyl net hypoxy] am no} net hyl ) propanoic acid (23.5 g, 100% as a
t hi ck syrwp.20a9068,79( MtH) F:  306. 1. PCT/US2008/082575
The(2R) 3-cycl opentyl-2- ({fornyl [ (phenyl met hyl ) oxy] am nol met hyppr opanoi caci
5 dii SBE ggyl et hyl am ne salt, isopropanol solvate can be prepared in the
IIovmng To a solution of

fo
E§5R) 93hcy416@[p|ehw&52ﬂtédrbcﬂ (métRphm&y;Wmﬁuhmm)xy] amdgoldngt hyppr opanoi ¢ ?CI d

a i ro am ne
(1677 L, Aou sy St eroRy e e i - S oG B e B0 FRA Ly o

Sppr ﬁXl manIQVs (35[) mIJ}h&asr Redgted an1mng X(D Udjre3 \haSAftd_T_ﬁﬂolmd ot r@dmv\ilehfpeaﬂld‘et th@gal 4
| et y et he ter e y re e te an
G K B O A RN O e |
(250 nlL wao erlianl'Iﬁdﬂp&ﬂuGﬂ_wéﬁ exteachetlnth amgll 268atel(3 WwasE mi), tdhd3Be ontbiridde

added). The conbine queou | a e cte th 40%

i sopr opan8i9ai§ &Hieg o‘f’ [enx‘v?%e)g %@b ﬁ%ﬂ} (EWHSQQ)H%'It)ngW‘q &Q\gpdﬁh}’lcﬂnﬂc‘?ﬂe& of orm
| ?y)er S we(rfaﬁm)ed (Nﬂﬁa?f)ﬂ%lorfl Idf[er eﬁ; arsdlvenapcmah@éh t of, @IdQ:WﬁﬁE—SIﬂhero -2-
2(R)-3-cyel opent y1-2- 15({fornyl en y ppanoi ¢
acid, dii @B BWMBYW@PQ% él% asgglﬁ §$‘§Wp¥‘3&51a éﬁﬁe ((i%gz%9 dﬂ'; R’b 5% | ear
bei ge1@i | dete&®: (M FH)fr: 306. 2. I nt er nedi at e
B (2R)-3-Cycl opentyl-2-{[fornyl (tetrahydro-2H pyran-2-

20yl oxy) am nol net hyl } propanoi c acid Part A

(3R) - 3- (Opghepentyl net hyl ) - 1- (t et r ahydr o- 2H pyr an- 2-yl oxy) - 2- azet i di none
(3R) - 3- (Cycl opent yl net hXW) 1-[ (phenyl met hyl ) oxy] - 2- azeti di none (100 g, 386
mol ) was? ﬁ‘%ﬁ%éé#%ﬁs deazingrdt(methylthig)pyERtidinge sol uti on was degassed.
Pd on C (3@%icKibib-5 ﬁu&b %@%tﬁdﬂﬁﬁpﬁﬂdduh@%§l8586|78|8©nm%$) QNdI afsthyarihe

hydr o en and stirred under ag@ydro gen at nos (bal l.oon)_until the

o Ten k] B My TR B ae GX ML EI0 6 and FHEoQ B R Wass ¢ hen

sparged Wehdledtd eg€nwitf bhtigd @eter Ha@glro @k dofutioR WhseMARRT Rided Hyarddngness.
The resulting solid was redissol ved in CH2Q 2 (ﬁl L) and di hydropyran (70

nL, 30 76TORABIYAlRHE-SFdtkd P48 MV Hifeoier addiiamivas complsiesihet sAslion

(PPTS,  5%mixdur@aval) warbhgy ln@&ppfr%drgnmn'gr\@aé/\@&mﬁ&éd foed 1B URY PeRtion ﬂﬁ’)ﬁhre
tenperature, then concentrated and chromatographed on silica gel usi

10 2006 et Hgb OHIEH 18 WAIETHERA Y. ATS| BF GaHeRus ashyion was gstracted with CH,C, (3°

2009/@5518%%@%@)] S?Iﬁ)é)%rqglaéa%rgamc solution was washed with water &3 x 250 mL) and

(cycl opent yl net -(tetrah dro 2H pyran- 2-yl oxy) - 2- azet i di nhone as_a
col or] essbP qlnqql@qg)y(n d0v§ n dpgd +( 92804) and” concentrated in ‘'vacuo to afford 4-chloro-5-

5(25%) 3- Oﬂ@dr@merﬁudyém?aﬁi(mbmpm@wf@rdméwéaéu Rraihy030iNa0T70Qj, BBLd)Y I )amopanoi ¢
aci

(3R) - 3- (C\thei8 9 net hyl ) - 1- (tetrahydro- 2H pyr an- 2-yl oxy) - 2- azet i di none
(68 g, 268 mml) was dissolved in THF (1 L) and placed in a 3-necked 3 L
round bottonmed flask that had been fitted with an internal thernocouple,
refl ugd coRgédXer, and a nechanical stirrer. A solution of |ithium hydroxide

ronohydr aj@rf §Q2:E6 hidroSstalTBhol2 4 RetHRnit)-d-Bftimihn dpéz‘?rﬁ’é}Tﬁd and added

dropvmse |at addi ti on gﬂnne gorous s rin e reaction

m xt ure Wcmnmﬁﬁmemylkwmpwéltt&trahtdﬂoo?H REran %a!fqawé‘owamgd% luted with
H20 (350 Rlhix ﬁfr‘%o’l"@%ﬂ%@o wfharot@.ﬁ gﬁgéQQ%eﬁﬂg)thuoz m@a.ﬂ@wﬁobaxe% MR8

extracted wt nbi ne ous ayers wer e cool)ed to

0 C and cQ@f&:«zyo;opgatya?f{ﬁ‘f@mywetrﬁhmw@ftwr@n amquylanw@mﬂf)yl}ampnws@C@ver
the C?(}”Sﬁgoé 94 Bnfinolk @RPANE. d6 5'1@%{6@ EDéﬁé@@ﬂg%ﬁé%ﬁolgsﬁ@W n'#chQ The

aci di mat eri al was extracte and’ t

combi ned Bogdiee (28 ml. @2 mayheld MMEH3UR Mely) V(/ayytlrr@r ater@oavt@mneg@m
filtered, (a4 ﬁf’ apré %eﬁﬁ‘on BoRGRNRaé %ﬂﬁemvolth"\@tﬁylaé%‘é%qe/ﬁ%nﬁgﬁﬁgr qt§dnqand

t he re5|due dried In vacuo to obtaln

(2R) - 3- cyWﬁ@ﬁﬁﬁhWti\ afgr( (etr &9PdMms-)2[@anPy Fgn-opganjdsoeyardried] e $Hs) mndpanoi c
acid (70. QobenfSUl RS vBosP! OFhESSsiii@UlEs purified by Gilson RP-HPLC (35-95%

35 acetonitrile/water, 8 min gradient time) to afford [(2R)-3-{2-[6-chloro-5-fluoro-2-
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20 Part C (2R)-3-Cycl opentyl-2-afornyl (tetrahydro-2H pyran- 2-

yl oxy) am nol net hyl } pr opanoi ¢ aci d

Toasol ut iwoahquaiR1878- cycl opent y1l- 2- {[ (t et r ahydr o- 2H pyr am€2AIS2@8/082575

yl oxy) am no] net hyl | propanoi c acid (97.05 g, 358 mml) in acetone (1.1 L) at
roomtenp

L ot B Ry AN iyt inoh vl ops iy bRy dexpppl fptraudiorbh

( Tet r ahedp@anlzefibxy)dR88midéGs a&%@?a@ZQﬁQ .89 Yeg1dheL crrge tven ) wago deenmed
conpl ete, the acetone was renoved in vacuo. The residue was suspended in a

m xture of hexanes (320 nL) and nethyl-t-butyl ether (180 ni), then

soni cated. After 10 min, 30 the Whtdehepate® (presumabl y

5-nmet hyl -3H-[ 1, 3, 4] t hi adi azol e- 2- thione) was filtered off, and the filtrate
was ev%por ated in vacuo to 6,;4\}55Trlchloro-5 fluoropyrimidine

(2R) - 3-cycl opentyl-2-{[fornyl (tetrahydrm-2Hpyr an- 2- yl oxy) am no] net hyl | pr opa
noic acid as a pale yellow gum (124c 9% . NVR shows the product
contains a snmall amunt of MIBE and 5-NlrretNhyI -3H[ 1, 3, 4] thiadiazol e2-t hi one.
35 WD 2009/ 061879PCT/ 1JS2008/ 082575 4

(2R) - 3-Cycl opentyl-2-{[fornyl (tetrahydro-2H pyran-2-yl oxy)am no] net hyl ) prop
anoi ¢ aci azn al so be prepared according to literature procedures

[ Bracken, el |, Dean, Francavilla, Jain, Lee, Seepersaud, Shu, Sundram
Yuan; PCT5/RiioroAphydro &) H, NP r0RGUREGIe2] . 5

The(2R) 3 cI open - f tetr )am nol met hyl | p
{opanos o Acthac Ly s relhgY ot e B 8.1 B8 GREArEl e REIRE R ng
manneto A(‘@Olmtg o’nmof) in methanol (1 L) was treated with 25 Wt% NaOMe in methanol (~4.6
(2R)-3-cy y fit et rahydro-2 no rreth pro anoi c
ot (a0 Hs M Baby e R YRS o B ShGn A EAleRTE C3Yl o8

di i sopr opydngidiytugm Tre |(nB<?ur9 wids fiitered] 6@ wattdake wass didsabed in Wa&nS%érqdﬂmbe
and heatag to 50C for After cooli nﬂwto r omt ture, U_zglmat hyl

formate ETSP'H”Q/%é%O“ Sandui9ne WeR AsTdfiedgW %&PB AEOYP
di et hyl e(~h1®0 mhte g1 ke whidd uﬁmagl ovars1 @éxtTracimddurei wds svinved, tomdl fohreomayer s

wer e at ed The ueou er was t hen bhack: extract et?. | ution
of 4058 | SRIGEAHE nf BRI (5 aﬁ@ﬁwagmktm@agha‘w SpAHo e ot or m
| ayers V\BU@de’kS/abhm tc@mmem#luabeadhydnomzuq H, 3+ ppyomidieedione (80 g, 55%) as a
(2R) - 3- cycbggeﬂ@yi@%[ '\8 nY A{Y r ahydr o- 2H pyr an2-yl oxy) am no] net hyl } pr opa
noi ¢ aci d%; H'| amne salt (28 g, containing a residual
anount of chloroform and i sopropanol ). Intermediate C
204, 6- DCBIR 0-5-fl uoro-2-net hyl pyri m dine Cl
20  2,4,6-Trichloro-5-fluoropyrimidine
Finely powdered 5-fluoro-6-hydroxy-2,4(1H,3H)-pyrimidinedione (74 g, 0.507 mol) was
added portionwise over 30 min to POCI; (232 mL, 2.5 mol) with stirring (exothermic).
Upon complete addition, the mixture was held at 60 °C while N,N,-dimethylaniline (65
mL) was added dropwise by syringe. After addition, the mixture was heated to 100-110
25  °C (internal) until the reaction was judged complete, usually in 4-8 h. The mixture was
cooled and the bulk of the remaining POCI; was removed by careful vacuum distillation
at 80-90 °C (some product can be detected in the POCI; distillate). The remaining
residue was poured onto ice (~1 L) and stirred for 30 min, then extracted with ether (1 x
400 mL, 2 x 150 mL). The combined extracts were washed with water and brine, then
30 dried (MgSO,). Filtration and atmospheric distillation of the ether provided the crude
product, which was distilled under reduced pressure to provide the product (28.8 g,
28%) as a low melting white crystalline solid (b.p. 80-85 °C, 12 mm). LCMS: (M+H) ™

not detected.
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Cl Ny,N Part A: 5-Fluoro-4, 6-di hydroxy-2-net hyl pyrimdine A solution of
200 nmL of 25% wt sodi um net hoxi de in nethanol (0.84 nol) was diluted 25

wi th an awldiznesead79200 nL of met hanol . Acetam di ne- HCl @¢@/u$2008/0427501 ) was
added to the sodi um nmet hoxi de solution (white precipitate fornmed), followed
by addition of dinmethyl fluoromalonate (70 g, 0.46 nol). The contents were
stirred at roomtenperature overnight, then concentrated in vacuo to
dryness. The resulting residue vvasmt&dmﬁﬁdtb‘@d in hot vvater (300 nL). After

cool i ng the aquequ | ut r ratu ed HCl was
added sl owy unthacfa FVE&W!&&&O@'@I “Rhyere- {ipy'g'ﬁ‘é inyl 3k1a"$pl ace at
about pH 5. Concentrated HCl Waﬁ/daﬁkiﬂarldéﬂmuymeuntil pH 3, and then the
contents were filtered. The isolated grygtals were rinsed with 1M HC and
dried WO 2009/061879PCT/ 1JS2008/ Q§25 5 @ndgr vacuumto provide

5-f 1 uor o- 4, 6-di hydr oxy- 2- net hyl pyr1i N(65 5 g, >1009%. LCVB: (M FH)+:
145. Part B 54, 6- D|chlor05fluord)l rretBhyIpyrlmdlne

5-Fl uo%o 4, 6- di hydr oxy- 2-met hyl pyri m gi ne (assunmed 60 g, 0.42 nol) was
treated with 300 nL of POCI3 at 120 Cfor 3 h. The reaction m xture was

t hen cool 8drttAo room t enperature and concentrated in vacuo until the rate of

I Th
oroduct | & Syms R sRaCh RSBl a Ry A IREe 0%\ 1)
reduce t h@ 4yh-etichlordtielluorepyemidise (ROO2ngs1doumetblloves dissaledueid THre(308maLl)t he
resul ting at lo%H rH}?e?atiFe' Mf gtlrF %q}?ls %HFrng\%ﬁoM?lﬁﬁ r\]Nats %ﬁetdhteb@ﬁ O%#Baggtecama

to roomterrpera SO|I
with Wat ef13.8hd, #0141 mm@ﬁ f@h\l\@ﬂlt;y dlrsbpﬂopflleéwlafmmv(‘r&:p mMthi189 Sohingl)walhe

coLl et o 01, PLASGH L SRRIGE! s AT BN, by TR
181/ 183. raactomepperred Domplet @iterhl.pho-ag-nearfitpredsby TLOr(0R%r EtdAdihex). The
reaction mixture was concentrated in vacuo to remove most of the THF, and the residue
was dissolved in CH,CI, (=400 mL). The solution was washed with ~400 mL of sat. aq.
15 NH,CI. The organics were dried and concentrated to give a pale yellow solid (31.37 g).
LCMS: (M+H+2Na-Boc) ": 241.

Part B:
Tris(1,1-dimethylethyl)2-(2,6-dichloro-5-fluoro-4-pyrimidinyl)-1,1,2-

20 hydrazinetricarboxylate

1,1-Dimethylethyl 2-(2,6-dichloro-5-fluoro-4-pyrimidinyl)hydrazinecarboxylate (31.37 g,
104.1 mmol assumed) was suspended in CH,Cl, (400 mL). Di-t-butyl dicarbonate
(44.75 g, 205.0 mmol) was added to the solution, followed by diisopropylethylamine
(36.3 mL, 208.2 mmol). When almost everything was dissolved, DMAP (1.27 g, 10.4
25 mmol) was added slowly. The reaction mixture turned reddish, and after ~5 min, mild
bubbling was observed. After 45 min, the reaction appeared complete by LCMS, and
the mixture had turned light orange. The reaction mixture was washed with ~300 mL
sat. NH,4Cl, and the organics were set aside. A slurry was prepared with ~1800 mL
Florsil in CH,Cl,, which was poured onto a large fritted funnel. The entire organic
30  solution was then poured through the Florsil pad, washing with 2 L of CH,Cl,. A red
band was left behind on the Florsil, and TLC showed that the product had finished

eluting from the pad. The filtrate was concentrated to a foamy colorless oil, which
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N 20Part A: 2-Ethyl-5-fluoro-6-hydroxy-4(1H)-pyrim di none Propi onam de
hydrochloride salt (30.0 g, 276.3 mmol) and di nethyl fluoronalonate (41.4
g, 276. 3 woubjvdems7anhydr ous net hanol (400 nL) were treatred/useaos/ 081375 d NaOMe
(45 g, 829 mml) portion-w se at room tenperature. After the addition, the

white sus on 25was. eate 0 irre The sol Nt was
t hen evapg 'aeft ootﬁfg}'ﬂg g' éag?rdL@?\%zs adg%é 'fﬁ’"ﬁLzéf gt

sol ution Mdrbpwlngmhepsl_cwlsr (Mn@ﬂ+2ﬂtﬁ3@@h@431 on was stirred for 10 min
until the residue was fully neutralized. The white precipitate was
collected by filtration and dried over vacuumto give 2-ethyl-5-fluoro-6-
hydr oxy- 4( 1H) - pyri mi di none as a V\/nl'n'té‘rmydiéth LCMS: (M+H): 159.0;

(MtNa) +:181.1. 30ln s duct cont aj. n co-precipitated
NG Lauai ng the vi rabEeRREsadere 2 st eI STIREIRe F o Dlch bases
this product was carried forward througE the next step W|th t he NaCl

present. WO 2009/ 061879PCT/ 1JS2008K ClPart B:

4,6-Dichl oro-2-ethyl -5-fl uoropyrimdine |

2- Et hyl - 5-f | uor o- 6- hydr oxy-4( 1H) - pyrlm di none (20 g, 126.6 mmol ) in POCI 3
(58 nL, 633 mmol) was heated at 125 C_foil bath) for 2 h. An additional 68
m. of fresh POCI3 was 5 added to the hot solution. The resulting solution
was heat eBaftédr an additional 2 h until all the starting material was

consuned. sﬁ@or%xfﬁfﬁfbrgﬁg 'ﬁ"v\@'ﬁxm&&o‘t(l‘ﬁp?iﬁ% dinond8 C in vacuo to give a

|'i ght brown resid roomte erature, the residue
was dil ut éfflwro-lacaemld_ne)lﬁycmbﬂﬂzbrwe sahiéht @guﬂ@ﬁmmtt)candcbnatiaJyﬁhJo(czﬂmema_e. To

this pxt 155, 00, nﬂﬂ&iﬁ\t fn 91(065 %trg?‘@?{)sﬁ)ogﬁlcﬂ J}'Etrﬁb'@ﬁ%tﬂes% mﬁ‘ﬁ @6‘&6‘3

stirred f separa ayers eous
| ayer wasgf 300 heol)extihaeteddo 0b OF iOstimingy f W2 CCMS sTﬁweddmated otﬂhgani c

e whi CREYEE iRt e Ndp g o) Bl FUifler AL BaBBkesolliabel ., o

t he sol vewith poman&etﬂ,’dzﬁ@-(a@ othl).oflos Rhide hselcipﬁaﬂelwasrqqﬂwedrbmlfiltrethmtb give 85% as

ror 5 (S EAuB 2 oottt By Sk Dt (AAGTR! R60 Fid N L BB R

(cycl tpent§d.tret hyl ) - 3- oxopr opyl ] (t et rahydro 2H pyr an- 2- yl oxy) f or mam de

Part B:
4,6-Dichloro-5-fluoro-2-(fluoromethyl)pyrimidine

5-Fluoro-2-(fluoromethyl)-6-hydroxy-4(1H)-pyrimidinone (6 g, 37 mmol) was suspended
in POCI; (20 mL, 222 mmol) and stirred at 120 OC for 2 h. After evaporation of the
20 excess POCI;, the residue was poured onto ice and the resulting mixture was extracted
with CH,Cl,. The CH,CI, solution was passed through a silica gel pad, and the resulting
fitrate was concentrated to provide the pure 4,6-dichloro-5-fluoro-2-

(fluoromethyl)pyrimidine (6 g, 81%) as a colorless liquid. LCMS: (M+H)": not detected.

25 Intermediate |

4,6-Dichloro-2-(difluoromethyl)-5-fluoropyrimidine
F
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20Part A:  5-Fl uoro-6-hydroxy-2-net hyl t hi o-4(1H)-pyri m dinone To a stirred
sol ution of 2-nethyl-2-thiopseudourea sulfate (41.7 g, 0.15 nol) and

di mret hyl wburorxowes7onate (45 g, 0.30 nol) in MeOH (600 nerTas2@8@8157£e bat h)
was added NaOMe (48.6 g, 0.90 nol) in portions. After the addition was
conpl et e, t ice bath was 25 withdrawn and the reaction m xture was
stirred a m t enperature overnight. LCVS showed the formation of the
desired pyr-bifldorssirafinfidamide. Hble reacti on m xture was concentrated to near
dryness under

) di | d wit idif th 6N HC
o) M6 8 RS St RerSlon i Bfviinalty FRFe oD ol Sy i Aftd | B il oS0 1
was washett wrdshaddsdHamefr/1 )aluhﬂnlﬂ‘f‘h)(46nﬂL dzmed2 unmelen, stathg oiileeffestéehce

i & ot PeEset oo pheBroet e (534 3B DN rAPCRR 83 oAt s eI B |

4, 6- Di chl anxure- Whsietive? oferighy lt 80 SPY Upoh diodkngAtoTD X0 meethiéinol was added

5-11 6- d t h | 4(1 di 35 7 0. 20 | i
poc 5 S580m g et ieiligo goulios s Sited o' Gl MU 5 fetiybed wgpgaul® ) 1"
t enper at UC@sztd‘I& sblid @aelin0NTHTS Xtadremeasd sy @Wa‘ﬁo@@hrb&gh Cetite, and itieefilvateer

m xture (1500 nL nd st Th t tracte into
Syl acotiar ovpaoetBol weld EiioneeaaBideluin PERANE ©it Sts e Flptoned
W th vat etinded $0id000 nl), brine (1000 nL), and dried (Na2B04). Evaporation
of the solvent provided 4, 6-dichloro-5-fluoro-2- (nethylthio)pyrimdine as
a pale yellow solid (37.8 g, 89%. LCMVMs: (MtH)+: not 10detected. Part C

4- Chl or o- BaftlBuor o- 6- hydrazi no- 2- (et hyl t hi o) pyri m di ne

4, 6-Di chl quo met h dne 16.8 g, 78.85 nmol) and

{1 et hyl s pEoRekAGS RIS AV YR HERVIREHIEaRs Vel i n RO (200 1 and
stirred. $b@|um Kieti €0\8a.Sg,C4® Ingrdol) ®vas5d|&oNddh|naMeOGE(mt eiL) batfbrm $odiuini s

sol ut I ow dr.azj ne 4, nL, 94. 1) .

art or € neMEhaidPor? sl ES e Bapiue TECRY LA T SaroelbwRaeilEs S0avER o mr
and stirr dmg;tMﬂucmptdpﬁu@(ﬂoétér(Z b d).13Thmon edbiiresultinigidautonwaess slirtedt@oOW t h
wat er (500 e aguequs sol ution was ,extract t h 2 20x
500 ) - bR helres e b Sott tebpeRnte, ATRAAER (e S SE

and bri new(aQEﬂdedL)andttharewrtingdméduaéS@é)coamht@wmmn\tarcabed‘herremﬁmg *s@ldaf f or d
4-chloro-5- flu

sol i d (9 ‘?’63 d"asgéé}() 'th wa %ﬁ_ré ‘4|{TE%£}//I M O%-?aﬁﬁdo%rﬂgtﬂsl)%sﬂu%rc{ & %ydroxy-

4(1H)- pyrlmldlnone (1 43 g, 61%)

Part C
4,6-Dichloro-2-(difluoromethyl)-5-fluoropyrimidine

A mixture of 2-(difluoromethyl)-5-fluoro-6-hydroxy-4(1H)-pyrimidinone (1.43 g, 8.0 mmol)
25 and POCI; (6 mL) was heated at 110 °C for 2.5 hours. After cooling to room
temperature, the reaction mixture was poured over ice and stirred for 30 min. The
product was extracted into DCM and the combined organics were washed once with
aqueous saturated sodium bicarbonate. The combined organics were dried over sodium
sulfate and concentrated in vacuo. This yielded 4,6-dichloro-2-(difluoromethyl)-5-

30  fluoropyrimidine (460 mg, 27%) as a yellow oil.
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25Part D

R2R) - 3- (216- Chl or 0- 5-f | uor o- 2- (net hyl t hi 0) - 4- pyri m di nyl ] hydr azi no) - 2-

(cycl opernwol2netdsyd7y - 3- ozopr opyl yt et r ahydr o- 2H pyr an- 2- ylpoxyusesosmsisde A

m xture of 4-chl oro-5-fluoro-6-hydrazi no-2-(nethylthio)pyrimdine (9.70 g,
46.5 mmol ),

(2R) - 3-cycl opent y1- 2- {[f or nyl ( t &£§0gselRrocedura on_ 2. yi oxy) ani no] met hyl }i pro
panoic acid 30 (19.9 g, 46.5 nmmol ), Ekdwhpled. 96 g, 51.2 mol ), EDCI (9.82 g,

51. 2 nmol net h nor | 1.0 25 5 DVF (300 ni)
was stir rZ.‘aﬁg'?'(&%ﬁlﬁf’?%%@?tﬁ'%%é{%gérﬁ‘fﬁrﬁ%t meWi'% QM#W'MW e was diluted
wi t h et hy pyasediay gy szinep-3{oXoproplyhydengfovasdigidewi t h water (3 x 500 ni),
and the organics were dried SO4|) and goncen{rat ed in vacuo. The residue
was purified by Glson RP—HPL<N?\ 5%35 cetonjtrile/water, 8 mn gr adi ent
time) to afford [(2R)-3-{2-[6- )

2009/ 061879PCT/ 1JS2008/ 082575 No N
(met hyl t hi o) - 4-pyrim di nyl ] hydr azi RE} ycl opent yl net hyl ) - 3- oxopropyl lite
trahyd? o- 2H pyran-2-yl oxy)formani de as a red glass (12.89 g, 56.0%. LCVS:
(MFH)+ p9A.AL. I nternmediate F 52,4, 6-Trichl oro 5 fI uor opyri m di ne Par t

A.  5-Fl ugr , p | i 0 nechanically stirred
sol ution gTF?E'ﬁ e g%%%%’o@z'g'?l_‘h@:’a“ %ﬂ' ‘ﬁ%ﬂ?ﬁ)‘l '"i" onal onate 10 (150.11 g,
1 nol) i n4me|b|blalbﬂi-5—flllorb)2 mamytpwratdmb wot)hn@EO 58 PaniNaOWVEs dissoeédhmn@ml(ef4. 6 M

s refl uxe

435 mL, 2 ture en al |l owed to, cool
Cor oom ¢ B 2t ek Tty Breetutr  ritEiad EAd o b BeilReS acb8ai ved
i n waron wadliewed byt DPPEA (2 #ngl, tiher memil rnh@ge@\qmmtesm&ml rdixtupd wae stiged thir 2i ed
with conc ntr agueous HC 0 t =2 while stjrri
The i xt ubcoub iR Dot s aetod 66 Bimend Bormupabiiet i had e Rict vas
filtered amd Washeadtidrhanaughivys dnhcowddto rddnetertpdretireade rpuviiedlbiNRP- gi ve
5f|uoro hydr oxy- 2, 4( 3H) - pyri m dinedj o a te solid.
Covs: (e BPETS Yol B Sra Byl S RO R Bty BT iing 1 el y
powder ed 59%l.uor o- 6- hydr oxy-2, 4(1H, 3H) - pyri m di nedi one (74 g, 0.507 nol)
was added portionwi se over 30 min to POCI3 (232 nL, 2.5 nol) with stirring
(exotherm c). Upon conplete addition, the m xture was held at 60 C while
N,hN, - di mrephptiBani | i ne ((jGS m.) was added dropw se by syringe. After addition,
the mxt uE(SRYB—?CyEI%BSnty met}'l 8-33-' -[5-fluoro-2-methyl-6-(1-pyrrolidinyl)-4-
pyrimidinyl]hydrazino}-3-oxopropyl)[(phenylmethyl)oxy]formamide

5-Fluoro-4-hydrazino-2-methyl-6-(1-pyrrolidinyl)pyrimidine (69 mg, 0.33 mmol), (2R)-3-
20  cyclopentyl-2-({formyl[(phenylmethyl)oxylamino}methyl)propanoic acid (110 mg, 0.36

mmol), and HOAt (49 mg, 0.36 mmol) were dissolved in 2 mL of DMF. NMM (0.18 mL,

1.65 mmol) was added, followed by EDC (69 mg, 0.36 mmol). After stirring overnight at

room temperature, the reaction mixture was purified by RP-HPLC to provide ((2R)-2-

(cyclopentylmethyl)-3-{2-[5-fluoro-2-methyl-6-(1-pyrrolidinyl)-4-pyrimidinyl]hydrazino}-3-
25  oxopropyD[(phenylmethyl)oxylformamide (90 mg, 55%).

Part C:
((2R)-2-(Cyclopentylmethyl)-3-{2-[5-fluoro-2-methyl-6-(1-pyrrolidinyl)-4-
pyrimidinyl]hydrazino}-3-oxopropyl)hydroxyformamide

30  ((2R)-2-(Cyclopentylmethyl)-3-{2-[5-fluoro-2-methyl-6-(1-pyrrolidinyl)-4-
pyrimidinyllhydrazino}-3-oxopropyl)[(phenylmethyl)oxylformamide (90 mg, 0.18 mmol)

was dissolved in 3 mL of MeOH, degassed and placed under argon. 10% Pd/C (18 mg)

was added, and the contents were thoroughly degassed and placed under a hydrogen
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25 C (internal) until the reaction was judged conplete, usually in 4-8 h.
The m xture was cool ed and the bulk of the remai ning POCI 3 was renoved by
careful wsoruowodig®wil |l ati on at 80-90 C (sonme product camrChasdesesisesl i n the
PCCI 3 distillate). The remaining residue was poured onto ice (-1 L) and

ti df 30 th ted th eth 1 400 0 Th
S onbi nad BRI DL ARpp R AisBR R B Tife S S WA Hieh oottt Pl e Pty |
Fil E:I r az i oaemedarai mw@m p@d g/tastwdsh@d wgn DM tahe N r tT]hecwsmﬂlm@ ﬁn{nﬁe@vasdg t

r oauct, | e un reduc ur e 0 \ e (0] UC
oy sompndR R id Py e s s BRI RO ey s g 2
mm . LCI\/BmetH\/I!:BD(Hib?troldﬁtyﬁB)CAt pghimid M /A A - BEX Po by IG26Q &r M8 ideb (42 mg,

I nt
TII:]I EE gl("zéﬁn%"ét HV‘GE')(QO%% chl oro-5-fluoro-4-pyrimdinyl)-1,1, 2-

hydra2| netr| carboxylate 5 CI Boc N'Boc Boc Part A 1, 1-Di net hyI et hyl
2-(2,6-dichloro-5-fluoro-4-pyrin.di ny },h dr azi ecarboxyl ate

2,4,6-Trichl oro-5- quoropyrlmdlhfg—f?@g—Ml 1 nmmol) was dissolved in
THF (300 nlL) at roomterrperature andexdmpled. To this stirring solution was

3??3& ongé& ﬁfi? zi%?ﬁ ti‘é MIS %Etng%flgg%tﬁ%’y"mfﬂ'é'yuéﬁ‘&ap&ﬁ?ﬁf xture turned

l'i ght1yel twomdylﬁfeuqﬂ) s-oxepapyifhpdiayfananeidepi t ate formed. The reaction
appeared conplete after 1.5 h, as npnitorgd by ILC (10% Et OAc/ Hex). The
reaction mxture was concentra@g i o vidcup to r/&{'rgve most of the THF, and
the residue was dissolved in CH2C2 Y- 4 N'The sol ution was washed wit h
-400 nL of sat. aq. 15NH4CI. The o reéHdri ed and concentrated to
give a pale yellow solid (31.37 Qg). (MtH+2Na- Boc): 241. Part B:

Part A:
6-Azetidinyl-2-ethyl-5-fluoro-4-hydrazinopyrimidine
4,6-Dichloro-2-ethyl-5-fluoropyrimidine (195 mg, 1.0 mmol) was dissolved in 3 mL of
15 MeOH and stirred at room temperature. Azetidine (74 pL, 1.1 mmol) was added,
followed by DIPEA (383 pL, 2.2 mmol). The resulting reaction mixture was stirred at
room temperature until the azetidine displacement of one chlorine was complete as
monitored by LCMS. Then, the MeOH was removed in vacuo, and the remaining
residue was dissolved in a mixture of 2 mL DMSO and 1 mL of hydrazine. The resulting
20  solution was heated at 40 OC for 1 h until the reaction was deemed complete by LCMS.
The crude reaction mixture was purified by RP-HPLC to provide 4-(1-azetidinyl)-2-ethyl-
5-fluoro-6-hydrazinopyrimidine (136 mg, 64%). LCMS: (M+H)": 212.1.

Part B:

25 [(2R)-3-{2-[6-(1-Azetidinyl)-2-ethyl-5-fluoro-4-pyrimidinyl]hydrazino}-2-
(cyclopentylmethyl)-3-oxopropyl][(phenylmethyl)oxylformamide
4-(1-Azetidinyl)-2-ethyl-5-fluoro-6-hydrazinopyrimidine (88 mg, 0.42 mmol), (2R)-3-
cyclopentyl-2-({formyl[(phenylmethyl)oxylamino}methyl)propanoic acid (140 mg, 0.46
mmol), and HOAt (56 mg, 0.42 mmol) were dissolved in 3 mL of DMF. Then, NMM (71

30 L, 0.65 mmol) was added, followed by EDC (75 mg, 0.40 mmol). After stirring overnight

at room temperature, the reaction mixture was purified by RP-HPLC to provide [(2R)-3-

{2-[6-(1-azetidinyl)-2-ethyl-5-fluoro-4-pyrimidinyllhydrazino}-2-(cyclopentylmethyl)-3-
oxopropyl][(phenylmethyhoxylformamide (160 mg, 76%). LCMS: (M+H)": 499.4.
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Tris(1, 1-di met hyl et hy02- (2, 6-di chl oro-5-fluoro-4-pyrimdinyl)-1,1, 2-
20hydrazi netri carboxyl ate 1, 1- D net hyl et hyl

2- (2, 6- diwbl2000065870| uor o- 4- pyri m di nyl ) hydr azi necar boxylparas¢®@s/08%78, 104. 1
mol assuned) was suspended in CH2Cl 2 (400 nL). Di-t-butyl dicarbonate
(44.75 g, 205.0 nol) was added to the solution, foll owed by

dii sopropyl ethylamne (36.3 nL, 208.2 mmol). When al nost everythi ng was

di ssol vedpa®@gAP (1.27 g, 10.4 25 mmol) was added slowly. The reaction

t t ft - i . b d. Aft
B 0] 7 e Gy SR oo e o
l'i ght ora(tgelop'ﬂfnwlﬁﬁmyl) %xﬁp?dpyn]hyuﬁﬁ(ymmdwth -300 nL sat. NH4C, and
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over ni ght t he rigerator % fr tri or o-
f1 uor opyr P?Tlr(?f‘n (i ﬁL '?W@PI— glgte @’42 dPREEn és Were then
54, 6-1) chy 5df|ti(ﬂ1 ol thid Osing, Ceiitdlipae Wais whlsied~wRarmCM: and
5-Fl uorg- ﬁ@géis a(r)]msttﬁ;.{ &lh? ughr wi)lgr I‘tl Irﬁadl qosne 2-Fl W (i oy m di ne
it oot of ek Epaind Jiral ovanseccabeRy e 6 IHEor Sl B e 16 15 o,
12(6) gm)l ) gﬁé‘ld&ﬂf)-}@étﬁ}d% WFMWIH‘(E(BIGWFIH&!)BZMB}' E—(&y‘bb@bﬁ@lmth)ﬁ) $L-0C:vlsd I’l\lla(:)l\/g

. , {
1£or mat ?ono’(‘)‘?prgﬁ@kgﬁ‘ggwgrﬂqea%? g%l&@ F]%%)olm % )ggwﬁg?ed to 3r§\r/1\§ss,

and the residue was neutralized with concentrated HCl (20 nL). The white
pr eci $tate was col lected by filgrati to giv

5-f1 udt o- 2- (f 1 uor omet hyl ) - 6- hy dr S%5e. = i di none (100% vyi el d). LCMS:
(MrH)t: 15163.1. Part B: 4, 6-D chl oExamplel3uor o- 2- (f | uor onet hyl ) pyri m di ne

suspended(iZf) TR B 5 VBT S St ! o
evapor at i @yctdpenyfimethyl)-3-oxopropyllhydroxyformamide
F 0 0

O q

N N
I H |
N\(N OH
S

20 PartA:
[(2R)-3-{2-[6-(1-Azetidinyl)-5-fluoro-2-(methylthio)-4-pyrimidinyl]lhydrazino}-2-
(cyclopentylmethyl)-3-oxopropyl](tetrahydro-2H-pyran-2-yloxy)formamide
To a pressure tube was added [(2R)-3-{2-[6-chloro-5-fluoro-2-(methylthio)-4-
pyrimidinyllhydrazino}-2-(cyclopentylmethyl)-3-oxopropyl](tetrahydro-2H-pyran-2-

25  yloxy)formamide (0.100 g, 0.204 mmol), azetidine hydrochloride (19.1 mg, 0.204 mmol),
DIPEA (71.2 yL, 0.408 mmol) and DMSO (2 mL). The tube was sealed and was heated
to 65-70 °C with stirring for 3 days. The reaction mixture was then cooled to RT and
purified by RP-HPLC to afford [(2R)-3-{2-[6-(1-azetidinyl)-5-fluoro-2-(methylthio)-4-
pyrimidinyllhydrazino}-2-(cyclopentylmethyl)-3-oxopropyl](tetrahydro-2H-pyran-2-

30  yloxy)formamide (68 mg, 65%). LCMS: (M+H)": 511.2.
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20 excess POCI 3, the residue was poured onto ice and the resulting m xture
was extracted with CH2A 2. The CH2d 2 sol ution was passed through a silica
gel pad, woadoweisresul ting filtrate was concentrated toPpras2as/sises pure

4, 6-di chl oro-5-fluoro-2- (fluoronethyl)pyrimdine (6 g, 81% as a colorless
liquid. L ; _(I\/H—i) +: not detected. 25Internedi ate |

4, 6-Di chl -(di fluoronet hyl)-5-fl uoropyrimdine Nz N W

2009/ 0318K9Rﬁ1{2{62ﬂﬁ&é@&3§|75 -fRegrb- zﬁ(rﬁdetﬁyﬁlh'rifb-u%@igﬁlbﬁﬂll]ﬁydﬁﬂni? -2-1Cl T(ng
stirred s Si |umc orl de mo in toluene

w0 ot o KREpeailms ol TRRAG ORI IEE oy 52 hrol) . st rri ng

ugéI i ld effgmﬁsqme:@l-ézaﬂmﬁ)@ fluded- Ba(lnemyftrhuupﬁ@matdatyﬁ?];(dzaz’h&é}%,C 2l7J mol ) was
adde the resul ti m xt ur S S red oyernight at : n

ool | 1yt EYEoBe G o RroRBeiN oGt i P ifen Y HER Eetre ey (&S e B dves
stirred fmrm&)owm; nligseivedtin redhixed GfeAgRH/AL0r @0 mBUSI1NGNna stieked cattRIT fudtim

Thi s was ved. b f||tr ion, thr e filtrate, was
Svanor at ehEMS BilichleoncosfiBiante, e deiras o oD (hE sopttongnauye Sees,
yel | ow 10t:d)rn:@ﬁﬁlat%d|td) drynBss under vacuum and purified by RP-HPLC to provide [(2R)-3- {2-

2(D|fluoo fluoro-6- roxy-4(1H) -pyrim di none Sod (0.91
R GRS R e v s S U AR
2,2-Dig | uoxmbdsw]hydrbﬁﬁ@m@nl&@tzdrﬁgjﬂw). LCMsmNHwes27azided f ol | owed by

di met hyl fl uoropropanedi oate (2.0 g, 13 mmol ). The resulting solution was
stirred at 80 C for 3 hours, then cooled to roomtenperature. Aqueous HCl
(6 nL, 6M 36 mml) was added anGeh&al PesdéduréiD M xture was concentrated in
vacuo. The remaining solid was vvash)eﬁ Wi tlh !col d water and filtered yielding
2- (di fluoromet hyl y5-fl uor o- 6- hydr ox -pyrimdinone (1.43 g, 61%
Part C [(2R)-3-{2-[2-Chloro-5-fluoro-6-(4-methyl-1-piperazinyl)-4-pyrimidinyl]Jhydrazino}-2-

15  (cyclopentylmethyl)-3-oxopropyllhydroxyformamide

N FoL 0 )o]\
N N
K/ \Hﬁ/ ~N N~ H
I H |
NYN OH

Part A:

2-Chloro-5-fluoro-4-hydrazino-6-(4-methyl-1-piperazinyl)pyrimidine

To a solution of 2,4,6-trichloro-5-fluoropyrimidine (402 mg, 2.0 mmol) in DMSO (3 mL)
20 was added DIPEA (0.52 mL, 3.0 mmol), followed by N-methylpiperazine (0.24 mL, 2.2

mmol). The solution was stirred at room temperature. After 30 min, anhydrous

hydrazine (1.29 mL, 99 mmol) was added, and the resulting mixture was heated at 80
OC for 30 min. After cooling to room temperature, the excess hydrazine was removed in
vacuo, and the remaining solution was purified via RP-HPLC to provide the assumed 2-

25  chloro-5-fluoro-4-hydrazino-6-(4-methyl-1-piperazinyl)pyrimidine (first eluent, 44 mg), as
well as the assumed 6-chloro-5-fluoro-2-hydrazino-4-(4-methyl-1-piperazinyl)pyrimidine
(second eluent, 30 mg). LCMS: (M+H)": 261.1.

Part B:
30 [(2R)-3-{2-[2-chloro-5-fluoro-6-(4-methyl-1-piperazinyl)-4-pyrimidinyl]lhydrazino}-2-

(cyclopentylmethyl)-3-oxopropyl](tetrahydro-2H-pyran-2-yloxy)formamide

A mixture of 2-chloro-5-fluoro-4-hydrazino-6-(4-methyl-1-piperazinyl)pyrimidine (31 mg,

0.12 mmol), (2R)-3-cyclopentyl-2-{[formyl(tetrahydro-2H-pyran-2-
-71 -



4,6-Di chl oro-2-(di fluoronethyl)-5-fluoropyrimdine A mxture of

2-(di fluoronethyl)-5-fl uoro-6-hydroxy-4(1H)-pyrimdinone (1.43 g, 8.0 nmol)
25 and POED20¢emd7y was heated at 110 C for 2.5 hours. ACTAS20808151F to
roomterrperature the reaction m xture was poured over ice and stirred for

washed ondB PP TG ORIl 4t A8 Bt B, BaPBoRSPS. (HIBS <Rl o). ©

or gani cs ®ece(2dringdo ouermra@lqiiaumr\ﬂ\m/lf(aeemam4aomm©ntm atl\md (2 M agasastirei S
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chloro 2- (difluaqr h 30f | uor d i ne. (460 279
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by i S TR B 2RI Rl S B i drofdh piran 2 "
5- Fl uor o- shoky)tbrazimivz- (30 mej, A8e) 6+ CAAYM+6])i: diupyat INvyN &) Sh4rse
4,6-Di chl oro-5-fluoro-2-nethyl pyrimdine (100 ng, 0.55 mmol) was di ssol ved

in 2 nL of DMSO and stirred at roomtenperature. Pyrrolidine (50 pL, 0.61
mmol ) waspPadded, 10 foll owed by D PEA (210 pL, 1.21 mmol). The resultin

. g
ind the cDREkHE RSk Slamado T ipoernvi rp iy Ry ork T
t hen ol @ﬁrcldpernmﬁ‘ietlﬁﬂp&-roabpf@yﬂhgldmnyfcfmmlmhy RP-H PLC to provide
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Part B:
((2R) - 2- (ﬁwhudmwﬁyﬂlrmtd}lsﬂosy&odéwﬁﬁméihv%%xbpmvmétraﬁydrb-wbmh&dmwl) 4-

pyrim din I ox f or mami
B tor o- lerhOMdetBhasd At SRORRAer o FILSMeaoHPY ) RO GRS Svgmiahtas
mol ), (2Rhe 30Iv8|ﬁts were removed in vacuo, and the resulting crude product was purified by
cycl opent y1- -( r.my nyI o y noi c _acid (110
o 0750, BB andOriaeBREE y (DS RO S B R A e r tve
NWVM ( 0. 18pyﬁxnidﬂny$5/drqm10)} Zx(ayzclmﬁﬂmneifhw)ismdrdpyl]@%Wﬁﬁnm;deo. 362 mmay,) .
After stirring Qvern] . oom tenperature, the reaction m xture was
purified 6@@&‘2&6&%’%% gé@ée ((2R) - 2-
(cycl opentyl met hyl ) - 3- {245-f | uor o- 2- net hyl - 6- (
1-pyrrolidinyl)-4-pyrimdinyl]hydrazi 0 - 3-
250xo0pr opyl Apheny! net hypoxy] f or rﬁﬁ%@é—%—er%—g,re 5% .
20 Example 5
[(2R)-3-(2-{2-Chloro-5-fluoro-6-[(1-methylethyl)amino]-4-pyrimidinyl}hydrazino)-2-
(cyclopentylmethyl)-3-oxopropyl]hydroxyformamide

e VY W‘JL”

N /N OH

Part A:
25  Tris(1,1-dimethylethyl) 2-{2-chloro-5-fluoro-6-[(1-methylethyl)amino]-4-
pyrimidinyl}-1,1,2-hydrazinetricarboxylate

To a vigorously stirred solution of isopropyl amine (83 yL, 1.21 mmol) in DMF (6 mL) at 0
OC was added DIPEA (0.24 mL, 1.33 mmol) followed immediately by tris(1,1-
dimethylethyl)2-(2,6-dichloro-5-fluoro-4-pyrimidinyl)-1,1,2-hydrazinetricarboxylate (600
30 mg, 1.21 mmol). When the reaction was complete as determined by LCMS, the reaction
mixture was diluted with diethyl ether (~40 mL) and washed with water (3 x 40 mL). The
combined three aqueous layers were back-extracted once with diethyl ether, and then

the combined organics were dried (Na,SO,) and concentrated in vacuo. This crude
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Part C

((2R) - 2- (Cycl opentyl net hyl ) - 3{ 215-f | uor o- 2- net hyl - 6- (1- pyrrol i di nyl)-4-
pyri m di nyb]2ngedreaszp no} - 3- oxopr opyl ) hydr oxyf or mam de PCT/US2008/082575
30((2R) - 2- (Cycl opentyl rrethyl) 3- {2[5 fl uoro 2-nmet hyl -6- (1-pyrroli di nyI) 4-

pyrimdin dr azi no o] r ) hy or ma

0. 18 m"mlgé({% di'83ol 'Hﬁj )i)\ypnﬁg%]f k/é’% n&bvsegg%[ﬁ%i ggdg(ﬁﬁ efth¥r gon.
10% Pd/ C éd&atﬁwexm audmdthyanﬁhd)h@pmmbensr,(s 1vwmetrtyrwrw)ug {2-shistegatasest and
pl aced ungi a | &108 \é\%) ZOO%Oyaefigpdl 1JS2008/ 08|2 p?| | oon %

appr oxi ma PYNFRIOE YRRt tHAR2E]eEesY'aifd (15 t 81%q° ough
Celite, andN@ql\/ﬁel)T_iseopad was washed with DCM and MeOH. The resulting
filtrate was concentrated in vacuo to provide the pure

((2R)-2-(cycl opentyl net hyl ) - 3- {245-f | uor o- 2-

met hyl - 6- Partyr r ol i di nyl) - 4- pyri m di nyl ] hydr azi noy3- oxopr opyphydr oxyf or mam

RoR - 5. ( S3Ehdrdss St Ry azing o Sty EIPGT Ay FETGR | nyar oot o} - 2-

éO( cycl gpAntsplureh hy):f) fr&é’lompﬁapyﬁwlydlzqzschmrrasraﬁndm -6-RasrhetAylethyl)amino]-4-
-Azetidinyl-2-ethyl -5-fl uoro-4- razipopyrim.dine .

6.l chl BYITBIgh A 2RI EOP By P IR EO (T i e oMS O NBved i n
3 rT1|_) of 18.0MeBIBI andioRénd (3 chLatwasoiet enpesrattemperafe taveinitht.( Adteplilterigl

mmol ) was ad

DI PEA (383 t
s | oo Ay B eotaes e ShvGh WA el d) K8¢HPe PUNIdHio PAGrIdEA P ies-
di spl acengmiro®thyairezircANg infsthyies yle-amytigiidinaasin &0 pick omeably bys  kHeVi- HChsaLt. t he

MeOH was o, and the remaining residue was dissolved in a

m xture OLS%L(MO%?%& 1 nmL of hydrazine. The resulting 20 sol uti on was
heated at 40 00 for 1 h until the reaction was deenmed conplete by LCVM5. The
crude,reaction m xture was purified by RP-HPLC to provide

4-(1- };éeti di nyl y2-et hyl 5-fl uor o- 6- hydr azi nopyri m di ne (136 ng, 64% . LCNME:
VWH) *: 21RagC:Part B:

PR AR s M e b e N A O R
4- (1- Azet (dictopentylielhy)-S-olkbpeopy Ifphyoylaithyl syl for@amidd 88 ng, 0.42 mmol ),
(2803 R M ol ST R AL DN RPN, .
DIVF. ZUIGnamNM\/(Z(G%l mg, 0.88 mmol), 2-chloro-5-fluoro-6-hydrazino-N-(1-methylethyl)-4-
pyrimidinamine (assumed 253 mg of free base, 0.97 mmol), EDC (186 mg, 0.97 mmol),
HOAt (132 mg, 0.97 mmol), and NMM (0.64 mL, 5.82 mmol) in DMF was stirred at room
temperature overnight. The reaction mixture was then purified via reverse phase HPLC
to provide [(2R)-3-(2-{2-chloro-5-fluoro-6-[(1-methylethyl)amino]-4-
25  pyrimidinyl}hydrazino)-2-(cyclopentylmethyl)-3-oxopropyl][(phenylmethyl)oxylformamide
(74 mg, 17%). LCMS: (M+H)": 507.1.

Part D:
[(2R)-3-(2-{2-Chloro-5-fluoro-6-[(1-methylethyl)amino]-4-pyrimidinyl}hydrazino)-2-
30 (cyclopentylmethyl)-3-oxopropyllhydroxyformamide.
[(2R)-3-(2-{2-Chloro-5-fluoro-6-[(1-methylethyl)amino]-4-pyrimidinyl}hydrazino)-2-
(cyclopentylmethyl)-3-oxopropyl][(phenylmethyl)oxylformamide (74 mg, 0.15 mmol) was
dissolved in 5 mL of MeOH. Pd(OH), (30 mg) was added, and the contents were stirred

under a hydrogen balloon for approximately 90 min. The contents were then filtered to

35 remove the catalyst, and the filtrate was concentrated in vacuo. The resulting crude
product was purified via reverse phase HPLC to provide [(2R)-3-(2-{2-chloro-5-fluoro-6-
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30pL, 0.65 mmol) was added, followed by EDC (75 ng, 0.40 mmol). After
stirring overnight at roomtenperature, the reaction m xture was purified
by RP- HPLWZOR009pr60870de R2R) - 3- PCT/US2008/082575

{246- (1-azetidinyl)-2-ethyl-5-fluoro-4-pyrimdi nyI ] hydr azi no) - 2- (cycl openty

(v - B E ses Bh Rk TR e avars e rory 3. 3. (6. (1

- Azet i di ngdgprepysihytbxyForimantide (32 myr31% diLoM$:hyd+ Y § 41076.2-

(cycl opent yl met hyl ) - 3- oxopr opyl ] hydr oxyf or mam de

5R2R) - 3-{2-[ 6- (1- Azeti di nyl)-2-et hyl -5-fl uoro-4-pyrimdinyl]hydrazi nol - 2-
(cycl opentyl net hyl ) - 3- oxopr opyl ] Gep&eih Prociduyé Foxy] f or mam de (160 ng, 0.32
nmol ) s dissolved in 10 nL of l\/leOI—!i de&aésed and pl aced under argon. 5%
Pd/ C (40 ng) was added, and the cont e thoroughly degassed and
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azetidinyl)-2-ethyl-5-fluoro- M n% r.2zj no) - 2- (cycl opent yl net hyl )
- 3- oxopropyl Thydr oxyf or mam de (100 6% . E_HOVE: (M+H): 409. 2. 15Cener al

Procedure C Exanple 3 T
R2R) - 342-[ 6- (1- Azeti dinyl)-5-fl uoro-2-( hyl t hi 0) - 4- pyri m di nyl | hydr azi nol
-2- (cycl o t yl met hyl ) - 3- oxopr opyl ] hydr oxyf or mam de 20Part A

R2R) - 3-{2 £l

- Azet 1@l ng42 553|hydm-m-2ryérrwtlw 5 huebo-emwdzﬁﬁdizmyéthyWHaﬁuml -2-

A N M R e e e G A

pyri m di nwll\/]stwdma@tmdi a2 r¢ary abmpeatuys. M- Pyrtglind (DX ofi, 01305 rirhet} wab%ﬁdiﬁed (ZjH- pyr

an-2- 25 oX 0,1 azeti di chl or|.de

(1671 o Yoo bTIPEA e d i DY ftoll; 706 TR RS AR Sy

t ube was Eealbeeinarﬁtd)f\lmflrbe@.ﬂ@:ﬁet\msﬁ&)rﬂ;ﬂet@ swd fmefsmlygrralzmg (880 uB) azlmyMe??qhed

reaction m e was, t hen,k coo ifie - HP or

RoRy - 15 { 2l bl SoBrRgpr T et die rrars i Giian o e e hedied o 7008l

pyri m di nyphhyski alisplm@}aménl((ﬁf}ﬂ@é sasint \ohioeit & Wak c3mpledar Diwy Hdacti@t mdiyrdmas2H- pyr

an- 2- then cooled to room temperature and purified by RP-HPLC to provide 4-(2,5-dihydro-1H-
pyrrol-1-y)-5-fluoro-6-hydrazino-2-methylpyrimidine (142 mg, 68%).

20 PartB:
((2R)-2-(Cyclopentylmethyl)-3-{2-[6-(2,5-dihydro-1H-pyrrol-1-yl)-5-fluoro-2-methyl-
4-pyrimidinyllhydrazino}-3-oxopropyl)(tetrahydro-2H-pyran-2-yloxy)formamide
4-(2,5-Dihydro-1H-pyrrol-1-yl)-5-fluoro-6-hydrazino-2-methylpyrimidine (142 mg, 0.68
mmol), (2R)-3-cyclopentyl-2-{[formyl(tetrahydro-2H-pyran-2-

25  yloxy)amino]methyl}propanoic acid (242 mg, 0.81 mmol), and HOAt (110 mg, 0.81
mmol) were dissolved in 4 mL of DMF. NMM (370 pL, 3.4 mmol) was added, followed
by EDC (155 mg, 0.81 mmol). When the starting materials were consumed, the reaction
mixture was purified by RP-HPLC to provide ((2R)-2-(cyclopentylmethyl)-3-{2-[6-(2,5-
dihydro-1H-pyrrol-1-yl)-5-fluoro-2-methyl-4-pyrimidinyllhydrazino}-3-

30  oxopropyl)(tetrahydro-2H-pyran-2-yloxy)formamide (140 mg, 55%).
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30yl oxy)formam de (68 ng, 65% . LCVs: (Mr1-1)*: 511.2. WO

2009/ 061879PCT/ 1JS2008/ 082575 Part B:

R2R) - 3- ( 246-20d/082879i di ny1l) - 5-f | uor o- 2- (et hyl t hi 0) - 4- pyPCwius2evglo1sysir azi nol
-2- (cycl opentyl net hyl ) - 3- oxopr opyl | hydr oxyf or mam de

[ (2R) - 3- { E4§C( 1- Azeti di nyl)-5-fluoro-2-(nethylthio)-4-pyrimdinyl]hydrazino

(cycl open((xzknex(byubpan@mmh@md -{2-[ee(R1 5y o fo- PHipy Yo -yA)-§ oY) L anetayi-de (68

ng, 0.13 sol v of AcOH/H20 (20 nmL, 4:1) and
stirred a?ﬁ%f')"ﬂ\ﬁ?\yf] Kéﬁ%' 02% %’&&Péapx'wfeﬁfBH“B?"%e deprot ecti on
(over ni ghp) solltid bEAER)-QAcyBlodentyme@g))-GqReL, 5-aligdrd- 0H@y ) les§l)-BHldero-2acuum

oo D L R o e e B OF A DR DAy 2RIy YR BF TSR 2- ( eyl o

pent yl net hMlO)mQ) mM)@%Q:pTI—QW;ﬂe} gy el xyesostinrea «d @odrd GemperafA&untilLdefrotetidhH) t :

427.2. Ceneral
Exanpl e 4was compe e df'ﬁe soP/ents were removed in vacuo, and the resulting crude product

R2R) - 3- ( 2la@s thﬁHd(b)ERPJI-LFDKDtoQ)r(MdéYE(IZR)LIZ-(&quqaafyaﬁethyllﬁi-{Z—{ﬂWZiB-mh@JdﬂﬂMI-] hydr az

i no}-2- t 0X0 h for

2" Chi o o- BYTH IO oA g BE b BV (R R TAr At T SRR P 1R o

sol uti®n (F8 g8k ). ricid:o\e+1B)y f40r03.0pyri m di ne (402 ng, 2.0 mol) in DVSO
(3 nL) 20 was added DI PEA (0.52 nm., 3.0 nmol), followed by

N- net hyl pi perazine (0.24 nL, 2.2 mol). The solution was stirred at room
tenperature. After 30 m n, anhydGenérahPescedureG(1. 29 nl, 99 mmol ) was
added, and the resulting m xture vvasEheat!eg at 80 OC for 30 mn. After
cooling to roomtenperature, the ex azi ne was renoved in vacuo, and

t he renmi [('rZRg3€(DJ{21-timmovﬁﬂuow-6-t(i1sohs;isam%ylHEl&‘d‘hﬁab]éwbneQ iheptasiidd 2-
25 ch 5-11 6- t first
el uent? aRVpIIREhigipHingE %(Epic'agéﬂwgf’e}etw' sophenstinyrotiimamtde™® (117
6- chl or o- 5- f | uor o- 2- hydr azi no- 4 rret hyI 1- pi per azinyl)pyrimdi ne (second
eluent, 30 ng). LCVS: (M FH) +\ B:

)}Bg{ram nyl)-4-pyri mdi

30R2R) - 3-{2-[ 2- chl or o- 541 uor o-
-2H— pyran 2-yl oxygor mam de A

nyl ] hyd razi no}-2-

(cycl opentyl met hyl ) - 3- oxopropyllltefréh
m xture of

2- chloro Iuoro 4- hydr azi no- 6- ( 4- nethyl 1- pi perazi nyl) pyrimdine (31 ng,

0. 12nnDI) -3-cyclopentyl-2-{[fornyl (tetra hyd ro-2Hpyra n-2- - 71 - WO
2009/ 061 81 4S)-2-(252 6 e 6 BRfAtorD-6-hydrazino-4-pyrimidinyl)-5-methyl-2,5-

diazabicyclo[2.2.1]heptane

20  2,4,6-Trichloro-5-fluoropyrimidine (2.01 g, 10 mmol) was dissolved in 30 mL of DMSO
and stired at room temperature. @ Commerically-available (1S,4S)-2-methyl-2,5-
diazabicyclo[2.2.1]heptane, dihydrobromide (2.74 g, 10 mmol) was added, followed by
DIPEA (5.51 mL, 32 mmol). The resulting reaction mixture was stirred for 2.5 h, and
then hydrazine was added (3.0 mL) and the contents were stirred at room temperature

25 overnight. The reaction mixture was then purified by RP-HPLC to provide the assumed
(1S,4S)-2-(2-chloro-5-fluoro-6-hydrazino-4-pyrimidinyl)-5-methyl-2,5-
diazabicyclo[2.2.1]heptane (first eluent), as well as the assumed 4-chloro-5-fluoro-6-
[(1S,4S)-5-methyl-2,5-diazabicyclo[2.2.1]Thept-2-yl]-2(1 H)-pyrimidinone hydrazone

(second eluent).
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yl oxy) am no] net hyl | propanoic acid (36 ng, 0.12 mmol), HOAt (20 ngy, 0.144
nmol ), EDC (28 ng, 0.144 mmol) and NW (26 uL, 0.144 mmol) in DVF (2 nl)
was stirrwo 200dech87whe reacti on was conplete (2 h). The PeaatSz@s/o8isgs ure was
then purified via RP-H

PLCt opr ovide[(2R) - 3-{2[ 2- chl or 0- 5-f | uor o- 6- ( 4- et hyl - 1- pi per azi nyl) - 4-
pyrimdin ydr azi no} - 2- (cycl opent yl met hyl ) - 3- oxopr opyl yt et r ahydr o- 2H- pyr a

g 2- y| oXYRRpBHRAR-OBI¢rdC5-fiUorcd6-i1 S, 4SPEEmetHyi-R)5+dia2dt cyicl o [2)2: Nk pt-2 3844 -3
art C:

[ (2R) - 3 { Bysmidipyitaydrazingl?deyclopentimsthyl-35; ner azi nyl ) - 4- pyri ni di nyl | hydra
,ZAESSFBH 20n6?6MWRﬁﬁéM}Iﬁﬁtﬂw)o)(y]}o?rﬁgrdgpy| Lo Oxyr ?r mimpg(raam nyl) - 4-

et i 1S A PGS s e B oA S S QIG5 t ot r alydir 0. 2H pyr
an-2-yl oxy.)azémmm ﬁa]r(ewariég) {(1704: 1m@e OH:owext er nfrdolirlL) w&a%d}icrobeﬁitylai- room
te er atu r t ol.vent re renov vacuo
bt ng EreMEP B B BB SRy Bl eBS Ret i, (300 T QypAammol). and
[(2R)- g_ {amrt]qm afgoﬂfssf bl avedre (Hssored Yt 4 ImpoPPMEZI RYIN) F(idm mL, 2. 5f mmoI) ;

rrmailn t or nani de

0I5 o Ao SeRetons iy B5G ARSE maathid dirhear o RHGE EEs! bR Atod
R)2R)2- ﬂ% ( 2te|{n&7eﬁ?thﬂ{ ohf%aunb@ rbix{uel wast ;blylﬂgd hyyl RRFAIFIAG -tél-pﬂ%l‘ddtﬂ(g\Rmyl@-l{Q/-dr azin
0)-<~2- CycCJl ope I ro ar
25Tri s( 1yih|8 113 %?@E%%@?f‘egﬁﬂ 29‘%% E’Y%B[ F%%tywr et hyl ) ami no] - 4-

pyri m di nwr)muamgd}wdlramcﬁm-(ra@@mpamﬂrlnethyl)atce(oiimpgl]Npl@mymrhw)osy]fdrmemmoI ution
|soproE%l a%(SS pL, 1.21 nmol) in DM (6 nL) at 0 00 was added DI PEA

(0 24 L ) foll owed i mediately by tris(1,1-

di met hyl et hy1) 2- (2, 6-di chl oro-5-fluoro-4-pyrimdinyl)-1,1, 2- hydrazi netricar

boxyl at e(g00 .30 ng, 1.21 nmol). Wen the reaction was conplete as

det er il ne#2@By=LCMS, the reaction mixture was diluted with diethyl ether

(-40 nl) HeRr)-34242ChéroFs-fladbrr-64@AS4S)S-mkhyl-2ltediagatdic e o[22 D1 jhe ptgyiiedts
layers were ba en_t he conbi ned

or gani 5. REFEIPY EAV A RED SR oo AR EY R kPO R AP Ep TS vio
2009/ 0618[/(9R£H-/(2—4282|616:8>L5)8Q(56$ [0t RA8E5-nveisy 2L 5-dib i abdcyiein[4.2 afeptDiyHaat ogr aphy
§ ?Iog‘l()llf l]_aBW*Pég /0 el h%/o) 2a C%Igpge%/tym%)é%ns% ox%%?c;[pry,][%h%&/l?nrgthy?))ox&]%rr%gr%Y(Jede
2-{2- 20l ot9n- rﬁgf(l) m@mﬁolmés d‘ewyécﬁhtwrpamf W@pl'ﬂ'd@!yﬁsissmchnﬂxﬂdceﬂi ubd@r dvgdii.azi net
ricarboxyl 8‘%%0(/8 28 WT:’g) W S@ddeh and thga col_Qen’ts were t%oroughly degassed and placed

under a hydrogen balloon for approximately 3 hrs. The contents were then degassed

and filtered through Celite, and the Celite pad was washed with DCM and MeOH. The

resulting filtrate was concentrated in vacuo to provide the pure [(2R)-3-(2-{2-chloro-5-

25  fluoro-6-[(1S,4S)-5-methyl-2,5-diazabicyclo[2.2.1]hept-2-yI]-4-pyrimidinylthydrazino)-2-
(cyclopentylmethyl)-3-oxopropyllhydroxyformamide (42 mg, 57%). LCMS: (M+H)™
429.4.

Example 7 was also prepared in the following manner:

30 [(2R)-3-(2-{2-Chloro-5-fluoro-6-[(1S,4S)-5-methyl-2,5-diazabicyclo[2.2.1]hept-2-yI]-4-
pyrimidinyl}hydrazino)-2-(cyclopentylmethyl)-3-oxopropyl]lhydroxyformamide was
prepared according to General Procedure D, utilizing commerically-available (1S,4S)-2-
methyl-2,5-diazabicyclo[2.2.1]heptane dihydrobromide in place of N-methylpiperazine in
Part A, and using 3 equivalents of DIPEA in Part A.
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Part B: 2-Chloro-5-fluoro-6-hydrazi no-N-(1-nethyl ethyl)-4-pyrimdi nam ne A
solution of tris(1, 1-dinethylethyl)

2- { 2- chl owo-2Beddeusyp0- 6- [ ( 1- net hyl et hypam nc] - 4- PCT/US2008/082575

pyri mdinyl}-1,1, 2- hydrazinetricarboxylate (597 ng, 1.15 mmol) in MeOH (5

m.) and 10 4.0M HClI in dioxane ( m_l) s stirred at roomtenperature
overnight. After filtering away = , the solvent was renoved in
vacuo, providing the crude 2- chI OI’O-ES(amQIe8

7o T eSS i SAToRSs BrsigeR v 2o the

[ (2R)-3-( 3rp(ezaﬂimpucpyanfuuml]ny&ah(nb}rméiwrepw)fwbmbrrﬁamwe m di nyl } hydr azi
no)-2- (cyclopentyl methyl)- oxop\opyl ] [(phenyl met hypoxy] f or mam de A
m xt ure of

(2R) - 3-cycl opent y1-2- ({for nlepi*reﬁ‘y&}/#q{“tég:%y}q%m nol met hyppr opanoi ¢ 20 acid

(268 ng, 0.88 mml), 2-chloro-5-f ragi no- N- (1- net hyl et hyl ) - 4-
pyri m di nam ne (assuned 253 ng of frge 0.97 nmmol ), EDC (186 ny, 0.97
mrol ) ,5 HOAt (132 ng, 0.97 nmmol ), and NMM (0.64 nl, 5.82 nmmol) in DVF was
stirred apgfigem tenperature overnight. The reaction mxture was then

purified via reverse phase HPLC to provide
[(2R)-3- (% (PQLWP@PH“@ -3-fluersd-byprarinasb g mathylpkipripgsgzinyl)pyrimidine

25pyri mi di @yé.zmzsﬁdf@zd.ﬂﬁorae%@lf@@ Mrhraﬁ{eh(sgbb rﬁ%mzprrm ) Wb BREAVAITRE hy pox

y] i or mami de
[ (2R) - 3- (@N@Q éﬂmg CBSthTQS*cﬁ‘tcﬁO(HU ﬁ%fﬂDQf@Wﬁn RivsipdriraEring (b1 it hymaby dr azi

no) - 249 306@&%@&?%%@@@%%& Ll Lo@}é'rﬂ]rhb!l r Ry FYURGIAiRture was stirred at
[(2R) 3-(2-{2-Chl'oro-5-fl uo roGL - et hyl et hypam no 1%4 pyrlmdlnyl}hydra2|

no) - 2- ( ciRAMbisEMSsAtHER foy(1)hosir.gid dW]e[ﬂcvdmeefgmn@tdw RUERoPRNA e ny,
0. 15 M| Jya¥REmBicts 8¢ Y&@rmiRe® bk oRfs. Ma(diaziRE (PRL2 34 3 OB hva¥addesidesiheand

the contents were stirred under a hydrogen bal |l oon for approxinately 90
m n. The E%Qi"é'ht"’@svﬁé'FrédtQYéfﬂ'thIettéP@H teEPesiERDyVENG FRIdE f8attipst MixBie Yase

filtrate paficaopy sH-Hpledid rd(/ﬁl)‘éUQu(dﬂlhkﬁ*oﬁw@ﬁffa I5'-fﬂ£3>r&flll'm‘»}@raﬁfn‘éqy6‘4T-ml'9€?‘1 l-1-
purified via reverse phase HPLC to provid }_8‘2 -chl oro-5-f1l uoro- 6-

- 73 15 woripergnybrTudies ( 1Rape o e 2485M4S: (M+H)

[ (1- et hyl et hyl ) am no] - 4- pyri m di nyl } hydr azi no) - 2 (cycl opentyl met hyl ) - 3-
oxopr opyl Lhydroxyf ormam de (32 ng, 51% . LCVs: (MrH)t: 417.0. General
Procedure Exanpl e 6

((2R)-2-(Cyclopentylmethyl)-3-{2-[2-(difluoromethyl)-5-fluoro-6-(4-methyl-1-
piperazinyl)-4-pyrimidinyllhydrazino}-3-oxopropyl)hydroxyformamide

20  2-(Difluoromethyl)-5-fluoro-4-hydrazino-6-(4-methyl-1-piperazinyl)pyrimidine (142 mag,
0.51 mmol)  was added to a solution of  (2R)-3-cyclopentyl-2-
({formyl[(phenylmethyl)oxy]lamino}methyl)propanoic acid (156 mg, 0.51 mmol) in DMF (5
mL). To this mixture was added HOAt (83 mg, 6.1 mmol), EDC (117 mg, 6.1 mmol) and
NMM (0.28 mL, 2.6 mmol). The reaction was stirred overnight and the resulting benzyl

25  protected intermediate was isolated by RP-HPLC. This material was then dissolved in
degassed MeOH (5 mL) and 10% Pd/C (20% w/w of the intermediate) was added. The
resulting suspension was stirred under a hydrogen balloon for 3 hours, after which time
the catalyst was removed by filtration. Concentration in vacuo yielded ((2R)-2-
(cyclopentylmethyl)-3-{2-[2-(difluoromethyl)-5-fluoro-6-(4-methyl-1-piperazinyl)-4-

30  pyrimidinyllhydrazino}-3-oxopropyl)hydroxyformamide (78 mg, 32%). LCMS: (M+H)" :
474.1
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((2R) - 2- (Cycl opent yl net hyl ) - 3- {246- (2, 5-di hydro-1H pyrrol -1-y1)-5-f| uoro- 2-
nmet hyl - 4- pyrim di nyl ] hydrazi no) - 3- oxopr opyl ) hydroxyformam de. H Il ONLH
OH Part WO 2009/061879 PCT/US2008/082575

104- (2, 5- Di hydro- 1H- pyrrol -1-y1) - 5-fl uor o- 6- hydr azi no- 2- net hyl pyri m di ne

4, 6-Di chl or o-5-fl uoro-2-net hyl pyri m di ne 81 ng, 1.0 mmol ) was di ssol ved
in 4 mL of DVBO and stirred at roomg’@%@&éure. 3-Pyrroline (71 ng, 1.05
nol ) was [(@Rpe42-[6-¢1 -agegdinply-501 ird-2A-2vé thydd -pyki i dii@jhydrabiveo}rBsul ti ng
reaction {n Loure S stiéred untllhgls)& cemsaEe of the first chloride was
conpl et e, \HFPHR ] 1°58p'(°3‘§5 yEno 15 (-2 nL) were added to the
reaction m xture. The content thlpncheate to 70 00 for -2 h, until

di spl acenent of the second chl N oup 4 The reaction mxture was
then cooled to roomtenperature d urpfi ¢d fy RP-H PLC to provide

4- (2, 5-di hydro-1Hpyrrol -1-y1)-5- fI\L16ro ydr azi no- 2- met hyl pyri m di ne (142
ng, 68% . 20Part B:
((2R) § ( Qéﬁlepent yl met hyl ) -3-{216- (2, 5-di hydro- 1H pyrrol -1-y1)-5-fl uoro- 2-
rret yl= —/

4-pyrim dﬂ{Adetiuydr&-hydr.a}zirtb-@-iluprm@yh@thyblyriaﬁsimeo 2H pyr an- 2-yl oxy) f or mam de

1o, 0,68 ey i Par ISRz eyl E B DT e Ao B, ROOHL AFISHORE (142

yI oxy) ani aed eitduyat eoogampeateei dzeidige il (8233, aﬁrmrhmol) wad added, follow@dng,

0.81 mol EXI/\A@ n-(E.Ii‘léisBlllﬂll':e,&i "Igwf re%ltlg?é %g:lont e %g\%spé‘trrre% f%r Wl %nd"’?r?enaddEd

fol | owed ing materiadl s were
consutfed, hydrezine awmiobydraiexwas eddeais(4gumLf B2d yoRRNHRLE conteptsovérd dneated
((2R) - 2-( ope 4

di hydr o- 1 %(%/rre (We?frh %) h%ie; rleégtic%w rglxﬁ?r?ﬁ/vaf then cooled éo roor? t%m%erature an? a3_
300xo0pr opptegcipitater fahyelt.o- Tzel-mw:laltat@-\lgdsoﬁdge)d(b rvmhedlaw(nllﬂ’ﬁ)lﬂg an6@%d

(2(()(2)% ?g?‘? %E%Aé‘}ﬁ?ﬂqn&a%g@zg étZ(Sg rchPf Wa&er arid |(_a'z(tracted I(5 i( 100 mL) with

-y1) - 5-f | BtPAG. 2Tfnﬂac¢1ytl>|4eq)9wgamcma¢y¢rimyereazasneqi wih avab@r(a;xykﬂﬁ)ydt)cmdf ringam de
A sol uti

((or 15" (210N, T prafriys o5y 0o serlym 8l e o Soppeniaisd oo

Smet hy 1- 4vasuoi nilbiis noylidenpehdazi wey -p@ntuecbpy dlagh )chtamatagradiny of Hilipar gat-udingl oxy) f
or mm de 614 kel Bclinie SRR % (R BhntaTy3! 8 Bhyhea g mesal ure

unti|l deprotectron was nts were I'n “vacuo
t he resul azetghrtorﬁtumrpzlo@ﬁfﬂuowa% nmlinylrﬁwlmildltw Rpredipate t & pclwiddographed

((2R) - 2- (éyo%& %E%iﬁwﬁ) }§ﬁ§4@ﬂﬂ; 51-9%| hydro- 1Hpyrrol -1-y1)-5-fluoro-2-m

et hyl -4 pyrim dinyl ropyphydr oxyf or mam de

Part B:
[(2R)-3-{2-[6-(1-azetidinyl)-5-fluoro-2-methyl-4-pyrimidinyl]lhydrazino}-2-
(cyclopentylmethyl)-3-oxopropyl][(phenylmethyl)oxylformamide

4-Azetidino-6-hydrazino-5-fluoro-2-methylpyrimidine (2.3 g, 11.6 mmol), (2R)-3-
25  cyclopentyl-2-({formyl[(phenylmethyl)oxyJamino}methyl)propanoic acid (3.54 g, 11.6
mmol), and HOAt (1.9 g, 13.9 mmol) were dissolved in 25 mL of DMF. DIPEA (6 mL,
34.8 mmol) was added, followed by EDC (2.75 g, 13.9 mmol). After stirring overnight at
room temperature, the contents were poured into 400 mL of water (precipitate formed)
and extracted with ethyl acetate (4 x 200 mL). The combined organic fractions were
30  washed with water (2 x 200 mL) and brine (3 x 200 mL), and then dried over sodium
sulfate, filtered and concentrated to dryness. The crude material was purified by flash

chromatography on silica gel using 3% MeOH/DCM as the eluent, to provide [(2R)-3-{2-
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10(68 ng, 58% . LCMS: (MtH)*: 407.3. Ceneral Procedure G

Exanple 7

R2R) - 3- ( 2y@-20Wwi18795- f | uor o- 6- [ (15, 45) - 5- et hyl - 2, 5- di arabiusg@BORB72. 1 Thept
-2-yl]-4-

]lf,gf%/r :A\m dt6n%ﬁ| gze}lgln;?l%%r}luz)ro 2- gn%)( pp%‘/Pl |ﬁ¥1h(¥ra%| 3}_?)(( clropgd/tglllmh hyI)O(%(yf orman de

(1S, 45S) - 2oxchr&pipRerirhétipioxy formadiiae (209 g444%%Y. i LCMSNYNI} H B 485 hy| - 2, 5-

di azabi cycl o[ 2. 2. 11hept ane 202, 4, 6-Tri chl oro-5-fluoropyrimdine (2.01 g, 10
mml ) was dissolved in 30 nL of DMSO and stirred at roomtenperature.

Comrer i ca Phit-cavai | abl e (18, 48)-2-nmet hyl-2,5- diazabicycl o[ 2. 2. 1] hept ane,

di hyd DI P 5.51 nm, 32
o1 v 9ot QBRAE b 1Oy B e e P LR, S Ok

hydr azi ne(cws?omddﬁdmeﬂ@lpmaskbpam;’l]hperos@fﬁmmﬁ.dwere stirred at room
Lemper at uf g 2aeN 6 1 gty THE, f2RCHT o0 Xt €l WIS P! 1 1 ed by RP- HPLC
S, 4S) - 2- ( @:yCIbb@rﬁthﬂ@{Hyll)@b@@odﬂﬂbl@&iyﬂ%tﬁylwyﬁm&hﬁ&d)ﬁ 9- geBth lrrrﬁolﬁwas

2'_ azlﬁglr g}/éil_sg(};lfﬂfig_ t‘rﬁFE}ﬁlp/l%Oq érgdsdegglsgeedﬁ'\t/v?th argon\,\% Ol% BS/C (IZISO mg Was added

S, 4S5) 1®- mehdie &)rﬁerd"s azeaé)btamdj ohder2a hjdrepén Bajobh-f3f 4.5 h. The contents were

llj)ar FyrBl m 91' ne eegg rdaw h arg(oneacnodqﬂteredj%rough CvpeZoodglth%G&elltg%gdr/V\}é]sszo 8/ 082575

R2R) - 3- ( 2w{tR DAV aina-MeOHuUOTI®e Feslltih fitS)te wasrionydntiatdat Mi @xabite yedwwde2tha. 1Thep

t-2-yl]-4- rimdin open

oxopt oby| PiBpnenyl ot WRLSK T Urtre i i S8 vk o i o e degigeis? - ny o
razi no- 4- myblbﬁbrdylm’eﬁﬂy))-ﬁoxmirdipyﬂh?dr5xyf©i'nm1‘rﬂ@¢ Y thodR6R . IGMmspiMani)+ 399. ng,
0.62 1), (2R)-3-cycl opentyl- 2-

({for [(phenyl met hyl ) oxy] am nol met hyl ) propanoi ¢ acid (190 ng, 0.62 mmol),
and HOAt (93 ng, 0.68 mmol) were di Exahmpbel10n 4 nL of DVF. NWM (0.27 ni,

cvornt o (R 236k beafmPlS 20 Bld R liv - douP ey 1 o by

RP- HPLC t pyfimidihgighytRing}- (3-bebﬁropyl)hydroxyformamlde
chl oro-5-fluoro-6-[ (18, 48)-5-net hyl - 2, 5-di azabi cycl o[ 2. 2. 1] hept - 2-y1] - 4-

pyri m di nyl } hydr azi no) - 2-(cyc|°6®nt | gt hyel ) - S-SEopr opyl ][ (phenyl met hyl ) oxy
]formam de (90 ng, 55% . 15Pa :I\ Ny H

NTN A OH
20  ((2R)-2-(Cyclopentylmethyl)-3-{2-[5-fluoro-2-methyl-6-(4-morpholinyl)-4-
pyrimidinyl]lhydrazino}-3-oxopropyl)hydroxyformamide was prepared according to General
Procedure A, utilizing commercially-available morpholine in place of pyrrolidine in Part A.
LCMS: (M+H)": 425.4.

25 Example 11
[(2R)-2-(Cyclopentylmethyl)-3-(2-{5-fluoro-2-methyl-6-[methyl(methyloxy)amino]-4-
pyrimidinyl}hydrazino)-3-oxopropyl]hydroxyformamide

A

N /N OH

[(2R)-2-(Cyclopentylmethyl)-3-(2-{5-fluoro-2-methyl-6-[methyl(methyloxy)amino]-4-

30  pyrimidinyl}hydrazino)-3-oxopropyllhydroxyformamide was prepared according to General
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[(2R)-3-(2-{2-Chl oro-5-fluoro-61(1S, 4S)-5-net hyl- 2, 5-di azabi cycl o[ 2. 2. 1] hep
t-2-yl]-4-

pyri m di nybkhgsdreasezpno) - 2- (cycl opent yl met hyl ) - 3- oxopr opy lPChgse@spssrsram de

[ (2R)-3-(2-{2-chloro-5-fluoro-6-[(1S, 4S)-5-net hyl -2, 5-di azabi cycl o[ 2. 2. 1] he

pt-2-yl]-4- e . . . : .

pyri m di néf RGeSy D SBYETP R GRS Ny -fImetasr ImAT P BRYRGAAND! ) oxy
] f or mam dpla2@ of P@raiidine th B8t mMoCMSnam+ei)ssedeed in 3 nL of MeOH, degassed
and pl aced under argon. 10% Pd/C (18 ng) was added, and the contents were

t hor oughly degassed and pl aced under a hydrogen balloon for approximately 3
hrs. The contents were then degassed and filtered through Celite, and the

Celite pad was washed with DCM and OH.  The resulting filtrate was

concentrated in vacuo to provi de thﬁﬁ%ﬁﬂ?) -3-(2-{2-chl oro-5-

|2i31;] I gor 0- QQR{-g-‘ﬁc#&bpsnmt\bm:y})25-%ll$i-fa§c&biz;mttq{|]Br(ﬁ,%ﬂﬂw fidﬂr&-yj)aﬂ- Fzrz i mdiny
ydrazi no).- 2-. c| open net - 3- oxopr opyl ] hydr oxyf or mam de ng,

shoy o Loyl B50h S o R Do e+ Che ol | owi ng

manner : F 9 Q

30[ (2R) - 3- (2-{2-Chl oro-5-f uoﬁ@#&?“éﬁj

hept - 2-y1] - 4- I H |

pyri m di nyl } hydrazi no) - 2- (cycl operﬁ e - 39Hoxopropyl ] hydr oxyf or mam de

was prepared according to General Proce e D utilizing

commeri cal |.y- avai | abl 1S 49) -2- _nmet hyl - - di bi cycl .,2. 1] hept ane

G hyar obr bAREE Bl rentenbry e ThPonmebhRa U B3tk 24 ol no' s

equi va enpgrimitlinb|iRdAazinv}Badxoprpy! ) MAr@GaR Mm@ @B Hebd SAAB ORIH 6 TG drengr al
Procedure_H : : e . Exa Iegﬁ.. :

((2R) - 2- (BREYEMH HEP RGP Merg3ayaiah's fhirgolriae Hg,pl)as:%g? PYTEY818 1T Raftet hyi - 1
- pi per azLoy®) -(WHpyT-i4av di nyl ] hydr azi no} - 3- oxopr opyphydr oxyf or mami de  FO N N
FF Part A

2- (Di fluoronmet hyl)-5-fl uoro-4-hydrazi no-6-(4-nethyl -1-pi perazinyl)pyrimdin
e 4,6-Di chloro-2-(difluoronethyl)-5Exanpiepyri m di ne (200 ng, 0.92 mol)

was dj sso i O tirred at .r tenperature. .. .

et 1 plGEF R REop Tt e 0R-horo Yy A e PSR EA. ( 500
pL, 2.9 npPlimidiniiBhydratinb)-8@xoprdpyildydesxysdrinidreideat room tenperature for 1
hour, until the N-nethyl pi perazine displacenment of one chlorine was

conpl ete as determ ned by LCNE. HydrFazi ne Cgl m., 31 mmol) was added and the
reaction was stirred overni ghté{%\N room# enper at uf e. The crude reaction

m xture was purified by RP-HPL I i~d

2- (di fluoronmet hyl)-5-fl uoro-4-hydrazjno- G- (4- methyl - 1-

15pi perazi nyl ) pyrimdi ne (142 ny, 56% . X

,tﬂhl)(l -2, 5-di azabi cycl o[ 2. 2. 1]

[(2R)-2-(Cyclopentylmethyl)-3-(2-{5-fluoro-2-methyl-6-[3-(methyloxy)-1-azetidinyl]-4-
pyrimidinyl}hydrazino)-3-oxopropyllhydroxyformamide was prepared according to General

20  Procedure A, utilizing commercially-available 3-methoxyazetidine hydrochloride in place
of pyrrolidine in Part A. LCMS: (M+H)": 425.2.

Example 14
[(2R)-2-(Cyclopentylmethyl)-3-(2-{5-fluoro-2-methyl-6-[(3R)-3-(methyloxy)-1-
25  pyrrolidinyl]-4-pyrimidinyl}hydrazino)-3-oxopropyl]lhydroxyformamide



Part B: ((2R)-2-(Cycl opentyl methyl)-3-{212-(d ifl uoromethyl)-5-fl u
oro-6-(4-nethyl -1 - piperazinyl)-4-pyrimdi

nyl ] hydr axoreeds/@s1&ygopr opyl ) hydr oxyf or mam de PCT/US2008/082575

202- (Di f 1 uor onet hyl ) - 5-f | uor o- 4- hydr azi no 6- (4- met hyl - 1- pi perazi nyl ) pyrimd

({1 or my 1 RERERYFtpRS Tl R SRR RGPS 2 e o Py B ol

| n DI\/F (54nﬂy)|mldTrQ/I}hthdrSsz)@-UR@rM@S]hmdgﬁoM@%ldé 83vasy, prépdredmmicgordingC t6117
t1o S
e it Contrel nPr PR 2 Dtizfio 2B B kil Sye e, ARID e e g e

by RP- HPLRydrdhisrideah @rdcalof pasolidmenn @agsol vaMSi (Mdeyassezl MOH (5 nl) and
10% PdéC (20% w w of the internediate) was added. The resulting suspension
was stT7rred under a hydrogen balloon for 3 hours, after which tinme the
catal yst was removed by filtration. Exampéatsati on in vacuo yielded ((2R)-2-

cycl open t 42- 5-fl | - 1- pi per azi
-0 ShEbFE Rl hpPriiar i -@&B%&Mﬁ@%@?%x@x%s ", | 329 |
LCVE:  ( M+pyéroliditiyH-4lpyrit@l A2 tHyded B G)R3-0k dPropy By b picrmaxddl e 9
R2R) - 3- (216- (1- Azeti di nyl)-5-fl uoro-2-nmnet hyl - 4-pyri m di nyl ] hydrazi no} - 2-
(cycl opentyl met hyl ) - 3- oxopropyj/l hydr oxyf or mam de 5Part A
4- Azet i di no- 6- hydr azi no-5-fl uoj -2 get hyl pyrim gi ne

4, 6- Di chl or 0-5-f | uor o- 2- net hyl di e (6 33 mml) was dissolved in 50
mL of i PrOH and stirred at roomte[rpérat'mre Ayetftdi ne-HCl (3.25 g, 35
mol ) was added, followed by 14. 4 YW="Nf .%"The resulting reaction

mxture was stirred for 3 h, and then 1 ydrazi ne nonohydrate was added
(4.0 L, 82.5 nmml) and the contents were heated to 80 OC overnight. The
react 1on HRR)-&(GysiprentvanathydaH@d5flgoroshmethyhBdRRt-drieetnipxa)- g plsiinydtée

rormed. THimbf gged&%@o YRS dely Ry Y R S\ b ot B dd RO fY to&bneF1®

remai ni ng oure ter and extracte (5 x 100

m) with BragadureThe bz seamsreialyravailatie tiSyAhydoxyrwipifiad Wdrechigaiderin(2 x
100 ni) apgcgbf&groﬁmg% Bart B0 Bns: WeHRerayy cs were dried over sodium
sulfate, tiltered, and concentrat ed I'n vacuo. This crude product was
purified by flash chromat ography on silica gel using 97.512.5/0.25

DCM MpHH NHACH as the eluent. The ogghaldie §§MPi ned yield of 4-

azet i di no- 6- hydr azi no- 5-fl uoro- 2- rreﬁy‘ﬁ%?'rm dine (precipitate +

chr omat ogH@BhédCyelonentymethyl)B-@-§-BB9s2-methub6-[( vmefhylethgllamingiA-t  B:
R2R)-3-{2 I S FEF%@ rimdinyl]hydrazino}-2-
(cycl open ﬁlﬁnﬁlﬁgﬁyﬁhgéa?oﬁ%&h riI"phéeny #Pgéy] f or mam de

4- Azet i di no- 6- hydr azi no- 5- quoroHZ- t hyl yr|m ine (2.3 g, 11.6 mml),
(2R)-3- 25 cycl opentyl-2- ({f ormyl yrh ] am no} net hyl ) pr opanoi c
acid (3.54 g, 11.6 mml), and tN( g, A3.84mmol) were dissolved in 25
m. of DMF. DI PEA (6 ni, 34.8 mmol) s ed, foll owed by EDC (2.75 g, 13.9
mmol ). After stirring overnight at roomTtTenperature, the contents were
pour ed In{(QRﬂ@QcydLo;sefntwmbmm)@Ruzqsiﬂpbﬁoag metrot-eRc)mamdietyhaariopd- wi th et hyl
acetate (4 x 2 . .The conbi ned organic fractions were 30 washed with
wat er<{ 2 Ryrmé'naﬂ}_'jv é@?dﬂ%ﬁh?f@p(%"yﬂh HRNamidRWes BIFPArGdeRFC8RAHII O SehnER!

sul fate, PrddegiirRdh, afifzisPosBmbrodlpGvhitabil ¥6§Spylarhihe i bliee ofByradlidimle iNRart
purified by flash chrgmatglgraphy on silica gel using 3% MeOH DCM as the

el uent, toO" Wd@" "{)2

Example 17
25 {(2R)-2-(Cyclopentylmethyl)-3-[2-(5-fluoro-2-methyl-6-{methyl[2-
(methyloxy)ethyllamino}-4-pyrimidinyl)hydrazino]-3-oxopropyl}thydroxyformamide

| F Y (0] o]
\O/\/N\(&(N\H N7 H
N N OH
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[ 6-(1-azetidinyl)-5-fluoro-2-nethyl-4-pyrimdinyl]hydrazino)-2-(cycl opentyl
met hyl ) - Awoar@psegry| | [ ( phenyl met hypoxy] f or mam de (2.5 gpCcFARpooso&NE ( M+-H) :
485. Part C

(oyol opentgrretrgn o Rb VbR uPad ot @eTiL treth oo SFdnge) - >
R2R) I- 3-{ 24ﬁuly(i rEh"rdﬁiylf)hi/dgbﬂyd]}S-Exddlromﬂ}hﬁd}omlﬁ‘bﬂﬂr)dhmiée pWa}srTi shepayrkd h)adb@tzﬂnlgogrog-
ol ) v CHNEBb P sk Ao gL Al g e S et G GO dattisa & ( 400

my) was agdeé of drolitide ihPag ANtLOMS: erle) pd2rced under a hydrogen bal | oon for
4.5 h._The contents were then degassed with argon and filtered through
Oelite? and the Celite pad was washed with DCM and MeOH. The resulting
filtrate was concentrated in vacua Exapipwigle the pure

R2R) - 3-{246-(1-azetidi hyl)-5-f] poro-2-nethyl -4- i_mg di nyl ] hydr gzi no) - 2-
(cycl open{(gﬁ%i(ﬂyﬁfpgngﬁﬁéwgﬂﬁ'ﬁiﬁ{ﬁ&ewmm'Hig%é'é.' 059'%9%@/3".3"%%:

(MtH) +: 3pPrimidin{AleydragindP3-oxopropyllhydroxyformamide

((2R) -2-(Cycl opentyl met hyl ') - 3-{245-f.| uor o-2- net byl - 6- (4- nor phol i ny1) - 4-

pyri m di nyl ] hydrazi no} - 3- oxopropyl Thydtoxy(f or magﬁ\de

20( (2R) - 2- (Cycl opent yl et hyl )-\3-/ 55Y1 or oy 2- et Hyl - 6- (4- nor phol i ny1) - 4-
pyri m di nyl ] hydrazi nol - 3- oxopr opy o] mapi de was prepared according
to CGeneral Procedure A, wutilizing cogmeXci/ally-avail able norpholine in

pl ace of pyrrolidine in Part A LCVS: (MtH)+: 425.4. 25Exanple 11

R2R) - 10 ( Ci{eRpR<€aygdpemtymeihyl3-3((2-{6-Dethyl(noetby Bmet]bfludoRrmatthylt4-net hyl oxy) ami n

ReRy - 2. { YR BB Bl SR BRI HRS NS BFEBRE T e B Chrerd) o
0] - 4- 30p¥raceddierty Uity exrhmeicidly exaiEbigpiidihymdebypmiraamiabe ofpyrroidgEaned
accor di ngpkg AGanan&! (m+H)" 397.4.

Example 19
15  [(2R)-2-(Cyclopentylmethyl)-3-(2-{5-fluoro-6-[(2S)-2-(hydroxymethyl)-1-pyrrolidinyl]-
2-methyl-4-pyrimidinyl}hydrazino)-3-oxopropyllhydroxyformamide
HO

IS X

N No

\&/N N~ H
I H |
N\fN OH

[(2R)-2-(Cyclopentylmethyl)-3-(2-{5-fluoro-6-[(2S)-2-(hydroxymethyl)-1-pyrrolidinyl]-2-

methyl-4-pyrimidinylthydrazino)-3-oxopropyllhydroxyformamide was prepared according
20 to General Procedure A, utilizing commercially-available (S)-(+)-2-

(hydroxymethyl)pyrrolidine in place of pyrrolidine in Part A. LCMS: (M+H)": 440.2.

Example 20
[(2R)-3-{2-[6-(Cyclobutylamino)-5-fluoro-2-methyl-4-pyrimidinyl]hydrazino}-2-

25 (cyclopentylmethyl)-3-oxopropyllhydroxyformamide
0

PP PPN
N N

\H\(\N NH
I H |
N\fN

OH
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WD 2009/ 061879PCT/ 1JS2008/ 082575 Procedure A, utilizing

commerci al | y-avai |l abl e N, O-di net hyl hydr oxyl am ne hydrochloride in place of
pyrrolidiwe 2om/deas7® A LCVE: (M FH)*: 399.2. 5Exanpl e PCT/US2008/082575
((2R) - 2- (Cycl opentyl met hyl ) -3-{2[ 5-fl uoro-2-met hyl - 6- (1, 3-t hiazolidin-3-yl)

- 4- i m dipyl [ - 3- | ) hyd fo ide .

o T A SR SR L S IO it o1 1 5.1
Dccor di NG Lo Bt A et e ovay T bl e
it avol | APiREeRTephapdiz G Ercily uslah R B tie n (i & pipdipe in

Exanpl e 1Bart A. LCMS: (M+H)": 409.4.

15R2mlgi_) = 2- ( aQICI opent _yl( _meft)hyl )-3-(2-{5-fluoro-2-nethyl-613- (et hyl oxy)-1
-azet i nyl]-4- pyrimdinyl}hydrazi no)-3-oxopropyl ] hydr oxyf or mam de _
R2R) - 2- (Cycl opent yl met hyl ) - 3- ( 2- { 5- Exdmiple 214 net hyl - 643- (et hyl oxy) - 1-azetid

e R v L e e

3- met hoxy pelopdinbdmyi p8lokeprapy I Thpd xgterneimiggr rol i dine in Part A LCMVE:

(MrH) © 425, 2. . o o Exanpl e 14
[ (2R) - 2- (Cycl opentyl met hyl ) - 3- (2-% 5-f | ugr of2- rret/l[jQ/I-G-[(3R)-3-(rret hyl oxy) -1
- 25pyrrolidinyl]-4-pyrimdi y C

azi nay - 3r oxXpprropyl ] hydr oxyf or mam de o/
OH

bN N\fN

10  [(2R)-3-{2-[6-(Cyclopentylamino)-5-fluoro-2-methyl-4-pyrimidinyl]hydrazino}-2-
(cyclopentylmethyl)-3-oxopropyllhydroxyformamide was prepared according to General
Procedure A, utilizing commercially-available cyclopentylamine in place of pyrrolidine in
Part A. LCMS: (M+H)": 423.1.

15 Example 22
[(2R)-2-(Cyclopentylmethyl)-3-(2-{5-fluoro-6-[(3R)-3-(hydroxymethyl)-1-pyrrolidinyl]-
2-methyl-4-pyrimidinyl}hydrazino)-3-oxopropyllhydroxyformamide

OH

O

Oyl

F o
H
X N\N
H
N\fN OH
[(2R)-2-(Cyclopentylmethyl)-3-(2-{5-fluoro-6-[(3R)-3-(hydroxymethyl)-1-pyrrolidinyl]-2-
20  methyl-4-pyrimidinylthydrazino)-3-oxopropyllhydroxyformamide was prepared according
to General Procedure A, utilizing 3(R)-pyrrolidinemethanol (J. of Med. Chem. 1987, 30,
1711-1715), in place of pyrrolidine in Part A. LCMS: (M+H)": 439.2.
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R2R) - 2- (Cycl opentyl net hyl ) - 3- (2-{5-fl uor o- 2- net hyl - 6-[ (3R) - 3- ( et hyl oxy) - 1-
pyrrol i diwgl2pes/oéigrgri m di nyl | hydrazi no) - 3- oxopr opyl ] hydiroxyfseoosmsisde was
prepared according to General Procedure A utilizing conmercially-avail abl e
(R) - 3- hydroxypyrrolidine hydrochl oriEde i . % ace of pyrrolidine in Part A
LCMS: (MrH)t: 439.2. S Example 23 Exanpl e 15

(259 (@ neseupemniong e a0 syt gy ytomingory) -
- |
10%@ 2- ?@%‘%b‘éﬁ%%i‘ﬁbﬁ%@%ﬁ? pﬁ%mdﬁy E‘é’ﬂ% 'J’%% 353/ 3- (et hyl oxy) -

1-pyrrolidinyl]-4- pyrimdi nyI/}OHydraZ| no) - 3- oxopr opyl ] hydr oxyf or mam de was
prepared according to General Procedure A, utilizing comercially-available
(S)-3-hydroxypyrrolidine hydr or fde,i nfpl acefof pyrrolidine in Part A
LCMS: (MHH) *: 439. 2. 15Exanpl e Bﬁ)\( J\

R2R) - 2- (Cycl opentyl met hyl ) - 3- ( 2- {5Jf/l,\por'b 2 ma&hyl 6-[ (1- et hyl et hyf | am no]
-4- pyrimdinyl}hydrazi no) - 3- oxopr opyl | roxyformam de NIHO OH

[ (2R) - 2- (q/clopentyl met hyl )-3-(2-{5-flu - 2- rrethyl 6- [(1 met hyl et hypam no]
-4- 2 PYF 09 Yy f.epar ed
accorgil3 ng (?g} g@%@ﬁg@%ﬂg uré§Ag¥|8§{O?6)¥?%Ey§§mm cla y gvma'” pg

i sopr opyl aethye4inyripidiry@hpdragper-Siokefrory lhydeyyformamigengas Erpadred ageardipg

Exanpl e 1% General PrOCe?ure A, Li |Z|n%§( ﬁ_?;oy rolldlnem%thanol g/] c_)f6|\_/l d. Che 2‘I_987 30,

25{ (2R) - 2- ent uor o-
(rret hyl oxfy%b hZﬂ;ampi%ﬂﬂﬂﬂpb'W'idmedﬂ By deGMB n g9+ ) 043H? opyl }hydr oxyf or mami d

~

10 Example 24
[(2R)-2-(Cyclopentylmethyl)-3-(2-{5-fluoro-6-[(9aS)-hexahydropyrazino[2,1-
c][1,4]oxazin-8(1H)-yl]-2-methyl-4-pyrimidinyl}hydrazino)-3-

oxopropyllhydroxyformamide

EL

NT/

)O]\
\ N~ TH
H I
N OH

15 Part A
N-(Phenylmethyl)-D-serine

As per the procedures of W02005058245, a mixture of D-serine methyl ester
hydrochloride (98.84 g, 635.3 mmol) in MeOH (280 mL) was cooled to 10 °C. To the
mixture was slowly added triethylamine (88.5 mL, 635.0 mmol). The mixture was
20 warmed to room temperature and the resulting solution was cooled to 10 °C. To the
solution was added benzaldehyde (64 mL, 630.2 mmol), and the solution was stirred for
30 min. To the solution was added sodium borohydride (24.03 g, 635.2 mmol)
portionwise over 30 min, and the mixture was stirred for a further 30 min. In a separate
flask, MeOH (114 mL) was added to water (170 mL), and to this solution was added a
25  solution of NaOH (77.25 g, 1931 mmol) in water (155 mL). The solution was cooled to
15 °C, and the reductive amination mixture was slowly added to the NaOH — water —
MeOH solution over 15 min. The solution was stirred and warmed to room temperature

over 30 min, and water (170 mL) was added, followed by sufficient 6 N aqueous HCI to
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{(2R) - 2- (Cycl opent yl net hyl ) -342-(5-fl uoro-2-net hyl - 6-{nmet hyl [ 2- (et hyl oxy) e
t hyl ] am mwp-20eb/qey870 mi di nyphydr azi no] - 3- oxopr opyl } hydr ox pConseensde2sam s
prepared according to General Pr ocedure A, utilizi ng commerci al l y-avai |l abl e
(NFMS_ED ire t ho&x tnélphrgetQhé/ ‘?he SO u ion \B'lansa \(/:vgsr%d \Bl¥h E%Ac gn I?,aarrygspﬂﬁicll"ecr?}/%'

R2R) - 2- ( Ccdquieetd HCebE ybdedBto( adsb tHeephyd 615et1hmpamun@]/\ra§cbbludn@e 2cnamidhy| -

pyrim di nyl } hydr azi opro r 0X rmam de 1 1FEHO HlI. N
PO 10 RSy B Rty R Sal) e i3 B SRR g 2nd washed bith

m noj - 5- f l/vuty’r(@ 2- thrh%d folowed by heptane (2 x 20? mL). Th((ja white solid was dréad at 40 g
pyrim'lny no) - 3- ro oxyfor S .pr rdi ng
Py Goribr alC BAUELAGP SoRITIPT FEPHD “baHer &( Yk Breah iy B Y CnBE i am ne
in place oEMsyr(vH)dI 188.1.n Part A. LQVE: IVH-|)+ 397. 4. Exanpl e

15R2R) - 2- (Cycl opent yl net hyl ) -3-(2-{5-fl uoro-6-[(2S)-2-(hydroxynet hyl) -1-pyr
rolidinyl]- 2-methyl-4-pyrimdinyllhydrazi no)-3-oxopropyl ] hydroxyformam de
HO 0 NI H Nah@gH

R2R) - 2- ( nty th 1)-3-(2-{5-f1 uoro - 2- (hydroxynmet hyl ) -1-pyrro
i di nyl ] %%)%gﬁﬁw 59%‘(’#"&'&'&4‘%@&‘#’!‘12?%@ &' opyl ] hydr oxyf or mani de
was pt@paAeréiCmerdlol@jures of W02005058245, a solutlon of N(phenylmethyl) D-serine

e S RS\ G £ Bl L et vy

440. 2. solution of K,CO3; (168.87 g, 1222 mmol) in water (485 mL) was added. To the well-

stired mixture was added chloroacetyl chloride (45.4 mL, 570.0 mmol) slowly while

keeping the internal temperature below 5 °C. The mixture was vigorously stirred at 0 °C

15  for 30 min, and then an additional portion of chloroacetyl chloride (4.54 mL, 57.0 mmol)
was slowly added. The mixture was stirred for an additional 30 min at 0 °C. To the
mixture was added a sufficient quantity of precooled 0 °C aqueous NaOH (50% w/w) to
adjust the pH > 13.5 while keeping the internal temperature between 5 °C and 10 °C.
The mixture was stirred at 0 °C for 2 h, and then warmed to 20 °C. The mixture was

20  washed with heptane (165 mL) followed by a second portion of fresh heptane (240 mL).
The aqueous phase was cooled to 0 °C, and adjusted to pH < 2 with concentrated
aqueous HCI while keeping the internal temperature less than 10 °C. The mixture was
placed in a 0 °C freezer overnight, and the solid was collected by vacuum filtration. The
solid was washed with water (2 x 300 mL) and dried in vacuo at 42 °C overnight. The

25  resulting (3R)-5-ox0-4-(phenylmethyl)-3-morpholinecarboxylic acid (72.20 g, 75%) was
isolated as a white solid. LCMS: (M+H)": 236.1.

Part C:
(3R)-5-Ox0-N,4-bis(phenylmethyl)-3-morpholinecarboxamide

30 A mixture of (3R)-5-ox0-4-(phenylmethyl)-3-morpholinecarboxylic acid (69.67 g, 296.2
mmol) and 1-hydroxybenzotriazole (48.01 g, 355.4 mmol) in DCM (990 mL) was cooled

to 0 °C. To the mixture was added 4-methylmorpholine (163 mL, 1483 mmol), benzyl
amine (35.6 mL, 325.9 mmol), and EDC (62.46 g, 325.8 mmol). The yellow solution was
stirred overnight at room temperature, and was then washed with water (500 mL), 6 N
35 aqueous HCI (300 mL), and water (200 mL). The organic phase was dried over
anhydrous Na,SO,, filtered, and concentrated in vacuo to give crude (3R)-5-oxo-N,4-
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Exanpl e 20

R2R) - 3- (216- ( Cycl obut yl am no) - 5- f | uor o- 2- net hyl - 4- pyri m di nyl ] hydr azi no} - 2-
25( cycl opeotzgéamsidryl ) - 3- oxopr opyl | hydr oxyf or mam de Cr - NRCHUS2008082875 OH WO
2009/ 061879PCT/ 1JS2008/ 082575

R2R) - 3- {2 clo am no uor o- 2- net h hydr zi no) - 2-
Coytl open PSRt RTRT s B PSUSAeP AR O G Ml UK B AR HU bR e Blng 1 o
Cener al PfoaeeduCSAMuH)'t 1326129 commer ci al | y-avai | abl e cycl obutyl anine in

pl ace of pyrrolidine in Part A LCVS: (MH): 4009. 4.

Exanpl e 21

R2R) - 3- { 2pgALX: Cycl opent yl am no) 5-fl uoro-2-net hyl - 4- pyri m di nyl ] hydr azi no} -

be(z%y ! O?%ﬁ’@c{ (cy}ﬁeﬁfq(?'i‘éﬁﬁ @-?—%%g@%ﬁ%?ﬁmﬁmﬁﬂamim nyl ] hydr azi nol
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B I e o L e
| i di nyd ] - Red-Al was then added over 30 min. The mixture was then heated at 50 °C and stirred
overnight. The solution was cooled to 0 °C, and the reaction was quenched by the slow
dropwise addition of 1 N agueous NaOH (50 mL). An additional portion of 1 N aqueous
NaOH (500 mL) was then added, followed by Et,O (200 mL). The phases were
separated, and the organic phase was washed with fresh 1 N aqueous NaOH (400 mL).
15  The combined aqueous phase was extracted with fresh 4:1 PhMe — Et,0 (250 mL), and
the combined organic phase was dried over anhydrous Na,SO, filtered, and
concentrated in vacuo to give 1-phenyl-N-{[(3S)-4-(phenylmethyl)-3-
morpholinyllmethyl}methanamine as a yellow oil that was used without further
purification. LCMS: (M+H)": 297.1.
20
Part E:
Ethyloxo((phenylmethyl){[(3S)-4-(phenylmethyl)-3
morpholinyllmethyl}amino)acetate
A solution of 1-phenyl-N-{[(3S)-4-(phenylmethyl)-3-morpholinyllmethyl}methanamine
25 (assumed 87.79 g, 296.2 mmol) and N,N-diisopropylethylamine (67.1 mL, 385.2 mmol)
in THF (1000 mL) was cooled to 0 °C. To the solution was added ethyl
chloro(oxo)acetate (36.3 mL, 326.2 mmol) dropwise via addition funnel. The resulting
mixture was allowed to stir and warm to room temperature for 1 h. The solvent was then
removed in vacuo to approximately 20% volume, and the residue was partitioned
30 between EtOAc (600 mL), water (100 mL) and sat. aqueous NaHCQOj3; (500 mL). The
aqueous phase was extracted with a fresh portion of EtOA¢ (200 mL), and the combined
organic phase was dried over anhydrous Na,SQ,, filtered, and concentrated in vacuo.
The residue was then azeotroped with EtOH (100 mL) to provide ethyl
oxo((phenylmethyl){[(3S)-4-(phenylmethyl)-3-morpholinyllmethyl}amino)acetate as a
35 yellow oil that was used without further purification. LCMS: (M+H)": 397.2.
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20 net hyl -4-pyri m di nyThydr azi no) - 3- oxopr opyl ] hydr oxyf or mam de was prepared
according to General Procedure A, utilizing 3(R)-pyrrolidinenethanol (J. of
Med. Chemwol9®M61880, 1711-1715), in place of pyrrolidi necrrusBasins?irs LCVS:
(MtH) *: 439.2. WD 2009/ 061879PCT/ 1JS2008/ 082575

Exampl e 2 )

R2R) - 2- ( entyl net hyl ) - 3-(245-fl uoro-61(3S)-3-(hydroxynet hyl)-1-pyrroli
dinyl]- 2¢ hy(Phénwyﬁdtny%mh 0] aﬁumﬂsc]wm&eﬂnbldwdrmyfornam de OH

5R2R) - 2- | t vl t 5-f th 1-
ol i dl) nyl ]( : ﬁé%teﬂy?/ 89¥| 3n i ny?th‘nlydr :f%r ﬁB?e %%Hﬁgégr?@ﬁg&ﬁt@%%m S)ér r
\gﬁ(i;) pr epanﬁmmrnﬁbtmg}ahmcﬁem?ta:\(/g&mmdmﬁg 296, % mi%lln EIOH (1000 mL)
rrol i dal a . 0 , 1N ace

oy Py Rk TR P (R TRR TR S as W prsgbRRis Rt biflook
R]2[R)1 2 (Cyakometont aysyh) tr(Rofd lough or G34:E) ThexaEIOIPYEN N2, 1-
C oXxazl n -Z2-Nne -4- rimadin raZl
o obvr RALE Yot ek eaT e VREIo RS oRSlANAEd: oo o FIQAC A2 9¥8r ¢ he
Er gcedﬁlr eaperbxi@2sN) 56 58 4bwhige BbIXE UTHe PH/CCFIRE chke waetitiad siesiee rwith MeOH

ydr ochl or

8. , .635.3 (0] i MeOH to,10 C. T
Trar oot olao0mb) Sndand ik ef ekt el e o SES iRy g2 Ve wednge © 1O
mi xlt u{j@t vva?e gun@r waslthea cbo?mtﬁatﬁmﬁrvag%u aw(ﬁ@ﬁsttal:ﬂmdmlﬂm)zg— B@Ad:gtb@n/ewasl )
cooled to sol u ed henza . Mo
Sod The: Saiter by as pbRee Y BE it AR LS TTe Gabnad S tet o
bor ohydri ﬁtﬁ_jo]grs?G/eEb?tr@n d@3 berdratexddin) V@Obwndmﬁﬁhm‘dﬂ‘orﬁ%tmﬂn—bﬁﬂbﬁ? t4d1@|v@naxt ure
was stirred for rth t as Wwas
reea 1o Wit Ropd st caRBingh il B aRE ARG P lenes sl sonatad lagbhe o
gaO-l (77h@ﬁ1eg)élmb9@1)thrdeamt>$ﬁ1t 6ﬂﬁ5]omln?-6:\|7waj|@£dd(39:nglgyﬁk Q/ﬁgd OE—|)d 4t 0 3.5
and_the, r m xture was slo added to the - wat er
&isoﬂﬁf’?e) ﬂ'% (@gﬁ hb? the sol ution was st%/rred and warmed to room
terrperature over 30 mn, and water (170 nmL) was added, followed by

suffici enb gg aqueous HClI to WD 2009/061879PCT/ 1JS2008/ 082575 adj ust the
pHto 9.5 sol ution was washed with EtOAc (2 x 60 nL), and sufficient 6

N aqueouskgd@)-BVMeﬁﬂthylmdﬁ%mbpymlrme tl &][@,4Joxaiee M xt ure was cooled to
0, C,and, b over it ot TRAGESY! B P9W3SL T AoiBhe o HEENES DV UBls, 00
m.). ZJhe (/pfhiehﬂn&ﬁ}dl)demgdmpy@dmap 146][54]0&&1111:%—6 mcgdsnevaxwmme‘dotrotﬁ 4@apsgt 0
afford N-(phenyl DRt b Rog&hi\Gad 483t 1 LAY in E,O (406 mL, 406 mmol) via
dropping funnel over 40 min. The mixture was then warmed to 35 °C and stirred for 6
days. The mixture was then cooled to 0 °C, and EtOAc (100 mL) was slowly added,
followed by water (20 mL), 15% aqueous NaOH (20 mL), and water (60 mL). The
25  mixture was vigorously stirred for 1 h, and then diluted with EtOAc (500 mL). The
mixture was filtered, and the filter cake was diluted with 1 N aqueous NaOH (500 mL)
and extracted with Et,O (2 x 200 mL). The combined organic phase (filtrate and Et,O
extractions) was dried over anhydrous Na,SO. filtered, concentrated in vacuo,
azeotroped with MeOH (100 mL), and dried overnight under high vacuum. The resulting
30  colorless oil was combined with a second batch of product prepared in the same fashion
from (9aS)-8-(phenylmethyl)hexahydropyrazino[2,1-c][1,4]oxazine-6,7-dione (0.3047 g,
1.1 mmol) to give crude (9aS)-8-(phenylmethyl)octahydropyrazino[2,1-c][1,4]oxazine
(combined total 38.59 g, >100% crude yield). LCMS: (M+H)": 233.1.
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LCVs: (M FH)+: 196.1. Part B:

(3R) - 5- 0x0- 4- ( phenyl net hyl ) - 3- nor phol i necar boxylic acid 10As per the

pr ocedur es0ahoB205058245, a sol uti on of N-(phenyl net hpCrAaR2esnsses (79. 51
g, 407.3 mmol) in THE (485 nL) was cooled to 0 C, and a precooled 0 C
solution qf K2003 (168.87 g, 1222 mmol) in water (485 nlL) was added. To the
wel | -stir i xture was added chl oroacetyl chloride (45.4 nL, 570.0 nmol)

slowy wlh'(gatsﬂmnﬂhywophezinm{z:?rw{l1é4]exmﬁéaamgerdwﬂmu& C. The m xture was f
Vi gor ous stirr a 15 for m n nd then |ona ortion o
thior oacet§ia SEM B (sreathe Nims o fRat iR ot dinatne HaSimeor o
vvafsf stirres.obay, 13.6a0Mhdl) mnmb?Bg(axbgna; wés @ddﬁg&heagﬂlgbu#ﬂ-m\ws nald dz30 ah

suf ficjient ant i agueous w w) .t st the
o o 5 SRy e dlo Rt RESS e tha midiGelar WogREREL VI e  The
m xture V\lalﬁeréd |thirb&@h atgI@ssCfiE)érrfilt%r.thr?nf:ﬂ’ieTr lake \gwrsnmlsﬁe@ with QleOTI-H]earmf th;eur eh
was 20 washe tane (16 . foll owe S res
nopt ane. ( SA00RE) SO AER Gt RAleun YA R etpbigeet BRh M BdpBant i <
2hvvi t hocgm:(pﬂivli@t @b&)mmyeroblﬁbzmpl, ’GC]Kﬁle]gkzici@]d kighydrdcalorias h(Bermeg aney.e | Iesz
than 1 .. The m xture reezer o .ght., .an e soli
wne col | clpbSE Shtla o BF SHRadukespid GEmal A SR R fag o o
300 MY and dried in vacuo at 42 C overnight. The 25resulting

(3R) - 5- oxE- #-!_(phenyl met hyl ) - 3- nor phol i necarboxylic acid (72.20 g, 75% was

i sol at ed + white solid. LCMs: (MFH)+: 236.1. Part C
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(3R) - 5- 0x0= 1 i}&aen | met hyl ) - 3- nmor phol i necarboxylic acid (69.67 g, 296.2
mmol ) and ! A éﬁf{benzotriazole (48.01 g, 355.4 mol) in DCM (990 nlL) was
cool ed toT6 eCmuSﬂturet lve (9atavtshydapyedthed, ﬂac][r&tl]a)xhzmé plitoldravdloridié 326128 Q,483

The Vi Todfte BFeDn e, b BCh wesnrain 48 TeameCbigE 2P D lEs { hen

as hed wi {te. 5%1@ e1r08(5rﬂ61(§)mahd hﬁNMuuB&;aqpﬁetuylaH(ae 6308, rxgom amd) Wahe mift2@0 nL) .

The organjc phas ried. over qus r
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(2009/ 0618vasKsy \&Lﬂrﬁé’élﬁr&/célﬁélﬁﬂial-m@{(Qbelnw)nﬂ"hbyébhm@srmfap@masIwﬂ‘adftbd)mmade
97.05 g, OO(V cru ow fo Par t
b 3. Brismg bagtist CRBEN, Pl Rads of el Bsear i hypstid i it am ne. To
? 0 Qesgl uleGmquo(rBB) 5h@>oofrﬂd;r%bdborgérrnbmxalsesrmdsydir)edSe\vmraﬁmWrtonecr\szoz,a?*i de
assume 0 9w W in
e ey s sy, Bio 2 Beh ErBERH) i vt 1ok, ok, ToBs VT 816 Ridro 2ty o
been addedynrhihe.yr)@ﬂawdrmrannd[me][mabxmahm taoligraoyelloanpiertaatunvas aswd t he
remainder of & Aher purification. LOMS: (M+H)": 287.1.

25 PartJ:
(9aS)-8-(5-Fluoro-6-hydrazino-2-methyl-4-pyrimidinyl)octahydropyrazino[2,1-

c][1,4]Joxazine
To a solution of (9aS)-8-(6-chloro-5-fluoro-2-methyl-4-pyrimidinyl)octahydropyrazino[2,1-
c][1,4]oxazine (assumed 31.03 g, 108.2 mmol) in dioxane (430 mL) was added
30 hydrazine monohydrate (31 mL). The mixture was heated and stirred at 80 °C overnight,
and then at 85 °C for 7 h. The mixture was cooled to room temperature and
concentrated in vacuo. The residue was dissolved in DCM (500 mL) and washed with
saturated ag. NaHCO; (200 mL). The aqueous phase was extracted with a fresh portion
of DCM (100 mL), and this organic phase was washed with saturated ag. NaHCO3; (100
35 mL). The combined organic phase was dried over anhydrous Na,SO, filtered,
concentrated in vacuo, and dried under high vacuum overnight to provide (9aS)-8-(5-
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10 Red-Al was then added over 30 min. The m xture was then heated at 50 C
and stirred overnight. The solution was cooled to O C, and the reaction was
guenched W9 200v068870w dr opwi se addi tion of 1 N aqueous NaCHUS2@8m8IS75 An

addi ti onal porti on of 1 N aqueous NaCOH (500 nmL) was then added, followed by

Et 20 (200 m_ The a re se the arg hase washed
i th 1 s oo ATl TR DT o ey SRR aa e ek euns
ext ract ed92\%t)hel<ﬂ fcﬁQfstébslaE’laM@htydEb@QoﬁdZ5mMB) (Ma&Ryt: t2l86 ;onbi ned organic
phase was dried over anhydrous Na2SO4, filtered, and concentrated in vacuo
to give 1-phenyl-N{R3S)-4-(phenyl nethyl)-3- norpholinyl]nethyl}nethanam ne
as a vyell pgtei:| that was used vmthout further purification. LCVMs: (MFH):
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the m xture was
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Et OAc to fpavie lECMBI (+8PL |5d013hat was conbined with the initial batch of
solid. The conbi ned nother liquors were then concentrated in vacuo and
crystallized fromEtOH - EtOAc to give a white solid that was conbi ned with
the firstpamwa: batches of solid to afford (9aS)-8-

P el S GRS ks R Rl o7 o 52
(9aS) - 8- ( E’jjeﬂ]dmtm&(l‘l)-Ig)qt]éﬁflmdtrqp-w:wzinﬁid[rﬁj,l}hydfz]z[irio)ﬁtj-oxazi ne
oxopropyllhydroxyformamide
To a solution of [(2R)-2-(cyclopentylmethyl)-3-(2-{5-fluoro-6-[(9aS)-
hexahydropyrazino[2,1-c][1,4]oxazin-8(1H)-yl]-2-methyl-4-pyrimidinyl}hydrazino)-3-
30  oxopropyl][(phenylmethyl)oxylformamide (assumed 38.74 g, 68.0 mmol) in methanol
(225 mL) was added 10% Pd/C (5.81 g). The mixture was hydrogenated under balloon
pressure for 4 h, and was then filtered through a glass fiber filter with MeOH washes.
The resulting solution was concentrated in vacuo to approximately 10% volume, diluted
with EtOAc (400 mL), and concentrated in vacuo to approximately 30% volume. The
35 resulting solid was collected by vacuum filtration and washed with EtOAc. The mother
liquor and EtOAc washings were concentrated in vacuo to approximately 10% volume,
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Toa0Cm xt ur eof t woconbi nedbat chesof (9aS) - 8- 20

(phenyl net hyl ) hexahydr opyr azi no[ 2, 1-c] [ 1, 4] oxazi ne- 6, 7- di one (conbi ned
total 42.\80 2009/66295 nmol) in Et20 (406 nL) was added 1PpWEiriis2oosisisns Et 20
(406 nlL, 406 mml) Vi a droppl ng funnel over 40 mn. The m xture was then
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Example 25
30  ((2R)-2-(Cyclopentylmethyl)-3-{2-[2-ethyl-5-fluoro-6-(4-methyl-1-piperazinyl)-4-
pyrimidinyl]hydrazino}-3-oxopropyl)hydroxyformamide
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30 hydrazi ne nonohydrate (31 nL). The m xture was heated and stirred at 80
C overnight, and then at 85 C for 7 h. The m xture was cooled to room

t enper at we 2a0vdb6egracentrat ed i n vacuo. The resi due was @#CTaskaswsisns DCM
(500 nL) and washed with saturated aq. NaHCO3 (200 nli). The aqueous phase
was extragted with a fresh portion of DCM (100 nL), and this organic phase
was washe&8@%i%h saturated ag. NaHCO8 (100 35ml). The conbi ned organi c phase
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Ny“ LT‘I(lul ny@mﬁh llamhdégWsaiacn@b(&adte@;mtﬂ]lmﬁmzamenI()ZOTHGBc@mbﬁﬁéd %rgﬁmﬂl )ayirls 10
met mor phol.i.n , - zotriazol e :
816 ol PR HECE KT 2B NG, rupRoraka YL s e e ibicyrow 1© O
over ni ght resiflietd3ane déditsdgrlodict [89BtrAG 60300 nL). The mi xture was washed with
water (2 x 200 nL), and the 15 conbi ned aqueous phase was extracted with a

fresh portion of Et20 (100 mL). This Et20 phase was then washed with water
(50 nL). PhttB:extraction - wash procedure was repeat ed 6 tinmes, and the

R T N e AL AL C R ST L
concentr abydmlldinylﬂinlailﬁoBB-\(ﬂopfdm)[(phenylmethyl)oxy]formamlde

20nexahydhopy ATt 1 A0 e NP sSSP ARSI PYARER AR Py i o

i no) - |3_- ﬁa@pr(lo?ylg] X)) Bhﬁmxbl)rreDMqum]nﬁLQrmdﬂed(té% @dtuge ob 20U dluude4-yi el d)
as a | e 0

SeroR) - o bRt et Rerat YT (9.6 5. BY GBI oN KA 40 86 411580 2. 1-
c][1, Zol.oi(amncn) &hﬂil—ED(yl]’ 92-gret1B8lmédrgby r T edsaiting lepditiad iwie) trelited with NMM

oxopr opy

Toasol ot i Bhbr PR SITRLPOEHTSA IR 23 1 by (e gegetion wes
hexahydr opympleten@D@,nil- of Wated vaxs aidsd &hail-the yollitich was leyiractedyiree timds withThyd
Lozt o) Jon i CaPHREE P b ARSI S BB T,
was hydr ogemat mmgieaindoaiehomredpomwihedﬁoos Nbk,B8O . arklapesatibhen the Isbieestd
concent r aPEN e a/isdlie bl ey Seldien B ROB GO TeT BTt ed i th Bt 0AG (400
m.), and concentrated in vacuo to approxi mately 30% vol une. The
Part C:
((2R)-2-(Cyclopentylmethyl)-3-{2-[2-ethyl-5-fluoro-6-(4-methyl-1-piperazinyl)-4-
pyrimidinyl]hydrazino}-3-oxopropyl)hydroxyformamide
30 A mixture of ((2R)-2-(cyclopentylmethyl)-3-{2-[2-ethyl-5-fluoro-6-(4-methyl-1-piperazinyl)-
4-pyrimidinyllhydrazino}-3-oxopropyl)[(phenylmethyl)oxyl[formamide (17.1 g, 31.61
mmol) and 10% Pd/C (4 g) suspended in MeOH (400 mL) was stirred under a balloon of
H, gas. After 2 h, and additional 2 g of fresh 10% Pd/C was added. The resulting
suspension was stirred for another 1.5 h under a hydrogen atmosphere until the staring
35 material was consumed. The Pd/C was removed by filtration through Celite, washing
with MeOH and CH,Cl,. The filtrate was concentrated in vacuo. As the evaporation
-91 -



35resulting solid was collected by vacuumfiltrati on and washed wi th EtOAc.
The nother |iquor and Et OAc washi ngs were concentrated in vacuo to
appr oxi mewel29091@¥87vol ume, - 89 - WD 2009/ 061879PCT/ 1JS2@08/133@8/M%25ahnd t he
resulting solid was collected by vacuumfiltrati on and washed with EtOAc.
The two crops of solid were copbi ned and dried at 50 C for_16 h under high
Vacuum t oPEBRees. BRproalEL uraiesd git TP 5mafing seiltone 1% slaptrsh & o
ei(c[’:l h ]yd b@ﬂmugdiunﬁl @il?,~25ﬂ)-mL of liquid remaineccjj. Th(T crygtals were th?t)an collected bly v
c][1, 4] oxazi p- 8( 1H) - - 2- nmet -4-pyrim di.ny azino).- 3- oxopr ydro
<y or e Ealiross oMY i Pl a5 o wanE: sy (1 B witrtc g 488  Ele
gI_M FHI) + é&l?oiated\lthgg)éﬁz‘ée@nDlroﬁﬂﬁdudfrlﬁstalshﬁ.|5 g)3as the pur? Iproduct. In the sa;ne

oasol uti onof crude - 2- opent t hyl.)-3: (2-{5- or 0- 6- as) -
oyl oy PO Atk AR s ShERE R PR e iy o
[3 gzimno)-l[a}-etw-samgﬂwgggmﬁpmwémgply-p%]nldml}iwé]amrd?né}amurrec;l 89. )73 %’h

: Mo in was 0 _ owater, 7.9 g). e
suspensi 082%8951’}@&%%@%@%2’%W&éﬁg%%ﬁﬁt?o%- Y uévi%o\r%%jh, and was then
filtered through two glass fiber filters with MeOH washings. The resulting
solution was concentrated in vacuo a volunme of approximately 70 niL, and
was then diluted wth Et0Ac (500 MMI ution was 15 concentrated in
valc Iuo1 a 0d Nﬁ[mez-mmweimtuylquqt-eﬂiw&gﬂl Utﬁlb};ﬁ-(z'ﬁbﬁxﬁﬂﬂidiﬁgﬁ;clp?-l sol iddbvvas
collecte vacuum fil.tration, an she W Et OAc fol |l owe y
exanes PREMBEKINdrrnbF S e RN TR e maidso, Tand then di ut od wi th
Et OAc (200 nL). The m xture wa goneentra ed inovacuo to approximately 50%
vol une, and the resulting sol ié:m%;iQPHLN yacuum filtration and
washed well with Et0Ac foll owed byIZBN hexan s.(leThe two batches of solid
wer e conbi ned and pl aced under hi ghv¥ac overnight. To this material was
then added approxi mately 466 ng of te | prepared through a simlar

sequence, and the conbi ned batch was heated at 50 C under high vacuum
over ni ght Nt{2RfZ-Gryg!org My Inzetiivl)y 3 D [FeethylHarBudig16) (23sqxaz¢lBlinyl)tfor o- 6- [ ( 9aS) -
hexahydr o 4 = Gl d;l%n% (32" hyl ~4- pyri . e nyll hyd
razi no)- gyﬁ@élngga{aé%zgﬁ?l]sh@ng%@@ﬁ %o%%é &L%‘% ‘g’?é 8§%’9o élregl dé Cfc g;lrdmf st'%) eps) .
LC/ MBI ( MoRRpral Paged@e Brivélizingsednengiadwial @ lahtes seneabhdinecialplacesih arelisingrinzed
and found b Y QL i rm Form1l. Exanple 25
30U2R) - 2- ?%A/Rc ' g'pcg\ﬂ yrmrrerﬁ y{%sf% {212- et hyl -5-fl uoro- 6- (4- et hyl - 1- pi per azi ny
1) -4- pyrimdinyl]hydrazi no}- 3- oxopExampte/d¢ oxyf or mam de Th' 1"--N1FOO H
NNAH HI OF_[(2R)-2-(Cyclopentylmethyl)-3-(2-{6-[(3R)-3-(dimethylamino)-1-pyrrolidinyl]-2-

ethyl-5-fluoro-4-pyrimidinyl}hydrazino)-3-oxopropyl]-N-hydroxyformamide

/

—N
a4
N N
\H\( \N N H
I H |
NJ¢N OH

N-[(2R)-2-(Cyclopentylmethyl)-3-(2-{6-[(3R)-3-(dimethylamino)-1-pyrrolidinyl]-2-ethyl-5-

fluoro-4-pyrimidinylthydrazino)-3-oxopropyl]-N-hydroxyformamide was prepared according

20

to General Procedure B, utilizing commercially-available (3R)-(+)-3-
(dimethylamino)pyrrolidine in place of azetidine in Part A. LCMS: (M+H)": 466.2.
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WO 2009/ 061879PCT/ 1JS2008/ 082575 Part A:

2- Et hyl - 5-f | uor o- 4- hydr azi no- 6- (4- net hyl - 1- pi perazi nyQpyri m di ne To an

i ce-col d woloaymwms7ef 1, 4- di oxane (10 nmL) and MeOH (2 nlipcras:@dasrs7sl, 6-

di chl oro-2-ethyl -5-fluoropyrimdine (1.0 g, 5.13 mmol), N-nethyl pi perazine

(626 uL, 5.64 5 nmmol) and DI PEA (1.97 ni, .4 mol ) sequentially. The
solution was then stirred at roomt e for 2 h. After the reaction

was conpl Nt[E2R)S{GybIspsntilytbtiayl)-842{(6-[33)-BL(difléthyrmihoepyadidihyl] he

resulting su sion was heated at .90 Cin a oj.l path for 2 h until the
bt or e SIUTARLOLO RN ROTRI Y AT BroRRev I DR BB oht yel | ow
solid. The solid was dissolved yn CH2Cl 2 (100 nL) and washed with 1 N HCl .
The 10 aqueous phase was back-8&xtracted with DCM (50 nL). The conbi ned

organic |layers were dried over /anhydfous 2SM4. QEvapor ation of the sol vent
gave a light yellow residue as N n (890 ng, 69% . Part B:
15(( 2R) - 2- (Cycl opent yI net hyl )-3-{2-N|£%-Net

- fduor o- 6- (4- net hyl - 1- pi per azi
nyl)-4- pyrimdinyl]hydrazi no}- 3-oxopro | (phenyl met hyDoxy] f or mam de A
sol ution of

(2R) - 3-cycl tyl-2-H o 1[ (phen t 0X m.nql met hyppr opanoi ¢ aci d
(15 25 Y B e opan plretm s e S R B e Rt AR 8 5-
3-7 et8 hyl - Fﬂlﬁdrum@rr'rﬂwidiIg%ﬂfyaﬂdzlm%-g-cﬁ(gpMPIPNLhyBr%iyfé%gami?déégé@M’égéfeg iaﬂ@orﬂilagG % ]

. mo , . , . 1.)., an . , . . e
SO S - 0L SeR A 1 T R o ST %7 e c 1 R B
room t enpaiimetyRnfiny)pyrdidinAfin placé bEade@idibbirdParas LOMP! @ieH) 2488 L of wat er
was added and the solution was extracted three tinmes wwth 200 nL of ether.

The conbi ned organic | ayers were washed with water (200 nL) and brine (100
m.), @amd then dried over anhydrous [Exdfiple 2&vaporati on of the sol vent

2501 071 def] ! 20U, S WL RTEY B LTS AL B S PE RIS (A7 T O 84

((2R)-2-( Qyﬁ'bﬁ&ﬁ?l]w-;ﬁm'irhisdiﬁylﬁyb?éﬁn@)tilﬁkoﬁrofpbl]N-ﬁy@rdxﬁfd‘fﬁ'tahyilie 1- pi perazinyl
)-4- pyrimdinyllhydrazino}-3:0xopropyl)hydroxyformam de 30A m xture of
((2R) - 2-(cycl opentyl net hyl ) - 3-{£2- [ 2-Fet hyl - 5-f 1 uor o- 6- (4- et hyl - 1- pi per azi ny
1)- 4-pyrimdinyl]hydrazino}-3¢0 Nopropyd ) heny%ggt hypoxy] f or mam de (17.1

N

|

g, 31.61 mmol) and 10% Pd/C (4 enge H (400 nm.) was stirred
under a balloon of H2 gas. After 2nfigNnan dibsvonal 2 g of fresh 10% Pd/ C
was added. The resulting suspension |was irred for another 1.5 h under a
hydr ogen atnosphere until the starirhg 35material was consunmed. The Pd/ C was

removed by i3RI &oRe ) nRHA- S8 Ehy VRRIBS-[(35)-3-hydroxy-1-pyrrolidiny]-4-
15 pyrimidinylthydrazino)-3-oxopropyl]-N-hydroxyformamide was prepared according to
General Procedure B, utilizing commercially-available (S)-3-hydroxypyrrolidine in place of
azetidine in Part A. LCMS: (M+H)": 439.2.

Example 30
20 N-[(2R)-2-(Cyclopentylmethyl)-3-(2-{2-ethyl-5-fluoro-6-[(3R)-3-hydroxy-1-
pyrrolidinyl]-4-pyrimidinyl}hydrazino)-3-oxopropyl]-N-hydroxyformamide

HO
o d 1
N N
\H\( \N N H
I H |
NJ/N OH

N-[(2R)-2-(Cyclopentylmethyl)-3-(2-{2-ethyl-5-fluoro-6-[(3R)-3-hydroxy-1-pyrrolidinyl]-4-

pyrimidinylthydrazino)-3-oxopropyl]-N-hydroxyformamide was prepared according to

-03 -



wi th MeOH and CH2C12. The filtrate was concentrated in vacua. As the
evaporation - 91 - WD 2009/061879PCT/ 1JS2008/ 082575 proceeded, the product
crystal | iweadomutsi§7pom t he remai ni ng sol uti on. The evaporatriuseoosostsrhued
until only - 50 mL of quuid remai ned. The crystals were then collected by

fiItratio oVi e pr.oduct as The filtrate
uns 1 ur t nBenEebpEalds 1 SiGecEhalRiiy el Sy adyidra f Aeedle
pur e pr odudgdtidinerin Pae A5 alneMSWayl+Hi: 439.0d crop was col | ect ed. The conbi ned
yield of ((2R)-2-(cycl opentyl met hyl)-3-{2-

[ 2-et hyl - 5-fl uor o- 6- (4- net hyl - 1- pi perazi nyl) - 4- pyri m di nyl ] hydr azi no} - 3-
oxopropyl ) hydroxyfor mam de was 86% Ekdmplg31 LCVE: (MrH)t: 452.1. Exanple

ToN: RER) - DUARIA-SSiORA a3 JS oSO OPH A N) B S-SR o1 i i ny1) - 4
- pyri m dppsimidingilazdrazihoB3 @%opraEN Mydyskydaihahideni de CO F 00 NH OH

5-f|uﬁio-G-(Z-isoxazolidinyl)-4-
Yt ohnmeli de was prepared

g eovmmerci al | y-avail abl e

A. LCVs: (MtH): 425.2. Exanple

N—R2R) 2- (Cycl opentyl net hyl') - 3- { 242- etmyl-
pyri m di nyl ] hydr azi nol - 3- oxopxopy
according to 15Ceneral Procedure @ll'
i soxazolidine in place of azetldlnéj%I

27

Tl[ (2 2R) - 2Nl 2RSRIOHEAR IntBth I - 312-B5-(cHcIbprd R adiroslorahynsl et g) - 1- pyrrol i di ny
et hyl - 5- f PYBPIgINYUIErazR3HRNCPFRPY AL hYSEYXVERr BB pYaFNPIapaTesx s PTdiNe de
10  General Procedure B, utilizing commercially-available cyclopropylamine in place of
azetidine in Part A. LCMS: (M+H)": 409.2.

Example 32
N-[(2R)-2-(Cyclopentylmethyl)-3-{2-[2-ethyl-6-(4-ethyl-1-piperazinyl)-5-fluoro-4-
15  pyrimidinyl]hydrazino}-3-oxopropyl]-N-hydroxyformamide

/\N/\ F | 0 )O]\
N N
I H I
NJ¢N OH

N-[(2R)-2-(Cyclopentylmethyl)-3-{2-[2-ethyl-6-(4-ethyl-1-piperazinyl)-5-fluoro-4-

pyrimidinyllhydrazino}-3-oxopropyl]-N-hydroxyformamide was prepared according to

General Procedure B, utilizing commercially-available N-ethylpiperazine in place of
20  azetidine in Part A. LCMS: (M+H)": 466.5.

Example 33
N-[(2R)-2-(Cyclopentylmethyl)-3-(2-{2-ethyl-5-fluoro-6-[4-(2-hydroxyethyl)-1-
piperazinyl]-4-pyrimidinyl}hydrazino)-3-oxopropyl]-N-hydroxyformamide

HO\/\N o
W W
OH
25 J/

N-[(2R)-2-(Cyclopentylmethyl)-3-(2-{2-ethyl-5-fluoro-6-[4-(2-hydroxyethyl)-1-piperazinyl]-4-
pyrimidinylthydrazino)-3-oxopropyl]-N-hydroxyformamide was prepared according to
-94 -



N[ (2R)-2-(Cycl opentyl met hyl )-3-(2-{6-[(3R)-3-(di net hyl am no) - 1- pyrrol i di ny
']-2-ethyl-

f | uor o- 4-wornewdisryl } hydr azi no) - 3- oxopr opyl pN- hydr oxyf oPoanisdeswses7pr epar ed
accordi ng toGener al Pr ocedureB, utilizingcomercial ly-avail abl e(3R)-(+)- 3-

(et ) it ol e LSS AR 353 BB
N-;JZR) 2- playe bbpesitiykmerhy ) -LBMS- {M+Hfi ( 382-B- (di net hyl ami no) - 1- pyrrol i di nyl

et hyI 5-fl uoro-4-pyrimdinyl } hydrazi no) - 3- oxopr opy1] - N- hydr oxyf or ram de -
NI, Examgle 34

)5/:\11-[(22 ) - 6&&2\%) entB/eanl he\{Mll)-g-{g%Z{e?th fﬁzo -6(-ngt?| |no 20) 1-pyrrolidin
f 1 uor o- 4- pyrimididy Ity drazid o p3ioxeprebytRMiydpystyidinhyididexyf or nani de was prepared
according to General Procedure B, ilizing comrercially-available
(3S)-(-)-3- (dimethylam no)pyrrgj |nqﬁ| pl acg]\of azetidine in Part A
LCVS: (M+Hy: 466. 2. 10Exanpl e |

N R2R) - 2- (Cycl opent yl net hyl ) - 3- (2N/{92Net 5-PHuor o- 6-[ (39) - 3- hydr oxy- 1-

pyrrolidinyl]-4-pyrimdinyl}hydrazino) oxopr opyg- N- hydr oxyf or mam de HO
N R2R) - 2- (Cycl opentyl met hyl ) - 3- (2<{ 2- et hyl - 5-f | uoro- 6-[ (3S) - 3- hydr oxy- 1
- pyrrol i doyiry ﬂ(Cy%@pBMtMnﬁHtﬁUlP?ﬂ{ﬁ tw&hgﬂza ﬂ@ro-% (EEARARYS)4-N- hydr oxyf or mani de

was prepared according to General Procedure B, utilizing
comer ci aPYrVU'Q\MﬂWVQBQZ@O(}*§)QX3’DWdH Dehysenirmantide | wapl aeesd 26PN ol n

gngE ’ZP@R ) eral ﬁd%bmlfreﬁl%?lhg”j@ﬁﬁgk@g%{ﬂ|a|b|65m]§t|hylam|ne6|n place of?a)nz%tldcline in 1
' QREN e or o- FOXY- 1-
(2R)- g (GYc] gpentyl methyl) -3- (2- (2" ethyl -5- 71 dor 0-6- [ (SR) - 3-hydr oxy-

Example 35
N-[(2R)-2-(Cyclopentylmethyl)-3-{2-[2-ethyl-6-(ethylamino)-5-fluoro-4-

15  pyrimidinyllhydrazino}-3-oxopropyl]-N-hydroxyformamide
o

F o
H H
\/NWN‘N NJ\H
NJ¢N H |
N-[(2R)-2-(Cyclopentylmethyl)-3-{2-[2-ethyl-6-(ethylamino)-5-fluoro-4-
pyrimidinyllhydrazino}-3-oxopropyl]-N-hydroxyformamide was prepared according to

General Procedure B, utilizing commercially-available ethylamine in place of azetidine in
20 PartA. LCMS: (M+H)": 397 4.

Example 36
N-[(2R)-2-(Cyclopentylmethyl)-3-(2-{2-ethyl-5-fluoro-6-[4-(1-methylethyl)-1-
piperazinyl]-4-pyrimidinyl}hydrazino)-3-oxopropyl]-N-hydroxyformamide

A
Nﬁ P00 Q
AN

NN OH

25
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pyrrolidinyll-4-pyrimdinyl}hydrazi no)-3-oxopropyl!l-Nhydroxyformam de HO
NCOH

N- R2R) - 2-WOyedspestvy| met hyl ) - 3- (2-{2- et hyl - 5-f | uor o- 6- [ PBR)US360BYEISEXY- 1- pyT
rolidinyl]-4- pyrimdinyl}hydrazino)-3-oxopropyl pN-hydr oxyl or mam de was

B O T T R R D O s U 2 Pl AL oy Bt AP YR A DA of <
SN UZR) |2ty pent oyl rt o 2'“42@0’6@??@1"“ Fgénéngre-pgiegt ] J°r o- 4-
oo el PR S, eSS e GRS AR g piace

N- R2R) - 2- afaticinepe Paptl Avetdys) (A+HZ148d.cycl opr opyl am no) - 2- et hyl - 5-f | uor o- 4-
pyri m di nyl ] hydrazi no) . - 3- oxopropyl ] - N-hydr oxyf or mam de was prepared
according to 10CGeneral Procedure B, utilizing conmrercially-available

cycl opropyl am ne in place of azetidiBxamphe Part A LCV5: (MH) *: 409. 2.
Exanpl e

N- [ (2R) - 21 @R TGRe R Y sher ey y2-Shomy GydppodaminadmathyiprapnavilyARENed: £ | uor
0- 4-  15py piethyl53flidrivyalpgalinidihylP-NoN amethiyl-L-prolisathizey f or mam de

N—
F y 0 J\
N N
w)\r \N N H
I H I
N_ N OH

10  1-(6-{2-[(2R)-3-Cyclopentyl-2-{[formyl(hydroxy)amino]methyl}propanoyl]hydrazino}-2-
ethyl-5-fluoro-4-pyrimidinyl)-N,N-dimethyl-L-prolinamide was prepared according to
General Procedure B, utilizing commergially-available N,N-dimethyl-L-prolinamide in place
of azetidine in Part A. LCMS: (M+H)": 494.2.

15 Example 38
N-{(2R)-2-(Cyclopentylmethyl)-3-[2-(6-{[2-(dimethylamino)ethyl](methyl)amino}-2-
ethyl-5-fluoro-4-pyrimidinyl)hydrazino]-3-oxopropyl}-N-hydroxyformamide

| F H Q O
| NN OH

N-{(2R)-2-(Cyclopentylmethyl)-3-[2-(6-{[2-(dimethylamino)ethyl](methyl)amino}-2-ethyl-5-

20  fluoro-4-pyrimidinyl)hydrazino]-3-oxopropyl}-N-hydroxyformamide was prepared according
to General Procedure B, utilizing commercially-available N,N,N*-trimethylethylenediamine
in place of azetidine in Part A. LCMS: (M+H)": 454.2.

-06 -



N[ (2R) - 2-(Cycl opentyl met hyl ) - 3-{242- et hyl - 6- (4- et hyl - 1- pi perazi nyl)-5-fl uo
ro-4- pyrimdinyl]hydrazi nol - 3- oxopr opy1lFN- hydr oxyf or mam de was prepared
accor di ngvoao@awes7al Procedure B, utilizing comercial | ycanseéoaloBEs75
N- et hyl pi perazine in place of 20azetidine in Part A LCMS: (MtHY: 466. 5.
Exampl e 33
N-[ (2R) - 2- (Cycl opent yl met hyl ) - 3- ( 2- EX2RRIE38 5 | yor 0- 644- (2- hydr oxyet hyl ) -1
Y Eioper az Nrwﬂ)-ﬂ(c:wwérdwﬁwtﬂwﬂr(aqswm&@dmtmw -knwﬁrzmﬁlvlggseﬁwuﬂam de
N- R2R) - 2- f'E?"é’l'%%ﬁf‘&ﬁ"H%i}HW’)a-Z@Péfrﬁ@Pé?Wl'Nglﬁ"lrﬁ’é\EBE'ﬁﬁ'ﬂl - hydr oxyet hyl ) - 1-
pi perazi nyl]-4- pyrimdinyl}hydr:zazi no) - 3- oxopr opyl pN- hydr oxyf or mram de was
prepared according to - 94 - ~ 009/ 0618Z9PCT/ 1JS2008/ 082575 Cener al
Procedure B, utilizing comer cl\al/ y- avafl alil e 1-(|2- hydr oxyet hyl ) pi per azi ne
In place of azetidine in Part AXL ; (T%F : M8 2. Exanple 34
5N- U2R) - 2- (Cycl opent yl met hyl ) - 3-{ Z:ﬁiﬁ* h - f 1Q¥or o- 6- ( net hyl am no) - 4-

| -

pyri m di nyl | hydrazi no} - 3- oxopr opyl h xyf or mam de

N R2R) - 2- (Cycl opentyl net hyl ) - 3- {242~ et hyl - 5- f | uor o- 6- ( et hyl am no) - 4-

pyri mgli nphltlaydr azi nol - 3- oxopr opyl ] - N- hydr oxyf or mam de was prepared

according to l0Ceneral Procedure B, utilizing commercially-available

met hyl am H-1-4-Qimgthylrjperazine dihydrochlpdde salt ™) ovs: (M FH): 383. 4. Exanpl e
Commerically-available 1,1-dimethylethyl (3R)-3-methyl-1-piperazinecarboxylate (1.0 g,

5.0 mmol), sodium cyanoborohydride (1.57 g, 25 mmol), and formaldehyde (37% in H.0,
2.25 mL, 30 mmol) were dissolved and stirred in MeOH (50 mL). Acetic acid (1.75 mL, 30
10  mmol) was added dropwise, and the resulting reaction mixture was stirred at room
temperature for 2h. After this time, the solvent was evaporated and the residue was taken
up in ag. NaHCOj; solution and extracted three times with diethyl ether. After removal of
the solvent from the combined ether layers, the crude 1,1-dimethylethyl (3R)-3,4-dimethyl-
1-piperazinecarboxylate was dissolved in ethanol and treated with 2 mL of concentrated
15  HCI. A precipitate formed which was filtered and then recrystallized from ethanol and

water to provide (R)-1,2-dimethylpiperazine, dihydrochloride salt (1.27 g).

Part B:
N-[(2R)-2-(Cyclopentylmethyl)-3-(2-{6-[(3R)-3,4-dimethyl-1-piperazinyl]-2-ethyl-5-

20  fluoro-4-pyrimidinyl}hydrazino)-3-oxopropyl]-N-hydroxyformamide
N-[(2R)-2-(Cyclopentylmethyl)-3-(2-{6-[(3R)-3,4-dimethyl-1-piperazinyl]-2-ethyl-5-fluoro-4-

pyrimidinylthydrazino)-3-oxopropyl]-N-hydroxyformamide was prepared according to

General Procedure B, utilizing (R)-1,2-dimethylpiperazine, dihydrochloride salt in place of
azetidine, and using 3.5 equivalents of DIPEA in Part A. LCMS: (M+H)": 466.2.
25
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N R2R) - 2- (Cycl opent yl net hyl ) - 34242- et hyl - 6- (et hyl am no) - 5-f | uor o- 4-
15pyri m di nyl ] hydr azi no} - 3- oxopr opyl i - N- hydr oxyf or mam de ---

N R2R) - 2-WOyodsapesmy| met hyl ) - 3- { 242- et hyl - 6- (et hyl am noPcFASRaos082545
pyri m di nyl ] hydr azi nol - 3- oxopr opy1FN- hydr oxyf or mam de was prepared
according to CGeneral Procedure B, uij | | i zi ng commerci al l y-avai |l abl e
ethylam ne in place of azetidine in LCVS: (M FH) +: 397. 4.
Exanpl e 3M-[(2R)-2-(Cyclopentylmethyl)-3-(2-{6- [(3S) -3,4-dimethyl-1-piperazinyl]-2-ethyl-5-

N-[(2R) - 2; cIo ent lugro-6-14-(1-nmethylethyl)-1
R B o R A AR K A A
WD 2009/ 061879PCT/ 1J S2008/ 08257

N[ (2R) - 2- (Cycl opent yl net hyl )~

pi perazinyl]-4- pyrimdinyl }hy a

-{g-ethyl-5-fl yoro-644-(1-met hyl et hyl) - 1-
i ng) - B- oXopropyl pN- hydr oxyf or mam de was

prepared according to General P u\re i Y'zithg commerci al | y-avail abl e
1-i sopropyl pi perazine in place of cFB'art A. LCVs: (MtH)*: 480. S
Exanpl e 37 :j

1- (6-{2- R2R) - 3- Cycl opentyl-2-{[for (hydr oxy) am no] et hyl | propanoyl ] hydr az

I nol 2-gt hphrt2: f 1 uoro-4-pyri mdinyl)-N N-dinethyl-L-prolinamde 0/ al N, F

N, H 00 . NNAH . . .
(S)-1,2-Dimethylpiperazine, dihydrochloride salt
(S)-1,2-Dimethylpiperazine dihydrochloride can be prepared in a similar fashion to (R)-
1,2-dimethylpiperazine dihydrochloride, as described in Example 39.
10 PartB:

N-[(2R)-2-(Cyclopentylmethyl)-3-(2-{6-[(3S)-3,4-dimethyl-1-piperazinyl]-2-ethyl-5-
fluoro-4-pyrimidinyl}hydrazino)-3-oxopropyl]-N-hydroxyformamide
N-[(2R)-2-(Cyclopentylmethyl)-3-(2-{6-[(3S)-3,4-dimethyl-1-piperazinyl]-2-ethyl-5-fluoro-4-
pyrimidinylthydrazino)-3-oxopropyl]-N-hydroxyformamide was prepared according to

15  General Procedure B, utilizing (S)-1,2-dimethylpiperazine dihydrochloride in place of
azetidine, and using 3.5 equivalents of DIPEA in Part A. LCMS: (M+H)": 466.2.

Example 41
((2R)-2-(Cyclopentylmethyl)-3-{2-[5-fluoro-6-(4-methyl-1-piperazinyl)-2-(methylthio)-
20  4-pyrimidinyllhydrazino}-3-oxopropyl)hydroxyformamide

SN P9 j\
N N
K/ \(]\( \N N H
I H |
NYN OH
S\

Part A:
((2R)-2-(Cyclopentylmethyl)-3-{2-[5-fluoro-6-(4-methyl-1-piperazinyl)-2-(methylthio)-
4-pyrimidinyllhydrazino}-3-oxopropyl)(tetrahydro-2H-pyran-2-yloxy)formamide

25 In a sealed tube, {(2R)-2-(cyclopentylmethyl)-3-{2-[4-chloro-5-fluoro-2-(methylthio)-6-
pyrimidinyllhydrazine}-3-oxopropyl}(tetrahydro-2H-pyran-2-yloxy)formamide (11.60 g,

23.67 mmol), N-methyl piperazine (2.89 mL, 26.00 mmol, 1.1 eq) and N,N-diisopropyl
ethylamine (4.95 mL, 28.40 mmol, 1.2 eq) were dissolved in dry DMSO (100 mL), and

the mixture was heated to 68 OC with stirring for 3 days. The reaction mixture was
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HI \ I" .v. " NOH

101- ( 6- {2 R2R) 3- Cycl opent y1- 2-{[f ornyl (hydroxy) am no] met hyl | pr opanoyl | hydr
azi no} - 2-wetzhydoss7b| uor o- 4- pyri mi di ny1) - N, N-di et hyl - L- pColUSR@sioszs7svas
prepared according to Gener al Procedure B, utilizing comrercially-avail able

PP k  RE SR wbtEr PIRS L)Ogndaex?rtalct%ldr\]/ﬁthl Anftdlchtatemdanss & MH ™
N-{(2R) - 22(xC3(E)| ralpe Mhgl dﬂﬁtth)dd)or@érﬂc éGuflérﬂwéQWﬁghéthﬂﬂwm@)m kb0 i drigdan nol
|_|2:_ Hel(:)gy:\[ l uor O 4 rKcHJ{pan br%phr%\%gz('(%' cyc gntﬁ%ﬁyl)%—&[g[fﬁjoyo 8(£Tam de

N { (2 2R) - Zn(ew»ch cmwnézyrhynpz ryibthyiBrid)2-painfiblidyi(ridreidoyBasxop@pe (esttahgamtdre ) anmi n

f I uor o 4- BVPPT%‘@?WQ/‘CBHW'Q?@H@] req f%%f%?%'ﬂ)ﬂ% 24 R?é/‘axyf or mani de was prepared

according to General Procedure B, utilizing conmercially-available

N, N, AP-tr | E&E hyl et hyl enedi am ne i n place of azetidine in Part A LCVE:
(M FFI) fr2 .2. WD 2009/ 061879PCT/ 1JS2008/ 082575

Exanpl e 3f2R)-2- (Cyclopentylmethyl) -3-{2-[5-fluoro-6-(4-methyl-1-piperazinyl)-2-(methylthio)-

15 1 1 A B Iy R oH AT PRV BRGRIBBIIGE N hyclr bxyf or e b SPart
,i\: . é romgﬁngsﬁeyﬁydmmém&I)ne{Z [&flbyr@lﬁ@wm@gigg?-p&@ﬁar%mqmeghﬁihiq)-4ava| I ?;)I e
sodi um oy BYUBEPYHF e e opy B RAs i on iy BERYALR 38 24 S0,
2.25 ni, Bf'mcr‘r)"rwhé di@eblee@lnrsscﬁtmamoa\ndtes(4 n re(li) land e DRy 3 ddyel itheaci d
(1.75 n, regé(():tion mixture was concentrated to dryness and co-evaporated with toluene (20 mL)
followed by methanol (50 mL)/triethylamine (20 mL). The residue was dissolved in
15  methanol (120 mL) and triethylamine (20 mL) and purified by Gilson HPLC (10-95%
acetonitrile/water, 8 min gradient time) to provide ((2R)-2-(cyclopentylmethyl)-3-{2-[5-
fluoro-6-(4-methyl-1-piperazinyl)-2-(methylthio)-4-pyrimidinyllhydrazino}-3-
oxopropyl)hydroxyformamide as a reddish foamy solid (6.90 g, 65.1%). LCMS: (M+H)™
470.2.
20
Example 42
((2R)-2-(Cyclopentylmethyl)-3-{2-[6-(ethylamino)-5-fluoro-2-(methylthio)-4-
pyrimidinyl]hydrazino}-3-oxopropyl)hydroxyformamide

F @] (@]
SN Y N TH
N\KN OH

S\

25  ((2R)-2-(Cyclopentylmethyl)-3-{2-[6-(ethylamino)-5-fluoro-2-(methylthio)-4-
pyrimidinyllhydrazino}-3-oxopropyl)hydroxyformamide was prepared according to General
Procedure C, utilizing commercially-available ethylamine in place of azetidine
hydrochloride in Part A. LCMS: (M+H)": 415.2.
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10 mmol ) was added dropwi se, and the resulting reaction m xture was stirred
at roomtenperature for 2h. After this tine, the solvent was evaporated and
t he resi dwe 2@6isgrken up in ag. NaHCO3 sol ution and ext PattusdooslsEsesti mes
with diethyl ether. After renoval of the solvent fromthe conbi ned ether

| ayers, the crude 1, 1-di nethyl et hyl
(3R)-3,4-dinethyll-piperazinecarboxﬁ?ﬁgﬁﬂ%é% di ssol ved in ethanol and
treated w'((rzR)2(0yc|abeﬁ@nﬁem§/r)ea{a;l[51fﬁmb.6 @nélh?ﬁhﬂhb)r’ﬂ-@méﬂfylmtb)mi ch was
filtered and t recryst 5I|zed fr%n1ethg@_ nd water to provide

(R~ 1. 2- dPHETYR) PRI ARG S oRRRDBNPEPIIR et e 1 27 o) Part B

N-[(2R) 2- (Cyclopentylnethyl) 3-(2-{6-](3R) -3, £ di met hyl - 1- pi perazi nyll-2-e
t hyl - 5- 20f | uor o- 4- pyri m di nyl NaQ éb ropyl i - N-hydr oxyf or mam de
N[ (2R)-2-(Cycl opentyl methyl )-3-(2-{6-[(3R}- 3I -Hlnethyl-l-piperazinyI]-2-e
thyl -5-fluoro-4- pyrimdinyl}hydrazno -oxopropyl]-N—hydroxyfornanide was
prepared according to General Procedur utilizing

(R -1, 2-di met hyl pi perazi ne, dihydrochloride salt in place of azetidine, and

usi ng 3. 5((86b?xiﬁv@me§1tsdmeﬂ)vﬁ>éﬁ{2r[ﬁ flpgrot6- wethmmoowqwethyﬁble 9. 25 WO

2809/ 0618 g ARk IR S 82Skbpropyl)hydroxyformamide was prepared according to Genefaf@mpl €

N- U2R) 2- Poperwgertt.y luiting | gammerzialig-aygples metgylamingy |in 1 plsicpe Phza39fiANe2- et h

yl - 5- fIugﬁgoaﬂ&yﬁhﬂmghqylmﬂMgeruny)4@T@xopropylI-N—hydroxyfornanlde NAH

OH 5Par A (S)- D net hyl pi perazi ne, di hydrochl oride salt

(S-1,2-D nethylplpera2|ne di hydrochl ori de can be prepared in a simlar

fashigy to (R - 1,2-dinethylpi perazigyg nﬂﬂ@g@lrochlorlde as described in
Exanpl e 39. 10Part B:

N—[(2R) 2((@@31(6p@999nmﬁ5hw}) =3{2[BAqro$sl(3 ) -Irhydraxyrlypyrrolidipgll2zi ny11- 2- et

hyl -5- fl Ial 3 f or mam de

N ( 2R) Z@g'gﬁg%\é#t@qrqng{amﬁlwyﬂ 2 OQ%%Bgr)ﬁwdﬁégt&hWhﬁa%l perazinyl]-2-e

t hyl -5-fl uoro- 4- pyrlnldlnyl} dra2|no) 3- oxopriizlpN—hydroxyfornanlde was

prepared according to 15CGener rocedyre B, utifizing

(S)-1, 2-di net hyl pi perazine dih N~ i e of azetidine, and using
3.5 equivalents of DIPEA in Part AL Fb+: 466. 2.

Exanpl e Y

((2R)-2- (Cycl opentyl net hyl ) - 3- (2] 5- fSuor'o- 6- (4- met hyl - 1- pi per azi ny1) - 2- ( net

hylthio)- R 3By L - Ml %032 Sk i RS LR OB RN I Qi B ARy ithio)-
15  4-pyrimidinyllhydrazino}-3-oxopropyhhydroxyformamide was prepared according to
General Procedure C, utilizing commercially-available (S)-3-hydroxypyrrolidine in place of

azetidine hydrochloride in Part A. LCMS: (M+H)": 457.4.

Example 45
20 ((2R)-2-(Cyclopentylmethyl)-3-{2-[6-(dimethylamino)-5-fluoro-2-(methylthio)-4-
pyrimidinyl]hydrazino}-3-oxopropyl)hydroxyformamide
F o 0

| H
H
NYN OH
S\

((2R)-2-(Cyclopentylmethyl)-3-{2-[6-(dimethylamino)-5-fluoro-2-(methylthio)-4-
pyrimidinyllhydrazino}-3-oxopropyl)hydroxyformamide was prepared according to General

25 Procedure C, utilizing commercially-available dimethylamine in place of azetidine
hydrochloride in Part A. LCMS: (M+H)": 415.5.
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Part A:

((2R) - 2- (Cycl opentyl net hyl ) - 3- (2[ 5-f | uor o- 6- (4- net hyl - 1- pi perazi nyl) - 2- ( et
hyl t hi 0) -wO 2009/061879 PCT/US2008/082575
4-pyrim di nyl ] hydrazi no} - 3- oxopropyl ) (t etrahydr o- 2H pyr an- 2-yl oxy) f or mam de
25 In a seal ed tube,

{(2R)-2- (cycl opentyl net hyl ) - 3- { 2- [ 4EXampled8 ¢ | or 0- 2- (net hyl t hi 0) - 6-

pyri mi di n;(lzkhzchzlbpemyhaewgm {205l drot2-@hetdyRhid 6 {grapylaminlopay ) f or man de

(11.60 g, zin 2.89 nm, 26.00 mol, 1.1 eq)
tnd’ N, N PP BRI deno e BB AT Sariidh 1 2 eq) were di ssdl ved
in dry DMSO (100 mi), and the m xtur& was Beatedfto 68 00 with stirring for
3 days. The reaction m xture wasN 2N 61879PCT/ 1JS2008/ 082575
cooled to RT, diluted with water (300 i gxfracted with ethyl

acet at e/ hexanes (2:1, 2 x 300 n). e i ned organic solution was washed
wth water (3 x 200 nL), dried (Na28®4) d concentrated to provide

((2R) - 2-( Eclopentyl nmet hyl ) [f5 flu - 6- (4-

met hyI5I ( Bé%ﬁvﬁwgnisémewwy{ tlpriipene= Zt(rwthvlmlcarmgﬂrqnywmno) -4-

][ gg 'WSO}SO?I W?@?@Wd}éﬂrﬁi}@%%ﬁrcfp?l‘)%ro@ﬂ%ﬁ%ﬂfd"e WhOBMELERIIRIEb A A Gerlepsl
((2R) - 2- (WSW@ntCyI Heizingl )0081“{92‘{3'6'1)‘?41%@@96[“(%0%64%@? Dﬂ'ﬁf@ré’ilmﬁmé (et
hyl thi o) - hfmecymbﬁaedhwhlmy@bm' '@IQI}!-H? 279" Opyphydr oxyf or mani de

10((2R) - 2-(Cycl opent yl net hyl) - 3- 5-fl uoro-6-(4-net hyl - 1- pi
perazinyl)-2-(nethylthio)-4-

pyri mgli nyl ] hydrazi no} - 3- oxopr opy! ) Exghlpidy#lr 0- 2H pyr an- 2-yl oxy) f or mam de
(2.5 g, 22.58 mol) was dissolved in acetic acid/ water é4 1, 1 L) and

stirred af(2Br21(gycigpantylmethyd-3-Ll8tfiunrorf-il2umetexyetylamingledt to dryness
and co- ev 3 (50

m.)/triet y%h%tﬁ@)mz%}?"ﬁm%dgﬁﬂteo;%%gﬁg%ﬁéégﬁﬁﬁaﬁgﬁ%t hanol (120 nli)
and triethylamne (20 nL) and purnile bm' PLC (10-95%
acetonitrile/water, 8 min gradiem" |
((2R)-2-(cycl opentyl met hyl ) - 3- {245- N OH
fluoro-6-(4-nethyl - 1-pi perazinyl)-2- \ﬁet hi 0) - 4- pyri m di nyl ] hydrazi no}-3
- oxopr opyphydr oxyf ormam de as a redd sh foany solid (6.909, 65.1% . LCVE:

(2R - 2- (SR BHENSRenb sy Y 3-patdumeulpdmenyye v TORE RefRyono)

pyri mali npj/rirhlylmwﬂimdmz]n@%eompramppwwmtyﬁxmbondmwasjerepared according to General
25((2R) - 2¢ n th 4 hio)-4
R L N R b S S T R d> g
t o Gener ahydpcdeitierie P8t Ait LCMSBi r(lly+bl<)mm 2i aI | y-avai |l abl e ethylam ne in

pl ace of azetidine hydrochloride in Part A LCVMS: (MtH): 415.2. WO

2009/ 061879PCT/ 1JS2008/ 082575 Exanpl e

43 Example 48

(2R o (RO RER) ST s G 81 R B R APt R el ©) - 4

5-fluoro-2-(methylthio)-4- pyr|m|d|nyl] -N,N-dimethyl-L-prolinamide

| son

1-[6-[2-((2R)-3-Cyclopentyl-2-{[formyl(hydroxy)amino]methyl}propanoyl)hydrazino]-5-
fluoro-2-(methylthio)-4-pyrimidinyl]-N,N-dimethyl-L-prolinamide was prepared according to

25 General Procedure C, utilizing commercially-available N,N-dimethyl-L-prolinamide in
place of azetidine hydrochloride in Part A. LCMS: (M+H)": 512.3.
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00 NH Ny-, N 01H

5((2R) - 2- (Cycl opentyl net hyl ) - 3-{2-[5-fl uoro-6-(net hyl am no) - 2- (et hyl t hi o) -
4- pyri mwongeydsygtpazi no) . - 3- oxopr opyphydr oxyf or mam de wa3/Usc@pAsEds
according to General Procedure C, utilizing conmrercially-available

met hyl am ne in place of azetidine h)édrochl éide in Part A LCVS: (MHH):
401.1. 10Exanpl e 44 Exambple 45

f(z _2R) nét ﬁ @25%1 Iﬂﬂevélysbmyhﬁét)wﬂ i@[r@ﬂdmr@ﬂﬁﬂmw &whvﬁgﬁbudugagpsﬁ; ;n oljledhgyl ]
((2R) 2- ( E'ihé!ﬁém)ﬁ%g W)y%y%ﬁ’z@cﬁ%{j rePyF%eé gyﬁ’y%‘ra §¥1 pyrrolidinyl]

-2-(methylthio)- 15 4-pyri m diQyl ] hydrazi no} - 3- oxopr opyl ) hydr oxyf or mam de
was prepared according to Gene Pwocqpume C leIlZlng
comercially-available (S)-3-h J pl ace of azetidi ne
5744. | anple 45

hydrochloride in Part A LCMS: (M FH)

20( (2R) - 2- (Cycl opent yl net hyl ) - 3- {Zﬁ‘qﬁld yl i no) - 5-fluoro-2-(nmethylthio

)-4- pyrimdinyll hydrazi no}-3-oxopraRyp roxyf or mam de

((2R)-2-(Cycl opent yl et hyl ) - 3-{2-[ 6- (di net hyl am no) - 5-f | uor o- 2- (et hyl t hi o)

-4- pyai ni(@Rh%(FW@W@iylmaywtﬁdﬁdﬁﬂrﬂupﬁpk@ H$R)-okydroxyramyerelidid]-ragtaythio)-

accordi ng O¢ o] r a l.e

di et hyl aﬁn g N dﬁ%dcréég }°§a§>gc%qr S;ﬁny(ﬁ%(%)ﬁoch Plgdrewglgncé‘-(‘g#) r)ég\ ‘é"&%pﬁ I\}PFH)

415. 5. General Procedure C, utilizing commerC|aIIy -available (R)-3-hydroxypyrrolidine in place of
azetidine hydrochloride in Part A. LCMS: (M+H)": 457.2.

10 Example 50
((2R)-2-(Cyclopentylmethyl)-3-{2-[6-[(3R)-3-(dimethylamino)-1-pyrrolidinyl]-5-fluoro-
2-(methylthio)-4-pyrimidinyl]lhydrazino}-3-oxopropyl)hydroxyformamide

/
—N
@ e
N N
\H\( \N N H
I H |
NYN OH
S\

((2R)-2-(Cyclopentylmethyl)-3-{2-[6-[(3R)-3-(dimethylamino)-1-pyrrolidinyl]-5-fluoro-2-

15 (methylthio)-4-pyrimidinyllhydrazino}-3-oxopropyl)hydroxyformamide was prepared
according to General Procedure C, utilizing commercially-available (3R)-(+)-3-
(dimethylamino)pyrrolidine in place of azetidine hydrochloride in Part A. LCMS: (M+H)™
484 .4.

20 Example 51
((2R)-2-(Cyclopentylmethyl)-3-{2-[6-(4-ethyl-1-piperazinyl)-5-fluoro-2-(methylthio)-4-
pyrimidinyl]hydrazino}-3-oxopropyl)hydroxyformamide

Nﬁ o, 0 j\
N N
k/ j/g( N N~ H
I H |
YN OH

S

/
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Exanpl e 46

((2R) - 2- (vpchopsnt7y| et hyl ) - 3-{215- f | uor o- 2- (et hyl t hi opc@®ASprspyisas no) - 4-
pyri m di nyl | hydrazi no} - 3- oxopr opyphydr oxyf or mam de 00 NH

A 2 ARSI TR sl e ol Lo 2 o e M Bl any 2m )
accordi ngpmn|Gieuv%@kazﬁfd}@aﬁk¢b&>p@,)hydro>&yram@gnma§bfdpan‘ddyaoamiudgatbl@enera|

(NME{:F?%”ra ne In %)%ﬁﬁ o azettlargllapy avgllag ij e?ﬁ;'/lgger'agme in pIAce O(T:stetldlne

U2R) - 2- (Cmadroa&dsﬁqehmmﬁl ) EAVE2 1G+H) uasH26- { [ 2- (et hyl oxy) et hyl ] ami no} - 2-
(rret hyé t hi 0) - 4- pyri m di nyl ] hydr azi no} - 3- oxopr opyphydr oxyf ornmanm de 00 N N H

((2R) 2- (Cycl opentyl met hyl ) - 3 { 2- [ S5Exanmioss- { [ 2- (net hyl oxy) et hyl ] am nol - 2-

(methylth ri drazj no} - 3- oxqpr. rmam de was
pr epar ed Hgébéd?igc‘% n%a %’I(% *"2" '%?,'I) ﬁ?yT'FﬁgﬁéﬁE%(ﬂ:ﬁépg gl’l y-avail abl e
met hoxyet ttwlc&metmwlMtWIﬁsaxabr@qhydtmdenﬁidbI oride in Part A LCME:
(MFFI)fr: 445.2. Exanple 4

2914]6 [g 1£I(2R) 326}/C|?EePEK; ) forF Héh rpxh‘)j‘z_mdno] {Tﬁt Ihy:_l prolpanoymdydra
zi no uor o- met hy i 0 1 i met hy prol i nam de
1-[6-[2-((2R) - 3- Cycl opent y1- 2- {[foNrD/ (hydr pxy},am no] et hyI | pr opanoyphydr az
ino]l-5- fluoro-2-(nethylthio)-4 yr‘q/m d§ pN, N- di et hyl - L- prol i nam de was
prepared according to

10  [(2R)-3-{2-[2-Chloro-5-fluoro-6-(4-morpholinyl)-4-pyrimidinyllhydrazino}-2-

(cyclopentylmethyl)-3-oxopropyllhydroxyformamide was prepared according to General

Procedure D, utilizing commercially-available morpholine in place of N-methylpiperazine
in Part A. LCMS: (M+H)": 445.2.

15 Example 53
[(2R)-3-{2-[6-(1-Azetidinyl)-2-chloro-5-fluoro-4-pyrimidinyl]lhydrazino}-2-
(cyclopentylmethyl)-3-oxopropyllhydroxyformamide

C\ Fo,9 o)
A
I H |
N\fN OH
cl

[(2R)-3-{2-[6-(1-Azetidinyl)-2-chloro-5-fluoro-4-pyrimidinyl]hydrazino}-2-

20  (cyclopentylmethyl)-3-oxopropyllhydroxyformamide was prepared according to General
Procedure D, utilizing commercially-available azetidine hydrochloride in place of N-
methylpiperazine in Part A. LCMS: (M+H)": 415.2.

Example 54
25 [(2R)-3-{2-[2-Chloro-6-(4-ethyl-1-piperazinyl)-5-fluoro-4-pyrimidinyl]hydrazino}-2-
(cyclopentylmethyl)-3-oxopropyllhydroxyformamide

N/\ P9 j\
N N
I H |
N\fN OH
Cl
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25General Procedure C, utilizing commercially-available

N, N-di net hyl - L-prolinam de in place of azetidine hydrochloride in Part A
LCVS: ( MWH)2009/818293. WO 2009/ 061879PCT/ 1JS2008/ 082575 PCT/US2008/082575
Exanpl e 49

AR B s B DA ™

S((2R) - 2- (dyyiopemeintetyimes- bx/dp)ro@fl]ﬁ?drBX)ffd)Wnﬂd@Wa(SBB)epareldydttMnQ.-t@ﬂér@lréldi nyI

]-2-(methylth 4-p 3- hydr.oxyf or ma

pr epar ed E%CSPWB endPt ol}i”&%'ﬂ%r 89%5196%%‘&@@[?%&6 N)%(tﬁgl gya%@‘/ﬁéP Lﬂ 021 g{el abl e
(R) - 3- hydrexyipigaratingin®art A. pCase (vf+Hzerpd. ne hydrochl oride in Part A
LCMS: (M FH)*: 457.2. 10Exanple 50

((2R)-2- (Cycl opentyl net hyl ) - 3- {246-[ (3R) - 3- (di net hyl am no) - 1- pyrrolidi nyl] -
5-fluoro2-(nethyl thio)-4-pyrim di nylExasgpiessno} - 3- oxopr opyphydr oxyf or mam de

oN .

((2R) - 2- ( BYBI-BiEdt Fnererflyore-$-Haamdr axyetavimetRyamiast o) - 1- pyrrol i di ny1] -
5-f | uor o- gyrimidinyl}hydrazino)-2-(cyclopentylmethyl)-3-oxopropyl]lhydroxyformamide

(et hyl t hi 0) - 4- pyri m di nyl ] hydrazi no}- 3- oxqpr opyl) hydr oxyf or mam de was
prepared according to General Pr oqiled refC, Jutiliz] ng comrercially-avail able
(3R) - (F)-3- (dinmethyl ami no) py@/rﬁl/i %\Eﬁ nNplgceNof Hazet i di ne hydrochl ori de
in Part A LCVMS: (MFH): 484.4. 20B% I OH

((2R)-2-(Cycl opentyl net hyl)-3-{2-[6-(4-e | - 1- pi perazi nyl)-5-fluoro-2-(net
hyl t hi 0) -4- pyri m di nyl ] hydr azi no} - 3- oxopropyphydroxyf or mam de WO

2009/ 05 1 8[{ 2REF(A-J520 083-6-81RBM56-[(2-hydroxyethyl)(methyl)amino]-4-pyrimidinyl}hydrazino)-

((2R)-2- (&Y 1yl ) = 3- - Ny ) - A f | (nmeth
Wt o) - a2 RRERR IR koM oA Bk AP BB o e e
accor di ngPtase@anedy, altlllﬂn@cernme&i@,y-ayailable Nrgyhydroxpetioil-A-hgthakaaiineaibl pdace of

N- et hyl pi Re ' Ll I ding\h chloride in Part A LCVE:

(M EFD) fr&%ﬁgtﬁ_y@ﬁoeg}n% AParH. AR fhrayhyss e Exanpl e 52

R2R) - 3- {212- Chl or 0- 5- f | uor 0- 6- (4- nor phol i nyl) - 4- pyri m di nyl ] hydr azi nol - 2-
(cycl ppent yl met hyl ) - 3- oxopr opyl ] hydrEQ()é}Qc 75 Bgm de

[(2R)-3-(2-{2-Chloro-5-fluoro-6-[3-(methyloxy)-1-azetidinyl]-4-pyrimidinyl}hydrazino)-
2-(cyclopentylmethyl)-3-oxopropyl]lhyd roxyformamide

~ o
T“YY X
N H
N /N OH
CI
[(2R)-3-(2-{2-Chloro-5-fluoro-6-[3-(methyloxy)-1-azetidinyl]-4-pyrimidinyl}hydrazino)-2-
20  (cyclopentylmethyl)-3-oxopropyllhydroxyformamide was prepared according to General
Procedure D, utilizing commercially-available 3-methoxyazetidine hydrochloride in place
of N-methylpiperazine in Part A. LCMS: (M+H)": 445.7.

Example 57
25 [(2R)-3-[2-(2-Chloro-5-fluoro-6-{methyl[2-(methyloxy)ethyl]amino}-4-
pyrimidinyl)hydrazino]-2-(cyclopentylmethyl)-3-oxopropyl]lhydroxyformamide

| F Y o} o}
\O/\/N\(]\(N\H ITIJJ\H
N N OH

Y

Cl
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10R2R) - 3-{242- Chl or 0- 5-f | uor 0- 6- (4- nor phol i ny1) - 4- pyri m di nyl ] hydr azi nol - 2-
(cycl opent yl met hyO- 3- oxopr opyl ] hydr oxyf or mam de was prepared according to
Gener al Rvoceaurses7®, utilizing commercial | y-avail abl e mpcphuskéos@sisns pl ace
of N-nethyl pi perazine in Part A LCMS: (MtH): 445.2. 15Exanple 53

Cevel openl SR ShE G Bo e A B P R o o1
2R 3 L D cFogoTae by ooy et ot esspenaisiz.
Goner al PRGBS o 2D, CRRRF o RESUb R ciLH X8 apar ety By B nafehy "

hydr o;:hl o(rhétayloxy)pthasemiat ilbratd v mmhmp@ezma irPR&ft AA.LOMBBMLMf-H)47 5115, 2.
Exanp 54

25[ (2R} - 3-{ 2[ 2- Chl or 0- 6- (4- ethyl 1- pi perazi nyl)-5-fluoro-4-pyrimdinyl]hydr
azi no}-2- (cyclopentyl methyl) - 3- oxoExapmypld 6§dr oxyf or mam de WO

2009/0618 8/0 575

RoR) - 3- { 2UAREHIGRE ST RO B RPesangigRwralp i gy 2HRINALA] hydr azi
nol - 2-  ( cpgrimpdingyhydrakiyb)-2 3cyioparitplyhdthylhzconsipps py]HydeoxyEsrrmam R ed
according to General Procedur D utilizing comrercially-available

N- et hyl pi perazine in place of et hyl pi perazine in Part A LCMs (MrH)t:
472.2. Exanple 55 9

N Fo,9

LA
NN OH
T

10 [(2R)-3-(2-{2-Chloro-5-fluoro-6-[(8aS)-hexahydropyrrolo[1,2-a]pyrazin-2(1H)-yl]-4-
pyrimidinyl}hydrazino)-2-(cyclopentylmethyl)-3-oxopropyl]lhydroxyformamide was
prepared according to General Procedure D, utilizing commerically-available (8aS)-

octahydropyrrolo[1,2-a]pyrazine in place of N-methylpiperazine in Part A. LCMS: (M+H)":

484 4.
15
Example 59
1-{6-Chloro-2-[2-((2R)-3-cyclopentyl-2-
{[formyl(hydroxy)amino]methyl}propanoyl)hydrazino]-5-fluoro-4-pyrimidinyl}-N,N-
dimethyl-L-prolinamide
/
—N
Cf O
F 0 o
H
S Y
NYN A OH
20 cl

1-{6-Chloro-2-[2-((2R)-3-cyclopentyl-2-

{[formyl(hydroxy)amino]methyl}propanoyl)hydrazino]-5-fluoro-4-pyrimidinyl}-N,N-dimethyl-

L-prolinamide was prepared according to General Procedure D, utilizing commercially-

available N,N-dimethyl-L-prolinamide in place of N-methylpiperazine in Part A. LCMS:
25  (M+H)": 500.1.
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R2R) - 3- (2-{2- Chl or o-5-f |l uor o- 6-[ ( 2- hydr oxyet hyl ) ( net hypam no] - 4-

pyri m di nyl } hydrazi no) - 2- (cycl opent yl net hyl ) - 3- oxopr opyl ] hydr oxyf or mam de

c 10 WO 2009/061879 PCT/US2008/082575

R2R) - 3- (2-{2- Chl or 0- 5-fl uor 0- 6- [ ( 2- hydr oxyet hyl ) ( net hypam no] - 4- pyri m di nyl
}hydrazi no)- 2-(cycl opentyl met hyl ) - 3- oxo rg yl ] hydr oxyf or mam de was
prepared according to General Proce tilizing commercially-avail abl e
EP CI%/S hydm[(sz) -BYRINCPbSoYys- ﬂnburbes-i(nsropymne)‘-4JNyﬁm|diMWhmamwe in Part A

[ (2R) - 3- (@Nf?%ﬁ'&m“ﬁ%% B%’NF‘QY?W@&VFRW&EW% azeti dinyl] - 4-pyrimi di nyl }
hydr azi no) - 2-(cycl opentyl net hyI) 3- onroyI ] hy/ﬁ\r oxyformam de 00 NH Ny, NOH
c

[ (2R)-3-(2-{2-Chl oro-5-fl uoro- 6[3 ( yIFbx ) - JO azetldl nyl] -4-pyrimdinyllh
ydrazi no)-2- 20 (cycl opentyl net hyl ) - oxopyopy! | hydr oxyf or nani de was

pr epar ed according to General Proced€@re utilizing comrercially-available

3 met &?ﬁ QS%ECH% Q?IPB%B%HﬁoN‘arﬂu'né‘fE p%mH’rﬂﬁﬁW&ﬂﬁcﬁG’Z azine in Part A
25R2R) SIQFy(BIzpemylme@i%H pxaprepy§hydrexyigiiaenideratasy brergiest agdording riol General

pyr i m o gt JoRoas ! Bl bFoBGIaARRY bIERE bt M TABEARKL RSl Ry T RRReT de

(M+H)": 417.1.

10 Example 61
[(2R)-3-(2-{2-Chloro-6-[(3S)-3,4-dimethyl-1-piperazinyl]-5-fluoro-4-
pyrimidinyl}hydrazino)-2-(cyclopentylmethyl)-3-oxopropyllhydroxyformamide

\N/H F Q o
At L
YN o
N\(N OH
cl
[(2R)-3-(2-{2-Chloro-6-[(3S)-3,4-dimethyl-1-piperazinyl]-5-fluoro-4-pyrimidinyl}hydrazino)-
15  2-(cyclopentylmethyl)-3-oxopropyllhydroxyformamide was prepared according to General

Procedure D, utilizing (S)-1,2-dimethylpiperazine dihydrochloride (Example 40) in place of
N-methylpiperazine in Part A. LCMS: (M+H)": 472.2.

Example 62
20 [(2R)-3-(2-{2-Chloro-6-[(3R)-3,4-dimethyl-1-piperazinyl]-5-fluoro-4-
pyrimidinyl}hydrazino)-2-(cyclopentylmethyl)-3-oxopropyllhydroxyformamide

\N/\ F

QP
Y
NYN
Cl

[(2R)-3-(2-{2-Chloro-6-[(3R)-3,4-dimethyl-1-piperazinyl]-5-fluoro-4-pyrimidinyl}hydrazino)-
2-(cyclopentylmethyl)-3-oxopropyllhydroxyformamide was prepared according to General

25  Procedure D, utilizing (R)-1,2-dimethylpiperazine dihydrochloride (Example 39) in place of
N-methylpiperazine in Part A. LCMS: (M+H)": 472.2.
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R2R) - 342- ( 2- Chl or 0- 5-f |l uor o- 6- { net hyl [ 2- (et hyl oxy) et hyl ] am no} - 4-

pyri m di nyb)2hgsdreaszp no] - 2- (cycl opent yl met hyl ) - 3- oxopr opy lpLhgse@spssrsram de
was prepared according to General Procedure D, utilizing

commerci al | y-avai | abl e N-net hyl -2- (et hyl oxy) et hanam ne in place of

N- et hyl pi perazine in Part A LCMS: (MHH)t: 447.5. S

Exanpl e 58 Example 63

(2R3 (2 b b Rl B ARSI SRR S Hugfka- 1 Pyrazi n-2(100 -y
pyr| m di npydimydihpzhydrazidol-2) 6y Aeeerityinath ly3)oxdpeseTHyelyoxyfyehansideor mani de

10[(2R) 3-(2-{2- ChIoroSquor ('Bag)

H)11] - 4- N7

pyri m di nyl } hydrazi no) - 2-(cycl open\h%[/et Hyl - 33@xopr opyl ] hydr oxyf or mam de

was prepared according to General Pr e D, utilizing

comerbcal |l y-avail abl e (8aS)- oct ahy?ilr op rol o[ 1, 2-a] pyrazine in place of

N- et hyl pp ,qrAazi ne in Part A LCMS: (MrFl)t: 484.4. 15

Exanpl e 1- | or o- 2-((2R) - 3-cycl opentyl- 2-

{[fornyl (Ngemmwmh MDP})ﬂﬁ@anWFﬂ@lﬂ"&tkNrm?“Wle'WJm*G 4-pyrimdinyl}-N
, Ndi met hytg namq

{[fornyl (hy(Ljar éﬂﬁﬁ)h ik noJ %Hyﬁ?%tp 38%"5‘%@3@%’{)8'? gﬁ%’ﬁ?& glf%é}g %ycslgg]@e'?'. i )du%nyl) N
, N-di met hPGM gt 0| fﬁla}ﬁNéé aﬂldgd powgerned dsageastredMatyt estere Redrashley @@tﬂ%g D,

utili ng ak| L [ of

Nmfg | plsg@gggalhgl | yd@%@én%mnsz&b %G‘? @9{8 155@&9) a%na AR ttyin&bRGIHe

2009/ 0618 aTk-132Pouerahs 2 57 mixtdigpwvas gtrred for 10 min, and then EDC (114.68 g,

598.2 mmol) was added. The mixture was stirred overnight, and was then washed with
water (500 mL), 1 N aqueous HCI (2 x 300 mL), and brine (300 mL). The organic phase

was dried over anhydrous Na,SO,, filtered, and concentrated in vacuo to give crude

xahyﬁopyr rolo[ 1, 2-a] pyrazin-2(1

15  methyl N-{[(phenylmethyl)oxy]carbonyl}-D-alanyl-N-methylglycinate (162.35 g, 88%
yield) as a yellow oil. LCMS: (M+H)": 309.0.

Part B:
(3R)-1,3-Dimethyl-2,5-piperazinedione

20 To a slurry of three combined batches of methyl N-{[(phenylmethyl)oxy]carbonyl}-D-
alanyl-N-methylglycinate (combined total 489.09 g, 1586 mmol) in DCM (210 mL) was
added MeOH (1000 mL) and 10% Pd/C (50 g). The mixture was hydrogenated at 50 psi
overnight, and then an additional portion of 10% Pd/C (5 g) was added. The mixture
was hydrogenated at 50 psi for an additional 6 h, and was then filtered and washed with

25 MeOH and DCM. The resulting clear liquid was evaporated to give a clear oil, which
subsequently solidified upon standing to afford (3R)-1,3-dimethyl-2,5-piperazinedione
(214.0 g, 95% yield) as a pale yellow tinted solid. LCMS: (M+H)": 143.0.

Part C:

30 (3R)-1,3-Dimethylpiperazine dihydrochloride
To a 0 °C suspension of (3R)-1,3-dimethyl-2,5-piperazinedione (93.74 g, 659.4 mmol) in
THF (660 mL) was added LiAIH4 (75.1 g, 1979 mmol) portionwise over 1 h. The mixture

was then heated at 65 °C and stirred for 2.5 h. The mixture was then cooled to 0 °C,
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R2R) - 3- (212- Chl or 0- 5-f | uor 0- 6- (pr opyl am no) - 4- pyri m di nyl ] hydr azi no} - 2-
(cycl opentyl met hyl ) - 3- oxopr opyl | hydr oxyf or mam de 00

NAH NOH GNO 2009/061879 PCT/US2008/082575
5R2R) - 3-{2-[ 2- Chl or 0- 5-f | uor o- 6- ( propyl am no) - 4- pyri m di nyI]hydrazi no} - 2-

| t 1) h di t
Gomor o PROLNEEE HO TR T PR Sy Pl TR =f Py v O BN B e
L!?R;Dagt (ANaDG\/BIOOOMnEHY Th@l%lxlurel\_ﬁ)@(?ﬁtﬂél(ﬂicﬁlt\(lth CHCI; (6 x 1500f0 mL), anA(fj the

- di ne -1- erazinyl]-5-f1luoro

oyt i nGOTRER SEEPRE) A5t WS R ALY RELHS NS ZoHREIFT Tyt SRR de
' E\HSHR;I solution W’lans added 4 N HCI in dioxane (367 mL), and the mixture was stlfrrled overnight. g

oro erazin uor o rimi
gl | rivar 3o Ruptorer s e, Ak bl AT HI0C DK BB SRy PR G mriT e was
prepared aiiedvay alzeotfaprar with IMGEHBC{HF)E@DO lmﬁLl)| ard P@ced under high vacuum
(e B RBSHABL0 LB RS )P 355 S
20R2R) - 3- 2 a{plovithyon 041 M 3W)+H;:4415. et hy 1- 1- pi perazinyl]-5-fl uoro-4-
pyri m di nyl } hydr azi no) - 2- (cycl opent yl net hyl ) - 3- oxopr opyl | hydr oxyf or mam de

c
R2R) - 83 (2p&2DChl or 0- 6- [ (3R) - 3, 4-di net hyl - 1- pi perazi nyl ] -5-fl uoro-4-pyrim di

) o B IE T S b SR AR A SR P58
(R -1, 2- d'pyrﬁinlfdlhibli}-li‘ler,ﬂ-hh/d&:zmdmchrbehyletd de (Exarrpl e 39) in place of
N-met hy| pITB 5%%1 % dlmethyﬁ)lperazme glxsdro%ﬁorl('ﬂg (102 Zg g, 546.3 mmol) was added a
solution of tris(1,1-dimethylethyl) 2-(2,6-dichloro-5-fluoro-4-pyrimidinyl)-1,1,2-
15  hydrazinetricarboxylate (271.71 g, 546.3 mmol) in DMF (900 mL). The mixture was
cooled to 0 °C, and N,N-diisopropylethylamine (295 mL, 1694 mmol) was added. The
solution was stirred and warmed to room temperature overnight. The solution was then
diluted with Et,O (1000 mL) and washed with water (1000 mL). The aqueous phase was
extracted with a fresh portion of Et,O (1000 mL), and the combined organic phase was
20  washed with water (2 x 500 mL). The organic phase was then diluted with DCM (1000
mL), dried over anhydrous Na,SQ,, filtered, and concentrated in vacuo. The residue
was filtered through a silica gel plug (30% EtOAc in hexanes; 1% Et3N). The solution
was then concentrated in vacuo, and the residue was azeotroped with MeOH. The
residue was diluted with MeOH (1000 mL), and crystallized by addition of water. The
25  resulting solid was collected by vacuum filtration and washed with 10% MeOH in water.
The resulting yellow solid was dried at 50 °C under high vacuum to give tris(1,1-
dimethylethyl) 2-{2-chloro-6-[(2R)-2,4-dimethyl-1-piperazinyl]-5-fluoro-4-pyrimidinyl}-
1,1,2-hydrazinetricarboxylate (257.34 g, 82% yield) as a light yellow solid. LCMS:
(M+H)": 575.2.
30
Part E:
2-Chloro-4-[(2R)-2,4-dimethyl-1-piperazinyl]-5-fluoro-6-hydrazinopyrimidine

trihydrochloride
To a solution of tris(1,1-dimethylethyl) 2-{2-chloro-6-[(2R)-2,4-dimethyl-1-piperazinyl]-5-
35  fluoro-4-pyrimidinyl}-1,1,2-hydrazinetricarboxylate (215.28 g, 374.3 mmol) in DCM (1870
mL) was added 2 N HCl in Et,O (1870 mL, 3740 mmol). The solution was mechanically
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WD 2009/ 061879PCT/ 1JS2008/ 082575 Exanpl e
[(2R)-3-(2-(2-Chloro-6-[(2R) -2, 4-di net hyl - 1- pi perazi nyll-5-fl uoro-4-

pyri m di nybkhysdreasezpno) - 2- (cycl opent yl met hyl ) - 3- oxopr opy lPLhgse@spssrsram de
Ni LH NOH 5C1 Part A: Met hyl

N-ffl ph yl b D- al | - N- h t T f

N ([ (phondiirt 7 BEty pedrmomsy finegs diodivng viepsuous? g Sulls Brogfaftheishiviedy °

(1 (1)1g88m§) ma&h@ddecbrw\@fdekﬂeS?mﬁﬁng{leolmg\gb%|tr|t8&1teﬁ wity dy@n hth 000 d&)(a‘ha 49 g,
: dr oxybenzotri azol e

22 ot Pyl GV vk M0 he AR whe SR pisb P rer s pioto i

and theﬂt Emu(nlm thg ;ﬁ&&dh& mdehlcwa;% -[zrR)eZ]4-di dytmaahwupupé@zm%swéil’d@g

over ni was. then was S X

300 niS bdponanians fepmosiEhisbediteqateaas vildier TahRIPY s

Na2SO4, fpbwedredCmsd(MeHicepts.at ed in vacuo to give crude 15rret hyl

N-{[ (phenyl met hypoxy] car bony1} - D- al anyl - N-net hyl gl yci nate (162.35 g, 88%

yield) as a yellow oil. LCMs: (MFH)+: 309.0. Part B:
(3R) -1, 3- Pafgt hy1l- 2, 5- pi per azi nedi one 20To a slurry of three conbined

e e B O T A S SRR Rosstnor ) 1 oo (210

m) we® aﬁﬁﬂﬁh|dv’hﬁlhrh3(dlrﬁﬂﬂont)(cy’au16|pérﬁ%ﬂﬁﬂh(jl)-650 g). The mi xture was

hydr ogenat ed at S and hen an additional portion of 10%
Pd/ C (5 gf %@F’é{aﬁeﬁen ﬁ?ﬁ%ﬁifg drogenated at 50 psi for an

addi It i onaffo6 &, aandcwgmith@n bf | tzeasrﬂtgoaan[dzmya@mdn?mlm ﬂﬁfdyemw]-anmow The
resul ting ear was_ ev rated tao cle | i C
ubsequentiySehontiyiee Biedt ThapignbBediy g fo 5. %o 8 mmol) s 2R)o-

(3R -1, 3- dydlmielnwlQZ{f&ﬂwl[Qﬂfeaylh@&tjﬂl)@fﬁar@&bﬁn&h@pr@@r&o}d el d) acig, a paNeN-yel | ow
tinte (S:ﬁlpllbsr%p I'ﬂ}éréwla(mlne lgglt |sopropanol soqvate ?155 4??06 315)4 1 mmo'f?urﬁr%W{ Oper azine

di hyd
was added 4-methylmorpholine (240 mL, 2183 mmol), followed by 1-hydroxy-7-

azabenzotriazole (61.31 g, 377.0 mmol) and EDC (72.27 g, 377.0 mmol). The mixture
was stirred overnight, diluted with Et,O (1000 mL), and washed with water (1000 mL).
The aqueous phase was extracted with a fresh portion of Et,0O (1000 mL), and the

20 combined organic phase was washed with water (3 x 300 mL). The combined aqueous
phase was extracted with a fresh portion of Et,O (300 mL), and this Et,O phase was
washed with water (200 mL). The total combined organic phase was diluted with DCM
(1000 mL), dried over anhydrous Na,SO,, filtered, and concentrated in vacuo to give
crude [(2R)-3-(2-{2-chloro-6-[(2R)-2,4-dimethyl-1-piperazinyl]-5-fluoro-4-

25  pyrimidinylthydrazino)-2-(cyclopentylmethyl)-3-oxopropyl][(phenylmethyl)oxy]formamide
(193.65 g, >100% crude yield) as a dark red foam. LCMS: (M+H)": 562.3.

Part G:
[(2R)-3-(2-{2-Chloro-6-[(2R)-2,4-dimethyl-1-piperazinyl]-5-fluoro-4-

30  pyrimidinyl}hydrazino)-2-(cyclopentylmethyl)-3-oxopropyllhydroxyformamide
To a solution of crude [(2R)-3-(2-{2-chloro-6-[(2R)-2,4-dimethyl-1-piperazinyl]-5-fluoro-4-
pyrimidinyl}hydrazino)-2-(cyclopentylmethyl)-3-oxopropyl][(phenylmethyl)oxylformamide
(assumed 176.57 g, 314.1 mmol) in MeOH (800 mL) was added 20% Pd(OH),/C (14.13

g). The mixture was hydrogenated under balloon pressure with monitoring every 30 min

35  until the reaction was judged to be complete (7 h). The mixture was then filtered through
a glass fiber filter with MeOH washes. The resulting dark filtrate was concentrated in
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To a 0 C suspension of (3R)-1, 3-di net hyl-2, 5-pi perazi nedi one (93.74 g,
659.4 mmol) in THF (660 nL) was added LiAIH4 (75.1 g, 1979 mol)

porti onwiwe 20marigroh. The m xture was then heated at 65PCraI$d0(BIO825r75:d for
2.5 h. The m xture was then cooled to 0 C, - 107 -

2009/ 061879PCT/ 1JS2008/ 082575 .and Na2S H2Q (75 added,

2ol T o BRI A RS PORTBRT VR e RN SREPHS a?@éfapwﬂtunarﬁégﬁ?&ﬁ% was

extract ed1wm|d:roﬁ%-IGI03 & xx 200 thnl250 randvt dfaeatmﬁbnmmmmgam mgphasemps

dri ed over anhydro Na2SO4 and fi Ingﬁ)red To %Q esul ting sol uti on was
t

added 4 N°RR&E" rﬂt'ocﬁ‘u o‘&&n‘@lef%%‘i"m 4e tRhEst MY & FeGVBYHMght . 5
The m xt ufeemwesattgren.odinobileghadd B: MBON; 2MMHd: 289, B¢ T it &4 Btied9 inin;vacuo.

e o i 42800 SReS LN NEOL! (2020 1000 B, 00 Bl Agect piader ol on
(102. 22 gwitB3fquyoe NH,@H, andniesmn s@tsn witliodEircd Mﬂ% WéldHi Idad BH&SA 6n Brude

Lor o- 4. pyRR ANy By & SO AMRSER T MR BbUgh S8 e Mered WSLGH Gale] o1

( 35) dl 3- thenekdald wapesracehtigteditdydionedd off 3.8¢, 6Ad the2dH gias Hfustdnrarh b.6M@S

added a

sol ut i onofr VY NH1OH; AEYAPEAYieNge PEoRitgies nl bt BIUEHE RHARE M8y Iastad dy1 ) - 1,
1, 2- 1® hyceamithcttOiAcaahd HEhahe cb&?)&meaibrganl@ﬁer% WasHeld with \DMér @R90®rink.) . The

m xture cooled to O .C n di i, sopro am ne

) vas TR et e arigh i B San Tuiadr 86 SRk S G v e o
OveL ni ght L, prioeusiog utttaﬂr])rr]e!mmteheAndaqluulﬁﬂumetdﬂ hEbidte ((1GLC))Q/ar§ta)ddfaddar¥]m&ieed

with water . (1000 nL T was  extrac res ortion
ot Bt oo ¢ ToBgegs Cobles O AR R BRGT fheriaa ad Satdedy Aol et or
(2 x 500 mth heiFﬂaaeoairgiamnfed mhj@seedmscé bl’&@ur@ldtlﬁoé’@dw 20 hDEMridOR2R)-3- %@Iri ed
over and. c ntrated in T resi due was
PTTt ofod Btk b By b s B B T iy B S e oy - The

sol Etl on (/@Slobéiﬁwn@ﬁf}@)%?bx(ﬁir@fyl]hyﬁdrumorﬁ]an&w@ (&2515! gt 6$?/o§iyl€|d\/fg152 E:3 5t e)] Flgpedd A

w th MeOH r esi with MeOH (1000 nmi), and crystallize y
addi ti on WPT%?IQr ﬁ‘éﬁi Q@ﬁ?)esf}?% ?ng solid was coll ected by vacuum
filtration and washed with 10% MeOH |n water. The resulting yellow solid

was dried at 50 C under high vacuum EI ve tri s(1, 1- dinmethylethyl)
2-{2-chloro-6-[(2R)-2, 4-di net hyl-1

- pi per@zi [(lsz;] 352-1{2-@11@046 [(2|S)| 214€H|my§tﬂy1 11p|3emtdfy®!|25 flabro-¢ar boxyl ate (257. 34
g, 82%yie ow sol.i 75 30 Part E:

3. oo o ByEtdRy Shvdrehol B areloR el BRI AT Ao iRy« 1 m di ne

tri hydrochl orlde To a sol utiony II’IFS(l 1 di met Byl et hyl)

2-{2-chloro-6-[(2R)-2, 4-di rreth@-pl fazilnyl] - &-
35fluoro-4-pyrimdinyl)-1,1,2-h |\net e rb(ﬁkyl%te (215.289, 374.3 mmol)
in DCM (1870 N

Cl

Part A:
(3S)-1,3-Dimethylpiperazine, dihydrochloride

25  (35)-1,3-Dimethylpiperazine, dihydrochloride can be prepared in a manner similar to
(3R)-1,3-dimethylpiperazine, dihydrochloride (Example 63), using CBZ-L-alanine in place
of CBZ-D-alanine.

Part B:
30  [(2R)-3-(2-{2-Chloro-6-[(2S)-2,4-dimethyl-1-piperazinyl]-5-fluoro-4-pyrimidinyl}hydrazino)-

2-(cyclopentylmethyl)-3-oxopropyllhydroxyformamide was prepared according to General

Procedure D, utilizing (S)-1,3-dimethylpiperazine in place of N-methylpiperazine in Part A.
LCMS: (M+H)": 472.2.
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m.) was added 2 N HCl in Et20 (1870 nL, 3740 mmol ). The sol ution was
mechanically - 108 - WD 2009/ 061879PCT/ 1JS2008/ 082575 stirred for 64 h,
and t he rweubayvmgs7suspensi on was al l owed to settle. Mstcofustévs/osmivent was
t hen decanted, and the remaining solid was triturated with DCM (1000 nlL)
and col |l ected by vacuumfiltration. The solid was washed with DCM and dri ed
under hi gh vacuumto provide

2-chl oro-4-[(2R) -2, 4-di rret hyI 1- pi p@xariphy b - 5-f | uor o- 6-

hydr azi no chl ori de 138 6% s a
O ) O 03 A2 RNE 4 BL) BESE 85, (3822 o SEAH B8

[ (2R) - 3- (Z-pwmﬁhirm}hyara[z(rﬁ%z-@yéloéenmrhyihyl)'agbwrapynwdroﬁyifolrmemdé-
10pyri m di nyl } hydr azi no) - 2- (cyglopentylnethyl)-s-

oxopropyl i fi phenyl met hypoxy] f pide To a 0 C mixture of
2-chloro-4-[(2R) -2, 4-di net hy 1N}, perazinyl]-5-fLuoro-6-

hydr azi nopyri m di ne, assuned tm\/ dr ch“or de (;R@ 70 g, 329.9 mol ) and
(2R) - 3- N
cycl opentyl-2- H or ny1[ ( phenyl net hy e néﬁhyl)propan0|caC|d,N, N 15
di i sopropyl et hyl am ne salt, isopropago vate (155.42 g, 314.1 mol) in
DVF (630 nL) was added 4-net hyl nor pholine (240 nL, 2183 mmol ), foll owed by
1- hydr oxy K2R)-&tad%ekhtore-bdizoioec-{(845)31exghy@epyrazined! 1y clariorpo-§(12)-2+4g, 377.0

). Th ta, 1000 : d
nashed wi CRTERBR RO (AR N o BRI B o er iR (00 a8 oo
portion of)relea@@l aeooadingd o, Gendral h%rOQ@iLtfemEm nlizing g%aﬁ)comg@mm&shed

th t - h
f'resh por Pl tioka Ay sfyresfRos R o B Sy o Bl ARC ol i BRI 24 o1
(200 ). Pare A-D1 &l plecersi irsprenyhaniine jphBae Awasilizing @iNed Ghint htheCin P@UO@ m),

crude [ (285N B SARARE anelypsh o Faipl HER LS Pubflati 42 PeR @ 0%,
25pyri m dbng pytfyidg & firesl pmd@chlFtﬁﬁtelhtbylrwvmlI@at@n dreapE§Ad/gth¢pathey thast rlja/pox
( M+

y] f or mam 1 9 00 ude yield) as a dark red foam LCVS:
yllor! PaﬁﬁL(é VSR Om-APO% £

[(2R)-3-(2-{2-Chl oro-6-[(2R) -2, 4-di net hyl - 1- pi perazi nyll-5-fl uor o- 4-

30pyrigqm di nyl } hydr azi no) - 2- (cycl ope tdyl ) - 3- oxopr opyl ] hydr oxyf or manm de
To a lls%?l ution of crude Blinffe' et/

[ (2R) - 3- ( B-[{2R)e2r(Gyrabo ity I2ith)-3-(2+{ drfluloyd -6 1(45) 2e(hy diraxyinjetBy ) 1 tazetidiyl]-2-

s R S A 1 )

Pd(OH) 2/ C (14.13 g). The m xt u%f( hydr Qgenat %d under bal |l oon pressure

with nonitoring every 30 mn 3 he eactug\n was judged to be conplete
(7 h). The m xture was then fil
OH

Part A:

(2S)-2-Azetidinylmethanol, TFA salt

Commerically-available (S)-1-(t-butoxycarbonyl)-2-azetidinemethanol (100 mg, 5.3 mmol)
20 was dissolved and stirred in dichloromethane (2 mL). Trifluoroacetic acid (1mL) was

added dropwise, and the resulting reaction mixture was stirred at room temperature until

removal of the t-butoxycarbonyl group was complete. Then the solvent was evaporated

and the crude, TFA salt of (2S)-2-azetidinylmethanol was used directly in the next step.

-111 -



a glass fiber filter with MeOH washes. The resulting dark filtrate was
concentrated in - 109 - WD 2009/ 061879PCT/ 1JS2008/ 082575 vacuo and
purified W 2pespasiat i ve reverse phase chronat ography (Leoa/i3i@s(025780l um;
10 microns; 101.6 mmx 250 mm 250 nm WV detection; 480 nL/mn; 40 ng/ nL
sanpl e copcentration; 4 g injection mass; 