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Recently, an immunoregulatory role of Trp depletion has received much attention.
Several lines of evidence suggest that IDO is involved in induction of immune tolerance.
Studies of mammalian pregnancy, tumor resistance, chronic infections and autoimmune

diseases have shown that cells expressing IDO can suppress T-cell responses and promote



rejection in utero. Mdre than 40 years ago, it was observed that, during
pregnancy, the genetically disparate nammal i an conceptus survives in spite
of what wsOl2dibes8edi ct ed by 20 tissue transpl ant ati onPCRUS2@N.0g794
(Medawar, 1953, Synp. Soc. Exp. Biol. 7: 320-38). Anatom c separation of
not her and fetus and antigenic immuaturity of the fetus cannot fully explain
fetal allograft survival. Recent attention has focused on i nmunol ogic
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30 T cells. Because such tol erogenic responses can be expected to operate
in a variety of physiopathol ogical conditions, tryptophan netabolism and
kynur eni reoppodwsisBon m ght represent a crucial interfa®eeThstamom®dhe

i mmune and nervous systens (G ohmann, et al., 2003, Trends |nmunol., 24:
242-8). In states of persistent imune activation, availability of free
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2003, Trends Immunol., 24: 242-8). In states of persistent immune activation, availability of

free serum Trp is diminished and, as a consequence of reduced serotonin production,



00 // HRL11\1 NN 10 or pharmaceutically acceptable salts thereof, wherein
constituent variables are defned herein. The present invention further

provi des wWophavaseseut i cal conposition conprising a conpeamasedooerval a |,
and at | east one pharnmaceutically acceptable carrier. The present invention
further provides a nethod of inhibiting activity of indoleam ne

2, 3-di oxygenase conprising contacting the indol eam ne 2, 3-di oxygenase (| DO

Wi th a 15er6@ARgidFancBibnd@sialkabd affedled EBWRTbRANSREQML 2008| LyrraReL @hah), €o:sal t
t hereof. The present invention further provides a nethod of inhibiting

[ rrrrunosuﬁfﬁ]é%gi on in a patient conprising admnistering to said patient an

effective andmiredihgld, LRRGWIIN OF inkRfeBAl @hds bl oReRBRTRARYL I cal |y
acceptabl e salt thereof The present invention further provides a nethod of

treat i ng PeEPRYFhiatyp pide efforts guchan denrersiop prapipamandeharass GrwagaiNE? at i ve
di sorder fdofigt PirecBfiadnbe & Sot6REAE ﬁ&&étmn%ﬂgﬂn M@ BSRLRRE 1o Rds€ Sk On, or an

aut oi mune di sease in a patient conprising admnistering to said patient a
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conmpound, of For mJl &1 har.nmaceut | lLy acceptabl e salt.therepf.
Tre o estnte il o PURRIT AR LGRS R By B eiBh R,
phar rré.c e MH-KAN iy able ceplodindeexiiatite dteeyydfcredstng thisgroductibin ef re@ytive oXylgen pr esent

ent o8 LU WGE, BE AUV S RS RaRB hasS B SPS
medi canmeaspaftare (NSBA)redep@ipich leads to apdpesipariSepiocamipad alrdphiy. Both Rosr
provi s LSS, 8L PR DrOCSESEs, o PLSDRURA L1e SR, o and composit | ons
Formul a kddéiattd witbldepression (Wichers and Maes, 2004, J. Psychiatry Neurosci., 29: 11-17).

15  Thus, IDO activity may play a role in depression.

Small molecule inhibitors of IDO are being developed to treat or prevent IDO-related
diseases such as those described above. For example, oxadiazole and other heterocyclic'IDO
inhibitors are reported in US 2006/0258719 and US 2007/0185165. PCT Publication WO
99/29310 reports methods for altering T cell-mediated immunity comprising altering local

20  extracellular concentrations of tryptophan and tryptophan metabolites, using an inhibitor of
IDO such as 1-methyl-DL-tryptophan, p-(3-benzofuranyl)-DL- alanine, p-[3—
benzo(b)thienyl] —DL-alanine, and 6-nitro-L-tryptophan) (Munn, 1999). Reported in WO
03/087347, also published as European Patent 1501918, are methods of making antigen-
presenting cells for enhancing or reducing T cell tolerance (Munn, 2003). Compounds

25  having indoleamine-2,3-dioxygenase (IDO) inhibitory activity are further reported in WO
2004/094409; and U.S. Patent Application Publication No. 2004/0234623 is directed to
methods of treating a subject with a cancer or an infection by the administration of an
inhibitor of indoleamine-2,3-dioxygenase in combination with other therapeutic modalities.

In light of the experimental data indicating a role for IDO in immunosuppression,

30  tumor resistance and/or rejection, chronic infections, HIV-infection, AIDS (including its
manifestations such as cachexia, dementia and diarrhea), autoimmune diseases or disorders
(such as rheumatoid arthritis), and immunologic tolerance and prevention of fetal rejection in
utero, therapeutic agents aimed at suppression of tryptophan degradation by inhibiting IDO

activity are desirable. Inhibitors of IDO can be used to activate T cells and therefore enhance



RROH H2ZN Nm"7 IN N, O- F15 The present invention further

provi des internedi ates, processes of preparing the sane, and conpositions
cont ai ni nyotzhw/®aes8, whi ch are useful in the preparati omrCofusacooongound of
10 Formula F19: RIO,S \i. CH3n N, N F19 The present invention further
provi des internedi ates, processes of preparing the sane, and conpositions
containing the sane, which are useful in the preparation of a conpound of

Formul a K281 activai &enmlﬁTérmpE}:esgghlgym % alignancfloP iV Ruslsus{ins an

XRPD pattern_characteristic of thé conpound o e invention prepared in
Exanpl e HIV2bibikitiencofIDOaasalee to3e impertan Geamertsartest ioF pajieps vl t he conpound

of the i H&ﬁ'@lﬁ).gigﬁ 095&9@15&&1&&% BRI & dlsorders sucHAsHdpRsstorS Eﬂé"@on@ﬁh&at a
characteristic of the ‘conpound of the invention prepared In anpl e 1.
compositions and methods herein help meet the current need for IDO modulators.

SUMMARY OF THE INVENTION

The present invention provides, inter alia, IDO inhibitors of Formula I:

o 0O

NSOH R3
v i T
S
RN \7-—1(/L‘N R2
H/A%Vx‘ / \ H
N\O/N

I

10 or pharmaceutically acceptable salts thereof, wherein constituent variables are defined herein.

The present invention further provides a pharmaceutical composition comprising a
compound of Formula I, and at least one pharmaceutically acceptable carrier.

The present invention further provides a method of inhibiting activity of indoleamine
2,3-dioxygenase comprising contacting the indoleamine 2,3-dioxygenase (IDO) with a

15  compound of Formula I, or a pharmaceutically acceptable salt thereof.

The present invention further provides a method of inhibiting immunosuppression in a
patient comprising administering to said patient an effective amount of a compound of
Formula I, or a pharmaceutically acceptable salt thereof.

The present invention further provides a method of treating cancer, viral infection,

20  depression, a neurodegenerative disorder, trauma, age-related cataracts, organ transplant
rejection, or an autoimmune disease in a patient comprising administering to said patient a
therapeutically effective amount of a compound of Formula I, or a pharmaceutically
acceptable salt thereof.

The present invention further provides a method of treating melanoma in a patient

25  comprising administering to said patient a therapeutically effective amount of a compound of
Formula I, or a pharmaceutically acceptable salt thereof.

The present invention further provides a compound of Formula I, or a

pharmaceutically acceptable salt thereof, for use in therapy.



DETAI LED DESCRI PTI ON The present invention provides, inter alia, |IDO
inhibitors of Formula I: sOHR3 0 O RINH/nN (D) N 5 or pharnaceutically
accept ablwozalwmwsesBer eof , wherein: R is NH2 or CH3; R2PC3/US2009B1979LF3,

CH3, or CN; R3is Hor F;, and 10n is 1 or 2. In sone enbodinents, R is
NH2. In sonme enbodinments, Rl is CH3. In sone enbodinents, R2 is C. In sone
enbodi nents, R2 is Br. 15In sone enbodinents, R2 is CF3. In sone

enbodi ment s, Weﬁr@se%veﬂh@n%ﬁﬂﬁrﬁr@tﬁ@é’s‘d@@f§com§?ouh§omrm{lﬂ 1S@%e enbodi nents,
R3 is H |In sone enbodi nents F. 20 In sone enbodinments, nis 1. In

some enb8HasRuECally aceepmblesaks ﬂt?Eﬁ?fquFth%PfGPar@tﬁé‘ JpparsdisemprifeiisE #h can exi st
in varioygs0lid forms. As used herein "solid fornt is meant to refer to a
solid characterized by one or nore properties such as, for exanple, nelting
poi nt, sol ubi The gresest iap¢nition further provides mﬁmgdlatmgpg@@@pf pieparingwag @me25

contegt, &%n%;%@ﬁﬂﬁsec%nra%ctfgg ?zgﬁg Shich Qﬁ%s@ﬁ?ﬁ%@ mP%BF R off g ?81#{5(%?13 I’Ogts c.

Solid for exanpl e anor phous crys a

t her eof . Formula FI5i:f f erent crystalline solid forns typlcally have different
crystalline lattices (e.g., unit cells) and,, usually as a result, have

di fferent physical propert|a§(3|n sgne |ms%a R°4i f f er ent crystalllne

solid forns have different mafegﬂ%%N%ngdb ent The different
/\

crystalline

F15

The present invention further provides intermediates, processes of preparing the same,
and compositions containing the same, which are useful in the preparation of a compound of
10  Formula F19:

F19

The present invention further provides intermediates, processes of preparing the same,
and compositions containing the same, which are useful in the preparation of a compound of

Formula F28:

\\ 7

NAH%AQ

15 F28

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows an XRPD pattern characteristic of the compound of the invention
prepared in Example 1.
20 Figure 2 shows a DSC thermogram characteristic of the compound of the invention
prepared in Example 1.
Figure 3 shows TGA data characteristic of the compound of the invention prepared in

Example 1.



30 lattices can be identified by solid state characterization nmethods such
as by X-ray powder diffraction (XRPD). Ot her characterization nethods such
as di ff erwot2osloossanni ng cal orimetry (DSC), thernogravi ReETAISC00847981 S
(T&), dynam c vapor sorption (DVS), and the like further help identify the
solid formas well as help determ ne stability and sol vent/water content.

51 n one aspect, the present invention provides various solid forns of 44{2-
[ (ami n osul fonyl)am no] et hyl}

am no) - N- ( 3- -4-f | yor ophenyl) - N - hydr oxy-1, 2, 5-

oxadi azoPﬁzﬁﬁﬁ‘aﬁﬁ{?}‘ﬁﬁWﬁ% (see Exanple 1). In some enbodi nents, the
solid formi sTi faéatialdntiBe p@oides intbihiSOMRO aEisBEBhSauld he solid formis
substantially anhydrous (e.g., contains Ieé t han about 1% water, |ess than
about 0.5% water, |ess than _about 1.5%\1\/2-}\}: : $s than about 2%
water,). In some embodi my2, the golid flprm aracterized by a nelting
poi nt of, or a DSC endo%l;ueﬁ‘r{p\l teNed a 40 about 166 C. In sone
enbodi ments, the solid formgs arafteyi z4 el ting point of, or a
DSC endot herm centered at, about 168.C Nin some enbodiments, the solid form
has a DSC t her nogram substantial ly as®shown in Fi gure 2. In further
enbodbnents, the solid formhas at |edst one, 15 two or three XRPD peaks,
interns of 2-theta,. selected fromabout 18.4, about 18.9, about 21.8,
about 239’9?h355?fﬁ?u°25§'%‘fce%tﬁlﬁ}eé%téﬁlfer@g. 1199 furt her enbodi ments, the solid
form has an XRRPNEBtd©H);, substantially as shown in Figure 1. The
present inventjon further provides a conposition conprising a solid form of
4- ( {2-[ (aniPos WG Fy &SNt hy|

am no) - N- ( 3- brogwr g-if: ha@r ophenyl) - N - hydroxy-1, 2, 5- 20

oxadi azol e- 3-car boxi m dam de (see Exanple 1). The conposition can conprise
at | é8st aboulis50W¢- at | east.about 75% at |east about 90% at |east about
95% or at |epsbmakRubadeik Y wRigght of the solid form The conposition can
al so contain a pharnmaceuti calll_y accept abl e excipient. In some enbodi nents,
the solid forkmspmesmbadigments. & 1iyCharifi ed. An XRPD pattern of reflections
(peaks) is tyqpi I j 2 fingerprint of a 25 particular
crystalline f%rs%ﬁkle%{lbﬁcg&%t?’ﬁiﬁgggm that the relative intensities of the
XRPD peaks caln seindempodiments, RSgeBdi ng on, inter alia, the sanple preparation
techpique, crystal size gitgtﬁziig)#%i on, various filters used, the sanple
nmounti ng procedure, and the partitul ar instrument enployed. In sone

i nst ances, nelw spmakmbodiyielte, Rfis€Hyed or exi sting peaks may di sappear,
depending on the t f the.n ument or the settings. As used herein,
the term 30 " esﬁﬁ?’e)églg?%fngmfg{ds égf'l ection having a relative

hei ght /i nt ensintsymeftmdbdikeastR’abaut 4% of the nmaxi mum peak hei ght/intensity.
Mor eover, instrunment v&ri atign l@nd other factors can affect the 2-theta

val ues. Thus, BFeER cBLe{gSHER 48 Fsuch as those reported herein, can vary by
pl us20r m nuspmabpdenBodmeRsdweta), and the term"substantially" as used in
the context of XRPD herein is neant to enconpass the above-nentioned
variations. Insomeemiodipentsdnis2nay, tenperature readings in connection with
DSC, TGA, or Phd@mmpblisRthePIREH iR GARxiNEh YRR ¥SlidofmdeRanRdl Ng on the
instrument, particular settings, sanple preparation, etc. Accordingly, a
cryst al | herainfselid foawois ruegntiie Feaderrio p selidrgagcpsedth operonrennrrepgtiss sushi al | y" as
shown in i LSt - q{})@g - vari ation.
At vari oﬁg@%leggcnéﬁslgﬁﬁﬁ?%ejﬁ%?té%sozﬁﬁ n?%@%?@%&% %(I)Iﬁl%s st ﬁpﬁ%ﬁfg&g? conpounds
of tRe i pententi A firajurése DECSedterss dVhiegmsagRIY fdamresastgeSolid formss for

specific i LNV i i e each and every individual
subconbi ?i%a!tn%)(l)%ﬁQ%%%%@%%gﬁéﬁ%&gr%l}%%&gﬁd ranges. 10It is intended

t hat t he conpBiffedsit ofystaliiee salddpmsoypically hevadifferentAsystrdlaet Ihttirai(ag.; stiabl e

cells) and, usually as a result, have different physical properties. In some instances, different

crystalline solid forms have different water or solvent content. The different crystalline

30 lattices can be identified by solid state characterization methods such as by X-ray powder



refers to a conpound that is sufficiently robust to survive isolation to a
useful degree of purity froma reaction mxture, and preferably capabl e of
fornul at iwo 20mvseA ef fi caci ous therapeutic agent. |t i CTOISRE09049794
appreciated that certain features of the invention, which are, for clarity,
15 described in the context of separate enbodi nents, can al so be provided
in conbination in a single enbodi nent. Conversely, various features of the
i nvent i odiffeduitieh CERED). {Oherlthedbtbizatio@methofiesich 8 differes@t@xhingf a single
enmbodi nent,, . can be provjded se arately r i.n any suitaple

, |
subcombi FAPHBHY @Z??ééﬂrﬁ]@am@emc Rlys RlEH @gwna? gapoy perpiegn (OYSeridd to

incl ude @ehikp aflePhedp AR tHel 61id HrinSQWRI13s h&p Setdidfind i MSyIRPMEL ri C | Somers
of the conmpounds of the present invention are described and nay be isol ated
as a rrix?QJYf'_é“/tYﬁtq%Q?ﬁFélF-s or as separated isomeric forms. A bond in a
strucgure di agragLERpr &3 sRkad i&xn&nwdés'v&@odé B Hoi 3/8f"4-$]{§-' ntended to

indicate that the structure represe the cis or the trans isoner, or a

m xt ur e Beminesulfonghamidolethahi sminob e dromo-4rilnoppbeybtV 'diydroxgG@apounds of t he

i nventi op,. iaN AL [ : i . t. fromthe
swappi ngosi e AR IRE bk TF 10 SoH AR e o e e
conconi t emystalbimescdidi dmsapfe entpdomants, thesohpbiond s sobstartially mbydtons(e.gan al so

i nclude all_.i sot opes.of atons occurring. hR,the intermeda or final
compound RS IRE R 8 8% JEE et R haon et R LHREoR ERvediast niimber

but @0 f f Esethin sees2% wike)) SIn sbow eabadipleats, ths aflidfersn Bichdrydergéby ancl ude
tritium angd. deuterlium ) enbodi nent s, e C f the invention,
and sl Belnepas of RPN 6REl R APl Sbr e e B L ARG fisaiey | col at ed:
i S meant embalimédis teesoHO Biah is Shatdctdrieedby pmeltingbbivt off orslbSCT amiotirithy separ at ed
fromthe environnment in which it s forned or_ detect Parti al

separ at i 6‘??“?5%{{1“1' %EBFUcééi , C}A@? Soég&?ﬁh\ggfm%ltscgﬁrﬁ%lé{ @p}aﬁ;}asean]sgg ﬂ&‘&ni’&ﬁa’f’he conmpound
of the i RibeRhfidIy-as ShisliaFdudd 2. SRTaiRk ABodiMBnth,Ed 48 GO 8l bAs0Bi%,
containing at |east about 50% at |east about 60% at |east about 70% at

| east> abBiR ordlysy X&ED regkss indpERRof Gobgta.delertehiem abeid 8 ghapouit 8Peqbputabout
97% or 8t gd aBsd 28DOUbnR 290 PUNIEE NS & Th RGtHePORSSEN e, tﬁerklgliél Y&hh ON, Sor

salt thereof. Methods for isolating conpounds and their salts are routine
in the apnXRPD patigeubstantaliyt asishovamin lagnrallso i ncl udes salts of the conpounds
descri bed hergi : L "gal ts” . Renival oueseef the

di scl osed corrg% ﬁ%@ﬁtvﬁzég?ﬂﬁ%ﬁg{bﬁg?gﬁta c?gﬁégﬁ%%n?%ﬁogiafs?edfoﬁg converting
an exi st [{2¢(mmincsufonydagenajeshd} amine)-N4(3-bwaio-4-flopmpheBxdfrhedronf-1.284 t s

i ncl ygle, .6 . ] nenal~aci Jch F’E(j;% , H2SO4) or
or gag?c 3%% Z?seéc‘% X %ﬂ%&é@g f%ggé%ag%gngh%icgggéﬁ%gp% Cta??? or c?gfgg{ti c acid)

sal t s of alwms 5@ $dashabsutsGtd) atdsasaahone¥)%,ak leadtiabgis A%, @sat least ablaut 98 My, Ca)

or organjic_(suc s t.ri.al |l cyl anmoni. u salts of. acjdic residues h as

ohr bosyl PSR Bl e dOmRiRittElend st Forfin A b Rbed BRI AR RRBHR Can - be
synt hesi ggfpiéntOmMm o gptbiodintenitp ealiddomd ischibstaribily maifi’kdbasi ¢ or aci dic

noi ety by conyentional chem cal. t hods. Generally, such salts.can be
prepared by r%ﬁ?@l’ﬁ)gpa{tﬁ@cgfg&c %ggpeagsbﬁwca r‘i?Bs%ffre‘i%%TWé@E’t%‘?’rpounds wi th
a st op chpgteilad EyseiieTbmef It isheel g WAkt HeQelR@ean@fisit@Giof tHe KRRI dak®r 1N an
organic solvent, or in a mxture of the two; generally, nonagueous nedi a

li ke et h&¥ WidplyRrydepensing onetfeg 46 the IpsRIBtion frehniges, sisel i (ACN) are

pr ef er r edistribution, various filters used, the sample mounting procedure, and the particular
instrument employed. In some instances, new peaks may be observed or existing peaks may
disappear, depending on the type of the instrument or the settings. As used herein, the term
30 “peak” refers to a reflection having a relative height/intensity of at least about 4% of the
maximum peak height/intensity. Moreover, instrument variation and other factors can affect
the 2-theta values. Thus, peak assignments, such as those reported herein, can vary by plus or
minus about 0.2° (2-theta), and the term “substantially” as used in the context of XRPD

herein is meant to encompass the above-mentioned variations.



The "pharnmaceutically acceptable salts” of the present invention include a
subset of the "salts" described above which are, conventional non-toxic
salts of wbeopaosas8s conpound 20 formed, for exanple, fr@CTASR00%9704
inorganic or organic acids. Lists of suitable salts are found in Rem ngton
's Pharmaceutical Sciences, 17th ed., Mack Publishing Conpany, Easton, Pa.,
1985, p. 1418 and Journal of Pharnaceutical Science, 66, 2 (1977), each of
whi ch i's i ncompi¢ snROvdyeteRipdralite fe@cﬂiﬁ%ﬁﬂ@@nﬂe&idnt\ﬁiﬂ?DS.C,r”ﬁ%(; or biRr phr ase

"phar macghuti cal |y acceptable’ is_ enployed herein to refer to those
conpound&erdlEEparineats cap Ky abqut §3sC depradiae o dedpurumsphBaricnlasrEngsar e,

Wi thin 1t BenepREarions NA RGN a driidQ IR orm $&HoFBPh&eih BhvikSEDEE Ccont act
with the tissues of human_bei ngS and animal s without excessive toxicity,

i rritati S¥rmegram - gibstantiadlyopshows in gyl thediighpsaifiedersiendp pecamimpdate
comegsugah& Middy @ reasonabl e benefit/risk ratio. Methods of Synthesis
30The conpounds of the present invention can be prepared in a variety of
ways known t oAbyasiogkplpgesdn tha prefent specifightiaps gpbsiiituensy/oficomppends Phse conmpounds  of

the pres i [OfF / es] i . ; her ei naft er
descri bod Eal e et SE UL AERERE 1B R e b 20 o

synt het i twentipanndudsirech midreyenyrindraifizd subomabinh@rmedtheasemlppy efsuct gdusy t hose
skilled g&[ aJ;lleesart. The conpounds of this invention can be prepared
fromreadily &ailable starti ng materials using the foll ow ng general

met hdlls and pit ecedndedshat e compburkie ofifhp ieehtidnede sthidé. Mbheded héngi ‘c@bledr
preferred process conditi.ons..(i.e., reactiont eratures,. tines, nole
ratios ofefgrégoc% %?mpg}mcg%*ﬁ%ﬁtsfé‘,gle?}%e@@tff PSUVEYesy antg’i“ OGPW‘%‘ﬁ;de@F?}%f process
condi t i opéritg @omad Sactid@ niswek, MdpitReRslyhbdldbfFerniilaiod ato G bifigatiduseact i on
conditions may.vary with the particular reactants or solvent used, but such
conditio ra@ﬁ'ﬁlcﬁée%eterm ned by one skilled in the art by routine

optini zati on RiCRARHaBSreciated thall R RIEREESEInEBS iR 8philEA:8] 1Br Qafty be

nmoni tored according to any suitable nmethod known in the art. For exanple,
prodiet AeFHRadiiB thecanteriol sensratoakpdiyents ean alsochedprddadan pembingivndma as

nucl ear ERHBRELEAIEHOCHRBPEHNORGRARY of BreGnventidd whith 43 Gbr biefily, ar €d
spectroscopy, spectrophotonetry (e.g., UV-visible), or nass spectronetry,
or by chéeseabadgh Histepniskic aginglei egfbogiaren eareaiencbe refided separdatsicograaphy ( HPLC)
or thin glg%gesﬁgyomﬁgﬁ_aphy. The conmpounds obtai ned by the reactions can
be purifie y any sultable nmethod known in the art. For exanple,

chr omat ogr aphyhe qegioumdspf theduveadioroare furthar ingbdesl ta dwbrdb el pogsiblageomsirici ca gel ,
15 abym d& | ¥ pve,thin | r. chr. ogr aphy;
ai st 711 o PR G et deotlebp QenPHRP Rlolion it r MU R SR

Pr epar at depariedd and mag e dlatalras iamigfuxeso fidomepy artae edppatedasuthetie forofsedt | on of

various chem ca roups. The ne for pr .teQ;tiQQ nd. depr ot ect.i gn, and t he
sel ection’® m&ﬁ%’f‘%ﬁ? i%galgreanb'fegfe@%‘%%r% ang’agthg ®can bearléé”g?%‘?%éf‘%?% 849 by one
skil |l ed ithe stri@ur@épresthie thelotyorshia tyan® isoR6r, pr Oineaiire 0 thg c3WRS va@isdagerd mund, for
exanple, in Wits and Greene, G eene 's Protective Goups in Oganic

Synt hesi &Y PRP'E | John Wley & Sons: New York, 2006, which is

i ncoppor at ed OehpduaddYf the ifeRimelioinélhd& Bitbine®d Jorms. Tautdh&id Bakd eqds of the
pr ocesseg descri bed. herein_can be carried out in suitable solvents which
can be r 898 ¢ SEPeREef Bysinghe bepd suth pn jadiageng depble Jrond tgesthes Wi ithfesi s.

Sui t abl ecsRb¥aMt Migateofersidhst antial Iy non-reactive with the starting
materials (reactants), the internediates, or products at the tenperatures
at whi ch the ¥eEeamgnef the wventiopicaaleninclude all isotppageé ptamg pestirrigiie hecan r ange
from t he;301\&htes Sr fifafEahitRindE TBRHAL HEIRdd tﬂosﬁQ?on?s%aVﬁgttﬁessaﬁg biohfAg
tenperature. A given reaction can be carried out I n one solvent or a

m xt 8P e B¥mpgybat differenigness sehben tFor Gapwitdisagperpitiidrogendoelidatrisumpnd sui t abl e
sol vent ( glutd i t hat particular reaction step can be 30 sel ected.
Appropriate solvents include water, al kanes (such as pentanes, hexanes,
hept anes, cyclnshexambodiatests, thogonzgpomdstafithe inteatiemfahd sadts theeof,@resol vent s (such

as benze €11 oh h t hanal , . et hanol ,
i sopr opa%sfahg%l@f?%b?atee%#ef g glzsstagﬁtg H%fswlg!legl ]IE;% e%?t&%#gt,le C?r)eg%pﬁ%c{}? %@F %Sbut yl ether
(MIBE), patislghyranbstantially {epiiiied fidinokaewirosment)in whish érveas feueh oadetetdy |

acetate, butyl acetate, etc.), hal ogenated solvents (such as
di chl or onet hane (DCM, 9



chl orof orm dichl oroet hane, tetrachl oroethane), dinethylformam de (DW),

di nmet hyl sul f oxi de (DVMBO), acetone, acetonitrile (ACN),

hexanet hywphosglersam de (HWPA) and N-net hyl pyrrol i done PCRVBR009SBuwTh
solvents can be used in either their wet or anhydrous fornms. 5Resol ution of
racem c m xtures of conpounds can be carried out by any of numerous nethods
known in the art. An exanple nethod includes fractional recrystallization

usi ng a Parkibrs@parsitkmehy indfdadboxambiechcdnspoaition Bhrichad Inth@&dnptand 8@thé - f or mi ng
organi c aci d. Sgi tabl.e resolving.agents for fractional recrystallization
met hods HFEaiogpu SEPATRI; Hcgldaewwﬂw erutainipg pf least 4H0Bt %38 L f or ns

of tart ardag aB&iit@0%datasRt HoheTobAlat Radit Ghddit 86Y LR MaHbb@ g8y, 'h?,e@s,@&%ut 10nmandel i c

acid, malic acid, lactic acid or the various optically active

canphor s Potil@stabre 7/ Resailenst apauic’ bicwrielt ofibercompeundat tha igvenbien.car ri ed
out by ebualiQRrR MeARUYR is}aﬁ%géon\mohhd%d%gw s‘éll?é Ar¥ réifeihé EmE §80! Vi ng agent

(e.g., dinitrobenzoyl phenyl glycine). Suitable elution solvent conposition
can be det er nfltadessyt ipyratiek e mgludes salgeofdhe compounds describqtheereinrpowsedls of t he

i nventi Oﬂergﬁp‘sgfgs”géfg 2%8 ivalids P HR MR RsedtS guﬁdg%vhrm%gictlh% ?%?Hr}éaﬁgéﬁ‘ﬁays and

techni ques as scri el ow. e processes an es of the
present ismehii¢ddry caneertingefn dxisting 8dié oplraepmpmtyi toits oflt foBO Exalnples bbsadts A

general ¢ r preparatipn. 0 f the .invention are
dosor | beBEREETu 86 pbein R Bt IR FERQD or ks e e 1.
t he ilfvend acetic id)bewoR aaidptrimesacdtioncidy @paof gicaesiduwepaichds ahinkQuikali a F15,
or a salt thereaof rein R2 is Br, CEF3, CH3, . or - R3is H or F
and n i SESTC%?‘S é%%%ﬁ#ﬂ@%ﬁn&%@b&ﬁ%&ﬂ%@lﬁ?ﬂw@ f;ai%%\l%ct“ﬁgr?‘?}l?s t her eof ,
wher ei n Rgh ab sarboxyHerhdids; aﬁd)ihedliké.I‘l@legafl@llblﬁthe\{drés&ltatweﬁﬁdﬂl’tﬁn@ﬁ@ﬁﬁﬁfﬁéd ng agent
(Step M .to afford a conpound of Forgula F14, or. a. salt thereof; .a

oncti ny SPREBCERE GG BOTTRSORES A DG #f 5 diSe 4D SBhYaPIesT SPURD ¢ he
conpoundmefhofd GErally &ch sTiieca6 08 pRPNEd BY rdadidgithefiéelRidababdofmdusr i fi ed by

trituration or recrystallization using solvents such as water, ethanol,
MIBE or  SrepuirmipraRdsaithapighspmetrin amel obihs aBRT RIS asRor goid ippvatartins F, - and
nis 1. LNosoREsQikedr B MSuturlRs ihe tR; gefallyS nénaq@ddds fhedis like ethé}, SRJTE _
enbodi ments, R2 is O, R3is F, and nis 1.710In some enbodi nents, R2 is
d, R3 i saceate, gthangl, ipeprgpanol, or acetonitrile (ACN) are preferred.
The “pharmaceutically acceptable salts” of the present invention include a subset of
the “salts” described above which are, conventional non-toxic salts of the parent compound
20  formed, for example, from non-toxic inorganic or organic acids. Lists of suitable salts are
found in Remington’s Pharmaceutical Sciences, 17™ ed., Mack Publishing Company, Easton,
Pa., 1985, p. 1418 and Journal of Pharmaceutical Science, 66, 2 (1977), each of which is
incorporated herein by reference in its entirety. The phrase “pharmaceutically acceptable” is
employed herein to refer to those compounds, materials, compositions, and/or dosage forms
25  which are, within the scope of sound medical judgment, suitable for use in contact with the

tissues of human beings and animals without excessive toxicity, irritation, allergic response,

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

Methods of Synthesis

30 The compounds of the present invention can be prepared in a variety of ways known
to one skilled in the art of organic synthesis. The compounds of the present invention can be
synthesized using the methods as hereinafter described below, together with synthetic

methods known in the art of synthetic organic chemistry or variations thereon as appreciated
by those skilled in the art.

10



In sonme enbodinments, R is CF3, R3is F, and nis 1. In some enbodi nents,
R2is CF3, R3is F, and nis 2. In sone enbodinents, R2 is CF3, R3 is H,
and n is WO2r/®8 enbodi nents, R2 is CF3, R3 is H an#Cm/usg002/0497%4 n somne
enbodi ments, R2 is CN, R3is F, and n is 1. Am no protecting groups
are reqgularly used in organic synthesis to prevent unwanted reacti ons of an
am no group while performng a desired transformation. Am no protecting
groups al | ow Easgonpouadsert thiginvatibnent betp}e;&rerali fianogadilpdaintdssvihg as

1 asi {1 BHCER DA Ul DS s BPIS0 e s | v de by ol | © O

tert-but why@ay;b@wf pref3aed prob&@lé’ddili@ﬁ@ gird) agttion eRpgratules, times, mole ratios
fl uorenyl tXl 0X car bonyl (Frnoc), and the like), acyl (such as acetyl

(Ac), befztgtins Venémreﬁ%e% ?tkéj“e N ‘iﬂpf‘(cﬁﬁc?ﬁn‘a%oqﬂ?é’@h%lﬁ‘ééw*‘é nyl |

trifl !SlOr aneshanesidb @il | Qptaieh feQ&dn'cKﬁaltlorﬁrnY a'alal"y)’\bltl( i phrtiBRae ks
dlphenylnethyl trlphenxlnethyl (trityl), the |Iike), alkenylallcyl
(such as O5$ol¥ent ussd.di puch sepglitigng cag b@é}eter@mﬁéyymakweén@ghe aptdy Eopting

(C6HD) Z%Hlmﬁ%ntﬂ?&ehﬁlg@) 25and silyl (such as tert-butyldi methylsilyl,
triisopropylsilyl, and the like), are known to one skilled in the art. The
cheni stry of T precesves desstibeskhestim eachecanitoredpenording 1o anseitablednathasene,

G eene 26, John
Wi oy & SHRaPhRECI ooy o R B Ao Pl R Bored bt ikins

al ko>190a61t9bmyhu<(lwmaga®0tr®0nmt wcytr@cmm(yg) 'He0TH infmdredbspectotseartyi ng gr oups
descri be C [ 8D\ ed usin n vali abI am no

depr ot ec?ll) %gg%lg)teﬁ%%ﬂ%éf ggl\r/\zlgﬂs)%g %{IASSS e aorri% ngo}gélragﬁf)agh oned above
wi t hout hfghepeﬁ‘omgmcﬁ liopaid dm&nategfam'r(Hin@s; othint laeer clonmetopaphyl hﬁm

B A n R AR RS EERed B b S) ST Bl 1

trifiuoreacBsi dia@pleﬂthérﬂdtb@ﬁ;ﬂﬁ'tdnfedmm(pr&@mﬁ) oryshitalsle ladkbfb@nté(é Ied siliangklt he

like). a conbln agent s ure of ace chl ori de and
met héﬁol 511 q{j‘éh{éq’gﬁe FReP; lﬁe%b"rlaéerL togEap Y’(dé% ationgr3 Et 20). The

benzyl oxyedinta€oy, ltrigifBeR, & aktrpalliaasved (e.g., hydrogenolyzed) fromthe
nitrogen ato for exarrpl e, hy treatnment with h ydrogen and a catalyst (such

as pal | adi um ﬁp%tﬂqydﬁ)compwméwg iyRbdtherpigtegtion fwé dgpipestion feprdtsect i ng
agent caphddcdl gtdubs OTIRAEEA Fr Fﬁﬁéc@ion bt EpRFRecBHD Ald MR REISetioh RE afpidate
deprotecting agent contains trifluoroacetic acid and >0.5% by vol une of
wat er, ePEptectisg grgupsAan pe Faaddy dfterpinediby osq sigiedip thegirty ride shemigineet  >2. 0% by
vol upg Ogro\fmlg%groﬁﬁsoézh%@%d?f?{? éﬁm?l%oﬂltwgrt@%hc% 0L 7Bk PRk &Re T T OmM about

10% t o about Yo by vol ume rom about 20% 10 about 50% by
vol ume ofGreusts ét Organicsymesisrd 8 miohndVilayhi Sans: hewdeps, 0@ wihing ingent can be a

10 m xt U%O%fgraté{%%%ﬁﬁ%ﬁ%gg&{ glﬁ%’éﬁn water in a volunetric ratio of about

98:2. In so e am no ‘deprot ecting agent can be hydrochloric
acid, optio nal‘llq/reaq’uoas sftheprates¢es desvribed haadie can BEHEmedIOUﬁln(Sm&ibh?)solvlemS such
enbodlnen th I C aci n be resent | t|on of
about 4 Kf ch can ge l};(se% %d u?fdsgﬁﬁnt artp oggaﬁlc syl o‘fﬁs ul%% esB ?ts 6 N,
abou®257 bin laimbitarﬁlal‘lbl n@bfwcttlvg\xhl;hth)d‘ stahﬂglmaﬂaﬂalN(reAdmnm)l’tEe ﬁt&ﬁﬁéﬂlm’lbﬁ t he

deprotectl n.c 15 be perf in an al cohol. ch as iso 0
some enb8H Pr‘ét?]% ﬁlé’ergﬁ’é? aﬁ/}”g%g H:l?rfﬁacfﬁ’nscaé‘?‘lc%‘éedg%‘?’flﬁ P ?“é‘a’e ‘%}?}ber at u r e
f rom abouin radg: feorh ﬂle%bﬁblﬁt s@ﬂseﬁng enfperaniré @ thafdutint’s Hx&hﬁ‘g fetpalad. A C, from

about 0 C to about 25 C, om. about 25 C taq abgat}t 45 C, or from about 45 C
to about SBE" FEactonfaY eﬁ%{ﬁe QHt s eng sPlyPRtioR & MEEHIFS Loghth ’émgeso"ﬁ%lr ol ysis) of

t he oxadipag&ld nrthé\ﬂadtfd)n3Qp,|:s$f’caﬂl@sdl@‘ﬁ&§9| fot 8 RAMcHRXieARionRtep ban bOPt i onal |y
in a_solvent (Step N, Schene 1 The protection of the_am doxime as the

oxadi3zoPderdede a“rppwnageéplwntﬁ inchidevatst. alkghesr(swh pepentansh hexnes, Reptgsr oxy |
group or cididexMe, Lo thBaNE RredH, o s%lveﬂ-tlg ?su@@ﬁsebeﬁ%e beghd, RAEnAN

organi c base such as_an acyclic amne (e.g., triet a/amne

di i sopr opighealenppldsush af Ele!hml ethapel, )SOHPP@OEV@D& ¢hanisneh gseliadkylethsre.r ol i di ne,
pi peri di Ry Pleftbutyl @he AMTESY, BAR ISR (PHEN dRRaR! &8, lestb& (Sich as ethyl

acetate, butyl acetate, etc.), halogenated solvents (such as dichloromethane (DCM),
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25 NaOH, LiOH, KOH, My(OH) 2, etc.). The base can be nmade available in the
formof a resin (such as Anberlite(r) and the like). In sonme further
enbodi mrerwe,20tws43ase can be provided in the form of a ®oratSe@9/ouITINat er
such as about 2N solution (e.g.', about 0.5N solution, about 1N sol ution,
about 1.5N solution, about 2.5N solution, fromabout 3N to about 5N
solution, fromabout 5N to about | ON solution). In sone enbodi nents, the
base i s ahlomiféal, dichletathad€) tétadiilopokitiend) sdimbthglformamile (MB)dr oxi de) . I n sone

enbodi nment s he. bas be 2N NaCH.sol yt| in ter. ln sonme

enodi medrReminirod R JRfRB akeghe. AR oS b P bttt E) . 1 n some
enmbodi meHMPAY hed Streghyl piSeidne (NYPE aSucheolpaitd @nmeaisal in ithe Ravwk uf € from
about -10 Cto about 60 C, e.g., fromabout -10 C to about 0 C, from about
0 Cto aBBAro¥8IQEmss - om ahout 25 C to about 45 C, or from about 45 C to

about 560 C.  Resolutioh Bf ﬁb&&cbﬁt&@@@ﬂ&rﬂﬁm&s%nﬁ@%ﬁéﬂ’&t@ amPéMkRdud 3 can be
obt ai ned by treating a conpound of Fornula F12, or a salt thereof, with

Pgl - NH- s Bieftors ko 1 thecst. /speseemlerpgfhocingludss Ifipetianal eeysteigatiop ysing @at ment  of
the resukiRgredRrih aﬁd%h*ahmn A&y GRS Gt cQfmaund of

Forrmul a F13. Illghl s1 %t ep L (Sch ecrer% )lyt?ans Jr%sﬁgég{g??rlglragdam neyFlz to a5
sul f ony| TespligpESnty B ﬁgctwnplrreqwlb@tlanm@oémm,cfnwxammleomtmlb( #Rgjive NB- S02C1) .
The prot ely used
i the.r aacg rh RIS B0 Rtns GDlBRICRE Ao BLAP RIE YRR TIRTSBT o1y any
of tHE prwenddiciad, gyelingsyl, Iathwmd or théyearmms oﬁtmallpaaﬁwecamptgrsalfomescidﬁr

sul f ona I nt an be an al kox bonyl
aroup. ( ster e dEkRbyic BBl T NP b4 SRR Sogt B U e Eoinp R R

al koxycaoptamaily actthtesubl‘vmg}algemhd: o dlderobarzojdph@btg&ycmgi Sbyatﬂdﬂdum@mtueﬂm of an
al cohol (such.as rt but .al.cohol and the like) with
chl orosufg? olhos uotls"%%yaﬁé“t‘“émte& §€83§N¥%}) tlaﬁpaﬁtroprl ate solvents for this
reaction i ncI Thtesompotindsrof thedhvehiiol daddbe peepared) fogeanprdusity Merdastigauch as

i ronmet hane and. t.he |i anic base can be any base that serves

di chl
to negtrﬁ? VA tﬁ%@qﬁéﬁéﬁ%@&eﬁgﬁﬁt ng the reaction of the prinmary anine

such as F12 amb pri€esded apd DiteRhtdsteSdT tROpredehi laveﬂnoﬁ hileQkéfHEn theiReREgioni C base
canlnclufch clic tertiary amnes such as tri( Hlégalk yl am ne (e.g

triethyl & “P%‘orft FP1ebichens fr the Rrenapatay °§?R!F‘H° 51 1R &f the dxjentien tertl ary
am nes (greg}escnlbledrﬁltsl@ﬁém@[perl dine, 1, 4-diazabicyclo[2.2.2]octane (DABCO
and the like). In sone enbodl ment s, the organi c base can be triethylam ne.
In some enbodi rrentsH th|N,§ ep can be perfegr nei oa tenperature from about

-10 C to about 6)6\(8 N g., frome oJoI T gy about fromabout 0 C
to about 25 C, from & hout N ut 45 aﬁgﬂﬁ'% C to about
60 C. Organi ¢ corrpo lt?an He reduced to a ¥ di zi ng state by
usi ng reduci ng agent g4, Redugtion usual ly invglves paddl t| on of hydrogen
atons or renoval of oxygen atoms froma group. Organic azides such as Fll

can be reduced to am neg h as 5392 (St ep K 85 Sche ,cit) by the addition
of hydrogen, gk N orm £¥el ere X ng a hydride
reagent (such ashﬁaf AN A q—'hpé»l I?%ﬁ"" lﬁis hﬁ enyI phosphi ne; or

usi ng a conbi nati on of o | odPe echl or ot ri met hytosl l@nk, .and met hanol .
In sone. enbodi nents, the cnpound of Fornula F12 can be &t ai ned by

reduci ng a compound of2Formul a F11, or a salt theré&® . |n ®one enbodi ments,
t he reduci ng can be carrl ed out i t he presence of sodium i odi de,

chl or ot ri net hyl sinbane, Qghd net ha o)r:ol n some embedi ments,N“the nolar ratio
of sodi um i odi“BESHMd HeiT g Al Ty | si | age. capBe-abo! .9, e.g., about
0.9, about 0.95;,about 1.0, abgit 5, —O;E—about m. 1" N’l §::me enbodi nment s,

chl orotrimet hyl silane can be adde 6Fhe mixture of FI° odi um i odi de
and net hanol as a solution #m nethamdl. In some enbadi nents, RSt ep K (Schene
1) c B be performed at about roomt erature, e.g., fromR about 10 Cto
about’50 C, from about 15 C to about®™®®e& from about 20 C to about 30 or

from about 25R8efrihg&b(lﬁl1& S3nfe. 1, the Snvenﬂ_chﬁ)ra\l‘m%(h ﬁ@d&@@fél lﬂ pdribgd a in some
cases, ro i ng obtain in substantia pure fagrm as

det er ni nééng‘i’lﬂﬁtﬁf% lqe@% %rpaes@f pyhesiy R %ﬁ@t?‘kg 3’\§ﬁ134‘§(§‘1r30t15 Hnt endi ng
to be bound by theory, it is beI|eved that sonme of these am nes m ght be
difficult to purify by silica gel chronmatography due to increased high
affinity to silica gel or due to unmgpted degradation during purification.

I n such enbodi nents, referring now to Schene 2, the conpound of Fornula F12
can be purified by reacting the conpound of Fornmula F12 with an am no
protecting agent to afford a conpound of Fornmula F12', or a salt 10

thereof, wherein Pg2N is a protected amne. This protection (Step K') can
be foIIowed by purlfyl ng the corrpound of Forrrula F12 to prow de a pur|f|ed

o a o A N . o a o ]



20 some enbodi nents, the hydrochloric acid can be present in a
concentration of about 4N, e.g., about 1N, about 2N, about 3N, about 5N,
about 6N,walowr00F9ss about 8N, about 9N, or about 10N. | RCTarsecoemiyds ment s,
t he deprotection can be performed in an al cohol (such as isopropanol). In
sone enbodi nents, step K or K' can be perforned at a tenperature from
about -10 Cto about 60 C, e.g., fromabout -10 C to about 0 C, from about
0 C to abokEtan2B i?boiQ, bpmmwgmwmpzsﬁnd:ofmmabl@mu34ﬁa@ah therebf, eehory i45 C to

about 60_C, ropr.iate purificat.ion nethods known t ne skilled in
the art %%@n@gg’rcﬁ%@fl%%u ’h‘?lmwp%gmow%’t"%%%ﬁt fﬁt%nwm@nﬁf?%‘g?)?‘?%“%n and
tEe | i keof Foimalarf 4esracsdit mmzfos ;anf) iabfirg0heé tdil:cipo@ﬁdloﬂﬁ)rﬂﬁl’affgﬂm albihse |
chronat ogr a on.sjlica gel. e rity the ¢ ounds, _in general, are
det er m n&ri fgﬁ)\/ tﬁﬁg@f‘t‘h %ﬂgggﬁraaﬂsls %&?nilﬁﬂjmg Q@I“failﬂé FdPHIt (in case
of a sol pehfied¥y toRtation bNgcdstiMFtfReEInE Yover suBE hd W4tEH, Bllad] IPERE Separ at i on.
If the nelt| ng{ p0| nt decreases, if unwanted signals in t he NWVR spectrum are
decr easetPmiypatiop thegsafaneous peaks in an HPLC trace are renoved, the
conpound can moﬁeleﬁtbs&meangztaeefl RleFfah@g'lsﬂ n sone enmbodi nents, the
conpounds are substantially purified In sonme enbodi ments, the conmpound of
Formula FI | (Genegembydimsnfs.de ioBr & wel aBgnis2at i ng a conpound of Formul a
F10, or a salﬂlsggggﬁggdm\éﬂer@lpc}e?sw e 56l ected from atkyl sul fonyl (such
as net hanesul fonyl), hal oal yI su such as trifluoronethanesul fonyl),
aryl $¢il f onyl 1@§9@he@b041mlenierfesm(3f Bn}&lB apthdisthe |ike; with an azide 5
reagent to af (¢} I (Step J). In sone

enbodi nent s, ]E%ﬂete%?? 8F3’E\A£S|@(;3ﬁ]t%ggsglents i ncl ude any reagent
capabl e of prbdumangbahmantbd{?phCFj,&%sﬁ dmdn(srz Exanpl es of azide reagents

i ncl ude al kal{ netal S {2 i de, potassium azide, etc.).
In sone opti ollﬁlasf)mee d‘l‘zurrrlg%t I{ ﬁﬁ’gills gﬁés t such as sodi um azi de can be
used in conbllmabmelambbddmmt@,dizumCFQRPM{ aﬁpnri;o:prl ate solvents for this

transformati arel i DMF, DVMSO, NMP and the |ike.
Ins%‘reenbo ﬁﬁﬂ?%m%ﬁ@ﬁ%ﬁ@z i’ﬁan? g|nDIVF Step J can be
carried out aAman ;Ed)tedtﬁfg%ﬁ)ubﬁﬁlﬂéeég@ldﬂl&%s@i @orgaﬁfc@mta&eub pfRefub@ambput 100
C, fromabout 50 C to about 90 C. or from about 60 C to about 80 C. In sone
enbodi meffRLIongPEF ajipg gropp whilg periymingia depiredyipnsfonpation. Amingyprateeiigodi ment s,
Step J ¢ Eﬂau&eall%afrerah}%bvﬁléﬁt athc AR a8Btrégen ARFNE WwANRQMBHive tlehRpERLA F10, or

a salt thereof, can be obtained in _a sequence of ste s shown in Schene 3.
The pr epfie&itogan afPmy Yaripw: Rine BIoscEns 2rowns slassified yaarkyay atkogycarbonyl

oxadp@z Ogsﬁcl?’ascé%:{o\%g EHn?ﬁE@rg&tg)gfcarB@@l ARy bgﬁ'z%lwyﬂy%gody[‘ chy),lget erocycl . Chem

(1965), 2, i $ 1ncorporated herel reference inits entirety,

and its ﬂmrvleﬂl@r:fbmlomathqeyldﬁme¢)oan§i><th¢rbk69;ecwe(sucb@ence@éﬁm)s bragoyl |638y nt h.
Comun. (1988 %ifoﬂy?g&c%%%ade&lfo%f)&Hﬁ%?o%?e‘?aaﬁ%uﬁ‘c?ﬁﬁ'd}&d%fe 1P<% fjorence in

its entirety. A nes rimar or secondar am-nes i nc i ng am nes

t hat ﬁonelala&ybfsmlembedzyﬂ dgtengmathivt, itedienydmgthyl (gitily, and mheriége), alkenylalkyl
2- met hox e o oxi me
F3, opti Sﬁ&r %?!hB Ieenglb? ﬁ?h%e\s‘ Hne}]@’?% ¥ltz%1u€et a{&é‘%‘d) (;3011\11 ovve addi tion

of aBSor gamlgl Qsaﬂzeis(tes*ubdtyldﬁnetthylselyhymwofprmlsﬁiyl BhdPhélike), qukjmlfn tbhﬁe HC1

gener at e e re ravi de. am doxi ne ¢ ear r angenent
0762 el b I 45 36 Rt PR PR B Bt el T he 1 o
Ear boE aGdeghé]e’}rame@(Prgéma G@dihp][s heO@&hmyﬂaisth‘h Ed. Qp;ﬁﬁmmiemhﬁmmyr&ls F5 can
e achi eye eatnment of F4 wit se_ (such as K NaOH, Li OH,
o o) 2. S5 Ry 30 o0 itk et B opa op AL OSEHORCh At fras. wat er

et hanol , babhyh®oeylgl ycol and the like), and refI uxi ng the reaction m xt ur e

at el evat ed tenperature e.g., about_ 70 C, about 80 C, about 90 C, about 100
abdut 110 e ABYPrOEsREEromsSatcribabateye eapdiconveyienly Emsed WiE C about

160 C ababk aéhﬂ@ol&amﬁ@@%rot%&@ag@geﬁpﬂidf ard §cific t@the Q’Qx%ﬂs 2f8iBs frentldied am doxi ne

F5 can again be 5 activated as chl oro oxi ne F6 the addition of F5 to

an aqueofROVaFiip aﬁﬁﬂ%@@@éﬂ@ééwaql mrﬁ@nswféhed@wmeque tet-busgstyearhenyl y

i ncl udi ngrofs 84 e BGbEL (48, B‘ﬂixély%d?%ﬁsché RfroddA&idn® rf&eéxﬁﬁlﬁfa Wmfﬁnén F6, the
acidic mxture of F5 can heated to a tenperature of about 45 C, such as

about 30with a&%@lﬂsu%aﬂnﬂa%@%ﬂeﬂ‘&?@l@tOIB‘?ne%f@mc agl, lydreshlpsigiaeideanditkss ol ut i on.
Sodi um chl ori de can be added to this solution and then treated with a
nitrite reagent, which can optional Ilyé be




10 provided as an aqueous solution, at a tenperature bel ow about 0 C, such
as bel ow about -10 C, bel ow about -5 C, bel ow about 5 C, or bel ow about 10
C. The niwoizbw/aesmgent i s one capabl e of providing a ni PCTiUS2@mi0e4794 Nitrite
reagents include alkali metal nitrite (e.g., sodiumnitrite, potassium
nitrite and the like) and organo nitrites (e.g., tetraethylamonium
nitrite) which includes an organic cation. In sone enbodi nents, ethyl

acet at e, lif¢jFa comiglbasioa vé reegentsl(s.gh enixtsechbfasety chivridohndanéthanbhénokwh ar o oxi ne F6

can be c led Wi th aromatic. amngs su s.anilines, optionally in a polar
sol vent g%(r:aﬁe A Fechans!™ 4 3%?‘,’ B Ei ﬁ%ﬁglﬁa?r]i’ﬁn%yhoé‘yfa}rk%ﬁyf)%[?u%faé’\%t ed

t enper a';)mmsleé ech, IQ@E@bm]yzeﬂpﬁ@n t&bﬁmﬂb gef Qto, f(ﬁm&thplg,ﬁay@fela@i’bﬁﬂﬁdtﬁo C, about
90 C, about 100 C, ut 110 C,. qr out. 120 C, optjopa in the presence
of an i ng?{%%?nc?n ﬁggta &fﬁ‘}‘fﬁéép‘?@ ,OWM)IntSBmBFﬁb?‘g@e‘ggﬁ%ﬁﬁ“%xi me F7.
In sofe degrowitingngent chiibe #Bubldleaidie. st caBodites QM Afklo dBprbR&ideor m of
an aqueous solution. In sonme enbodi nents, the inorganic base can be added

to the r@sRf POPRS Biflgeraacstic agid endfhy’a 8y v elype chPaiee -2pid dmbvplimeof

functi onghaiek, 100, by véiaRe bi@ieD 82 B8 BIREL SSvAd, RSALbEE VAP EbS 161
1,1 -carbonyl diimdazole (CDI) in a solvent (such as ethyl acetate,

di oxane, byriplums f waT fioreabout 10)8,4» ©eheed Vel rfanteyerrasaboaybt”% 80 C,
about  60a6out BRWY véRinteof MARY! 18BmEenBOAM 8 %h b F%égﬁ%pcgl%tgéélﬂ QarGe oTHE

met hoxy group of "F8 can then be converted to a hyd pin F9 using a
met héQy sdgristod gifluerpagefisricidiend water o yrdumdtiit fagid of sbouh@8:2r tinsemeh as t hose

e ‘ . : 'y T is, 4th
Ed. oy EABodhERTme {56 Beyofdi bR LV 10RYRBEL Rl AR RINERL B 0
of bor on(sueh frwaterd @HF poraliaxehe). ssnch embodiments, alsohyidrocEBriCatid cabimtres®ht C,

e.g., fr =78 out w1 hQmabout -7 t abaut 0 C
from abo?ﬁTa ?Cglgé%a 1((z)n %t‘b;igh@ 43?’(? ’%, a%g 1rlt(c)i n11\I ’aatl))8llljtt O'fltc;‘ lg’bagﬁ?t% ’ae,outg#\l’f rom
about 0 @bdud7 &belrtut & N, @ous 6N, bi drounf0 F3In swpteientbatimenisntha dgobtecioh canich as a
hal ogenat ed sol vent . .chl orof.orm and the. |ike [ hyl acetate.
The g?. rré? f}erﬁoﬁchmn(agﬁpg%SL}c YRR YD Wnetnflﬁ?%é%engc%hﬁ%ﬁ as a | eavi ng
gr FUD L1(Bchémet) fahbp p}s;yor&equemein@braﬁﬁeemrﬁabﬁutvﬂot% tb 36dut gopc,i QNardry 1N a ]
sol vent (such as, et acefate or ,, an organi c base to nmop up the
gener at e bqqgl]lo( ?JBﬁgégot &i %%ﬁ\?%@@%?b%rg‘e%.ﬁom *,%Of”ozr5 &8RPI can be

sel ect edof r@aBdlt @y PS b d20Y60 4. 9., net hanesul fonyl ), hal oal kyl sul f onyl
(e.g., trifluoronethanesul fonyl), aryl sul fonyl 's&f' t ol uenesul fonyl ) and

the |ike. TheAdatsenheviddordhncaneniop e ¢ srliviof the grgdisralonespsin e f or
di Sp bacerpNlo rbvddCihe aido¥inmaNg m,%ﬁ&.ﬁaﬁﬁn Plolte (dt&AN] NYeME Py Pryk! O.
N",.OHOH ..../ K NH2Nj s 1) H3CO v-7H n,H N N, .(--).,"..00H3base N
protection of the amidoxime as the oxadiazolone can be useful to prevent adverse reactions of
the hydroxyl group or that of the amidoxime as a whole. The base can be either an organic
base such as an acyclic amine (e.g., triethylamine, diisopropylethylamine (DIPEA), etc.) or a
cyclic amine (e.g., pyrrolidine, piperidine, etc.); or an inorganic base such as alkali (e.g.,
25 NaOH, LiOH, KOH, Mg(OH),, etc.). The base can be made available in the form of a resin
(such as Amberlite® and the like). In some further embodiments, the base can be provided in
the form of a solution in water such as about 2N solution (e.g., about 0.5N solution, about 1N
solution, about 1.5N solution, about 2.5N solution, from about 3N to about 5N solution, from
about 5N to about 10N solution). In some embodiments, the base is an alkali metal
30  hydroxide (such as, sodium hydroxide). In some embodiments, the base can be 2N NaOH
solution in water. In some embodiments, the solvent can be methanol or tetrahydrofuran
(THF). In some embodiments, the Step N (Scheme 1) can be performed at a temperature
from about -10 °C to about 60 °C, e.g., from about -10 °C to about 0 °C, from about 0 °C to
about 25 °C, from about 25 °C to about 45.°C, or from about 45 °C to about 60 °C.
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HAH3CO' -" ' (../-n / \NH2 2) base/ \x ,n-- CN 0-DNsCr F4F5 5Al ternately,

t he conmpound of Formula F12 can be obtained through a sequence of steps
depi ct ed WO 280ess84. WO 2010/ 005958PCT/ US2009/ 049794 PCT(USGHB)BIdbH

TFA/ (i -Pr)3S1H (C61-102---NTFA Schene 4 Referring now to Schene 4, in
sonme enbodi nents, the conpound of Formula F12 can be obtained by reacting a
compound of Formula F24, or a salt thereof, wherein Pg3Nis a protected

gm ne (e.g., Ir@bﬁ]).'\éﬁ:hbﬂd? 1%, gﬁdﬂ%ﬁg}(&uﬂ\ic&ﬂd?ﬂ?ﬂg K@)ﬁedﬁtg%ﬂ%d@_?_tr@éﬂn@@ f
eprotectln e to ord the conpound ,0 or.mul a reatnent of a
conmpound “¥2 8‘{“8 ?Eﬁ%ﬁg Postaliiherep ?ﬁﬂﬁl’(%f%%%fovefé?hlwea%@ﬁﬁly BRed by

et hods  keikertelse 13t tRGtnh il ofOthe RBMIHAEMbRre JFHRAR oRaflcBald (DIFFBIAPS known to
one skilled in the art, such as those in Wits and G eene, G eene 's

Pr ot ect | emeeud 95 Formudy i Thisfer b £3cheme A} transfprms pPriBY-20uE Flidna Wiey &
Sons: 5 Ne‘éhll"d?l’}/i‘ureazﬁ%sdgrh ﬁ@@&e@ %ﬁglsﬂﬁ(my? chlmrtPélhﬁH%NI ' %‘h@ g‘b‘t’&)eac‘ N, the

depI’Ot ectl ng a ent can e: an acid such™as an organl ¢ acid
trifl uor GBE®uond pbllonﬁmqnéﬁ@sqpmreé ahd inze¢diptelp ugaddn th@éeﬂctlklewltbFlénThenor gani c

Pyl oxyl Brseune REBRRIe b S AR O R b PR TP 2% eF) s
t he depr orastinggmingeensuforaniides (spea)ain somypcenitodinsnt, Pg wainbasn trifluoroacetic
acid met Q&B%ﬂ}bogﬂ g?oup (such as fert-butoxycarbonyl). In such embodiments, the

10 alkoxycarbonyl NH-sulfonyl chloride can be obtained by the reaction of an alcohol (such as,
ethanol, fert-butyl alcohol and the like) with chlorosulfonyl isocyanate (C1S(0),NCO).
Appropriate solvents for this reaction include, but are not limited to, halogenated solvents
such as dichloromethane and the like. The organic base can be any base that serves to
neutralize the HC] generated during the reaction of the primary amine such as F12 and the

15  protected amino-sulfonyl chloride. The organic base can include acyclic tertiary amines such
as tri(Cy.g)alkylamine (e.g., triethylamine, diisopropylethylamine (DIPEA) and the like),
cyclic tertiary amines (e.g., N-methyl piperidine, 1,4-diazabicyclo[2.2.2]octane (DABCO)
and the like). In some embodiments, the organic base can be triethylamine. In some
embodiments, this step can be performed at a temperature from about -10 °C to about 60 °C,

20  e.g., from about -10 °C to about 0 °C, from about 0 °C to about 25 °C, from about 25 °C to
about 45 °C, or from about 45 °C to about 60 °C.

Organic compounds can be reduced to a lower oxidizing state by using reducing
agents. Reduction usually involves addition of hydrogen atoms or removal of oxygen atoms
from a group. Organic azides such as F11 can be reduced to amines such as F12 (Step K,

25  Scheme 1) by the addition of hydrogen, either in the form of elemental hydrogen or using a
hydride reagent (such as NaBH,, LiAlH, and the like); using triphenylphosphine; or using a
combination of sodium iodide, chlorotrimethylsilane, and methanol. In some embodiments,
the compound of Formula F12 can be obtained by reducing a compound of Formula F11, or a
salt thereof. In some embodiments, the reducing can be carried out in the presence of sodium

30  iodide, chlorotrimethylsilane, and methanol. In some embodiments, the molar ratio of
sodium iodide and chlorotrimethylsilane can be about 1.0, e.g., about 0.9, about 0.95, about
1.0, about 1.05, or about 1.1. In some embodiments, chlorotrimethylsilane can be added to -
the mixture of F11, sodium iodide and methanol as a solution in methanol. In some

embodiments, Step K (Scheme 1) can be performed at about room temperature, e.g., from
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acid and the like) and optionally an organosil ane; hydrogen and pal | adi um
or sodiumin liquid amonia. O ganosilanes are conpounds that contain at

| east onew@i2otd/dosasd and t he 15 rest of the groups att aclret/useomiokd7eon are
al kyl, aryl or a conbination thereof. Exanples of organosil anes include
trialkylsilane (e.qg., tri(isopropyl)silane)), triarylsilane (e.g

triphenyl silane) or d| henyl nmet hyl si |l ane. The step Q can be perforrred at a
t enper at apt 19 Frioabout S0-°Cotrom 9b0‘§tiéut3t6@b@t4‘é %fronwh@m%(bc&toabfmﬁ to about

0 C frosgaheidn B ij@g%& 35 from about 25 C to about 45 C, or from
about 45 Cto aboSt 60 guéonpounds F24 which are protected secondary

am nes can beThsapae e@nwndShEIZMntsgmﬁ@ms rwafqmwwhaﬂengingmwtm B25 with
Dy Ot 0t SR RpALARA: edmil HIHACAINR BleiBoctBY R BOUESGRAL . (O 2P

P). The coupli reagen Inatron o 1ary phOSpfhl ne such

as trbar ybtpmgsq;hg e (beugl by thcarmhelajoblpdve&mbasom)of dtesd anhiabdayighti@sphi ne (e. g.,

tributyl i ne nd..a di.a azo at

azodi car ﬁ%ﬁ?ﬁﬂ uﬁfﬁ% SHga egls éﬁ%‘é@}oﬂa f eas?f&ﬁh R@Rﬁ%wa\ﬁﬁ]&re R can
be g_n al Hyd to?plnwmﬁlec( éeggadatmh d;ﬁemgﬁampﬁdauaﬁwoml sQel éiﬁb@ﬂb {radngs, rdérﬁhvaﬂcllw to

azodi carhgxyl ate, or di orohenz azo r box [ not

i nt endi ngql%l %eﬁ’&‘fﬁ??a Wotfﬁ Pf"z[ a%/]é’e g%ﬁ@’d*’"ﬁﬂé% %ﬁr‘f?‘i‘lﬁo%’fl ection with
trifl uor BaeeilyF125wiieinying ﬁtb‘fé&n?ageﬂt b 3B&brdRy WP @mﬁmﬁlsm’l &NSsaRNd

i npr §es t he yield of, the secondary am ne F24. The_ hydrox grou of

al coldl s thetroh whereppBe Nsa B@te&?ﬁ%@eﬁs@@ﬁ@%(%%ﬁ&é%be ¥9¥@Wééhbl i ng
reagent . pJi9in@ MR npefAEAHIHhSa F27 16 b ReSutilel @mldovad Sthydh @yl group to

formthe secondary ami ne. The M tsunobu reaction can be perfornmed in a
sol vent awtisackiag e nupifeqd canppund qifformgladii 3 nwith en %11111@9 demsetgetingagent($ie | i ke;

hal ogenakegh,SPIWEY Surfied cmmﬂ&’mg bERLBREMEHN Iﬁ% el anflahdas |1 ke;

non- pol ar sol'vents ‘e.g., benzene, toluene an pol ar-aprotic
sol vent sdeniethcting apwits arpmvaiane balled ik ghe art S@b@eﬂﬂeﬂ@@&i’mm@w@m corrpound

Car £ 11 noy ik A ;FAR A8 ARLA 16 bR B S BPRMD Bl TGO a‘” )

coupl i nglr %lag etnboctlmelp$, de¢iNes ttrhbutomyrmbnndl -bH. Emsudnlembﬁmmenﬂsnhs anmo

enmbodi ne can rrred a 15 tenperature from about -
o hodkotughile g &P £AaPGRREE LOLREnE nediok rd STREERM [Tl o 50
about 25such efnbodmmbtsuhe ﬁﬁm@dbpro&bﬁngtagéﬂ iGan a@id (fel‘ngiyabdﬂbncﬂeﬁ:lcC to about 60

compounatRITecs L RS Blical BeS Bl RER: Tl TEl: Boighoal ih dazol o

(CDI 20 26omxpdrmtvdahdnys, the h@dﬁaeﬁwmicu{ G p@@eﬁﬁmybonaeﬁfaab@owbﬂm egat an

el evated te S abo out 60 C, about 65 C,
abo\ljt 703@‘1”2@0%’9“‘8”8\1 °"(5|3 yb&)(?% a%ﬁ%\%f% qu«fg\l aRPH SN ?FgabPW

conpoundsoi 2 gome@mdm%ﬁlsom@daﬁ&saﬁh cwbecmaﬂmg affdRehol @SR aLOMPOUNds F26
in turn can be treated with trifluoroacetic anhydride, optionally in a

sol vent [SepfeRrned- brsgmergbodimenasien Koor kit wlbe@éré@meéﬁt 3 §ppratust Betance of an
organi ¢ Pame- 1@&@049 2B 8@0@%@ GidA abduf 11810 aP8uR6 pC HdarAbsaRng °& *&?aﬂomke) to

provi de cog?oun ) . I'n sone enbodi ments, the conpound of Formula F22 can
be oB?ai AzdC.Hom %@&t 351&@ 3@9‘#}9@uﬁdord’fonll:@b%ﬁf(ﬁ@lab@dﬁoaCs dipprapheteeof , with

car bony! il A @hSas(dhrovklo BA¢ Gifkady BRMRAHAC, IR M dyfalhnyor a sall

t her eof treati ng 'e corrpogn ormul a acetic
anhydr i deryﬁteﬂlaﬁtfogr gibhimetiancamd therlikeofn ForerambadiERats, punfS@ﬂmmen Be

performed by chromatography on silica gel. The purity of the compounds, in general, are

determined by physical methods such as measuring the melting point (in case of a solid),

30  obtaining a NMR spectrum, or performing a HPLC separation. If the melting point
decreases, if unwanted signals in the NMR spectrum are decreased, or if extraneous peaks in
an HPLC trace are removed, the compound can be said to have been purified. In some

embodiments, the compounds are substantially purified.
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Referring now to Schene 5 (Step P') and based on the above description of

M t sunobu reaction, another aspect of the invention provides a process for
prepari ngva 2mmesesad of Fornula F8, or a salt thereof, WROEUS20I/ORZ4 R3, and
n are defned herein; including reacting a conpound of Fornula F22, or a
salt thereof, and a conmpound of Formula 5F25', or a salt thereof, with a
coupling reagent, optionally in a solvent (such as THF, diallcyl ether, or

di chl oromet hane) NHEQ pre dg t he conmpound #fy For nup&® F8. I n sone

enbodi nents, thi §@t~l : e pedafing prerestiho at aftfe fromabout -10 C

to about 60 C, e.g."Nfhomapbout—=-1b C te aboutn ., from about 0 C to about
25 C, from about 25 Coto g A8 from abofit @;Rto about 60 C. 9-0
FI 2N-1- NH2 04) H2N-' 9F1é1 / R\ 0 bangZN HN NN R2RR2 R34F€3 N, OH 0"o H2N:s. N
c

n\ N ON F15 Schene 6 ene 6 delineates an aliernative route for the
I ntroduction of the sulfagnam deingde@ispting agent |

K
Scheme 2

In some embodiments, the compound of Formula F11 (Scheme 1) can be obtained by

treating a compound of Formula F10, or a salt thereof, wherein L.! can be selected from
alkylsulfonyl (such as methanesulfonyl), haloalkylsulfonyl (such as
trifluoromethanesulfonyl), arylsulfonyl (such as toluenesulfonyl) and the like; with an azide

5  reagent to afford the compound of Formula F11 (Step J). In some embodiments, L' is
alkylsulfonyl. Azide reagents include any reagent capable of producing a nucleophilic azide
ion. Examples of azide reagents include alkali metal azides (such as sodium azide, potassium
azide, etc.). In some optional embodiments, the azide reagent such as sodium azide can be
used in combination with sodium iodide. Appropriate solvents for this transformation are

10 polar solvents including DMF, DMSO, NMP and the like. In some embodiments, Step J can
be carried out in DMF. Step J can be carried out at an elevated temperature e.g., from about
40 °C to about 100 °C, from about 50 °C to about 90 °C, or from about 60 °C to about 80 °C.
In some embodiments, Step J can be carried out at about 50 °C. In some embodiments, Step
J can be carried out at about 85 °C.

15 The compound of Formula F10, or a salt thereof, can be obtained in a sequence of
steps shown in Scheme 3. The preparation of the intermediate, 4-amino-N'-hydroxy-1,2,5-
oxadiazole-3-carboximidamide F2, has been described in J. Heterocycl. Chem. (1965), 2,
253, which is incorporated herein by reference in its entirety, and its conversion to the chloro
oxime F3 has been described in Synth. Commun. (1988), 18, 1427, which is incorporated

20  herein by reference in its entirety. Amines (such as primary or secondary amines including
amines that contain protected functionalities, e.g., ethyl amine, 2-methoxyethylamine or
dimethylamine) can be coupled to the chloro oxime F3, optionally in a solvent (such as ethyl
acetate), followed by addition of an organic base (such as triethylamine or DIPEA to quench
the HCl generated in the reaction) to provide amidoxime compounds F4. Rearrangement of

25  the compounds such as F4, to transpose the amino group on the ring carbon and the amino
group on the oxime carbon, to provide compounds FS can be achieved by the treatment of F4

with a base (such as KOH, NaOH, LiOH, Mg(OH),, AI(OH); and the like), optionally in a

17



to the am no conpound F12. Treatnment of F12 with sulfam de in the presence
of a base (Step R) such as an organic base which can be a heterocyclic base
(e.g., pywOodora)ps958r a 15 trial kylam ne (e.qg., triethyl aeirrs2o00DioREs and t he
| i ke), each of which can optionally be used as a solvent for this
transformation, can provide sulfonyl ureas such as F14. This reaction can
be carried out at elevated tenperatures such as about 130 C, e.g., about
100 C, abdvent (Bméhﬁw@@mlhanblz@th@enagkycm aﬂ&&e@ke)oanchbﬂ%ngl@h@ rdactiduch heating

can be paraf AL e PR ERR T IS MY Pl b 20 M SRNRY 1 S or

avai | abl ebdut b 8l, ebaugy &30 ‘tmab@mm@%t rabausmmgl: &bdeOPG,Sdbbﬂtrﬂ«SOCQmmumds F14

the desi | R PG IRHEE St Soh s Shedih 4E b Tt Fufuipetih®e The bhse
can bg eadthated adla eHIGB Bk EndIRESISY theledii@sh FF5 @&Mﬁidu@o@fﬁbﬂﬁ: thi&te containing
triethyl Eﬁ?ﬂ%} dii sopropyl et ﬂyl amne (DLPEA), etc.) or a cyclic_amne

(e.qg., icraeid, ptigslivdpilding peetiy ac‘%r SPHHFFQJW the eppyEsionehF2Y as
al kal i (B6,9he acNBIHixthrk OFF5 lﬁg‘ﬂ)e VRO ZemBlifinne of iBSut RS SE, GNPl omEde

available in the formof a resin (such as Anberlite(r) and the like). In

some fur thePodAfoHi #hent 20 °G realsnsd Cale apicys disspden. | Spdivaeclfleride cen be

sol uti onaddaqd %m%rsoﬁlﬁgﬁ'arﬁisthﬁp@éﬁed%h%ﬂffté IQQgeGJ? which @R 9 tﬁon rfl% sol uti on,
about 1N sol ution, about 1.5N solution, about 5N solutio from about 3N
to abdut PKidsdasan agreous senticTb el teBReratsredistout abrom\@ Yo lswehi asplowlabowto he

enbodi ne 8C wer s, sodi um
hydr oxi dg llow.hg)ggnggeﬁb%n?%oﬁgsadfﬁlbh gga%gl'lgnlﬁbg 2%5%%2%%&t Fon in

vat er . | erpelleref pobiddigremirits anidve Nty eagentsanclide afiedivesia nitwre (8., sodlum
tetrahyd E I o nt.s ection car
perforrrra%il?rﬁ"[i!eJ %Qi[sgu];lﬁ'g}rﬁé uarg%ﬁ% nfmao atﬁgfﬁmﬁ‘s {edg adtra[%hy mumm from about
-10 C towhhbmtch@le{};n drgame cdbionit Iﬂ)so(ﬁetemba&mahts,%hﬂaca%atmmmbcmaﬁoxaﬁe dant o about
45 C 50Ty froansabooug l‘éé tC‘Fhe 0bout %%8 Eie u]icd s ect %f lgcgea i nvention
pr ovi desPAHSY 8L LSS lr(h&x“&’ L HEPUB ‘ﬁf%‘m Orud 2al t

t her eof , amm&rseupuoﬁmy 1R8polamﬂ>mnt @lich a3 snetiahole@abes emaﬁbl ahdithke ﬂiﬂé)ﬂi@ 10 reacting

a conpou f. Fornula F12, or a t thereqf, h _sul fan d n organic
base to Qf‘fag‘?‘lcfm&p%w&ﬁ aBPb%?ﬁ%}: ZbpUtA0 g ab&“%‘}ﬂ tCS gb) of ag seacti ng

t he conpeagngonflofec,Mbba 1F84C, &rab@utaad) Pctd@asmp,mmbtprbsem@aﬁﬁlﬁ@rgaﬁlé ord the
conpound of Fornmula F15. present invention further provides a

conpoundPase (seeh a8 KHCPg NatiC0s) %Oﬁiﬁarybrmcg’xg%ﬁf -tIRsps pmbgaents.AheR2 is O,

Br, &§3, in ic Bhselelh b%ro'vﬁecﬁn%e form@Pgh AqueSuskoREior - InkahP eﬁlg&ﬁm@ﬁfp()d' ments,
R2|s Br, is F, andnis 1. In sone enbodinents, R2 is Br, is F, and

nis 2. heinesgaRichespeinbeadded twﬁlelrgac@n mRBITE gt g0, elezmﬁd tempperature. | ﬁh% ome
enbodi megt 8oxiRR fh@ctl-gﬁal ct?R’taf FAcakl ’theﬁr?)g ggntécﬁsd%s ah | 2 &ﬁ_ég?s(&%sﬂ?ﬁaé‘t?ongg is CF3,

R3is F, and nis In sone ment s nd nis
2. In soﬁm@mﬂmﬁ%}nm@ sofy2n (suoms ethﬂaacptstekdlomd, THF andithe like) statevated

nmbodi o o o ' R2 i
o Mbpralifes Bt doglfSp -, dhoufschatcte fo o WSATE BURBIIPL B 01D
1. 25  aborei®r°Q. ride mmnhdxm guhefEs 7an thmrrtpmmnmteﬁicga h;ajnoybfegmbp aiFed from

PLL oY, e SRR M RSB TRRL U FESNSRER 4 vl 2
so: ven: SG(G?rn@ Gredie fz IFV&)‘MMWﬁ(?’MinE_m @@bmboj}Mhinﬁa#FEi hgp 24- k(e)rolerﬂé}h&r eal f
sol vent s er i oxang. an e like esence of an
or gani ¢ %‘gnﬂgg & ((ij(lf) g‘ %(J& &Iﬁr ?%?@Pgee ﬁ% ?‘%ﬁt&i’ cl—lé‘ﬁon%l&rﬂm%@ R p f’?lgil?sﬂlg i ne
(e.g., tiboat rvyl"am} geut 13 REA. ggfebnt mut 78ef to élfoumrﬂ’ 1 iffog dbourrl78 ec e

am.des nesu rou n_be re laced with_ other

TSRy e R RIS SV, e A RE S

trifluor Oﬂ@hﬂﬁi@&ﬁw 43 Rylujion SRR @Hoﬁﬁl[&bﬁh a(sBlvént sudhs iR geHat@ylvintand t he
i ke, H:ggut al t r| ng the procedures I n sone enbodi nents, this step can

be perfo Qr@fﬁg@rag{l thedike) o3 ,5thyl acetate. The primary hydroxyl group in F9 can
subsequently be activated as a leaving group L'O- (see F10) by sequential treatment with

L'Cl, optionally in a solvent (such as ethyl acetate or DCM), and an organic base to mop up
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10 about -10 Cto about 60 C, e.g., fromabout -10 Cto about 0 C, from
about 0 C to about 25 C, fromabout 25 C to about 45 C, or from about 45 C
t o about WO 2€10/00b8sul f onam de conpounds F20 cont ai ni ng PCina/Seo0adir260! one
ring can be deprotected (e.g., hydrolyzed) to the desired am doxinmes F19 in
the presence of a base (Step N'). The base can be either an organic base
such as an acyclic amne (e.qg., trlethylanlne di i sopropyl et hyl am ne

15( DI PEAYhe genaratpd BE] tsudya tiiethplminime of BIREA). gy rfopksiadiptes cantiepeleitad frem et c. ) ;

e L S e S L T

avai | abl eryisolfoiye (d. g)rurrlwﬁesalfcvrsds)lamd (leUdda. dbe mmmnhd FH] ¢ap tisendbettleated wikk) . | n
some further ba rovi de t.he for f a
Soot 1 on Eihu SRR BFRk Tacoh (AR5%s BER P ReRatbhd Sihnt Batilf goBR I 5 o0,

about 1N solution, 20 about 1.5N siotion, about 2.5N sotuti on f rom about
3N to about 5N sghu@ﬂ@mﬁﬁﬁroml bou 5N1ww0ﬁw%ut LQN sgl ution). In sonme
enbodi nents, thé baseosean al k MNext ad) nhydkexi de g%, sodi um

hydroxi de). In sonme enbodi ment $5o ?he base aan be 2RahOH sol ution in water.

I n sone enbodi mants, the sol vent kcan be net hanol or txtrahydrofuran
(TI-1F). In sone enbodinents, the deprotection can be perforned at a

t enperature fron1g%% -10 C t-%bout 25 60 C, e.g., frefiabout -10 Cto
about 0 C, frdfRbolit Q,quo aloyt 35,,C.bafer om a N 25 C to about 45 C, or
from about 452@sto about 6qq NC&Gr dinglay, &5t R Jagpett of the invention
provi des a proces8 for preparing a conmpo@nd of Fornuba F19, or a salt

t hereof, wherein R2, R3, and n,Féare as defined herefn; including reacting a
conpound of Forrmula F12, or a salt thereof, with nethanesulfonyl chl ori de
in the presence of an organic base Fd a 30 conpoungd, of Fornmula F20,
or a salt therq&f and react| ng nﬁe QQ@;EEQQ of ForguIaNF%E:ﬁg?h a base to
afford the c £ ! @se can be an
alkali netal KYEPBN%e ™ such™aé o |un1herOX|de (e. B J2N NaCH). WO

2010/ 005958PCT/ U$2009/ 049794 @ Aryl or aIIcyIsquonaﬁldes (e.qg.,

nmet hanesul f onam des F19) can fbe obt ai ned by the sequenéé of steps shown in
Schenme 8. Mbno-protected 1, n- dbanlnes such as F40 (e.g., g comercially
avai |l abl e N—(anlnoall)gg Ht- tbay)cang% m de) can we theateed with

sul fonyl chl oraodes HB&Ch yNsul f opepbtectriabanti dess oF at ¢l sul f onyl
chlorides (e.q. nethanesﬂhf%ni;éfhlorldﬁ) optlonalﬂben sol vent such as

et hyl acetate, %alogenated sol (e.g di chl or onet hanés/chl or of or m and
the Iike) or ethereal solvegts (FHF, diethyl ether, di@xaneR%nd the |ike),
in the presence of an organic base (to nop up the generated HCl) such as 10
triethylamne, pyridine, DlPEAq d the like, to provide sul fonam des F41
(Step S'). The pr ot ect, | i nono- prot ected 1, n-di ami nes F40 may be
sel ected fronﬂLiEjiarl ous’™ / otecting groups and a suitable
deprotection conditions can %e apprgpriately selected (supra) to afford
amne F33 (Step M). In sone enb-.;nents protecting group can be

al koxycar bonyl (such as ter?°buto§yc%rbonyl Boc). In such enbodi nents, the
am no

5 Alternately, the compound of Formula F12 can be obtained through a sequence of

steps depicted in Scheme 4.
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15deprotecti ng agent can be an acid e.g., hydrochloric acid or
trifluoroacetic acid, optionally in a solvent (such as di oxane). The
pr epar at iwo 20fo/mb458r o oxi ne F3 has been descri bed i n SymrCh/USGmaouwey4 (1988),
18, 1427, which is incorporated herein by reference inits entirety. Am nes
(such as primary or secondary am nes including am nes that contain
protected functionalities, e.g., ethyl am ne, 20 2-nethoxyethyl am ne,

di met hyl am ne or [33) can be coupl eq\,,bo the chloro oxime E3, optionally in
a sol vent (sungha' hyl agcet atygy_or oI) f ol . owal t|on of an
organi ¢ base (gudy g trleﬁsﬂ M F Je CW/_[_\%‘E C1 generated in
the reaction) o prﬁj,g & doxi e (’;@thznds F16 (St ép't n, sone

enbodi ments, this st&p can be perfor at a tenperature f about -10 C

to about 60 C, é&21g., Trom about -1 C t® about 0 C, frowm abotit 0 C to about
25 C, from about 25 C to about 45 C or fromabout 45 C to about 60 C.

Rearrangerrent corrpoun,ds S ;h:@s F16 to transpgge trﬁ%:%m no group on
the ring 5 cargo Of3s and b oup on t Iker oXin o provi de
conpounds such gg, FI7 (St ep be ac by t hel. It eg nt of F16
with a base (suederas KOH, NaCH, L My(OH) 2, AI(OH)3 and ﬂ\ R4 ke) ,

optionally in a Bolvent (such gs waker, ethanol, ethyl ene gl ycol and the
|ike), and refluxing the reaction mxturepgai el erw:ated terrperature e.g.

about 70 C, about 80 C, about 90 C, abowH 00 résiraemut 110 C, about 120 C,
about 130 C, about 10 140 C, about 150 @mphout 1860 C, about 170 C, about
180 C, about 190 C, or about 200 C c‘lﬁ'gﬁegm doxi me F17 can agai n be
activated as a chloro oxine F18 by% e addition of F17 to an aqueous acidic
m xt ur e cont aRefemigg nyeto SéHeneide ingoind embpdﬁmnfa,lthchmpﬂuuaﬂbﬁ@rmubtﬁla aci d

(Step E n_of 7 F18 aci dic
m xture %n%%&(?%abgégﬁ%{aﬁe%&?m%?enpera %r%lggaras?f:&g s Wshﬁ{: %%ut 30 C,
about 40ptected @aumtine50.gC(Cdahis);EbNHL (QH@@C@I tamd the hkey @ith as sminutdbpmtect&gdi um

chloride_can b ed to t sol treted Wt nltrlte reagent,
whi on caReBbrgar e Sybtbd ol BEFHA3) Rbacst SPL SRt AAFRLE tskper atur e
bel ows abBgN WilENSL (Step®) bl vicedagplished 1y rﬁ;thdi@f@%héﬂ@tﬂtcctﬁn 6 pdpdutiv about 5
C, or below about. 10 C. The mtrl%{grea i S, one ca f&?le of rOV|d|nga
nitrite ARPEAORGPE BroUPs KAQyEHP 87 Fdied oS iteoEh e TRV i B, sodi um

nitrite, GpehasBioubind GrdupLind@akib Sylthdss) 4'8Pd, §py @826 203hA Wilel &eSorse- J. |
tetraet hﬁlpammnl umnitrite) which includes Iggsf{%rbéani c.cation. In sone

enbodi meREY, Yo% RO- Ja seme embedipenss, viep igrte shisay thpgdegroiesting| vent . The

substi tUBge‘ﬁf‘céﬂfbet zhﬁacfdﬂu@ﬁ bl eranEc]&ldMetgh tt"i‘ﬂl@?@atcbt% A1, M thasdiGRoRSaddli | | nes
F27, optlonal lhi‘?)m a pol ar solvent (such as nethanol, water, ethanol and

the P ke)md taﬁ OF PR @ﬁfﬁf}ﬁlﬁta&lﬂée gahydagablarig apid); rhaﬁregm arnérpamd@é@ oF2gdicSt ep
F). In Qg@ﬁgg @éﬁﬁd&ﬁﬁ&@% a%rl;g 49,).6oN, g@bout 20 C,
or a oye

about 30 C, about out 50 C can hi s feacti on can be
opt i onal ﬂwr@tacrtmg@éenﬁmn npludéran greansesrad(sudh agriflyrgeayetin amdmstéax(esufomcas KHCO3,

NaHCGB) \é\tfl!i Gy t%@ﬂk%%ﬁﬁ? Bﬁ’ﬁ’dﬁ@’%ﬂ 6}{;&{6 ildn@! dPo‘c e A PAHEH ér%&i’idnq{?

Accordin In an er- aspec e |n on OVI S a process for

pr epar i nqad amnqoumn@rgaﬁoﬂ@mqu@po&b@undsrthaaccsmm attlbast mfsl—l\lvhmdeand 2, R3, and
n, ane a her eact| n la F17,
or a gal ?esgef;d?ee gupsa' g(hheﬁt Srﬂ(l)cc a(r)eralcﬁléyIT rYIC?ra F(#nﬁxg%liﬂes (such as

di oxaneg prgbmisilmm:rkllchgdemal@ﬂsmﬂé (evd. tth(lsa)pmppll)sﬂaﬁe)) e:&gg]ﬁiﬂan(ewgh ?s ZOdi um
nitrite ti,ona S ution, to afford a
CorpoundseriRRa o plensren el Thivad SRRy RSt o
F(ﬁr mul a Eddut \MOFE t8 ab PO ek, Of frdnd hFvut dOlﬁZﬁo abdut 8 °Safirdm bk eﬁtﬁ to duaf f gl’ df

the conp of For F19. o I n sone_g I rents, the conpound o
For mul a ggﬂé%%@“%%??ég’%&“t Fedtfromyabout E?r?g’oﬁtf Formul a F16, or a
sal t 2pher eof , Cyhpdunds PRS@hiCH bie PrAasctdAGEEmiry Mnhed axbedfIpakddl 1y tBO! vent (such
as et hyl ene gI ycol? at a terrgerature sufficient to reflux the solvent (such

as 130 cMitspgpbyreastiepotplobls San it protesisshpriznapy amingsiize ip thegussensebant i on
further p&R¥hgRageht (UPPYMthe Qbugtiak P@dkéht EdBbe Ddondirkfibl of NRFRAS pho%ﬂﬁﬁe(e]'_in nis

1 or 2. In_sone enbodinments, nis In some enbodi nents, nis
H2N. - - - sp@@tnarylphosphme (e.g., tnphenylphosphme) or trialkylphosphine (e.g.,

20
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tributylphosphine) and a dialkyl azodicarboxylate. Dialkyl azodicarboxylates possess a
general structure: ROOC-N=N-COOR, where R can be an alkyl group (e.g., diisopropyl
azodicarboxylate, diethyl azodicarboxylate, or di-p-chlorobenzyl azodicarboxylate). While
not intending to be bound by theory, it is believed that amine protection with trifluoroacetyl

5 moiety (such as in F22) prevents side reactions and improves the yield of the secondary
amine F24. The hydroxyl group of alcohols such as F25 can be activated in the presence of
the coupling reagent. The amine nucleophile can displace the activated hydroxyl group to
form the secondary amine. The Mitsunobu reaction can be performed in a solvent such as an
ether e.g., THF, dioxane, dialkyl ether and the like; halogenated solvents e.g.,

10 dichloromethane, chloroform and the like; non-polar solvents e.g., benzene, toluene and the
like; polar—aproﬁc solvents such as DMF, HMPA and the like. In some embodiments, the
compound of Formula F24 can be obtained by treating a compound of Formula F22, or a salt
thereof, with a compound of Formula F25, or a salt thereof, and a coupling reagent to provide
the compound of Formula F24. In some embodiments, this step can be performed at a

15  temperature from about -10 °C to about 60 °C, e.g., from about -10 °C to about 0 °C, from
about 0 °C to about 25 °C, from about 25 °C to about 45 °C, or from about 45 °C to about 60
°C.

Compounds F22 can be made by a two step process (Steps G’ and O) from
compounds F21. Compounds F21 can be treated with 1,1°~carbonyl diimidazole (CDI),

20  optionally in a solvent (such as ethyl acetate or THF), at an elevated temperature such as
about 50 °C, e.g., about 60 °C, about 65 °C, about 70 °C, about 80 °C, or about 90 °C, to
convert the amidoxime in compounds F21 to oxadiazolone present in compounds F26. These
compounds F26 in turn can be treated with trifluoroacetic anhydride, optionally in a solvent
(such as DCM, THF, dioxane, or ethyl acetate) in the presence of an organic base (such as

25  pyridine, triethylamine, DIPEA and the like) to provide compounds F22. In some
embodiments, the compound of Formula F22 can be obtained by treating a compound of
Formula F21, or a salt thereof, with carbonyl diimidazole (CDI) to afford a compound of
Formula F26, or a salt thereof, and treating the compound of Formula F26 with trifluoroacetic

anhydride to afford the compound of Formula F22.

N-C OH N-Q
H | 0 H,CO H | =0
FsCTN7—(LN>= 3 F/z;(v);, Hsco/\H,anl__\e\N
NN

7\ I
o} N‘O’N coupling reagent
R? P R?

30 F22 R? F8 R®
Scheme 5
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9 H2N1-NH2 O organic base R R4 Schene 9 Conpounds F28 can be obtai ned
as described in Schene 9. The chloro codne F6 10 (supra, Schene 1) can be
coupl ed wvOhlotvewassecycl i c am nes (such as conpound of F®CEIIS200088)794
optionally in a polar solvent (such as nethanol, water, ethanol and the
like), in the presence of a base such as an inorganic base or an organic
base (e.g., Et3N, pyridine or DIPEA) to provide arylam doxime F36 (Step
F'). In sonme Refsutigmentts Scheme T(Etepdt sandrbassd oRdhe aboFS@escaptionef carri ed out at

t enper at ut 30.C 15 .about 40 C

Lbont o0 itagtthcitn ARAML: afptcfor EERUnGRR plovidP RRloctl lerpditnfB] D =

base can cummdwaemmmF& oea fadtrtheredf, whereigLRORS andhiatd defined Irereige

enmbodi ne anl Snha adde he .,reacti o xtu e at an

el evat ed C§1d (§rhrg% gﬁ? E%m %el%u?fcﬁagﬁlﬁ‘? N C%BOLEJQH%WBW he

pr Iot e6t etﬂZﬂS%laa‘Bah)tMg(tcﬁ;Z\mlﬂDmeoupth@aganﬂ, opu@aanjaﬁfwddomm (rgtd%aa)g ales, ﬂllgmw i 3 a

sol vent uc et et ate oxane an | i ke) at el evate

t enper at %&‘Sso’é g}/ g‘%‘%ttoé’ﬁov&let “EJB(IRPOSBJ%FF 7(5“@“1%%’% RS,  about

90 C, or tlﬁzbﬂ&ﬁcai;%@ pérféried pt ﬁe}npeﬁﬁ@e ﬂ&hﬂ@éﬁt‘ E)r"@JtB a9$ut'535cc@é‘ ﬁ&lﬁﬂ :3|e g
one skilled in

converte roxyl grou known_t

the art f ttﬁe%ot g‘?}{t@cgt g‘?“tﬁepﬁ%ﬁ?/)“@?%tfb f(osw@uﬂ% C@@b‘ﬁ“é}é *€hose in
Wit s andoﬁf@g@%ut@se@m@aboﬁt&mect| ve Groups in Organic Synthesis, 4th Ed.
pp 24-30, John Wley & Sons: New York, 2006. For exanple, by addi ti on of

boron tribromde to a col df such @g%mm abguy -78 C @ about 25 C, e.g.,
from about -78 Q&%% out ¢ from aBouli_‘ ‘gﬁ,% °0 C, from about
-78 C to about N bo‘u%@"&?to NabBut fromabout 0 Cto

about 10 C) solution ofOFB@@tl onaly in a sol ven@ st@@s a hal ogenat ed
solvent (e.g., DCM chlorofofmand the like) or ethyl ac g te. The primary
hydroxyl group in F34 cHf thén be subsequent |y act'tvated®as a |eaving group

L10- (see Step |I', F32) by sequentialostregtnment with L1Cl, optionally in a
sol vent (such as sakhyl ac®fate ipr /@ﬂd an organi c base to nop up the
generated HCl 15 @SUch &8 tWTéf, o2 Dl PEA). In conmpounds F32, L1 can

be selected from al kyl sul fonyl ("é@tj nmet hanesul fonyl ), hal oal | cyl sul f onyl
(e.gye trifluoronethanesul fonyl )gs aryI sul fonyl (e.g., toluenesulfonyl) and
the Iike. The compound F32 can thersdaemt 6eated with any nucl eophile

Scheme 6 delineates an alternative route for the introduction of the sulfonamide group

to the amino compound F12. Treatment of F12 with sulfamide in the presence of a base
(Step R) such as an organic base which can be a heterocyclic base (e.g., pyridine), or a

15 trialkylamine (e.g., triethylamine, DIPEA and the like), each of which can optionally be used
as a solvent for this transformation, can provide sulfonyl ureas such as F14. This reaction can
be carried out at elevated temperatures such as about 130 °C, e.g., about 100 °C, about 110
°C, about 120 °C, about 130 °C, or about 140 °C. Such heating can be favorably applied
using microwave irradiation. Microwave irradiation can be performed in a commercial

20  microwave oven (e.g., the Initiator™, available from Biotage) operating in a single mode
fashion. Compounds F14 containing the oxadiazolone ring can be deprotected (e.g.,
hydrolyzed) to the desired amidoximes F15 in the presence of a base (Step N”). The base can
be either an organic base such as an acyclic amine (e.g., triethylamine, diisopropylethylamine
(DIPEA), etc.) or a cyclic amine (e.g., pyrrolidine, piperidine, etc.); or an inorganic base such

25  asalkali (e.g., NaOH, LiOH, KOH, Mg(OH),, etc.). The base can be made available in the
form of a resin (such as Amberlite® and the like). In some further embodiments, the base can

be provided in the form of a solution in water such as about 2N solution (e.g., about 0.5N
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for SN2 di splacenent of the |eaving group L10. In sone enbodi nents, this
step can be perforned at a tenperature fromabout -10 C to about 60 C,
e.g., frowpaboumwsssg80 C to 20 about 0 C, from about 0 C troTAlSeeW/02H59L, from
about 25 C to about 45 C, or from about 45C to about 60 C. When t he
nucl eophile is an azide ion, F32 provides F31 (Step J'). Azide reagents

i nclude any reagent capable of producing a nucleophilic azide ion. Exanples
of azi deseletigeshoyt 1N eoluidm, alidual SNselutipn, aboud @SN lition Afeons alahiut PN azitdat

pot assi u I Oy t . I h i r nt such
as sodi urgnNgéllhggR’ggn bg use%sdlbﬁ&clg%?ir‘llgtg ggg&%ﬁ%@%ﬂ%%ﬁ?éhﬁﬁ%&“@ﬁggr opriate
sol vent saif gkali metsl hydenxadedsurhias,endiameypokale). Jolsvreaembidimenis) ithechabiMan  DIVBO,
NMP and [ S nbodi nents, thi tep,can be carried out in DWVF.
In some ShERNNEDE SR ERTEW RN BRC Boaditie BeCRhSA e e BRAAT By

t enpe’ at tetrehyelrgfuran { TIR). dbeethe &Obddihents dedeprb@0tiés cahrbe peddraiet ab) C t o about

90 C, or_ _from abput 60 bout 8Q .C. 30 In,so odi men this step
can be c&F rpfrgah"%ﬁ'?m Emggl(f:‘% ﬁ%r?%g%tr?@ gn%%’d&?@ﬁ?%‘ftqf%%ggé’g%'g%cgﬁ% carried
out at 85bdGt 0 € gedtioat HZiC] @SmSdboix 23S°CH3 AbdidAs hE, or &duCcAdut 43 *0rtgabiug 6@n nes
such as 589 b%t e addi%tj on, of .h%/dro en, either in the formof el enental
hydr ogen; C-uEfifg HiSRSRECT fdbe BELAR ProYfieh? BOCHS EAPTePeTing 3-pemnoynd ¢l | i ke) :
usi ng tr FehemyFIBheshiltiRired?) whtsin 82 R3CaHal, Batak a8l heRd HaaRgi de,

chl orotrimet hyl sil ane, and net hanol (ISt ep K'). In sone enbodi nents, the

r edud? ngreasinsiseoprpyndef Fomulp F13. 982 pleberrele wh sWhanidgandsgogrsnic base to

chl or ot r bl Rb@&pbiRARF FamthiABI4) 8NPLalt thétesTONR r&FRASINTBRhSount REFSBRUCT | ON can
be perforned at about roomtenperature e.g., fromabout 10 C to about 50 C

f r om abolit4: p52 el thergefoiyith a basg to pffeyhthetromporyl af Foanyp 5Lt 30 C, or from about
25 C to abouttiR0,&Gentilven QO firdth LS £ td j.ym i odi de
and chl or?t rhi g&&ﬁ Ie%i IRz%neC];an Elgg?ggout 1. 8;)%&33) @gug.g%?é‘,&lg,,a‘?lggg%?dr . 95,
about 1. enlt theseeft whereg R” ¢y ClaBo §iF3,1CHs, ot GNsRms Heerido dindre st Isqr 2.
chl orptri met hyl si 2 3tost i xture of F31, sodiumiodide and
ot hipol he aheaht BB e R ACRER L L N o0 W ih Sulfani da i n the
presence of anbemeembodimasts,Rf iDBgRiicF,hadeisDwhi ch can be a heterocyclic
base (e.g., ridine), .or a gor.i yl am n .g., triethylamne, DI PEA and
the |ike), eg%ﬁo% el\?%?déﬁe%t%r# 6?)?45315%{“ n‘g’égs sed as a solvent for this
t ransf or mat i din sbmae pmbydisients,IR® isQl, RO, and #&89. such as F30 (Step R ). This
reaction can be carrjed out gt evat t ratures such as about 130 C
e.g., about 113(501&?615%%%?6’1%6@@8%%&{5 lﬁﬁff’t,selabout 130 C, or about 140 C.
Such2fieat i ng gasmbembeai@eab|R? Q0P R & FJshdW@iskd ni crowave irradiation.
M crowave irradiation can b(izperfor ped_in_a commercial mcrowave oven
(e.g., the |nREPRESPRImMERSH dn¢Es: R SibBPdbdgk) operating in a single node
fashi on. Conprubsls emBOdisent a?nt 08;, RA@ 19x%adhazpl one ring can be deprotected
(e.qg., hydrolh])ézed) to the degi_red ami doximes F28 in the presence of a base
(Step N'). TH& spreempegimpeis.& tiheHs.&n ioF.gaands base such as acyclic anines
(e.g., triethylgnkB@bodnbAORCIPYNERNYIFAM S (DI PEA), 20etc.) or cyclic
amnes (e.g., pyrrolidine, piperidine, etc.); or an inorganic base such as
Aot B e Tl I G el e e e b e

. n \ HaS%z n . )
sone further enbodi ne SN @\gasescan be provi deck i he formof a

solution in water (an aque ase) such as about® 2 mgition (e.g., about
0. 5N sol ution, about 1N soluiion, about 1.5N solytion,sabout 2.5N solution,
from about 25 3N to aboff? 5N sol ution, from about 5N to about | ON
solution). In some enbodi ments, the base can e _angal kali netal hydroxide

(e.g., sodium hydroxide). |In soneq@rbodigrent|s, base can be a 2N NaCH
solution in water. In sonmeBhbodinertSH t Nk can be met hanol or

tetrahydrofuran (THF). In s8me enboli mentis,Nthe deprotection can be
perfeemed at a tenperature from about -1G4L to about 60 C, e.g., from about
-10 Cto 30 about 0 C, from about Qcheh@®7about 25 C, from about 25 Cto
about 45 C, or from about 45C to about 60 C.
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Accordi ngly, another aspect of the invention provides a process for
preparing a conpound of Formula F28, or a salt thereof, wherein R4 is F,
Cl, Br, owolpreznosvsa is 1 or 2; including reacting a compolirus2@b/oFopsrul a
F29, or a salt thereof, with sulfam de and an organic base to afford a
conpound of Forrmula F30, or a salt thereof, and reacting the conpound of
Fornmula F30 with a base to afford the corrpound of Fornmula F28. In sone
enbodi nent s, Meﬁl’@gepwéﬁﬂcmmeg, qompoyndonh C@Wb@dbtwamﬁqmmas'&mtand nis 1.

ol n soneg fipounds 1 b}' EIZ!%E {Vﬂgni%th%gémﬁ clﬁf)rlcfo(% tpagna;llk!rug hgolven Cl udes

heating t as usi'ng m crowave

anot her a?“y]b@@tthyltdqetaienh@@ﬁenmﬂ pienisdes., é;clﬂpme)fchbmfamandgh& ]ﬂe)corrpound
of Fornu ound of r alt thereof. In
N T Y A
sodi uin i babe de, mdplupathd g)amtateldrfﬁtlmydchlab &mém)ﬂhﬁamfmglphmethylamme DiPEsot her

aspect of venti. t onpoun F rrul F31 can be obtai ned by
trgatl ng a‘f‘g?)%gu?{a’?f{}?m?&(’r#ﬁ’r“g "]II% PesgHonXgrPR L R | 5

sel gct edrefpta@éﬂ ﬁitlkytih?nﬂlmmd %/]fonyl hak. Qéth%ﬂ};‘dlﬁiﬂblf) mawalky&ﬂmo@ul 559 Agg ul fo gylh with aR
azi de rea a the. c nd o r used herein, the
télr m " al Om Daf"@?f@ﬁ“g%?r ?esw?uqé(?)&agﬁteﬂ%’awﬁh@m dteyng er ns,
refers tmeq;rcﬁzbdlﬁbsghﬁs&h@érﬂ‘&s&xﬁént@&lﬁ@ﬁ%b‘é bl d M&baﬁﬁ;émmgr oup

havi ng from1l to 6 carbopn atons, car%on atons, or to 3 carbon
at ons E?(léﬂﬁ"bTIQ QItR9‘I’°“§ISQ)LFb§H rfﬁqnaei@uﬁéphwo akquh () C, fffmpalww Citsgpropyl ,
n-butyl , 2§ ?@tﬂﬁni/&bouﬁﬁ‘*@téta%but 43Re. ShRorh bt 45“‘?(: H)%%Quth&@'b@' g " @l kenyl ™

refers to an al kyl group_having one or nore double carbon- 20 carbon bonds.

Exanpl e #lfeasiide gprappysnds R qoateinangbp gkadiagplans jing ¢andpdaybtectadtt-g-he | i ke.
As used Hﬁ‘d’r@l&ibd fNfe Bé%'frgi} alﬁ{dx{umeg ﬁi@ﬁﬁhé e@eﬂc@gﬁ%@%é @tegxggomwa%@ roup

whi ch can be o- ycyc aving rom 6 n at ons anpl e
aryl gr obfp@themﬂ eré@Kpbﬁéﬁ such ap apadyhlid aminafdg. aueﬂhyllamlrphmpmhylethylbmmendanyl

i ndeny| al oal. en used

al ongyor (]?Iggéﬁ %gcr (%/r\nl%% Kdﬁs&ﬂﬂgee&tgl %%%Pf‘%é Rg)l &me et ters é/rg%tnrllc ghsﬁy‘fclﬂgr oup
subst i tuamkdhynmiélydrombroealkdln@@enh mbtahlsydmmqelngaOIHyLmﬂ g0-Hd fromF, O,

i ker MeOHRREG B R; cabe iR PR Bypotnaridh Gut i tg"f‘ﬁ' e
group. Exminhé hk@] hmoynegmthmbminaﬁte, thebadoxan, begirdvaded, in fHedPBRXYT o €. _
TP 0Pk 08 S B 0G0 o, LG SO e Bpuined, oot
Exanpd e aﬁducylsmblmﬁmg aBoHRS. SNWolutide, el BouaBI BLabobexY baidhefro@Rbodt 3R | i ke.
to about 10N solution). In some embodiments, the base is an alkali metal hydroxide (e.g.,
sodium hydroxide). In some embodiments, the base can be 2N NaOH solution in water. In
some embodiments, the solvent can be methanol or tetrahydrofuran (THF). In some
embodiments, the deprotection can be performed at a temperature from about -10 °C to about
25 60 °C, e.g., from about -10 °C to about 0 °C, from about 0 °C to about 25 °C, from about 25
°C to about 45 °C, or from about 45 °C to about 60 °C. Accordingly, another aspect of the
invention provides a process for preparing a compound of Formula F19, or a salt thereof,
wherein R?, R®, and n, are as defined herein; including reacting a compound of Formula F12,
or a salt thereof, with methanesulfonyl chloride in the presence of an organic base to afford a
30  compound of Formula F20, or a salt thereof, and reacting the compound of Formula F20 with
a base to afford the compound of Formula F19. In some embodiments, the base can be an

alkali metal hydroxide such as sodium hydroxide (e.g., 2N NaOH).
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As used herein, "trialkylamne" refers to a nitrogen atom substituted by

three al kyl group. Exanple trial kyl am ne groups include trinethylam ne,

tri et hyl anDreelozoss8he | i ke. As used herein, thePC&U$R009/049794

"al koxycarbonyl" refers to CO substituted by an al koxy group:

-C(0)-0-al kyl . Exanpl e al koxycar bonyl groups include ethoxycarbonyl,

t ert but oxycarbonyl (Boc), benzyl oxycarbonyl (Cbz),

9- f | uor enyl net hyl ox nydcl ( Frnoc) hacd | ke. 5As ysed herein, the

term"alicyl sul f §dyl ?{Hgéaerss t%‘aS&2'§“u/l\(?f§ﬁ|§/oF gu-ou‘ﬁ*s%m%ﬁi ed by an al kyl

group: al kyl S(0) 2-. Manpl e al | cyl siffonyl groups i nEBude, nethanesul fonyl,

et hanesul fonyl, and theooHi ke. As used lerein, the term "hal oal kyl sul fonyl "

refers to a sulf I oup bstitute h al kyl group. Exanple
LT e

hal oal kyl sul fonyl* i f N nmegut-f onyl ,

101, 1, 1-trifl uoroe F@%esulzﬁ?jﬁeyl , dheMthe Iike. o As used herein, the
term"arylsul fonyl" ggfers to a sulforryd group substituted by an aryl group
or a substituted aryl group, V\/raﬁrei n the substituents onﬁophe awl group are
sel ected fromhalo, nitrqg, Ch#™alkyl, and Cl4 dhal oa| kylN As used herein,
the term "heterogyglj e" kef eP8 4 chp> L4 e g, optionally 15
substituted, hetérofycl enwhegein AteNEEt one Fing Mopii ng nenber is a
nitrogen atom The het el cytlic baseEcan be aromati CaOr non-aronmati c.
Exanpl e heterocyclic bases include pyridine, pyrrollaine, pi peri di ne,

nor phol i ne etc. ersubstituents on {he ®rocycle include F, d, Br,
Cl4 al kyl, and Cl4, alicyl .Q\S//? /%St}hod Q e Conpounds of the invention
can inhibit actiw NEhe @z n oNeaﬂ’ri ne-2, 3- di oxygenase (1DO). For
exanpl e, the conpound§ of the invention can be used to inhibit activity of
IDOin cell or in an individual in neéd of nodul ation of the enzyne by

adm ni stering an inhibiting anount Ssheme 8onpound of the invention. 25The

present | nvenyon SHARER ROV 5, JERLOHS,BaL DR bE dpgkadat | on o

tryptophan in syst'em contar n C expressin such as’ a tissue,
| i vi ng osagaeics of steps shewh incSchéme 8. Mono-porextadripodiambret sychtab B4(pfeasent

i nvention provides meth of al i e.q., ..ncreasjn extracel |l ul ar

{ Ty ot bon SR etatE Ryatete R Gmroaiyb G baframd s SR ke Bt o Tk

f onp Io undclbridee slb Sk hiyglmlfbﬂi}@ degdies loe ikl Isulfdvipt dhidtileofe. g‘raﬂa,h henkesififohyly pt O E\ han
evels a 30 trypt 1an degradation are rautine | e art. The

pr esent &ﬂ ’iO(Bﬁg‘?aﬁgt“h%Fqu‘?%f)WC é%etﬁﬂtaﬁmﬁ@%g?‘?ﬁﬁ?%ok"leﬂ ?‘?' nosuppr essi on
such as Hibklormdiiahe GhiocfTHMOSUIRRE BSS bP@thérbal Solpéitd @MF, Bitthatethet &bemtng to the

patient an effective anmount of a conpound or conposition recited herein.
| DO- medi #t98e ik frRipisres<tiab Areanis bawsdip Basying e CD s¥sh agxanpl e,

Cancess, ufcyPimite, pWidine, TIPBR LAS IS 1ik¥, 16 Blovide k@lednaites YT @ep €| THAL | ON, etcC.
protecting group on mono-protected 1,n-diamines F40 may be selected from the various
amino protecting groups and a suitable deprotection conditions can be appropriately selected
(supra) to afford amine F33 (Step M’). In some embodiments, protecting group can be
alkoxycarbonyl (such as tert-butoxycarbonyl, Boc). In such embodiments, the amino

15  deprotecting agent can be an acid e.g., hydrochloric acid or trifluoroacetic acid, optionally in
a solvent (such as dioxane).
The preparation of chloro oxime F3 has been described in Synth. Commun. (1988),
18,1427, which is incorporated herein by reference in its entirety. Amines (such as primary
or secondary amines including amines that contain protected functionalities, e.g., ethyl amine,
20  2-methoxyethylamine, dimethylamine or F33) can be coupled to the chloro oxime F3,
optionally in a solvent (such as ethyl acetate or ethanol), followed by addition of an organic

base (such as triethylamine or DIPEA to quench the HCI generated in the reaction) to provide
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The present invention further provides nethods of treating di seases
associated with activity or expression, including abnormal activity and/or
over expr e80i201/0064581 DO i n an 5i ndi vi dual (e.g., patientpChysagriont7ss eri ng
to the individual in need of such treatnment a therapeutically effective
anount or dose of a compound of the present invention or a pharnmaceuti cal
conposition thereof. Exanple diseases can include any di sease, disorder or
condi t i oamidogitnei compourels Fll § (Siep CNd it Dadel nbotindead, ﬂhﬁs&pmaﬁsesj)@fmméd aativity

of the | suc over e Ssi o r abn ctivit An

| DO asso Pé’?’c?ﬁ%gﬁglgég%uqégﬁ Cgﬁo E?O'iltryz?@I des1 OIEr??O‘ng ‘glsaté? agﬂ‘?@opd\éf’mor

condi t i oabduh@tC eRabolie2 3ACE Biont abdut 2317l th @bal @8l °C, o fiotl Bduts «Ndubait 60y enzyme
activity, EE | es of %assom S\t di seases i nclude cancer, viral

[ nf ect | ofC-SRERARECTIERf Of (iF EuPROgASS §0dR frarsose fisyiaiag gtonp on the ring

neur oslegediBsmidnkd IR £hiSO AP Sn ﬁé%ﬂuﬁ&caﬂoﬁh@bﬁ@fde %oﬂb&ﬁa§ SucARSFHU@tdpngt on' s
di sease, _traumm, age- rel ated cataracts or gan tragquﬁszant ation e.g. or gan

transpl aRt) %P%E@i“ﬁﬁ? by thedreatment ¢ A avithahasps(euchi ag iNePthdd@Ha, r heumat oi d
arthriti prg@a),MiGHp a%d%l?é lﬁfep %bﬁ@naﬁ& kS Qiiont @hdnATRkdr Whanbl) Etﬁlﬁl@ﬁ@t ory bowel
di sease, psoriasis_and system ¢ |upus erythematosusor. Exahple cancers

t r eat abl &lyps} apddhedikel anfreferieg the resetianopixtuneieievaed tamwersdiro p g pave&as,

br east oc , I t lian B nd neck,
ympnora R ag S, #Rg s s Uil b 16 ¥, oS8 188 o/ 808 g0 ARSI on
can &0 sol#e’Gigkdut 150 §C, tehent tl6@ &E.rmbontt 10 °6,l:ﬁé>9utt 130 éﬁobblostclt?@ fCaor abOwt200s ed
herein, B(E] eT].Il )8]%'6 IF17 Eah ag‘é%%te aE E{/age%fagra cltﬂ(c))roaox(l:xgé 17 %[ byatﬁae a dlflon of! Ftlj} 0, ex
vivo or in VIVO sone ‘ent &R SYOp g €15 Ol adl part of a

ti ssue straplaguaxs acsdad nfixtora mtanmg@hychmhmm hcﬂsolmonzdmctludmgla@omld

enmbodi ne ip vitro . ce can n,a c cul t In sonme
onbodi mepd B s frdh (e SRR REoF i1 i adife s T Lebede s
manmal . Bkl tol &aq)ehaarre htout 431#C, tsechnas'abanBace) abgiit 400 alsout §0 td1@r Bsdungi ng

t oge |nd i et inan.in vitro systemor an. in vivqQ system
g LR or o e Sfsolon; REhwpanBnss e Hiadkaly Bimshithn 261 v Wik enc | on
i ncl udeSahiﬂ@tea@gmnsm&ma coﬁm@ﬂau@ b@@fmméads Q{acﬁlaﬁls@maﬁ@ﬂhtaﬂamg%mw to an

i ndi vi dug\?1 or_pati ent suc unan,

exanpl e, PSRV Aboth 0 Gguch %é’ﬁlﬁﬁ’mﬁ’ﬁu‘dﬁot%@eloﬁﬂ@ﬁt“i éﬁcl ‘?Ftl‘?}"’ éb%ﬁrpq:’é’r@@ﬁ’ival ning a

cel | ul ar a9t ﬁ9°03ufﬂefﬂ1@1@e ﬂéﬁ ﬁl‘é %ﬁé @Hibal‘}l@ Bf bR atohifite SXIne NEN i reagents ~ AS
used herein, the term I vi "patient," used interchangeably,

refers t&chgalkalhmeial mmtﬁﬁq &,cﬁowmrmmpgtassmmtabmdythﬁ%@ and gxgano ot her
rodeggs, m'h?t@sbdetgs 1etﬁ9&§lamﬁ%ﬁm ﬁﬂﬁt@e'\whl%glluges aﬁr&%&c cgf?cgns% soR Prinates,
and nmost preferably used herein, the phrase

"t her apeembedinens, éfhb’b@,qetatﬂeTHﬁ@udloXanemb@uied a3 heo-sotranht Thsfsubgitution o€ onpound
or phar mpeeytiGa AYSh o uc%Lﬂd&és% alé%m%h%f% ons?fylg?i biak Qllenf ESPONSE
in a tissue, system aninma in urmah el ng sought by a
resear chésuqh asen@hannhmam ethmcll amdlthedxkc) otroam tabpeeaturelcamaftordn. 5As used
herein t heth%l%smfo&ar Gtk ﬁ@(/ P]tfneat e odlm%}:\t(sartfs: té%a 4 s Bl A§ o i | the
di sease; "fTor e, FSease eondieTon or ditédrder in an
i ndi 25 duet, ahhﬁZmSSZ dj:@up}()e‘tﬂ] slpmse@P(t @r bt 40 3@ asehe engidalictli Dhis egactibnsor der but

i Sease: By cRNbBY ERget Rl iR P Battp Moot T RIS P eithace, |

condi t i oWwhizh csh BoOgraeited i g foir f At Alpieduseblatids experi enci ng or displ ay| ng
the 10 pathol omat ol ogy. of the dise condjiti on or disorder
(i e, arrostAHgrEaY. i IR BAPSEHHE Hie DR PRPTRSAR BG5S B iR PiParing o

sy rmt onBatahRtd of Bdrmdla FIOEr AR tHeRGT, tvhﬁrdm RE &é de anatre exdmb&nerdf®! | Orating
a di sease,  condition or dlsorder in_an indivi who i s experiencing or

di spPlyi AGIuHE rensting? eRggPogRd el smBldil 81 Qs@yaléfhefeﬁé viihdwdioehlodg#rddt i on or

di sor der oftionflly ina@¥REt (M2h 8 GioRa1e) FHIRMEI B) FeRmestiint LRBIOLABN (sudtp
Combi nation Therap ty
as, sodium nitrife), optionally in the form of an aqueous solution, to afford a compound of

Formula F18, or a salt thereof, and reacting the compound of Formula F18 with a compound

of Formula F27, or a salt thereof, to afford the compound of Formula F19.
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One or nore additional pharnmaceutical agents or treatnent nethods such as,
for exanple, anti-viral agents, chenotherapeutics or other anti-cancer
agents, iwWourom/@MFaNcers, | nmunosuppressants, radi ati onpCaniSezemonyp4 and
anti-viral vaccines, cytolcine therapy (e.g., 20 IL2, GWCSF, etc.), and/or
tyrosi ne kinase inhibitors can be used in conbination with the conpounds of
the present invention for treatnent of | DO associ ated di seases, disorders

or condi ti onsin sdie eABETH#ENtS, AR REpSRRtbHMTFRemMh IFiY7 tAfbarbesRaby GeRmpunds in a
singl e dosage form or the agents can be adm nistered si rru?,t aneoqusly or

sequent i SAmRPuad okkgsmuleiFl 6 g @38l thegsofavithg hase(sheh agpotagsivm hydigidg)dn a
cont enpl gfieg fsQ¢h déSthyldde ‘g@lem Elaazj tEﬁﬁer%%Félufﬂ&?en@Qm§ sé¥enRuithi 18hesent

i nvention can conprise nucl eosi de and nucl eoti de reverse transcriptase

i nhi bi t ore)> ENITVidg a comeneupdief Bsaplddl7ever se transcriptase inhibitors

(NNRT4 s), pr Lnhi i r [V npl e
sui ta%l e NRTIOfs}Eﬁ%Fng%; e?%l{’j%{i/ﬁtgi@ﬂgm?%%c?ﬁg%@gﬁgg%)rr?gﬁ%g% )C)€a Siazlitlt}é%%%(%bi ne
(ddQ); swhereiginrie 1 02 Thy songeinpodimeets(18iF¢) In styeeceantiodiniehBOR E0) ; adef ovi r

di pi voxil 30 [bis(POM - PMEA] ; INobucaMi r (BM5- 180194%; BCH 10652;
emtricitabine [(-)-FTC ;~Bét %—L@/(al so cal |l ed p8fa-L-D4C and named
beta-L-2', 3'-dicl - 5:)¢ | uor B8yt dene) ./\@49 D, é o cou

) - bet a- D- 2, 6, - d¥%&nmi Yo-Jpir i He di oxel ane)™““anth |lodenbsijng (FedA) . Typi cal
suitabl e NNRTI's i ncl ud@ hevi rapi me (Bl -RG 587) 0 del aviir adi ne ( BHAP,
U-90152); efavirenz (BVP-266); PNU 142721; AG 1529; MRE- 442

(1- (et hoxy-met hyl) - 5-(1- mebhyl et hyl ) - 6- ( phenyl met, hyl =2

(2,4(1H, 3H) - pyr}jségxdgmgdiﬁ , ,and | mﬂﬁlegnggkﬁ%ﬁ#&\ﬁ%75451) and B.
Typi cal suitable profease i‘rkibi te&s—l—ﬁé—ude sadquil navi 31- 8959) ;
ritonavir (ABT-538); irdinavit (K- 639): nelfnavif (AG ); anprenavir
(141V84); lasinavir (BdB-234475); DWP-450; BMS-2322623; ABT-378; and AG 1
549. Other antiviral agents include hydroxyurea, 5ribavirin, IL-2, IL-12,
pent af usi de and Yi ssum Proj,ect 607. Suitabl eHchermn‘?%hgr apeutic or other

anti - cancer agertagoasenghydeyN | xanpl e, rezddnk al ts_(including,
W thout Iimtatiom, ni trogém( st \8 , %’eﬁft\ﬁh ' deri pves, al kyl
sul fonates, nitrosoureas and {riaze ) such as uradil nu d,

chl or net hi ne, cycl ophosphafit’de (CytoxanTm), ifosfani®tle, nel phal an,
chl orambuci |, pipobroman, 10 triethyl epecnel am ne, ¢

tri et hyl enet hi ophosphor am ne, f apl! N\€_a°r nmust iHMe$-NHpmust i ne,

streptozocin, dacar bazi¥&ang" t simgd Omﬁ —Sp-the treatnent of
mel anoma, suitable agent& for use i P conbiwatj o tH t he conpounds of the

present invention include: dacarbazi nezs(DTI Cf, optionally, along with other
chenot herapy drugs such as carnustine (BCNU) and cispl ati n; the "Dartnouth
15 regi nen, " whi chPconsi st s 0j=dTI C, BCNU, &i%Spl atii n ¢gnd tanoxifen; a

conbi nati on of &NSSMHMW bl ast i nesse anaNDTNCH Oyt ems2giyni de.  Conpounds
according to the invent i'\b@NrraNy\(Q%O be combi ned wi tgN murte{ her apy dr ugs,

i ncl udi ng cytokines such,as interferon al pha, integ)eukin 2R*and tunor
necrosis factor (TNF) in the treat BRL Lo mel anoma.  Conpounds of the
invention may al so be used in conbination with vaccine therapy in 20 the
treat ment of Gehporwodal28Anhibavbtanedrs desgibedasSchems 91 Thedtiwowaps, Fési m |l ar to
t he tiyvirus,vacci.nes whic r sed t revent .di seases C ed by viruses
such s PP o SRER 1) £ Bekntelad i oReieln B Purbinroterrd S ORI S of

mel anomaF3s)| disiofisllylind palat sqens(stetyashethanple ehrs cthahsl add patikenin the stinul ate
t he body's irmgtne %%St mto. destr g%/ mel anona Ec)el | s. ﬁ/élgano.ﬂas that are
conf i nedPEEFIERR! LhaTE S5 af AyioTEaYC Brse ST prorera Pasg (-t KX BIB9S Qi nat i on of
agents i DIPRIY (D GrodiiR abflarifdbSmeF3B PStasE)0fn {dAe dnibbaidnfi{lthe YorivRBich of
hypertherm c_isolated |Iinb {)erf usi on technjque. This treatnent_protocol

t enpor ar F??@éﬁ?_ﬁ?&? é@ﬁf%@t@ ‘F@H?ré‘ﬂlfeéﬁ“‘i%astah@tilﬂ\c}_%ﬂla\?éﬂ 20 hp2Poif The rest of
the bodyamne4o v, Q6% 50°0MabdRE6> CObr 438100 TENABYME hkbdighi fle8hdtediedi Ng the
i nb, thus providi ng hi 21}11 doses to the area of the tunopr vmthou% exposi ng

i nt er nal b¥e gahee rrevidetiadhefome of avgueqs golution: Hesemembodiments dier e si de 30

ef f ect s. ifdalddicsd AR bt hatle td fhe WAL n{xRird AneR vl chpeiRiPMAlean is the drug
nost often used in this chenotherapy procedure. This can be given with

anot her agent called tunor necrosis factor (TNF) (see section on

cyt oki nes). 07



Sui t abl e chenot herapeutic or other anti-cancer agents include, for exanple,
antimetabolites (including, without limtation, folic acid antagonists,
pyri m di r€oanw/og®ss puri ne anal ogs and adenosi ne deani maIarseoviolor s)
such as nethotrexate, 5-fluorouracil, floxuridine, cytarabine,

6- mer capt opuri ne, 6-thioguani ne, fludarabi ne phosphate, pentostatine, and
genctitabine. Suitable chenotherapeutic or other anti-cancer agents further
i ncl ude, amisioxianeditpitionalBy of F3f qantlznibe arotgntaicha en sxalirgolohesinglet vat i ves (f or

A o SHPASR BKAAL ) A0 SUIPGUANL Bl PLLCRR: (BRAXIPF by ARROLSE Nes and

epi podoph t oxi ns as vin V|ncr |ne Vi Adesr ne
bl eonyci nlevaledttemponipcdsspchcdsabog 50 BCcabnut o atertok @(D PC, ab@itBOBC cdbout 90

i dar ubi cb@, ergﬁ&(;m(pa@ggtépgégl II(h'rI]'A>e(r foupeﬁpéﬁ%ifrﬁ nB}mdeoxeé or nycin,

m tonmyci n- aspara ¢t oposi de and
t eni posi Hpdrodyd @duprin B34 mtmxﬂmdsa@ewhso omeckilidé imnday ext ﬁem]&, deﬁi%Tec&tion of
anastrazogl

| etrazol e,..,.ca abi.n r el oxaf ne hospham de,
i f osani dé, eﬁi&ﬁﬁgrﬁ%&%?r?esupg %‘()%edpsglﬁsf g érgengypfﬁ% Ogéﬁ‘ﬁt(g’ogfﬁfdﬁ as
epi dopgy dretmax$ynihesisy 48R4, Ip@QpBBjSIolhﬁ varm&rgonsam\o w@ﬂcsmnlsr Q’@Eeﬂaﬂi@%\&bj} or;
procar baz t oxant ron i num coordj nation conpl exes such as
ci s-pl at P‘?‘F[}%?fbor}]é’afoﬂﬁﬂ‘grélﬁl toﬁl glﬁéﬁ%cg%ﬁ 8?’8§‘ B oicPPers "Cof- Huliom
15i nhi bi b&yus;782atth ARsuIRoet, ﬁ«chﬁ:a&raewtswg t@gﬁdﬁf{e"clﬁuﬁ%&& i ectiggadudtio and

haemat opoietic growth facto er anti-cancer a nt( | ncl ude
ant i B8dy “rHEmapat P s t%‘ﬁ@ﬁt%ﬁs G, Pé@?’ﬂz"h%@ °Crip pap i § 7Y, so Ses to

cost i mul byl aes%weﬁtssuwm &%g%fér&lveﬂfl BBE Ehbtbm %d vpmdcéa%ﬂ' es to
cytokines (IL-10, TGP, etc.). 20O her antl “cancer agents so I'ncl ude
those t hahyliceele. Thﬁﬂﬂ@maféll}’ﬂm?w@’f@ﬁn o34 gamh@lsbeeﬁub@gmntlxtasum@d@herrokl ne
receptor . i ts al so

i ncl ude ?eﬁg? tOHg!tL %;u nmen %quenuals%a%ﬁén&%{hz}seggfﬁ{% glndor adoptive

T cel | t pdvent éuch as ethyl acetate mriDCMd,eamd @n oxgauic basggo imop up te gauerated HICE cel | s,

A L
agents a(eeg andmnesldfomhbslmlofauaylshkf@hyil tegd haﬂuxrrbmeﬂnmealdﬂmyl)mylsulfmylr(e g y
e o Gl A B H S iR 15,
"Physi ci &rsSy\2 Beﬁllacdﬁ&fneﬁiahehavmg’giﬂup e'@. In st08 Gnledrpﬁﬂeﬂte,, thivedp 6:ﬁi be30 Econoni cs
Company. Mot yal & oMl LNE SLecl e, of WOh R0 48 ANSSLRPTBLEd, or el n by
20 about 0 °C, from about 0 °C to about 25 °C from about 25 °C to about 45 °C, or from about
45 °C to about 60 °C.
When the nucleophile is an azide ion, F32 provides F31 (Step J’). Azide reagents
include any reagent capable of producing a nucleophilic azide ion. Examples of azide
reagents include alkali metal azides (such as sodium azide, potassium azide). In some
25  optional embodiments, the azide reagent such as sodium azide can be used in combination
with sodium iodide. Appropriate solvents for this transformation are polar solvents including
DMF, DMSO, NMP and the like. In some embodiments, this step can be carried out in DMF.
In some embodiments, this step can be carried out at an elevated temperature e.g., from about
40 °C to about 100 °C, from about 50 °C to about 90 °C, or from about 60 °C to about 80 °C.
30 Insome embodiments, this step can be carried out at 50 °C. In some embodiments, this step
can be carried out at 85 °C. Organic azides such as F31 can be reduced to organic amines
such as F29 by the addition of hydrogen, either in the form of elemental hydrogen; using a
hydride reagent (such as NaBH,, LiAlH, and the like); using triphenylphosphine; or using a

combination of sodium iodide, chlorotrimethylsilane, and methanol (Step K’). In some
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Phar maceuti cal Fornul ati ons and Dosage Forns When enpl oyed as

phar maceuti cals, the conpounds of the invention can be adm nistered in the
form of pheropo®stsBcal conpositions which is a conbi nat iPem/usoo/oeapound of
the invention and a pharmaceutically acceptable carrier. These conpositions
can be prepared in a manner well known in the pharmaceutical art, and can
be adm nistered 5 by a variety of routes, dependi ng upon whether |ocal or
syst eni ¢ empedimpripithd rgduring qan e sareicdpisin th eresensa of sodben iodidat ed.

Adm ni st [ nbr anes
el ud ng i ranate e, s hffndl, B oo Bl L TRERIRTr

i nhal at i afebowt rpers tfnifezatiren. goffrOpmhdetrHV@rtoabcm%P@ f:ronmalbcundilﬁm yaboetbul i zer

intratr aﬁ?%%o%%&é@?@% o ab?r?tl 3‘6%”81 from dtiodli%s(?ﬁ)cq%aﬁt)got gg:‘f.%acinﬁe oral or

parent era or ocul ar derlvery

adm np st mabocbmex(tem dolapadio ofsodmanjodide bad/eilgrofptettydsiihg caabe bivdut &0 t r eal

i nj ection or ct | 1.00 t het er ht hal. m.c inserts

sur gi cal P P E%Q?@E%]tg ?]?O\I}Q '8§§Ef§bq95}'i %2)3}6 POHNLEr at i on

i ncl udes chlaﬁotraﬂamﬂsi&ne tantbeaddddad iited mix B EfUH3a @alis iotiidt hap@ethh@Nesad , or

i ntranuscyl ar ction or infusion; or intracranial, e.g., intrathecal or
i nt raven'f(ﬁ\n?:(ﬁlllﬁfl1 %38‘?41 nistration. Parenteral administration can be in the

formof a si nplegniesl 4fF20 VifhQEHamiAE i Y pleSoncé Of a ¥AEHRh Bs arlPdrgahiCBARE I NUOUS
per f Phar maceutl cal conposi t| ons_and forrmul ations for topical

i on .
adni E& st W&’t"gﬁﬁn bag/hateresvighie base Sme detidine). 9he eidylanipeterieritiehylpgieons,  creans,

gel's, dr ppsEA sMPIREHkd)O&kR 8 whitk ééfﬁoptlbhﬂll}“b@%séﬁ"h@ argamﬁ itSr riONVent i onal
pharnaceutlcal carriers, aqueous, powdelr or oily bases, thickeners and the

li ke mayiesiorpadeniamyovide thwlﬁoamvéeas Serhres §39 (iahk |)oﬁhlar@@tl¢wp@aes
phar maceul}iefby GPOPRARd LR atial GlinGOAL 5o @se%hgbcﬁ?tl(')dl‘% LhQ §8Y &AL, one or

nore of the conpounds of the iInvention above’i conbi nati’on with one or

mor e phanbrat é%ﬁn%s abduy 130 Usor altsiue 1 406G | Sorel heating parkberfgvariidy epplipdssing ons of
the i avepti OaveiRgiAfh! Wcﬂo%@fﬁiﬂaﬁfﬁoﬂ faﬁtb\é Blex? ef i1 é‘o%ﬂn%&ﬂmfbﬁm&a?g' pi-ent,

di l uted by an exci pi ent or encl osed n-such a carrier or m of
for exanpves(ea. ﬁaﬂmﬂh@rmsa@ﬂdﬂe frpmotage) oporttiey in ¢ singlimaeie fashidhen t he

exci pi ent._serves an _be a B sl J l'iquid
maer i CORRPURE ERFehuhind Slonadibeof B R o SRR 6 okdval v e

i ngredi eﬂie.deﬁi‘edamlddmn@sd?mmsthblpm&lceaﬂab&el(S‘teﬁ N®').f Dhidhasé canctieleftha anpl Il's,
pomders | ozenges, .sachets, cac ets XLrs,. Sus I ons, i ons,

o1t 1 ongrEag PR SUC R AT ampis (o PPl sBi ISP PR R LA nt hent s
cogt ﬁo n:j e@)lof oyclie¥mineh @ahg WyrioBdiheé) p%ehmnwcghbr ﬂfmbﬂg&uaﬁésb‘d@:éllch@ﬁm@llﬂnd soft
and hard ge a pp0|tor es, steri]Je ipjectable solutions,
and ster(9& Ig%élga[g‘gﬁl %&'iﬁz\fg@% etc. Fhe{bqs%ﬁaéﬁ'l?edﬁa‘iﬁa’f’%ﬂa thedorm ofge acti ve
conpoundregasif aflAbRHitd™and teMide hREm8RRIRPEHRIIBNOA, tHeba hBE prior to
conbining with the other |nfqred| ents. If the active compound is

subst ant PEidsd inhe form of a splntiensin vier (a1 aquepus Gase) pishes ehoat 2N seluim (gss t han

200 nes habduftOtSN%oﬁﬁBﬁ \éﬁoutqmﬁiﬁﬂﬁl abéutsl%%o?xﬂfohaziﬂoﬂtm SSlu, HBhSbodche
particle size can adj ust ed by l'i ng rovide a substantially uniform

di st 2% buBNdnabayt ﬁNéolﬂmnrﬁlomab@w SI\btoglbmaB@Ntso gome dthsome embodiments, the
base can be an alkali metal hydroxide (e.g., sodium hydroxide). In some embodiments, the

base can be a 2N NaOH solution in water. In some embodiments, the solvent can be
methanol or tetrahydrofuran (THF). In some embodiments, the deprotection can be
performed at a temperature from about -10 °C to about 60 °C, e.g., from about -10 °C to
30  about 0 °C, from about 0 °C to about 25 °C, from about 25 °C to about 45 °C, or from about
45 °C to about 60 °C.
Accordingly, another aspect of the invention provides a process for preparing a
compound of Formula F28, or a salt thereof, wherein R* is F, C1, Br, or I; and n is 1 or 2;

including reacting a compound of Formula F29, or a salt thereof, with sulfamide and an
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Some exanpl es of suitable excipients include | actose, dextrose, sucrose,

sorbitol, mannitol, starches, gum acaci a, cal cium phosphate, al gi nates,

t ragacantwp 2gs/@s9s8, cal cium 5silicate, mcrocrystalli n@eCzaisketnseo4

pol yvi nyl pyrrol i done, cellul ose, water, syrup, and nethyl cellul ose. The

formul ations can additionally include: |ubricating agents such as talc,

magnesi um stearate, and mneral oil; wetting agents; enulsifying and

suspendi REpABI§dAtedo ag?ré‘WWﬂ@da{f &emaula 3, opa sakithergof, anghygacting the

propy! hy dsaxstmBePEOMESE30SWRES B3k RELRUSHE S, m?&gldfokﬁefﬂdlmsagent s. The

conpositions of the invention can be f for mif so as to provide quick,

10sust ai ned ol semegbadimenie R ds 64 andreisdet i ve i ngredi ent after

adm ni strati Oﬂls‘bﬂleteﬂl%o@ﬂéteh@nﬁ“ 19)§r§ﬂml8>i' ng procedures known in the art.

The conpositions can formul ate na unit dosage form each dosage

cont abning frblmombamm@meotsabmmga@@npcgmdwﬁF@m@JEmfyrtbdnmcﬂud&@hdaOn@bout 30
ng, of t r rmunit dosage forns" refers to

physi cal | I&% %}%ééélg%l&em%m%?lg%g%ﬁow {;ﬁuertag%u% |tary 15 dosages for human subj

ects and ot heln amatimrdspect ebeinvemioh proideas pioness af phtadial efendonpdurggnt i ty of

t | cyl at ed t t h d th ti ffect, i
acsoo at PO T3S bR s B Rt deob e L o bl ot Thome 78 octive |

conmpound emammemaftnmammeg QUGE carivd sle vitsagambintgeoBdduinsogaser al |y
adm 'Qster ed lnﬁgylggg eut i c |1y effective amount. It will be understood,
howe chlfrofrirp &S tb@’f‘ t he conpound actual |y adninistered will

usual |y be detehbiheedpiy ofthd wsitondihe cARFRNE bNBortRld I3 heb&¥Rfthed by
ci rcunst ances, i ncl udl n% the condition to be trea ed, the chosen route of
g

adni ni st 151084 compeund of Farmule k30, o salidhereris whereig L' 1ssslesigd frome ght, and

res ponseamﬁlsﬁlﬂﬁlyl lﬂﬁllbﬁﬂkﬁb'lﬁfonpﬁﬁﬁaedwlsulmﬁ?l 8GN lakide féfagénlﬁﬁ) A4 GRS synptons,
and the |i preparing solid corrp03|t|ons such as tablets, the

pri nci paFomsRaunde F Hnt is 25 nixed with a phar maceuti cal excipient to
for solid [ ‘ 0 i Xxture
of &' sompound ol t g ar axsaf FATEDShbLR R & Dk & AR RAP R

pr e- f or migrasirefars¢o arp ghticbrisedser brrmaaglesreatsd h!ldmecadmmgmplhngngﬁpmrit toi s

typi cal | X ugl o] at .t
conposi “X(c):%'ngg%t[) gdlrtgagﬂ*b\éntsaﬁéagi glgtc? Clt'ntr%’t%%%éﬁ}éa }“;m@g?ﬁ%g]ﬁg Stljnncllfdedosage
for ms suoiethal ethab hgirepyl, p$dptca)yhnd>ut,3da,;jmbh% seéFbutsl, &Qlth@hked pre-fornulation is

t hen subdi vi ded. i 59 uni.t, dosage for e descri hed.above

cont ai ni ng fr%‘?’ﬁlse? o?relenkaalkﬁngﬁ gteT ® %%lﬁo@g’@ %808? ortnr:’i%reggﬂzil?/(éa??%gr edi ent

of tRe prabantonds vExamﬂrmlkenyl grouptligclideleiehgl (oinyp) progenglf addde Pkeesent

i nvention can,be ated,_or otherw se conpou 0 provide osa e form

af f ordi ng theAﬁwgﬁfﬁﬂ)etthte% 3rd nﬁi S'Q(?f’laﬁor'?lauﬁg?’ér(ggfglﬁoﬁ‘l goun d}T ét or

pi |l canmvasuripsEcydlichavieg froa$ag a4 anbodtomslt Eianﬂ%ﬂﬂﬁgr@@gmtpheﬁyhe latter
over the for msr e two conponents can be

being int or m of n envel op
separ at e§? %&YLW@W@X Phenapthre RMﬁ.thﬁm%leﬁné@lg’ Lipgd thediket di sintegration in the

stomach and pg§ el htRm, tHRRGH ‘CAIBRRIC W hdnQsRPaidnd R iethet WiPad Ritdenum or
to be del ayed |n rel ease. A vari ety of materials can be used for 5 such

ent ef? c PRIESY sl t%%ﬂ%@ﬁo@%@ﬁtﬁ@t@r@aP%mpﬁtﬁalﬂg?m@toﬁs imdapsadensly pol yreri c
aci ds angeiétedi e s, Of Bp%amxhﬁp@%ﬁmw rdlups el dTRES et ScascB NGl ac, cetyl

al cohol, and cel | ul ose ’acet at
the like.

As used herein, the term “alkoxy” refers to an ~O-alkyl group. Example alkoxy
groups include methoxy, ethoxy, propoxy (e.g., n-propoxy and isopropoxy), t-butoxy, and the
30 like.
As used herein, “alkylamine” refers to an amino (NH,) group substituted by an alkyl
group. Example alkylamine groups include methylamine, hexylamine, and the like.
As used herein, “trialkylamine” refers to a nitrogen atom substituted by three alkyl
group. Example trialkylamine groups include trimethylamine, triethylamine,and the like.
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The liquid fornms in which the conpounds and conpositions of the present

i nvention can be incorporated for admnistration orally or by injection

i ncl ude ayoeouOsBBULi ons, 10 suitably flavored syrups, PATIESWS/084790i |
suspensi ons, and flavored enulsions with edible oils such as cottonseed
oil, sesame oil, coconut oil, or peanut oil, as well as elixirs and simlar
phar maceuti cal vehicles. Conpositions for inhalation or insufflation

i ncl ude sol ut Aowsed aergins the sepis iabogydarbopiia refers LD sabstijpteddespraliioke,  aqueous
or or gang&uﬁz%(é&kﬁﬁ%@t BB Eﬁéﬂiﬁot&%&?ﬁfgro#gé“ﬁcﬂfwgﬁ&irlc?%gfnglﬁ&-l i quid or

solid conpositions cont'al n suitable”pharmaceutic cceptabl e

exci pi enbutogsatbend(Bosobenaylexycabany (ier) chfledenydmetbyloxyverbouyhiBuod)i ads ar e
adm ni st%qﬁ{eby the oral or nasal respiratory route for |local or systemc
effect. npositions in can be nebulized by use of inert gases. Nebulized
sol ut fons mayApesel hewinh e tetior @ikylsylfénythnefeneto neblfidriyk grogp sidbgiitored by ab he

nebul i zi evi ce,C e attach tq.a face ma t ent intermttent
posi t i veg%?'lggg%u@ r 3%@£_e'a A mr?ge ?ﬁ%@ﬁ‘ﬁ@gﬂ %%‘lpaf‘}“i“ﬁ,%’ ?ffg?}%ﬁ‘gf%ﬁl: or powder
conposi t ethaweswfonyl)andutlaiiké.st ered orally or nasally from devices which
deliver the fornulation_ in an, opr.i.at nner. The anount of conpound or
conposi ti on ?ﬁsﬁfigfrg’rneﬁlett%ma @FM?*W?F%@W&& BX R ﬁﬁ“tﬁ\#;]é’f is

bei ng adahalbslk@rgeshp. HremplhplosRySilfdnhEeraeh¥lifihtde! @ifluOdmetidfdiudsnyRr ophyl axi s
or thgra%, the state of tge CEfgtiignt, t he manner of adm nistration, and the
i kel0) nl3g-i a?raﬁgmléfoaﬁ PrEREfibhs, conpositions can be adnministered to a
patient alreaflyusehéRimnl 18 tdriOMAsulfos@asters b ARNIBAR Y up SMstibeddaItant 0 cure or
at least partially arrest the synptons of the disease and its

conpl i cafiybereup g wbstityted gyt ergumivhereithe sebstigenthen the 854 gL0up I5dFietteh bei ng

treated g3miRld n@®, OY, 188 hHe9IRMaiQf. the attending clinician depending
upon factors such as theé severity of the di sease, the age, wei ght and

gener al condi£$ eyed berein, e perm “baterocyaliy besed refeig o a 4orHemenbyyed ppiiaraly

adm Rk st ' i ﬂiﬂg [ Qposi tions
descr :5 begibggndﬁleg’. @eﬁﬁﬂgérgﬁc%hﬁpp%g?t? %S{n@eéiaﬁg f{)e S rg%??%}?% E‘gégé‘ C??lc\%(%n’tﬁl onal

st eri | i zh¢teroeyclie bimeicgubsaromatiqenynobarghatici Ezaniple heferedyclidgaseoinsludol ut i ons can
be packaged,.for use.as is..or | ili.ze t he il i ation

bei ng coﬁ)érlgdr'lﬁeed pW?ﬁ’ﬁlm%’ g]f’%rlqlll%é mé)é%@glﬂésété‘a%ﬁmé’?e Sﬁ#’ iytgg&{tsodnégérjr?eﬁ%@&r%geti on. The
pH of t henchdePoOhBr,(tapkyhbnd@s, Hajoalkghl |y will be between 3 and 11, nore
preferably from5 to 9 and nost preferably from7 to 8. It will be
understood that use of certain of the foregoing excipients, carriers, or

st abRbi zefeghodk bfUseesul t in the formation of pharnaceutical salts. The

t her apeuti c dgsage qf e, conpounds. of the present invention n vary
according 5 ¢ Gompends Pé?nq{gﬁéalbﬁlﬂ@it@ﬁﬁ”é‘n’/oé PORRIFRRASZET eat nent | s
made, t hgioRpdRgde (TORAE Biasipld tie@BmPburlds 6f 6.6 MRektivi,cah Beuda@ad nhiband
condition of the (S)ati ent, and the Ij,udgmsnt of the fpr escri bi ng physi ci an.
The propdfttvits At B0 Ebrrtlen i ant pdimidyal in nesdiph srodelatm ofithe snayBaPY on in a

phar maceudh mtering IR Bhiifi hnt@bt K dnPeRRINTiRaneRas.a nunber of factors
i ncl udi ng dosage, chemical characteristics (e, g: , . hydr ophobi ci tfy), and the

rout & of adni Fhesrresget igventimy further s resthads of rtsdegradetien afnvent i on can
be provi degobiindia é‘ﬁ%b%?éb%ta‘i&ﬂ}{g&é?ﬂs%g&ging%bfsﬁéh 20l ORGP Blahith i about

0.1 to about” 10% w'v of the conpound for parenteral adm nistration. Sone
typi cal ddbalpenlessmgrembpdigientabibe pregenpingerkign peovides methpdgpfadients (egdy wei ght
per day. : pﬁa}t ] | SindikioEy . gto
about 10 c%ﬁi@% éﬁg%ggff} |(3ﬁta h %gﬁlgg“;f‘?“g %gpbalos age&?}sl'?%b?%tef{egm%éa Hgg{ﬁtlénd on
such var bhbtaespoasd phwnipppidod fandedhdreint Methogsrad greessing tryptophandevdlssisdse or

di sopgder h V, .. heal th.st.at.us .of the particular patient, the relative
bi ol égi ca t8fﬁaugé‘§%'§h% nt%%er%%omr?pl%hhﬁﬁn’::el ected, fornulation of the excipient,
and its rout eTlf pragni invaitiva firthar prefiflesatdthels ddmbbittgrimbenestppapoinat ed from

dose- I es oS 15U Y et A B s 2 i e it B 2 AR i RIGL pleeit oY S S1B-

effective amount of a compound or composition recited herein. IDO-mediated
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The conpounds of the invention can also be fornmulated in conbination with
one or 20 nore additional active ingredients which can include any

phar macewOcalo/@mgsat such as antiviral agents, vacci nespPCaruse@odiss4 i nmune
enhancers, imune suppressants, anti-inflammatory agents and the |ike.

Label ed Conmpounds and Assay Met hods 25Anot her aspect of the present
invention relates to fluorescent dye, spin | abel, heavy netal or

radi o- | abemugpsernigseian das skn piseciatad with, forexamate, weogérsl tmongsekth) not  onl y in

i magi ng tro and in vivo, for localizing and
quanti tatﬁlllé{r?atg&ﬁq’"%%&?&y%al?%thtg?dsosguéét&sarrpl es, including human, and for

i dentifying ID@}Ecspytrdennglaﬁld&emodedmthodsnf mamdg digeasés Asdealnel veich conmpound.

Accordin ent tion,includ me 3 says that
contain g‘lﬁ% Hy%)p‘%‘@F o mdudlmrﬁ)a%normal ac Lﬂ% C@’ﬁ{f’x})ﬁﬁég}ﬁ ?glrlﬁf’lﬁ‘r her incl udes
i sot opi caidivyddah@@i qﬁtlﬁm)h}mdndmstaﬁng:tclthmhavidual/hﬂn dd b bfit@ainleyt'a or

"radi o- | ghel e nd |s nd of nventi.on where one or nore
atons ar glefagf)‘f %??:l dr%icy‘é‘?ﬁ%cf (g’g’P T’thjja Ca?ﬁlpa\”ﬁﬂqefﬁ% RERYHAVRFBN nass or mass
nunber gdhdrfhaseatital f;mpnsttiaﬁ thatk el BxdAMBSS diSdasd¥RES indhdb efy dideaie; disbided@und i n
nature (i tur rr|n Sui t abl e radi.onuc|jdes that may be

i ncor por %ﬁngﬂloln 3 El H@W@é‘é?ﬁpr‘?sﬁf)’éﬂ‘t oMty dhe P R ™sr e not
limted tihdkotalegfesdlonlot %hoﬁﬁal@cﬁﬁ AHNDRY-hsdBdiate Blsdadd e°aﬁ Wbt . . ,
11C 130 14C 13N 15N 150, 170, 180, 18F, 35s, 36 -, as T for triti un) 828r
75Br 10 7683, disepsss diserdorzor condition thatzan beprgvented, anplioratedporwied bydeoduliing s

i ncor por @ﬁz?ﬁe'a@tn;l@e Ekﬁkaﬁl@@&f ﬁ)@ﬂ&s@odléi‘&?&%s&m%%%e%{rgl iHRDEAduGI st he

specific_application of that radi o-labeled co For exanple, for in

vi tro | DB mdeqten) Ié@‘éImfﬂ@,loan@pt%mmﬂrpdﬁge@@@w@somwmhmﬁlzhvauensn 4C, 3H,

182Br, 14Rdse antdn t 1 rag o-i magi ng

., 11C 18F 1951, fﬁ’%"?éﬁﬁyﬂ%ﬁ%ﬁ %63’%%83 %gttgloc?%ﬁlﬁ;aﬂ%p, a“70(“’(@? 77Br Wil

general | 9rgb!etrmslanm¢@n) apd Imtoinsnlumﬂmesie@mdlwhnatasthmﬁ,rrhdin@tdlébtelhred" or

"| abelk ed 0 i h QLR ted at . st .0

r adi ggnucinggép %ﬂn %?q'bsh%lle o | me*n%1 afigh anng%orgﬁ Fl dgse TSP atnﬁﬁyswmlc
lupus erythematosusor. Example cancers treatable by the methods hereln include cancer of

‘—l

the colon, pancreas, breast, prostate, lung, brain, ovary, cervix, testes, renal, head and neck,
lymphoma, leukemia, melanoma, and the like. The compounds of the invention can also be
useful in the treatment of obesity and ischemia.

20 As used herein, the term “cell” is meant to refer to a cell that is in vitro, ex vivo or in
vivo. In some embodiments, an ex vivo cell can be part of a tissue sample excised from an
organism such as a mammal. In some embodiments, an in vitro cell can be a cell in a cell
culture. In some embodiments, an iz vivo cell is a cell living in an organism such as a
mammal. ‘

25 As used herein, the term “contacting” refers to the bringing together of indicated
moieties in an in vitro system or an in vivo system. For example, “contacting” the IDO
enzyme with a compound of the invention includes the administration of a compound of the
present invention to an individual or patient, such as a human, having IDO, as well as, for
example, introducing a compound of the invention into a sample containing a cellular or

30  purified preparation containing the IDO enzyme.

As used herein, the term “individual” or “patient,” used interchangeably, refers to any.
animal, including mammals, preferably mice, rats, other rodents, rabbits, dogs, cats, swine,

cattle, sheep, horses, or primates, and most preferably humans.
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51, 12 - fromthe group consisting of 3H, 14C, 35S and 82Br.

Synthetic nethods for incorporating radio-isotopes into organi c conpounds
are appl iwakbw/mwsssonpounds of the invention and are welPCTRISo009/0#9794 he art.
15A radi o-| abel ed conmpound of the invention can be used in a screening
assay to identify/eval uate conpounds. In general ternms, a newy synthesized
or identified conpound (i.e., test conpound) can be evaluated for its
ability to reduasdber, 0g pbfast Mietpaliicalyaibfettbd aGRR0 viTeks @f tht h@oidivent i on to

the I DO enzyne. Accordjngly, the ability of a test_ conpound to conpete with
the radi 89?‘%681’38%?1“@6’&?3%%’63/?“8?3 Bgﬁ?afhﬁbe‘iéas Ehﬁglqﬁftsesaéﬂrzfp%mer}l FeSBensy m a
20corr el gb®8, dyStein! snilhINEHRGuAS drikdinky thalds bsing soughtiea REQRBBE vétaRkh on al so

i ncl udes phar rqaceuti cal kits useful, for exanple, in the treatnment or
prevent | St7dtp! dogier gk¥Bichrigdndi seases or disorders, obesity, diabetes and

ot her 525 di seA§@edheleh] the brhCubRE? b WakERne RELNAS 1 PREVALindBE §isCRPL ai ners
contai ning a pharnmaceutical conposition conprising a therapeutically

ef f ect i vEOTHROPIE, REPVeRtiREPEnaprl cofditioner disowlan ingn indbridyal kb agde further
i ncl ude, %)fse(hsgg's%li (Ele difftse, Londil lgoerisochyf b&%e%@?ﬁ%&h@ﬂ%{;e c?rglssé@cﬁﬁem ical kit

conmponen such as, for exanple, containers w

phar macentthelagy o symptopastlogy of dlhre disenss; 2pidhibiting theel dissese; fir meansple, éntgbitingas wi | |

be readily: . . . Skj J 3 rt. lnstructions, either

s 1 noer ¢ LiBRBRREh i HNPRE T8} Sk TP chitRe il o BEBEMC T b

adni AP st patbdogyyer ssmpionesoldgyrof dlcndisvass cautlition or disckter(i. guarcstingnfeghdror mi xi ng
ude L.nvention wll be

t he conp t al so,be incl inthe kit. .. .T )
descri begg‘?eg()péireggafg?e gl}oéolgiy aBy O\r/vsé??pocfma{;f%lg@s T?rc3t) 3?5%?%%%?@6&?% Mowi ng
exanpl es esangplgfafmeli@dtidgrr dibdabe) sdndtidnwe djsuudpoia@s indaviduad ivlo ixadxpérivheinged t o
limt the. inventiop |n any manner. Tho f skiII.i.ntEle t wll readily
recogni z lsafak?ﬁﬁ &5@?818 gﬁ%{yﬁptt?%aé?lo%?fjﬁﬁ&é‘?aée’ Shrdigenar disgrdepfianged or
nodi f i edréversitigehdpa@istaiytanabt ynigiensslogy)r esul ts. The conpounds of the
ExanplLes were found to be inhibitors of I DO according to one or nore of the
assays provi ded herein. 5 EXAVPLES Exanple 1
4- ({ 2- [ ( B3bBeapdd omyhpyam nol et hyl } am no) - N- ( 3- br ono- 4-f | uor ophenyl) - N - hydr
oxyl, 2, 5- oxadi azol e- 3- ear boxi m dam de 10 H2N. S. N
One or more additional pharmaceutical agents or treatment methods such as, for
example, anti-viral agents, chemotherapeutics or other anti-cancer agents, immune enhancers,
immunosuppressants, radiation, anti-tumor and anti-viral vaccines, cytokine therapy (e.g.,
20  IL2, GM-CSF, etc.), and/or tyrosine kinase inhibitors can be used in combination with the
compounds of the present invention for treatment of IDO-associated diseases, disorders or
conditions. The agents can be combined with the present compounds in a single dosage form,
or the agents can be administered simultaneously or sequentially as separate dosage forms.
Suitable antiviral agents contemplated for use in combination with the compounds of
25  the present invention can comprise nucleoside and nucleotide reverse transcriptase inhibitors
(NRTIs), non-nucleoside reverse transcriptase inhibitors (NNRTIs), protease inhibitors and
other antiviral drugs.
Example suitable NRTIs include zidovudine (AZT); didanosine (ddl); zalcitabine
(ddC); stavudine (d4T); lamivudine (3TC); abacavir (1592U89); adefovir dipivoxil
30 [bis(POM)-PMEA]; lobucavir (BMS-180194); BCH-10652; emitricitabine [(-)-FTC]; beta-L-
FD4 (also called beta-L-D4C and named beta-L-2', 3'-dicleoxy-5-fluoro-cytidene); DAPD, ((-
)-beta-D-2,6,-diamino-purine dioxolane); and lodenosine (FddA). Typical suitable NNRTIs
include nevirapine (BI-RG-587); delaviradine (BHAP, U-90152); efavirenz (DMP-266);
PNU-142721; AG-1549; MKC-442 (1-(ethoxy-methyl)-5-(1-methylethyl)-6-(phenylmethyl)-
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Step A: 4- Am no- N - hydroxy-1, 2, 5- oxadi azol e- 3- car boxi m dam de H2N. 1, rOH
NH2 N'N O Malononitrile [Aldrich, product # ML407] (320.5 g, 5 nol) was
added t o weat2ero/q0F95R) preheated to 45 C and stirred for BCEiUS2009e97p€sul ti ng
solution was cooled in an ice bath and 15 sodiumnitrite (380 g, 5.5 nol)
was added. When the tenperature reached 10 C, 6 N hydrochloric acid (55 nL)
was added. A m | d exotherm c reaction ensued with the tenperature reaching

16 C. Af (et Hp Himyrimidinedigng); ad ) walsneliske QB Gabith46 eand Ba dypios] switabteur e was

t d e vir o 13 C and
5006 aquetiery bl Mol i ifivie TRE 3T 806 Aol (BTSSR AR AL T, 2

t enper at @39; radfavic AG134D; @nprwwn (141§V%‘&dahmvm(BMSe33e4ﬂ7®nDsﬂb$50ded the cold
bat h f 6-27 C th t

ath was E\P%?éézsz@%?%ﬁ*] ah&]gG\lgfiﬁSP Brtﬁ& M%ﬁal Latd mgfuidgily en |

was sl o to rerlux ux was mal ntal ne “Fr'$*and then the
reactﬁonrlha\mtlmﬂbﬂvxﬂslhlpbmfgeide mch'ﬁxsaturmlhe;enﬂgblﬂl60’l’he reacti on mixture was

stirred in angli: 6..N hvdrochl oric acid 00. mL S ded in
portions oversﬂéglﬁl%ﬁérpcgﬁ%g?e}%?r AR ﬁ%nc\?\r/aasge%tﬁ %ﬂ°§“§&efaf ?’%?mgﬂeealggg%t h at 5
C. The pegmisgitchilimgyvaishaoliméeiedninygetmistdrds, athylefimineddhiestiveglalkyi t h wat er

and dried Vv cuum Qven 5 esjred, product (644 g, 90%.

LOVS for ‘i%’ﬁ%tﬁ% dﬁ?i(afene Sﬁﬁhﬁg“rﬁ@é‘l‘ﬁf&ﬁ? %%’g CD30D): 8 156. 0,

145. 9, 14)]c.lcﬁahospﬁhlﬁ1delﬁ0ytéxa‘hﬁ¥ﬁ£fo%ﬂﬁiﬁd r@ethalanzclﬁo@meauﬂap berosmg ar boxi m doyl
hydr oxy- 1 5- oxadi azol e- 3- car boxi m dam de

chl orj de H H2N -

(422 1{2; ?egﬁs‘/ HEyel wge ertegl%PhﬁfB@P{i‘F%n%P“S&blaf%FaIPBlS@“%(’mué@?@| c acid (3
L) and 6siNphytdéincAtabisinedfiddetndzobof®ds., 3 €q.) and this 5 suspension was
stirred at 42 - 45 C untl| conpl ete sol ution was achi eved. Sodi um chl ori de
(518 g, 3 eq. P hpscakment af maanor. suikhleperyhionsse B cpmpeanqnvignthe

i ce/ wat eEér%F&uh@d@th@ﬁE&nt ﬁv&%bh‘iﬂcﬁﬂe Oﬁacﬁﬁg M]ﬁﬂbﬁ' E)ﬁorfailﬁ,galgﬁ%%itho' 98 eq.)
in water 00 nL) was added over 3.5 hrs wh mai ntal ni hg the tenperature

bel ow 0 €t emth@pthé@ml@g@s%m @qrmnstm(B@NH@awa@smlmihn (Bertheuthhe i ce bath

for 155 Qbfnal ﬁtF}IP t%W% E@E fdo 15 C. The
10 precipi tat edwv\glgﬁébn%{gg&?e Yy t%&%pﬁugr?%a k‘l céPIIEJB wat er, taken

i n et hyl cigpletitatvimblagting, and DTiCeat Temlowl@mldanﬁymp@mds s@drdmg tg lthefla‘teatmélsoo g) and
stirred l. d throu odi. sulfate (200
g) and thl%]@ljs?ﬁéc I%M\}\e;ds&g%ncenirafagg %éﬁcﬁ% e% S?Ca BrNHE resi due
was di sselphgdnierieukid hyaind tunimirnyérost faeuor(’IB\IEjm_ﬂhp tﬂeatemheﬂ nwdldnbmahar coal (40
g), stirred f o 40 nd filtered, throu Th vent was renoved
inarotary 15° ggranftt T %IOPH’@YFQQEFP? dnﬁ%lﬂﬁ%on @’V&?‘iuéeotﬂ?rﬁpya vacuum
oven2(45 tlﬁ)trehhmegt mf&netlahfbnﬁe Antimdlapsrag i ting2D6, if) sordSwdy) siml &N tHeQinti C3HACLNA02

+: = . . .
(NH-H) ) (’dll'l%S VaCéLl.ECZSW ChlaSI'CC uslgy% I‘]é\geqlt 1sedses%%)§se(ri)%y V151'US]é85?110 'as pCZ)]iIO meas 6259 !

and mumps. Weakened melanoma cells or parts of melanoma cells called antigens may be
injected into a patient to stimulate the body's immune system to destroy melanoma cells.
Melanomas that are confined to the arms or legs may also be treated with a
25  combination of agents including one or more compounds of the invention, using a
hyperthermic isolated limb perfusion technique. This treatment protocol temporarily
separates the circulation of the involved limb from the rest of the body and injects high doses
of chemotherapy into the artery feeding the limb, thus providing high doses to the area of the
tumor without exposing internal organs to these doses that might otherwise cause severe side
30  effects. Usually the fluid is warmed to 102° to 104° F. Melphalan is the drug most often used
in this chemotherapy procedure. This can be given with another agent called tumor necrosis
factor (TNF) (see section on cytokines).
Suitable chemotherapeutic or other anti-cancer agents include, for example,

antimetabolites (including, without limitation, folic acid antagonists, pyrimidine analogs,
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Step C

4- Aﬁi no- N - hydr oxy- N- ( 2- met hoxyet hyl ) - 1, 2, 5- oxadi azol e- 3- car boxi m dam de

, OH H2N /WD 2bii'o02938 4- Ami no- N- hydr oxy- 1, 2, 5- oxadi azol e- Bczashagioni7doy |
chloride (200.0 g, 1.23 nmol) was mixed with ethyl acetate (1.2 L). At 0-5 C
2- met hoxyet hyl ami ne [Aldrich, product # 143693] (119.0 nL, 1.35 nol) was
added in one portion while stirring. The reaction terrperature rose to 41 C.
The r eacPrERe aRalsE sl adgnasine geamigasg inhfpitoes) hwheamnmho(nzﬁese #tfluotoudatil25 nol ) was

dded. A it %ﬁ] tion. The
?eagtlonhtgg%ﬁéo% %gm@ g%aﬂt vilater%%%g?)er ﬁm@; é’?\% Bri net%’( 500 m.), dried
over sodpm%@inﬁaﬁné,gemm@bmncentrat ed to give the desired product (294 g,
1199 ' [ H12N503 202. 3. 1H NWR
(200 i, - oo ] b brnadob B ffqanRASEN AR Sl ol Tprodigireg. 71
H), 3550 c¢nmin Ratkdp] pr@hi8s and theddebvaivkiz(for2xbihple Jvifk atll&lmc& mtitunsdrep D

i ) w\larZO)éth\lfllﬁ\tl[ é%:nzn}?ntn(psp%ph%es and eélpodophﬁlo?o ads g‘uzc ase Vlgblgsat{ngo\ﬁlllcnnjsgn?ér aide N

4- Ani no- Mindbsjnth; bleymeif, %aﬂﬁioh@&ﬁxﬁddﬂﬁb&b&m?d&mﬁib@@ﬁp@%@ﬂﬂcﬂ laaﬁmg@asl df%da?écljg
248. 0 S with water_ (1 . .Potassi um hydr oxi de g,
é. 7 ol ? %@ﬁgﬁ&g‘iﬁf"ﬁ?ﬁe”ﬁa %nepﬁ"w&goxef@qu(ﬁ&.‘/éax Ftonyen S brasPHREASe( 15
hours) . }h@femﬂsges‘éeg{algxma)a&@;@fd@ 4@ @igdkiakng 1% anmoni um hydr oxi de) in
hexaqg i ndi ca reaction conpleted (product Rl = 10 0.6, starting materi al

eﬁ?ﬁ?fo’l‘lﬁagf‘é‘&tléﬂu‘?eé&(‘f?l 5 EBplcnpgizoloieazelact i on was cool ed
to room tc@m@dbﬁ{eulreﬁ)xaﬁgé ey dpR6ipR ﬁnwet&s%mlana%@aﬁné?: x 1L). The

conbi ned ethyl acetate sol ution was dried over sodiumsul fate and
concent r at ed £150 ghiablegrecyieisric agenprgefutstepidpphyligtox@y 9y antinegplastiade of f - whi t e

solid. LeMnfeOs topbikhi 2 Q3nkiMidd) ﬂioca%a%me, lgggxaﬁtrone, platinum coordination

" complexes such as cis-platin and carboplatin; biological response modifiers; growth
15 inhibitors; antihormonal therapeutic agents; leucovorin; tegafur; and haematopoietic growth
factors.

Other anti-cancer agent(s) include antibody therapeutics such as trastuzumab
(Herceptin), antibodies to costimulatory molecules such as CTLA-4, 4-1BB and PD-1, or
antibodies to cytokines (IL-10, TGF-B, etc.).

20 Other anti-cancer agents also include those that block immune cell migration such as
antagonists to chemokine receptors, including CCR2 and CCR4. |

Other anti-cancer agents also include those that augment the immune system such as
adjuvants or adoptive T cell transfer.

Anti-cancer vaccines include dendritic cells, synthetic peptides, DNA vaccines and

25  recombinant viruses.

Methods for the safe and effective administration of most of these chemotherapeutic
agents are known to those skilled in the art. In addition, their administration is described in
the standard literature. For example, the administration of many of the chemotherapeutic
agents is described in the "Physicians' Desk Reference" (PDR, e.g., 1996 edition, Medical

30  Economics Company, Montvale, NJ), the disclosure of which is incorporated herein by

reference as if set forth in its entirety.

Pharmaceutical Formulations and Dosage Forms
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NVR (400 MHz, DMSO-d6): 5 10.54 (s, 1 H), 6.22 (s, 2 H, 6.15 (t, J= 5.8
Hz, 1 H, 3.45 (t, 15J=5.3 Hz, 2 H, 3.35 (m 2 H, 3.22 (s, 3 H. Step E
N- Hydr oxyweo-2p(0idoses8hoxyet hypam no] - 1, 2, 5- oxadi azol e- 3- caCbaseenodaeyro4
chloride ,OH N'N O At roomtenperature

N - hydr oxy-4-[ (2- met hoxyet hyl ) am no] - 1, 2, 5- oxadi azol e-3- 20 car bnmdm dam de
(50.0 g, 0.226 nol) was dissolved in 6.0 M hydrochloric acid aqueous

sol ution (250WKen ehpld é@As)phaéﬁewﬁmhﬁ@adn%uﬁd%%fﬁmqmveﬁn&?&n%gl) was added
fol |l oned by water 56 and ethyl acetate (25 At 3-5 C a

previ ous PgOIH}S @M@@eafqmé awcwﬁmhcqnm@mmwlmh @@@thnmlfmqftae (15.0 g,
0.217 no t t 3-8C
For 2 hot g O A e e e R e s b P e 25
react i oncadmirenaead.in Fimanperacsllikoaws o the ploamegestiesk art,ot eah b atdhalmthlytﬂ acetate

2 00 I di

(2 ¥ 3000 ol GO S5 bt BE81A18.09 WLL00 h L BsRY Gl 0 o)
crude whipa thohreato He@vteflo AdGEHIEAGINABB b¢ folpiehH(inchding ophmﬁljmé)and:ltbi Nl vl R
400 WVHz 50 t J=
S o ke PN iR int ol fmasal Shaipl 52 eblot ade) Bulonaly et v 20 |
N-(3-Br omhaléndiﬂ monmﬁ}tmny 2bipd\bdeksydraamyolﬂidcax%ﬂmiyhmhyl&tehyﬂlt)a&mhee)l] 1,2, 5 5
oxadlazol

C de
N Ty xR SR Ol s pentaroorsl o Paggpies Methods fprsfo felsg
chl ond dECe(ﬂﬁclﬂdgoplealaeﬁlﬂi@iahoﬂ\@:?e BiopSdsubtdrjuridBiv ) c]aeﬁa&@arr&)mra?lhealm xture was
heated top 60 C 3- él? fluoroani|ine [ Gakwood products, product #

013091] [Ustign g ingo EOW Yallgen cathrirz 9T apfialmicdpsers augicdlly Plasedimbe A war m
sodi um bigikarate. PAGndrafadntinBiddioNRhJudes indhl @Bud, 3RRailria)\dLRLanMRs, added

over 15 min. The reaction was stirred at 60 C for 20 min. LCVS i ndi cat ed
react i oniigRGItRIcRl AT MtrprELTCRlAR I csHO I Ifpion: oRLragigBiRk & 2t dntiedhseal PR e at ur e

and ext r affaGhiiul RbeAeR Rl GitdA afmBOatidn can BB GLMRLNGY sRlzMopRcet at e

sol ution was dri ed over sodi umsulfate and concentrated to gl ve the desired
proddet (6, o reay beafay example, by @ ¢entbyuovapesiusipripumis Pbmwmeal@lommw&nsm%

(M) ( S%fg@i@no%% fo?&@plg’al %‘ﬁ%ﬁ@dﬁ‘&% Méd @\é?%ﬂ@faw Res; %In?ée#{iz 1 H)

6. 75 (m lotiokd, creams,zgeJ(SI drogs; spp8siteries, $praf)s, ligiidsSndpowders. 5Canvieltional H) 3 35

E1d((j3 ‘ér_oﬁoar%acfe]ﬁd(garl 8 y%’e%g{pi) %v[d%:];m O%?' E%Sfysﬂ?a[% %q%?zg%l%ae %e 2% box adi azol - 3-y

1} - necessary or desuable

20 This invention also includes pharmaceutical compositions which contain, as the active
ingredient, one or more of the compounds of the invention above in combination with one or
more pharmaceutically acceptable carriers. In making the compositions of the invention, the
active ingredient is typically mixed with an excipient, diluted by an excipient or enclosed
within such a carrier in the form of, for example, a capsule, sachet, paper, or other container.

25  When the excipient serves as a diluent, it can be a solid, semi-solid, or liquid material, which
acts as a vehicle, carrier or medium for the active ingredient. Thus, the compositions can be
in the form of tablets, pills, powders, lozenges, sachets, cachets, elixirs, suspensions,
emulsions, solutions, syrups, aerosols (as a solid or in a liquid medium), ointments
containing, for example, up to 10 % by weight of the active compound, soft and hard gelatin

30  capsules, suppositories, sterile injectable solutions, and sterile packaged powders.

In preparing a formulation, the active compound can be milled to provide the
appropriate particle size prior to combining with the other ingredients. If the active compound

is substantially insoluble, it can be milled to a particle size of less than 200 mesh. If the active
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1, 2, 4- oxadi azol - 5(4H) - one A m xture of

N- ( 3- br ono- 4-f | uor ophenyl) - N - hydr oxy- 4-[ ( 2- met hoxyet hypam no] - 1, 2, 5-

oxadi azolwo2enenbRi m dam de (76.5 g, 0.204 nol), 1,1 -earhisegioaid7ed dazol e
(49.7 g, 0.307 25 nol), and ethyl acetate (720 nm.) was heated to 60 C and
stirred for 20 mn. LCMS indicated reaction conpleted. The reacti on was
cooled to roomtenperature, washed with 1 N HCL (2 x 750 nL), dried over
sodi um sednippuad isgnestantiadievieienoble, thegatisletsivg carbé adibtedrbydeiling(t80. 4 g, 98%)

4 400. 0, 402.0.
Th1 faR (a5 k ASEBR e ol By E R My bt 0 0y _%9%
2 3 Hz, 1 H), So'meﬁl@(ampies of slﬂ)tablﬁe)dzipléltts indlud&ladtoddz dextrobd), ,suc%oséﬁso(tm;ol J=5.4 HZ
3.
4 (3 B oA oo BE SR PSS lgies PyiRetecris woBmgi azo -3y
|4| 2.32?3 4- gk eatid, ?flﬁbe@(tﬂll-ﬂ)le aatlelose, polyvinylpyrrolidone, cellulosemv_vater syrup, agd methéfl 3
ro 0 n (0] am Nnoj - oxadal azo -
1}-1, 2, 4%5’5‘8;31 ‘H’g’b‘ﬁ‘“é’(%ﬁ? é‘?‘]@g’%ﬁﬁmf“g X% \ﬁﬁ@aaﬁaé%m ved in Y
di chl or onegdesing sﬁeﬁ% &hg minffal oﬁ7w@tu@dg@ﬂstdm@§i@iﬂg¢(ﬁd G@perting dget92 MOl ) was

added over 15 mn. reactlon was rmed up to -10 Cin 30 mn. LCMS
i ndi cat eBretEHEE f‘%‘?ﬁtséB sgpedhyl- apd@rony iy eiogK- bﬁHQa@%ls}“’P@ﬁmﬁ agepiSrAtenper at ur e

for 1 hoflivorifif agbnts. PhécdnfiRsitiERCI Y InVESioS taAWeoHBNENRhs ¥ pBvidatueat ed
sodi um bi carbgnate solution (1.5 L) over 30 mn, The reaction terrper ature

roselQ o staged phdelaysd relepse pighe agiye angredirat after alministetign todhestagient by2 x 500 ni,

first exg&ﬁgﬁggrogg&g&q&m@%e L;$ on the bottom and second extraction
organic lager I's on the top). The conbined organic |ayers were dried over

sodi um sul f at Bregpempesenssar b foamelated inpunitdosgedpimy @a%WPOQtW 99% as
e R
7.68 (t, ingred®ny Thi ferm "t dega@Forms” refex <o Bhyicely, discrety ymith sgiabl as witars. 0 Hz, 1
H) %5 56dc§sg§je's R}r_hu%h(()ihgﬂbj ?cts an'dzo’theg m@n‘ma%s gach {199 Con‘Jtaml%i% a?red@:e d 2 H. Step
2 ({ 444- (BnBryorfoetivefnhataiadpdiatatdd to praduce the Beshieth drapedtic2fiéetpmadioamodn 3- y1] - 1,
2,5- ox adl %%l!llta%lyp}]}clrmaceuQIC%,leéxh%len{mt hanesul f onate 25 MsO
The active compound can be effective over a wide dosage range and is generally
administered in a pharmaceutically effective amount. It will be understood, however, that the
20  amount of the compound actually administered will usually be determined by a physician,
according to the relevant circumstances, including the condition to be treated, the chosen
route of administration, the actual compound administered, the age, weight, and response of
the individual patient, the severity of the patient's symptoms, and the like.
For preparing solid compositions such as tablets, the principal active ingredient is
25  mixed with a pharmaceutical excipient to form a solid pre-formulation composition
containing a homogeneous mixture of a compound of the present invention. When referring
to these pre-formulation compositions as homogeneous, the active ingredient is typically
dispersed evenly throughout the composition so that the composition can be readily
subdivided into equally effective unit dosage forms such as tablets, pills and capsules. This
30  solid pre-formulation is then subdivided into unit dosage forms of the type described above
containing from, for example, 0.1 to about 500 mg of the active ingredient of the present
invention.
The tablets or pills of the present invention can be coated or otherwise compounded to

provide a dosage form affording the advantage of prolonged action. For example, the tablet or
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Br To a solution of

4- (3- brono- 4-fl uorophenyl)-3-{4-[ (2-hydroxyet hypam no] -1, 2, 5- oxadi azol 3-yl |
-1, 2, 4- oxnw0izanmaiosg4H) - one (1.5 kg, 3.9 nol, containi ngralras2@o0e970f t he
correspondi ng brono-conpound) in ethyl acetate (12 L) was added

met hanesul fonyl chloride (185 niL, 2.4 nol) dropwi se over 1 h at room
tenperature. Triethylamne (325 nL, 2.3 nol) was added 5 dropw se over 45
m n, dur piligambomprise iarrmnbh@osa@amﬂiam nutbedm@"e&bmpendnnaheaaﬁ@deihg in3the GrmAf t er 2
h, t he retactlo m Xt u

w th wat er bri ne drled
over sodiuM egu? PR @8 W&%W%C?%%S et f" edol?y gt“f?é‘teg’ﬁrl?é) % i ze, and
the sol vehich sereesay edist disvegtabiod tﬁé ftomnathtaneg peigst the chnpr @dipohent (58

quantl tative. S ata 0] L for . 3HL | 068 I\/HrNa
mz = 485" mﬁ)atg g‘?‘od% %&G‘Sf %@Ad%%ﬂeweojfsnaé@ fsrfea ¢ uspd @f 2, 2.5
Hz, 15 H) suck edtdrié Iyerd ofaoatlﬂgs5ﬁlcﬁinate}rals$n07udﬂ¥g BuniBer o%sozgnédc,acrllsa&i 9 HZ 1

H, 4.36 (t, J=.5.3 Hz, 2 H), 3.58 (dd, J=11.2, 5 H)1 18(S3
H). St epmaxturgs of polymeric ‘acids with such materials as sheliac, cetyl alcohol, and cellulose
4-

{4- (2- Azdegh@et hypam no] - 1, 2, 5- oxadi azol - 3-y1} - 4- ( 3- brono- 4-f | uor opheny1) -
1, 2, 4- oxadi azol - 5(4H) - one 15 To a sol ution of
2- ({ 444- ( 3- br Brpdianidforrey is yridghthg camnoxeadsang cemnpssitions of the pregsahtiivention- 3- y1] -

1, 2, 5- oxadiaflorpsiddd ﬁgwﬁﬁagwtydn &am%gw%mﬁ%m%g&%a@mﬁn? mol ,

cont ai ning al so sone o correspon r'onD- COo
di melbhy| swieblstiatered SLYHH)S suieoysi angiliswspansims,|anfl flavdredrersulsiduteditsetible mlazi de

(380 g, t e d 20|nto

i cel/ wat erélcﬁé ,O}lsee gxsf' r actdél(él)@0 %@a il %tp%grhu%f)llfggg gt e: lflfgr Qﬁ%g % 3 The
organi ¢ plymacewael vetsdled with water (5 L) and brine (5 L) and the soI vent s
removed in vacuo t [ e de5| [ 464 779% as a tan
solid. LCVB ?%rmliﬁ’fgﬂg%{ Hglélt?ﬁ% P QIR Ngf% g”“’l s eugadncionh 'R (400
M—IZ Dl\/Bﬁha‘rlrﬁ)ceuﬁca&ly@&ef)’dﬁlp alfaecﬁls dr ogarc kiyents, b'bmlx?urgsﬁhérmf dndhowdés58 (t, J=

J = 2 1. ih F%d“f?ﬂzs(’hé Cﬁposﬁogi)mﬁy contalrll_gultagle phargnaceutlcalgl accepta’ble ex‘cj)puen3 45 (dd,

3-{4-[ (2asAmBscrivRl lwﬁra aﬂkcﬂﬁﬂ erdbodirBen® 8@icamPbsitiony fe-admiBstee@BPtd ofdl ypr opheny1)
- 1, 2, 4- oxadi azol - 5(4H) - one hydrochl oride Sodium. odide (1080 g, 7.2 nol)
was addeBpsplgespimipry '(ogteafeli laepd ohpisminSiect Compositionsiin sa beaebulized by use

y1}-4-( 30{%%%&& Neb@li28 5Qachs mhy Be Breamadiiipeel fofrthl ndBzih@ 8 i@ or the22 N0l )

i n met hanaol . The mxture was allowed to stir for 30 mn during which
time a nigbyl @%@WWM@ attpchprte pfesg masky Entp e iPiSERIHGIPOSIHYRPIPIWE i, 7. 33

ol ) syvaspRMEE ndehide. %ﬁlﬂfohoﬂsﬂeﬂsﬁ?topﬁ&?&er Qémﬂ?&sﬁ%?% b%%dﬁﬁmﬁeré@&ﬁﬂ?o that
the tenperature did not exceed and the reaction was allowed to stir

for 3.5 frogsallyfiinedeviees mb@hakhv@ the'lfh’émﬂ%@étﬂil InapREePriaEgmanast zed with 33 w %

sol ution of smé' mf% h&ﬁfd%rg&ﬂ%c%g%qra%&l tgemt auémﬂmg %%t ad' luted with

water (4 L), pH adj ust e care sol | ssi um
c ar bonat éep(emﬁ@g gpon \ddl@l@d)ema agmdidterdd) ttpmumoemf thmdlmhlswm svgh as

-tert- ?r%%ﬂglaxqé 8ratf18'9 st(a’l%e c% ra%‘lferﬁ, )me\f\%? c%%tmagatﬁ)?ld dqﬁ a t lon was

aI | owed npera I ona ssium car%or?a e (200 g)
was afldetherapeBic agplpmtldmsmmnmmbnsébah bé a)dmnnswr@ltbla@bu&nlnequa&y wefferigg filbin at  or

TR A AR RN O TR VN S
runs wer dis@eé il inedmpicdiiokq Effedivd Blose wjill ddfead 6@ theidiveske condition being

treated as well as by the judgment of the attending clinician depending upon factors such as

the severity of the disease, the age, weight and general condition of the patient, and the like.

30 The compositions administered to a patient can be in the form of pharmaceutical

compositions described above. These compositions can be sterilized by conventional

sterilization techniques, or may be sterile filtered. Aqueous solutions can be packaged for use

as is, or lyophilized, the lyophilized preparation being combined with a sterile aqueous carrier

prior to administration. The pH of the compound preparations typically will be between 3 and
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15 solids were triturated with 1:1 THF: dichl oronethane (24 L, 4 runs in a
20 L rotary evaporator flask, 50 C, 1 h), filtered, and washed with

di chl or orORlara§BsL each run) to afford an of f- white ®oiu$20090e97¢4 ude
mat eri al was dissolved at 55 C tetrahydrofuran (5 ml Jg), treated with
decol ori zing carbon (2 wt% and silica gel (2 ww%, and filtered hot
through celite to afford the product as an off-white solid (5122 g). The
conbi ned 1 MmBEe prFabla framzoto @ and immsoprefersblydidn 7 ta $ilewilleradesnedthetr at ed in

vacuo andggLH.enas I 0 hyl
acetate g? a(;oﬁcent 8%%@%}%&61( gg?? %r%lsh%a%ger%(r%% ﬁltc]ﬁp %gggl r\gé%l{ln]fﬁneeqzozo %logrllgld solids
were dri Quamgcwtleﬁﬁdtsant wei ght in a convection oven (5385 g, 83%. In a 22
rol) - 5star - LY e LRAEE0RL S ftinds bRt Tk danValy RS * b 1O
[ 2- ({8444q, Berbmmpiezthé particudqrluedfot Whivh eheOtredtnbentl ishyade ahd manner 6k adi azol - 3-y1] -

1, 2, 5- oxadi am no) e I rbamat e . (23 .. 4.77 o)), was added as
a solid i %mpo%fl 1%‘n(}sltJt %%’pr%n%%.}Jeacflﬁ)eangilcﬁ?‘f?‘g}é%éges&tlfe‘?te@dégg Pepent Sﬁper ature
and gr addelprasciifio@piysidnhTiedprpgstich dritahcet@atlotl ofi @ toBoust of th@ﬁhveﬁ’tidn% sitting
over ni ght g roomt1 erature, the &E@Pe was slurrled in.eth acetate (10
L), filt&Phymapehtical Gomposion cap yary de g oy snymyber pf fagtarsdprl “‘éﬁ‘ﬁj 30 dried to
a const adbsapicBdthicil@hahéteristicd (g, d@&ﬂoﬁﬁ%lﬁﬁfﬂ%@{he@&t@oms@ﬁbh.@&Conbi ned
W th gther runs, 5 kg startlng mat eri al arged, 4113 959% . LCMS for

C12H19 Br EXEsERLe. (dgeompotnds of the Jgygnigpn cap e provider NNERRAPeDS PRFologvBNES) : 5
8.12 (M sétutid cohtakn dFoutJO ﬁbo ab&tﬁ%‘%(&ﬁv of the%o&pbgnd fr Mentéaﬂs (t, J=6.1 He,
1 H), 3.51 (dd, J= ) 2 H, 2 H" ep L: tert-Butyl
({[2-( 144@@9%@@76%6 fymelrdvph@mgqswesﬁr@n@bwtswﬂdgyd ahpuil 2/k40¢3k@£th azol -

3-yl]-1 th If AS5L
roﬁn!:l boteqte %hpﬁg?ﬁl@w%og ec%{]igr ge H%O%lﬁ do%eI els or?;l? L{I soggy%ﬂn%fegf]%ﬁggl ch,
pr oduct mgm«gZﬁMQy aige mtdaleHequmge)lshhﬂyuhdebéndranrmtﬁmmbleslaﬁhé_i)ypand cool ed

usin an_ bat ert anol ,(162 . ) in.

i onir ol RustEb sbefion Adte ifbiemdi-BRRy e o3l sl ¥ lreflter

t enper at patendite raleﬁved;\iﬁlegdalibﬁio@cy dihke écem»hﬁd m;ec&aaj Mhhmmm&“t}ieti rred at room
tenperature .for % rovi tert- but chl orosyl_f on Acarbamate

A 22 L fFisdpientand it édtﬁee%tn Etratlon q%fectlve doses cyan bL extrapolateg ﬁom 0s

3-{4- [ ( 2re3parReeirhesl d)eﬁﬂéd'@dmin Wirb oPxadhlagaiet Bst¥fdtemdd- (3- 15
br ono- 4- quorophenyl) 4- oxadi azo -one hydrochl oride (661 g, 1.57

mol) and 8.5 [h eoqoeqﬂom%r?éfhea%ntw %aéralseésrfqrwglafeém1@1@%0%@@@ 8/ sal t

bat h2ot heosdddattiof aefive ifgrbdibats quch e ﬁEB&é’éJyQIEXx‘nla%&Itﬁ@lr%&ﬁ shdf RRRKEd as
above) was added at a rate so that the tenperature did not exceed -10 C
(addi t i oMir#ljagentsz vagcees, aptibasies sipjmynie gphapesrs, IHmghesuppiepentiydntini ne (1085 i,

7. 78 nol ) faasS) @d}gg%n%tangﬂ{eqfk@ so that the tenperature did not exceed -5 C
(addition tine mn The col d bath was renoved, the reaction was
allowed to warmto 10 C, split into two portions, and neutralized with 10%
conc HCl POt h portion was transferred to a 50 L

separ at o‘rLé/élK unne gﬂﬁaggﬂs"%gyet ethyl acetate to conpletely dissolve the
whi t @5sol i d (ABhdraspethe theqyresest mmneios eqbeae;setb ddoresvaok dyhssporlgizhibeadyayer was

washed wth ) ) ¢,k he ved in vacuo to
afford \zg%n o %\ﬁo lgb%leclgllclmcrfsoupﬁg étg H)me \/vaast Wto}ﬁl%iﬁ)ﬁr r}t%dno\ﬁno “I\)ﬂ“ﬁﬁmé'z x 1.5
L) and dbutedbotimasaysobsh antirravendyntvivopfoafotdidhgandiqidntitgiak kte. IDA dnajmé inof 4113
g starti mat er,i al S _process L S ner 1H NMR (400
DVEBHE am‘%esiﬁ“’fé\%% ungu, ﬁ?ggqé %é Eﬂ@lw gﬁ “gsg&"&% 7.72 (m 1
H), ‘7. 59b(nﬂ:l,ng-ﬂ>#a &bﬁledl‘EQmﬂouhﬂ Abcobdingly,, therreéinI?mb&tloﬂlﬂd)udesfb’IIﬁBer(zsiﬁie J=12.7,

2 5'6 ass'a;gs that contalgl such labeled:liz%mjﬁounSds9 Hz, 20, 1.41 (s, 9 H). 30

The present invention further includes isotopically-labeled compounds of Formula I.

An “isotopically” or “radio-labeled” compound is a compound of the invention where one or

more atoms are replaced or substituted by an atom having an atomic mass or mass number
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Step M

N42- (1444- ( 3- Brono- 4-f | uorophenyl) - 5- oxo- 4, 5- di hydro-1, 2, 4- oxadi azol - 3-y1] -
1, 2, 5- oxawtDa2aw/00395¢1 | am no) et hyl ] sul f am de To a 22 LPCraskoooont7ad ni ng
98:2 trifluoroacetic acid:water (8.9 L) was added tert-butyl ({[2-

5({444- (3-brono-4-fluorophenyl)-5-o0xo-4, 5-di hydro-1, 2, 4- oxadi azol -3-y1]-1, 2
, 5- oxadi azol - 3- yl }am no) et hyl i am no}sul fonyl)carbamate (1931 g, 3.42 nol)
in porti diffsrepyzom 1@ atomigtmess orhass nesbdritypicpllifotnd ienatas (sd inatuealyat room

t enperat y he ent s em)ved chased with

di chl or orr(irat%ﬂ—[n %53 %"éék‘)e ra&f%némf%é att R %@F?@Oﬁggq?c’é’éﬁfo Soq SRERTEE Y i e wi t h
fresh 98m2entmnﬁ1hahnie(.’matae not laaited VA eﬂso(vﬁht&:nla} D fﬁﬁd?du&(ﬂmfnf) r3Hﬂ(a1§o atittd0- 50 C,
t he solve eg i@V hase k hane (3 x 2
L). The f% fﬂr}? te Csoti g\cfwgg ?lc? (g‘ %?r %vé GEn @Ii[ﬂ‘g%g\rrefp Tat 50 C
over n$ ght?1, &g léfﬂahd Bi1. ﬁ‘ﬂgﬁldgm\aﬂﬁlemlﬁdbisﬁﬁ&ﬁﬁbrated inhhém@@ﬁtﬁ&ﬁo-ﬂzﬂ:@@@ g, quant.
yield). LCMS f :EiZHl[é 7058 Vi-H) 465. 9. 1H NWVR
(400 Mz d’é‘ﬁ e SRy éppéw%*lon?f@at—&adwlla@?}ed cpmpoundmFor 1) 7. 59

(t, J= Bexéniple, fok it HirroGDOT Wbelig dndEo Hz, 1 H),
3. 38 (ddex \de?zelz % 50 Hg:é}zll?f S5H), 3 g 11 m%egﬂlm\llgés%g &Ohlp()d%dsgh}a? St ep N

4- ({ 2- [ (RAYROELH HonQ} )§Fn nb] els |}Sam1r$61}mhlw@lm%m9ﬁd~ Foruadiopmesing ) - N -

hydr oxy- %)fﬁcéroﬁwdl ag obg-181 oy W“@r degp He7pQill @e&reﬁlglﬂ)g%ncm skt e Of
N[ 2- br ono- 4-f I'uor opheny1) -’5- oxo- 4, 5-d

oxadl zoI 3- JI]S-@dgstso%sbabﬁ ‘é@dw-l@c iy arﬁ‘lnw@itquppmﬂ”ﬁwq;@o(@d thathsk )
cont ai ni fﬁgoﬂb&%{gg 'd?lleas?gpé%a%n%fhd& rInfSL)HLQ 91@8 eﬁts ﬁfé'rgdléﬁdcfl&% i3 gel%&e 22 L

fl ask was adde ution was coo C using
an ice bﬁ@mﬂmm‘OWNnNat@QO(fﬂHL]fC,waé éﬂdmbl Bt a rate so that the tenperature

ndi oat ed no SPAPt noelor bbbt AligTERR g SIREE BibBputie 0 3.4 ith

concent r gipbichbdGd c@mﬁ&mdsrbljtheﬁvenﬁbhﬂ?and/a&vveﬂﬂnmmdmwhemcuo and the resulting

m xture was extr.ac th et acet The organi c | ayer was
et A Bedtoholh ¥ AR ReR s Rk SRR RS El | 1 vaauo o
afford aldsmify/@lvalﬂ'dmeccﬁm?{ioluddsvﬂﬁ gérietdl weias, actewlyt SynilBied(o2 idenifidd)compoiitdl ned wi t h

three other reactionsg of the sa SIZ and dried_overni ght a_convection
50 oven U6~ SPFORPORIAR b° EIAE [aas bl o Tries Briat ahbe e b8t | red (3 x

22 L f1 asdtgpourd df thvvivertioa e bo eﬁﬂylﬂe LA®RBfdlY, aftabil@Pef Liedt@Impsund 50 C
convection oven t@ a constant weight to furnish the title_ conpound as an

of f - whi t © CeBIPFtg Witashyragdio-latedad comprumdfgy binding forthaiAwepyme digpethys: m z =

437. 90 43%rehiesthithNbmdbi gﬁggyM—lz DMSO-d6): 5 11.51 (s, 1 H, 8.90 (s, 1 H),
7.17 (t, J=8.8 Hz, 1 7.11 (dd, J=6.1, 2.7 Hz, 1 H, 6.76 (m 1 H),
6.71 (t, J= 6.0 Hz, 1 5H) 6. 59 (s, 2 H, 6.23 (t, J=6.1 Hz, 1 H, 3.35
(dd, J= &9, 7.0 Hz, 2 H), 3.10 (dd, J= 12.1, 6.2 Hz, 2 H). The final
product was an anhydr ous crystalline solid. The water content was

det er m ned t ollger¢seridnvchtion dsolivslbdes gharmargusicd dits nieful or examplhin the r ay powder

di ffractﬁ%&&é@?’% 8abh 6 difted Atotdelsd behatoguler
D ffractometer v ‘& %@)Advg%g\ 85 ﬁ&%i%'o? '?I(éirals (ggt%girf ang éld g]
angl & = dllEﬁﬁtS@&dpmcmg herefh WRich sxchude slpiecsdno;e 2ontaimals ¢antaiiogwn phamnEcegucracb 1 A
list of k rowﬁ@cﬁy 1 bel ow. Th | ting.range of
Lhe: sl i St PR BLaNAEY oo B8 afafn 3T s ek o e ifid
Cal oi et Sx;ch(kDS@)n ﬁﬁﬁerlmudemﬁﬁmmd Dhe osmofel of vavisis haa;feﬁtﬁbnhr;ﬂﬂhﬂ&eﬁlchb 240 C
at aheat%n rate% 10 fCQ 5“ The D%Cl: )
ponents, such as, for example, containers with one or more pharmaceutically
acceptable carriers, additional containers, etc., as will be readily apparent to those skilled in
30  the art. Instructions, either as inserts or as labels, indicating quantities of the components to
be administered, guidelines for administration, and/or guidelines for mixing the components,
can also be included in the kit.

The invention will be described in greater detail by way of specific examples. The

following examples are offered for illustrative purposes, and are not intended to limit the
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15 thernogram (Figure 2) showed a Tonset at 162.7 C and Tpeak at 163.8 C.
Thernogravinetric analysis (TGA) (Figure 3) showed weight | oss of 0.3%
heati ng fworn@@o®Bo 150 C at a heating rate of 10 C m RCUAISAEIA49TH

I nstrument 00. Table 1 2-Theta Height H43.9 74 1.1 7.2 119 1.8 13.4 180
2.8 14.0 150 2.3 15.9 85 1.3 18.4

invention in any manner. Those of skill in the art will readily recognize a variety of non-
critical parameters which can be changed or modified to yield essentially the same results.
The compounds of the Examples were found to be inhibitors of IDO according to one or

more of the assays provided herein.

5
EXAMPLES
Example 1
4-({2-[(Aminosulfonyl)amino]ethyl}amino)-/N-(3-bromo-4-fluorophenyl)-N'-hydroxy-
1,2,5-oxadiazole-3-carboximidamide
OH F
0, 0 d
2. T
HN" N7 7/——\8\N Br
H N. N H
10 \O/
Step A: 4-Amino-N"-hydroxy-1,2,5-oxadiazole-3-carboximidamide
sOH
H2N7_H,\1\
Y\ NH,
N. .N
O

Malononitrile [Aldrich, product # M1407] (320.5 g, 5 mol) was added to water (7 L)
preheated to 45 °C and stirred for 5 min. The resulting solution was cooled in an ice bath and
15  sodium nitrite (380 g, 5.5 mol) was added. When the temperature reached 10 °C, 6 N
hydrochloric acid (55 mL) was added. A mild exothermic reaction ensued with the
temperature reaching 16 °C. After 15 min the cold bath was removed and the reaction
mixture was stirred for 1.5 hrs at 16-18 °C. The reaction mixture was cooled to 13 °C and
50% aqueous hydroxylamine (990 g, 15 mol) was added all at once. The temperature rose to
20 26 °C. When the exothermic reaction subsided the cold bath was removed and stirring was
continued for 1 hr at 26-27 °C, then it was slowly brought to reflux. Reflux was maintained
for 2 hrs and then the reaction mixture was allowed to cool overnight. The reaction mixture
was stirred in an ice bath and 6 N hydrochloric acid (800 mL) was added in portions over 40
min to pH 7.0. Stirring was continued in the ice bath at 5 °C. The precipitate was collected by

25  filtration, washed well with water and dried in a vacuum oven (50 °C) to give the desired
product (644 g, 90%). LCMS for C3HgN5O, (M+H)t: m/z =144.0. 13C NMR (75 MHz,
CD30D): §156.0, 145.9, 141.3.
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903 13.9 18.9 1469 22.7 21.3 519 8 21.8 6472 100 22.7 516 8 23.9 2515 38.9
24.8 804 12.4 25.3
WO 2010/005958 PCT/US2009/049794

Step B: 4-Amino-N-hydroxy-1,2,5-oxadiazole-3-carboximidoyl chloride

4-Amino-N"-hydroxy-1,2,5-oxadiazole-3-carboximidamide (422 g, 2.95 mol) was added to a
mixture of water (5.9 L), acetic acid (3 L) and 6 N hydrochloric acid (1.475 L, 3 eq.) and this
5  suspension was stirred at 42 - 45 °C until complete solution was achieved. Sodium chloride

(518 g, 3 eq.) was added and this solution was stirred in an ice/water/methanol bath. A
solution of sodium nitrite (199.5 g, 0.98 eq.) in water (700 mL) was added over 3.5 hrs while
maintaining the temperature below 0 °C. After complete addition stirring was continued in
the ice bath for 1.5 hrs and then the reaction mixture was allowed to warm to 15 °C. The

10 precipitate was collected by filtration, washed well with water, taken in ethyl acetate (3.4 L),
treated with anhydrous sodium sulfate (500 g) and stirred for 1 hr. This suspension was
filtered through sodium sulfate (200 g) and the filtrate was concentrated on a rotary
evaporator. The residue was dissolved in methyl ¢#-butyl ether (5.5 L), treated with charcoal
(40 g), stirred for 40 min and filtered through Celite. The solvent was removed in a rotary

15  evaporator and the resulting product was dried in a vacuum oven (45 °C) to give the desired
product (256 g, 53.4%). LCMS for C3H4CIN4Oy (M+H)t: m/z=162.9. 13C NMR (100
MHz, CD30D): § 155.8, 143.4, 129.7.

Step C: 4-Amino-N"-hydroxy-N-(2-methoxyethyl)-1,2,5-oxadiazole-3-carboximidamide

'\r,OH
H2N7_(k /\/O\
N
7\ H
N< N
0]

4-Amino-N-hydroxy-1,2,5-oxadiazole-3-carboximidoyl chloride (200.0 g, 1.23 mol) was
mixed with ethyl acetate (1.2 L). At 0-5 °C 2-methoxyethylamine [Aldrich, product #
143693] (119.0 mL, 1.35 mol) was added in one portion while stirring. The reaction
temperature rose to 41 °C. The reaction was cooled to 0 - 5 °C. Triethylamine (258 mL, 1.84

20

25  mol) was added. After stirring 5 min, LCMS indicated reaction completion. The reaction
solution was washed with water (500 mL) and brine (500 mL), dried over sodium sulfate, and
concentrated to give the desired product (294 g, 119%) as a crude dark oil. LCMS for
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182 2.8 27.4 476 7.4 28.6 354 5.5 29.2 1767 27.3 29.9 266 4.1 30.6 773 11.9

31.2 379 5.8 31.6
WO 2010/005958 PCT/US2009/049794

CsH12Ns03 (M+H)": m/z =202.3. 1H NMR (400 MHz, DMSO-dg): § 10.65 (s, 1 H), 6.27 (s,
2 H), 6.10 (t, /= 6.5 Hz, 1 H), 3.50 (m, 2 H), 3.35 (d, J = 5.8 Hz, 2 H), 3.08 (s, 3 H).

Step D: N'-Hydroxy-4-[(2-methoxyethyl)amino]-1,2,5-oxadiazole-3-carboximidamide

4-Amino-N"-hydroxy-N-(2-methoxyethyl)-1,2,5-0xadiazole-3-carboximidamide (248.0 g,
1.23 mol) was mixed with water (1 L). Potassium hydroxide (210 g, 3.7 mol) was added. The
reaction was refluxed at 100 °C overnight (15 hours). TLC with 50% ethyl acetate
(containing 1% ammonium hydroxide) in hexane indicated reaction completed (product Rf =
10 0.6, starting material Rf = 0.5). LCMS also indicated reaction completion. The reaction was
cooled to room temperature and extracted with ethyl acetate (3 x 1 L). The combined ethyl
acetate solution was dried over sodium sulfate and concentrated to give the desired product
(201 g, 81%) as a crude off-white solid. LCMS for CsH;2N503 (M+H)": m/z = 202.3 g
NMR (400 MHz, DMSO-de): & 10.54 (s, 1 H), 6.22 (s, 2 H), 6.15 (t, /= 5.8 Hz, 1 H), 3.45 (t,
15 J=5.3Hz 2H),3.35(m,2H),322(,3 H).

Step E: N-Hydroxy-4-[(2-methoxyethyl)amino]-1,2,5-oxadiazole-3-carboximidoyl chloride

At room temperature N'-hydroxy-4-[(2-methoxyethyl)amino]-1,2,5-oxadiazole-3-

20  carboximidamide (50.0 g, 0.226 mol) was dissolved in 6.0 M hydrochloric acid aqueous
solution (250 mL, 1.5 mol). Sodium chloride (39.5 g, 0.676 mol) was added followed by
water (250 mL) and ethyl acetate (250 mL). At 3-5 °C a previously prepared aqueous solution
(100 mL) of sodium nitrite (15.0 g, 0.217 mol) was added slowly over 1 hr. The reaction was
stirred at 3 - 8 °C for 2 hours and then room temperature over the weekend. LCMS indicated

25 reaction completed. The reaction solution was extracted with ethyl acetate (2 x 200 mL). The
combined ethyl acetate solution was dried over sodium sulfate and concentrated to give the

desired product (49.9 g, 126%) as a crude white solid. LCMS for C¢H;oCIN4O3 (M+H)": m/z
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=221.0. IH NMR (400 MHz, DMSO-ds):  13.43 (s, 1 H), 5.85 (t, /= 5.6 Hz, 1 H), 3.50 (t,
J=5.6 Hz, 2 H), 3.37(dd, J = 10.8, 5.6 Hz, 2 H), 3.25 (s, 3 H).

Step F: N-(3-Bromo-4-fluoropheny!)-N'"-hydroxy-4-[ (2-methoxyethyl)amino]-1,2,5-

5  oxadiazole-3-carboximidamide

~OH F
i NI
No N N W_\(k N Br
H
N. .N
o}
N-Hydroxy-4-[(2-methoxyethyl)amino]-1,2,5-oxadiazole-3-carboximidoyl chloride (46.0 g,
0.208 mol) was mixed with water (300 mL). The mixture was heated to 60 °C. 3-Bromo-4-
fluoroaniline {Oakwood products, product # 013091} (43.6 g, 0.229 mol) was added and
10 stirred for 10 min. A warm sodium bicarbonate (26.3 g, 0.313 mol) solution (300 mL water)
was added over 15 min. The reaction was stirred at 60 °C for 20 min. LCMS indicated
reaction completion. The reaction solution was cooled to room temperature and extracted

with ethyl acetate (2 x 300 mL). The combined ethyl acetate solution was dried over sodium

sulfate and concentrated to give the desired product (76.7 g, 98%) as a crude brown solid.

15 LCMS for CioH4BrFNsO5 (M+H)": m/z = 374.0, 376.0. IH NMR (400 MHz, DMSO-dy): 5
11.55 (s, 1 H), 8.85 (s, 1 H), 7.16 (t, J= 8.8 Hz, 1 H), 7.08 (dd, J= 6.1, 2.7 Hz, 1 H), 6.75 (m,
1H),6.14 (t, J=5.8 Hz, 1 H), 3.48 (t, J= 5.2 Hz, 2 H), 3.35 (dd, J = 10.8, 5.6 Hz, 2 H), 3.22
(s, 3H).

20  Step G: 4-(3-Bromo-4-fluorophenyl)-3-{4-[(2-methoxyethyl)amino]-1,2,5-oxadiazol-3-yl}-
1,2 ,4-oxadiazol-5(4H)-one

-0,
H N =0
~ N
O/\/ 7/_.\(‘\[\1
N. N
0]

Br

F
A mixture of N-(3-bromo-4-fluorophenyl)-N"-hydroxy-4-[(2-methoxyethyl)amino]-1,2,5-
oxadiazole-3-carboximidamide (76.5 g, 0.204 mol), 1,1’-carbonyldiimidazole (49.7 g, 0.307

25  mol), and ethyl acetate (720 mL) was heated to 60 °C and stirred for 20 min. LCMS indicated
reaction completed. The reaction was cooled to room temperature, washed with 1 N HCI1 (2 x

750 mL), dried over sodium sulfate, and concentrated to give the desired product (80.4 g,
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2.4 42.1 382 5.9 43.6 527 8.1 44.4 1080 16.7 Exanple 2

N- ( 3- Brono- 4-f | uor ophenyl) - N - hydr oxy-4- (12-[ (et hyl sul f onyl ) am no] et hyl}
am no) - 1wd,28romeaed8azol e- 3- car boxi mi dam de The title ceopaseaomessIpr epar ed
according to the procedure of Exanple 17 step E, using Ar-hydroxy-44

{2-[ (et hyl sul fonyl )am no] ethyl } am no)-1, 2, 5-oxadi azol e- 3-

car boxi m dam de and 3- brono-4-fluoroaniline [ Gakwood Products, Inc.

duct #_ 013091 the start t LGV for Cl2HI5Br,EN604S
(Vi) o1 AF9) = nghdeproamepioh LMoty ARG FONEE 080 OGHED, 461 (5. 11,

ﬁz90 (s, Mgm?)hh?iz(ﬁmmé f) 577952;9(t(1¢d82ﬂ1z 16H277%(§d|j1-'9i-?-2133ﬁlzz[61 I%)G7(égangl-e6él

4- (13- [(Anlth@Vﬂdhy%ﬁdﬂﬂndFﬁrbﬁ@ﬁLéﬁﬁHdiARHDSBbﬁﬁnb—48ﬂﬁuéﬁﬁphém®1) N - hyd
roxyl5 1 %DS oxadi azol e- 3- car boxi m dam de Step A

3-(4- Anln 1, 2, 5- oxadi azol - 3-y1) - 4- ( 3- br onp- 4-f | uor ophenyl) -1, 2, 4- oxadi azol
5(411%- one The desired conpound was prepared according to the procedure of

Ex | A
o e Riep 3t ER e romor -lsorophsany £ (- hydipesegyhomingl- bR saraderdisdbar boxi mi d

anmi de [ se@ 4dbxadiazdid(4a R Pub. No. 2006/0258719] as the starting materi al
in 98%vyield. LCMB for CLOH6Br FN503 (NHH)+ m z 342.0, 344.0. 1H NWMR (400

MHz, DMBO-d6): 5 8.06 5(dd, J= 6.2 ,\{—I%ﬁ’l}H) 7.72 - 7.67 (m 1 H),
Q (s

7.58 (dd, J= 8.7, 8.7 H, 1 w/\/
Q\Br

F
4-(3-Bromo-4-fluorophenyl)-3-{4-[(2-methoxyethyl)amino]-1,2,5-oxadiazol-3-yl}-1,2,4-

10  oxadiazol-5(4H)-one (78.4 g, 0.196 mol) was dissolved in dichloromethane (600 mL). At -67
°C boron tribromide (37 mL, 0.392 mol) was added over 15 min. The reaction was warmed
up to -10 °C in 30 min. LCMS indicated reaction completed. The reaction was stirred at room
temperature for 1 hour. At 0 - 5 °C the reaction was slowly quenched with saturated sodium
bicarbonate solution (1.5 L) over 30 min. The reaction temperature rose to 25 °C. The

15  reaction was extracted with ethyl acetate (2 x 500 mL, first extraction organic layer is on the
bottom and second extraction organic lager is on the top). The combined organic layers were

dried over sodium sulfate and concentrated to give the desired product (75 g, 99%) as a crude
brown solid. LCMS for C,H(BrFNsO, (M+H)": m/z = 386.0, 388.0. 1H NMR (400 MHz,
DMSO-dg): 6 8.08 (dd, J=6.2,2.5 Hz, 1 H), 7.70 (m, 1 H), 7.68 (t, /= 8.7 Hz, 1 H), 6.33 (4,

20 J=5.6Hz, 1H),4.85(t,J=5.0Hz, 1 H), 3.56 (dd, J=10.6, 5.6 Hz, 2 H), 3.29 (dd, J=11.5,
5.9 Hz, 2 H).

Step I 2-({4-[4-(3-Bromo-4-fluorophenyl)-5-0x0-4,5-dihydro-1,2,4-oxadiazol- 3-y1] 1,2,5-

oxadiazol-3-yl}amino)ethyl methanesulfonate

: -0
H N =0
MsO/\\/erT(l\N
N< N
o

h

25 F
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Step B:

N-{ 444- ( 3- Bronp- 4-f | uor ophenyl) - 5- oxo- 4, 5-di hydro-1, 2, 4- oxadi azol - 3-y1] -1, 2
, 5- oxadis@abri@oydsp- 2, 2, 2-ttifl uoroacet am de 10 The aegiusedovmTpound was
prepared according to the procedure of Exanple 5, step B, using

3-(4-am no-1, 2, 5- oxadi azol - 3-y1) - 4- ( 3- brono- 4-f | uor opheny1) -1, 2, 4- oxadi azol
-5(41frope as, the startin terial | % vyield LCVS for CL2H5Br FAN504

( MHH) : k9 aolysen @?4'@3‘259’@84% .eny(l)ztgé‘? Hydposest I?ﬁ@)“!lﬂ(é-172.a§?x@dla79189 (m 1

H), 7.543-y1171,22-dxalia2bl{8j4) IaS( EP k& 3.9 mol, containing also some of the corresponding

4- (3- Bropo-4-fl uor o(i)hen 1)-3-{ 4-2[ 3- met hoxypr opypam no] -1, 2, 5-oxadr azol - 3-y
1}- 1, 2, Fogieseempoppd) oy atﬁyl-aﬁﬁéte (1 %?ﬁlaéfi‘?ddﬁetb#negﬂf?éﬁffél\ﬂy‘é? oFamla2¢ [ Fl uka

product #hoB&Hlisdoverd 1 hArodR B AN ikl RRERYERRE D #1108 Wk aday 32 mol)
in tetrahygrpfuran (93 n1_r)0 at 0 Cr: was Fregted vSith Z?di I ?oprgpyl

azodi ¢ar BORYIsgrEer@dg mpnyduring whighrime the tspeiiondemprnaiute degegasesiio 4P XEuAdtenas
stirred 1 ] Sl Lt .

N { 444 ( %Ehb@ig %%%nf%%g{% glqlsé \5]1{118%@4 gg%yg%gg%:), Bl (1Y, dtfed over sodium sulfate,

di hydr o- $ombigedoxitit? mptd red@tipng of thsamesivackind 2l soBeyts yendqvad & warid fouor oacet ani d

10 g, - : St t 25 C for 72 h.
‘(Ia'ht(a regc?ﬁ%ﬁﬁn%)%(e%ﬁérd} rﬁ%{@gﬁ(g%%%@gg%%% %3& \r/lmgltli ]Ié(glklsgor:cet ate (g(r)o m),
treated oH)BFNiOSNE ORGEhL) CmACE 852 A3Th) LIZRMEDE 00 IEL, DMSDL L) § s8Rd heat ed

at 50 Cfor 6 reaction mxture was concentrated, rediluted with

h. Th
et hyl9 ac&daf 562286 H?Ft} Hint7 s Hed Wt i Waterts 3 B, 685 (T S9dad dbed sodi um
bi car bona‘@g(tg:)g.ﬁ@z,rﬂﬁ), g_@gi((farjjaql(z,896lﬁz}2}1§l,?éleg?(g’g/ %eanhydr ous sodi um

sulfate, filtered, and ‘concenfrated to a crd This material was
purified on silica gel to give the desired product (6.4 g, 54% as a

o (35 B one A TGS S T S S T g ors b S ol - a-
y1}- 1, 2l4Aexadipzod S(4/H¢ete) - one

i e
Na/\/ — N
N. .N
@]

h.

15 F
To a solution of 2-({4-[4-(3-bromo-4-fluorophenyl)-5-0x0-4,5-dihydro-1,2,4-oxadiazol-3-yl]-
1,2,5-oxadiazol-3-yl} amino)ethyl methanesulfonate (2.13 kg, 4.6 mol, containing also some
of the corresponding bromo-compound) in dimethylformamide (4 L) stirring in a 22 L flask
was added sodium azide (380 g, 5.84 mol). The reaction was heated at 50 °C for 6 h, poured
20  into ice/water (8 L), and extracted with 1:1 ethyl acetate:heptane (20 L). The organic layer
was washed with water (5 L) and brine (5 L), and the solvents removed in vacuo to afford the

desired product (1464 g, 77%) as a tan solid. LCMS for C;,HgBrFNgO;Na (M+Na)": m/z =

433.0, 435.0. TH NMR (400 MHz, DMSO-ds): § 8.08 (dd, J=6.2, 2.5 Hz, 1 H), 7.72 (m, 1
H), 7.58 (t,J=8.7 Hz, 1 H), 6.75 (t, J= 5.7 Hz, 1 H), 3.54 (t, J= 5.3 Hz, 2 H), 3.45 (dd, J =
25 11.1,52Hz, 2 H). '

Step K: 3-{4-[(2-Aminoethyl)amino]-1,2,5-oxadiazol-3-y1} -4-(3-bromo-4-fluorophenyl)-
1,2,4-oxadiazol-5(4H)-one hydrochloride
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10 A sol ution of

4- (3- brono- 4-fl uorophenyl) - 3-{4-[ (3- nmet hoxypropyl )am no] -1, 2, 5- oxadi azol 3-y
11-1, 2, 4-wRadiezwsds85( 4H) -one (6.3 g, 14 mmol) in di chl orowaisShe®4{7860 i) at
-78 Cwas treated with 1 Mboron tribrom de in dichloronethane (28 niL, 28
mml ) and stirred at 25 Cfor 2 h. The reaction mxture was cooled to 0 C
and quenched with saturated sodi um bi carbonate (100 nL). The aqueous | ayer
was separated and extracted with dichlor thane 15 (2 x 150 nmL). The

conbi ned organic |ayers were washedivmth (100 niL), dried over
anhydrous sodium sul fate, fi H;reféd’ c centrat ed to a crude off-white
solid. This material was purified omnnsiNicg—gel to give the desired product
(4.0 g, 73% as a white solid. Hewvs f8r C ?rFN504 (MrH): miz = 400.0,
402.0. 1H NWR (400 MHz, DVMsO-d6): 8.07 .5 Hz, 1 H, 7.72 -
7.68 (m 1 H, 7.59 (dd, J= 8.8, 8.6 Hz, 1 Hj, 6.54 (t, J—5720Hz 1H,
11 2(7) EET] Sg%-iljl-])é 13dn|13(10§0 é'|)7 Zﬁoﬂ%as ac’ﬁieé%bﬁ'ﬂ [(% alilﬁdoetﬁyl%nno]% 2@ okMBiaAl- kD 1.74-
{ 4- [ (3- Ail}dwrb;egap)‘lam%@qhmyl)zlé Acadipzot-§(47D-ong (S0-g, 3.28 meipin settiagolr(6pheny 1) -

4 3 brorrg -f ugégwheny%edgbs{%ﬁlf?ﬂ(quﬁng prglf)g/ gﬁn‘lnlﬁiﬁwfelﬁngaoxadl azol - 3-

y 11 152, 4b~°@md4 ghlototaihdtkllsitane (939.10L.¢/.337m&l) wanidded as dsadutionimmethanél (27 nl)

was trea .t h n f Qnyl d
N, N-di i S%E?rgﬁ*y“fsgfﬂﬁa%%ﬁ%‘g khfq%X?FE’&” dn" %066325 ng.aP‘? Ehﬁr%ragp%‘%wﬁf for 2 h.
The r eactlilovedtd xtinfoe3.fat aihbluttednmiretth‘revﬂhereac(tﬁﬁ Wﬁls)lelﬁraamﬂiMIW/Ed with
di chl or onget ha e or sgpar.at.ed, dr er
anhydr ourqus%od* Sﬁﬁgéﬁ?%%%ﬂfa{glpﬂ% }évgi‘? o Wil Wtsr & ﬁ syl ate
whi ch mmetﬂmjmadh@gbaréﬁmp Réth sphu pdftas@ﬂiﬂ dafbonﬁe @zzlmgud m_ea)fﬁ Mg_ crude 4

with sodi um azi de

mesylate in t hyl s treat

(0. 748 o pions eich Eepiiipa Sk aputiiticsrhaiptes? s 1eS bt aHeTametit o s

di | ut ed ma&tkbnexésxéhoa@@@o@t@at(r&&ﬁ tefilperadtel MAEHRGM] PbihRivnpdaionstd Qo)) , 10
sat ur at ed s%%eum bi car bonateé{loo m.), and brine k(1100 m.), dried over
anhydr ou¥2g et i LLg patiens oven %Foé@suréﬁﬂt%ﬁgé’i’ﬁsrsﬁ ébortabo‘(flg\/eﬁffqlie desi red
product {@+idg 8 roS8 Ympefdhine 0&5@5{ fle sw@@wagsmré/& &h&u{edmm% (Pﬂy Iaﬁa cation.
LCMVS for C13HL013r FNSO3Na ( M+Na) - 448.9. 15Step

{4-1(3- Aﬁheﬁéﬁ%%@p%%.mmtalpf b1 Bméwammzf@rme&@ $ke, 13. 38 mol). The ( combmed

- 4- (35 br QiR 4refd MR&QP&‘@HH 1)1 THF: &cléox%ﬁf%ﬁiaﬂ@@h L5ﬁ4tys§n QE@P*}XMQ&M& H Br A

solution of 3- - azi am no 5- oxadi azo

-4-(3-br dnk 40° ,|1 ,rf&immhyrgf washed witly dighiororapthaB¢ B1L pachmen) (Ratford an 4ff7 mmol )
in netha 0, g mol ) and
stirred g@i tiéﬁg Fﬁhg %ﬁémtd{eﬁsf‘lh reg%l}t%%% 5%1 gttﬁ%&%%%r(éy@ treat%% a sol ution
of chlor mthldm;ﬂdryﬁr@ daghoe (% §1°%) and, silz8 gelr(® W)%%), andrbitiéradbét trdughl delittrtopwi se and

Sol ut + on e Dugintir s D Ot P 5o bt RE P SeB L) that was

cool ad aﬂlcﬁlofdmeMe fititaked webadonpen@ratep it ﬁl‘cﬁﬂaﬁl&ﬁ&u&ﬂmﬁ(ﬁ@ﬁ;ﬁdd (Qigsdiled gei, t h wat er,
d dri t i, d 25 d | id. LCVS f
o e, AL i it aR P S L0 o

combined solids were dried to a constant weight in a convection oven (5385 g, 83%).

In a 22 L flask was charged hydrogen chloride (4 N solution in 1,4-dioxane, 4 L, 16 mol).

25  tert-Butyl [2-({4-[4-(3-bromo-4-fluorophenyl)-5-0x0-4,5-dihydro-1,2,4-oxadiazol-3-y1]-
1,2,5-oxadiazol-3-yl }amino)ethyl]carbamate (2315 g, 4.77 mol) was added as a solid in
portions over 10 min. The slurry was stirred at room temperature and gradually became a
thick paste that could not be stirred. After sitting overnight at room temperature, the paste
was slurried in ethyl acetate (10 L), filtered, re-slurried in ethyl acetate (5 L), filtered, and

30  dried to a constant weight to afford the desired product as a white solid (combined with other
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11- INVR (400 MHz, DVBO-d6): 8.08 (dd, J= 6.1, 2.3 Hz, 1 H), 7.74 - 7.70 (m

1H, 7.60 (dd, J=8.8, 8.6 Hz, 1 H, 7.22 (hr s, 2 H, 6.69 (br s, 1 H),
2.81 - 2.W020rj002958), 1.86 - 1.79 (m 2 H. Step G PCT/US2009/049794

N43- ({4-[4- (3-Bronp-4-fl uorophenyl)-5-o0xo0-4, 5-di hydro-1, 2, 4- oxadi azol - 3-y1]
- 1, 2, 5-oxadi azol - 3-yl } am no) propyl i sul fam de A sol uti on of

3-{4-[ (3-arni nopropyl)am no] -1, 2, 5- oxadi azol - 3-y1} -4-(3-brono-4- 5

f | uor ophsmy, 19 kelstattide wxedalabaged; ¢4R) g,@ﬁ%) H;CCMSifde]gIéuBﬁEWOn@MH) 28/znmmol ) and
sul fam de _(160 RE nunolﬁq}lizn i ne nL) was heated in a

m cr owavd 38¢9:1386-9c HOMR ¢44% I’Wgépe‘ébtﬁl %W@ﬁ 2y &766B, IBhdS8tk dfed to
give a cgydy, Wﬁ'éj%etﬂl‘ﬁ}ﬁalﬁ')'aah szpqu ?gztky%%?gﬁa%&l e LCVB to

gi ve the deS| red prod’uct (96 ny as a so ' H14Br FN705S
(MrH) +: mlz = 478.0, 480.0. 1H NI\/R (400 MHz, DMSO-d6): 8 8.07 10(dd, J—

6. 2, 5 ; ) d

6.2, 3. sigél, %erhhu%?({f%((él (4 (§%écg£8( 43ﬂu§D W&y@%%&@%@ﬁrftzg Sﬁd'ngl Ty
(m 2 H3- thle%ﬁieP{addaz(){ 3y] Herumioeslsyd]afndmy byl fony Dl oy | |

am no) - N- ( 3- brono- 4-f | uor ophenyl1) - N -

hydr oxy-1, 2, 5- oxadi azol e- 3- calobpm m da de'\11 sol ution of

N43- ({444- (3 br ono- 4-f 1 uorg 0- ydro 1, 2, 4- oxadi azol - 3-

y1] -1, 2, 5- oxadi azol - 3-yl }am no) pIHOpyl] ulh am e (35 ny, 73 121111) in

nmet hanol (1 nml) was treated with 2 0.6 nmol ) and stirred at
25 C for 30 mn. The reaction mxture was tr d3VW|th acetic acid (50 }AL,
0.9 mol ), filtered and purified by preparatl 20 LCMS to give the

d d t 420 i or 6Br FN704S ( MrH) +:
i 2 = a5k 3 rorad baftort liges e i A geesIiaey - Seaep e GO PR . B0( 8, 1
H, 7. 17142@62] (JZFQ &LBI 7801 Hﬁd dﬂ;th}ome?haQQ(l(Sjﬂ anJi-co@le&usngg dn 1%batﬁ td]'-ﬂ? ( gd76J-

6 72 (g (|L|Ztert]]3q1;ﬁnol Q%%ynL_, lj 3 21101)( %dlcglqngmetbatgfio_o rQL}g\gaS(aﬁlfiecbdrpmeq_at'pg 1.71

(m 2 H) rate2sd that S ﬁé}ature did not exceed 10 °C The resultmgt solution was stirred at room
N- (3- Brono-4-f 1 uor og_éenyl - hydr oxy- 4 hyl sul f onyl ) am no] propyl ) a

m no) - 1tempsragkeafpr 3 D e foeprp Hidkderirbudic fonyllmmama@ Step A tert-Butyl
{3-[ (met hyl sul f onyl ) am no] pr opyl } car barrat e 0 NN

A 22 L flask was charged with 3-{4-[(2-aminoethyl)amino]-1,2,5-oxadiazol-3-yl}-4-(3-

15 bromo-4-fluorophenyl)-1,2,4-oxadiazol-5(4H)-one hydrochloride (661 g, 1.57 mol) and 8.5 L
dichloromethane. After cooling to -15 °C with an ice/salt bath, the solution of zert-butyl
[chlorosulfonyl]carbamate (prepared as above) was added at a rate so that the temperature did
not exceed -10 °C (addition time 7 min). After stirring for 10 min, triethylamine (1085 mL,
7.78 mol) was added at a rate so that the temperature did not exceed -5 °C (addition time 10

20  min). The cold bath was removed, the reaction was allowed to warm to 10 °C, split into two
portions, and neutralized with 10% conc HCI (4.5 L each portion). Each portion was
transferred to a 50 L separatory funnel and diluted with ethyl acetate to completely dissolve
the white solid (~25 L). The layers were separated, and the organic layer was washed with
water (5 L), brine (5 L), and the solvents removed in vacuo to afford an off-white solid. The

25 solid was triturated with MTBE (2 x 1.5 L) and dried to a constant weight to afford a white

solid. A total of 4113 g starting material was processed in this manner (5409 g, 98%). 1H
NMR (400 MHz, DMSO-dg): 6 10.90 (s, 1 H), 8.08 (dd, J= 6.2, 2.5 Hz, 1 H), 7.72 (m, 1 H),
7.59 (t,J=8.6 Hz, 1 H), 6.58 (t, /=5.7 Hz, 1 H), 3.38 (dd, /= 12.7, 6.2 Hz, 2 H), 3.10 (dd, J
=12.1,5.9 Hz, 2 H), 1.41 (s, 9 H).

30
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The desired conmpound was prepared according to the procedure of Exanple 17,
step A, 5 using N (3-am nopropyl)(tert-butoxy)carboxam de [Al drich product
# 436992]weaxotdmesessarting material in 70%vyield. LCVS f eCTOSRINSNED2E
([MBoc+H +H)+: mz = 153.1. Step B: N (3-Am nopropyl ) net hanesul f onam de
hydrochl oride 9v,P HZNN - HH Cl 10 The desired conpound was prepared
according to the procedure of Exanple 17, step B, using tert-butyl

{ 3- [ ( et bgp Yl F-Oh(i[4r3 Foppe-dplucraphetydnabro-4.8-dilydrest At ixadgambBed]-al . LCVB
for C4H1 ; Step C. 4- Ami no- N - hydr oxy- N
ﬁyﬁgﬁﬁ? onle;%yT}anm etﬁ%%&%&ufez 5- i b /

{3-[ (et am no oxadi azol e-3- 15 carbcodm dam de //

\ N°'NO The desired conpou onas prepar according to the procedure of
Exanpl e 17, step C, using N %’la %Béﬁ) Ganesul f onam de hydrochl ori de

and 4-am no- N- hydroxy-1, 2, BaNox d =S- car boxi m doyl chloride [nmade
according to Exanple 1, steps A throuvglg)lB] 20 the starting materials in
19% yield. Step D

- Hydroxy- 4- ({3-[ (et hyl sul f onyl') am no] pr opy }am no) - 1, 2, 5- oxadi azol e- 3-
car boxi m dam de -N

To a 22 L flask containing 98:2 trifluoroacetic acid:water (8.9 L) was added tert-butyl ({[2-

5  ({4-[4-(3-bromo-4-fluorophenyl)-5-oxo-4,5-dihydro-1,2,4-oxadiazol-3-yl]-1,2,5-oxadiazol-3-
yl}amino)ethyl]amino} sulfonyl)carbamate (1931 g, 3.42 mol) in portions over 10 minutes.
The resulting mixture was stirred at room temperature for 1.5 h, the solvents removed in
vacuo, and chased with dichloromethane (2 L). The resulting solid was treated a second time
with fresh 98:2 trifluoroacetic acid:water (8.9 L), heated for 1 h at 40-50 °C, the solvents

10  removed in vacuo, and chased with dichloromethane (3 x 2 L). The resulting white solid

was dried in a vacuum drying oven at 50 °C overnight. A total of 5409 g was processed in
this manner (4990 g, quant. yield). LCMS for C12H;,BrFN;0sS (M+H)": m/z = 463.9, 465.9.

1H NMR (400 MHz, DMSO-dy): § 8.08 (dd, J= 6.2, 2.5 Hz, 1 H), 7.72 (m, 1 H), 7.59 (t, J =
8.7 Hz, 1 H), 6.67 (t, J= 5.9 Hz, 1H), 6.52 (t, J= 6.0 Hz, 1 H), 3.38 (dd, /= 12.7, 6.3 Hz, 2
15 H),3.11(dd,J=12.3, 6.3 Hz).

Step N: 4-({2-[(Aminosulfonyl)amino]ethyl} amino)-N-(3-bromo-4-fluorophenyl)-N'-

hydroxy-1,2,5-oxadiazole-3-carboximidamide

20  To a crude mixture of N-[2-({4-[4-(3-bromo-4-fluorophenyl)-5-oxo0-4,5-dihydro-1,2,4-
oxadiazol-3-yl]-1,2,5-oxadiazol-3-yl }amino)ethyl]sulfamide (2.4 mol) containing residual
amounts of trifluoroacetic acid stirring in a 22 L flask was added THF (5 L). The resulting
solution was cooled to 0 °C using an ice bath and 2 N NaOH (4 L) was added at a rate so that
the temperature did not exceed 10 °C. After stirring at ambient temperature for 3 h (LCMS

25  indicated no starting material remained), the pH was adjusted to 3-4 with concentrated HC1
(~500 mL). The THF was removed in vacuo, and the resulting mixture was extracted with
ethyl acetate (15 L). The organic layer was washed with water (5 L), brine (5 L), and the
solvents removed in vacuo to afford a solid. The solid was triturated with MTBE (2 x 2 L),
combined with three other reactions of the same size, and dried overnight in a convection

30 oven to afford a white solid (3535 g). The solid was recrystallized (3 x 22 L flasks, 2:1
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/1 \ 0 ON,0, N The desired conpound was prepared according to the procedure
of Exanple 17, step D, using

4- am no- NWwwehlydvoozassN- { 3- [ (et hyl sul f onyl ) am no] pr opyl} - PC2/US2@madi7ax ol e- 3-
car bwdm dam de as the starting material. LCVMS for C7HLS5N604S (MtH): mz =

279.0. 5 Step E: N (3-Brono-4-fluorophenyl)-N -hydroxy-4-({3-

[ (et hyl sul f onypam no] propyl } am no) - 1, 2, 5- oxadi azol e- 3- car bo) dm dam de

The titl WatenmndNHSeaphﬁaﬂa)eﬁﬂdﬁﬁddﬁ dBOng@avta&t&)nmve@e)duroﬁs@it weightfl e 17,

am o) 11585 i oo anltben T e b ZEKA BT RO BP0 1 e

[ Cakwood(NPrgfuglSs 4370 439. prlmﬁo@ﬂﬁﬁ%}\ds@ﬁdg)@usswsuHg smatgnim s in 12%
yield. LCVMB for C131117BrFN604S (M+H)+: miz = 451 IH NWVR (400
Mz, CDOB (&= 3381@2(1&%};7311@d51961222%1®+®76(m,d§1)(671@~£ 50H%E, 1H),
6 83( i , 6. , _(1b, 72194 (s,

A Sﬁgfsal A R OV e A SR AL et
am no) No-23lzehHor 0- 4- 1| uorophenyl) N - hydroxy1, 2, 5- oxadi azol e- 3- car boxi mi da
mde HONNS,N N 20N, O N Step A:
3-(4- Ami no- 1, 2, 5- oxadi azol - 3-y1)-4-(3-chl oro-4-fl uorophenyl)-1, 2, 4- oxadi azo
| 5( 4|—|) oflke figal produdt iwas awinhydrous crystalline solid The water content was determined to be

4-am no- C rO~4-fl. 0 Ie 3-

car bdmi f\%sg%ﬁ @k%&ggléﬂoﬂl%l tﬂlrb)%o%see a?v e%pfhag@né%%gb (5%7"6558719] in
tetr thddé@érmi@d (ngglau Nh)imeoWd@ihﬁ'fhctMITegbr @@all%ﬂﬂ%gﬁ@}th KB filter; start ) g
1,1 -carbo i1mda 0.32 np etra r of ur.an 200rrL an
heat ed azgng? T ’LBt(OpfacB‘g g %geepc% B‘H‘nﬁP‘i?flurzé apgis shovep iy & é@r?g 2515¢ and

concent r gt Rheta@ehids lsx‘awa&d mb@ 12bel . 9 TheferiAL rdbe 50thE Qoliarv@a%l pitated. The
het er ogeneous m xture was diluted with ethyl acet ateC} and washed

with 1 Nlgtemiged %a%@ﬂ?ﬁ_@de‘\ﬂé?lgﬁe{l@é&%ng Catramefry B nenfhe or gani ¢

layer veghsGRRIALRDeatdl L 40V e o ANNNELQUR, éé%ﬁ@'bé i}&finmf itht psed, and
concentrated to ((;Frve the desired product (88 g, quantitative) as an

of f - Whi t temengram (Figire 2hshowed alTonweas 1638 4C and hewpt hi}r& e Ahermogfaviseetiion.
analysis (TGA) (Figure 3) showed weight loss of 0.3%, heating from 20 °C to 150 °C ata

heating rate of 10 °C/min using a TA Instrument Q500.

Table 1
2-Theta Height H%

3.9 74 1.1

7.2 119 1.8
13.4 180 2.8
14.0 150 2.3
15.9 85 1.3
18.4 903 13.9
18.9 1469 22.7
21.3 519 8
21.8 6472 100
227 516 8
23.9 2515 38.9
24.8 804 12.4
25.3 182 2.8
27.4 476 74
28.6 354 5.5
29.2 1767 27.3
29.9 266 4.1
30.6 773 11.9
31.2 379 5.8
31.6 291 4.5
32.7 144 2.2
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10 LCVS for CLOHG6C1FN503
7.96 (dd, J= 6.6, 2.3 Hz,

B: N WO 2010/005958

(MtH)+: mz = 298.0. 1H NVR (400 MHz, DMVMSO-d6): 8
1H, 7.69 - 7.60 (m 2 H), 6.60 (s, 2 H. Step
PCT/US2009/049794
{444- ( 3- Chl or 0- 4-f | uor ophenyl) - 5- oxo- 4, 5- di hydro- 1, 2, 4- oxadi azol - 3-y1] -1, 2,

5- oxadi azol -

3-(4-am no-1, 2, 5- oxadlazol

3-y1}-2,2,2-trifl uoroacetam de
3-y1)-4-(3-chloro-4-fluorophenyl)-1,2, 4- oxadi azo

15 A's

| - 5(4H)-one (15 g, 50 mol) in dixdl or onetane (1.2

trifluoroacetic anhydridg

(14 m,36l4

0 ol )469|

cool g

with pyridine (8.2 niL, 10

0 mmol) . 3714

e T eactjsg

n mixsg

for 10 m n,

cooled to 0 C

and QU

nea w {3¢;

m xXture was diluted with

erhyt—ac

e

ZU wpg

(300 int), water (2 x 20

) —an

A2
T e \43‘8

HHEA—O b

ERY
I[L)

5

-th

separated, dried over an

to -50 nmL volune. This satu

°z

N \A

Uiti Dul I

AV V.Y

4ochl

hexanes (600 nlL) under vilgereus

VVCAT IIL:U

C

1080

ol uti on of

0 m) was treated with
to 0 C, and treated

ure was stirred at 25 C
er (10 nL). The reaction
washed with 1 N HC1

The organic | ayer was
tered, and concentrat ed
C) and treated with

| owd?

by petrol eum ether (200

m.). The m xture was stirred at 0 C for 30 mn 25 and the solid was
coIIectemeM feid tration, washed with hexanes, and dried to give the desired
pr oduct 9 , 9999 as a white solid. LCVS for CL2HS5CLF4N504 (MtH)+: nifz
= 394. 0. 1@3&&!@%%ﬂaomﬂbenyﬁsﬁ@mxy&({ﬁ Kmethylsulfgnyl)agmigolethyBamino)1 H), 7. 59

( dd, J = 9 SooxaalaQol@éhca;b&m&nﬁae
(3 Chl or 0- 4- f | uor opheny1) - 3- ( 4-

3- yl)-1, 2, 4- oxadi azol - 5{ - gne
2-(trity|anino)ethano| (10 %ﬁDSS myol ) FEPS VO an

-1, 2, 5-oxadi azol -

5 66, 7615] and triphenyl
m) at 0 Cwas treated w
dr opwb se.

a sol uti gne fifle dﬂn{}ﬁ)ﬁlﬁi @%ﬁgﬂa%&céﬁrﬁﬁlg'%ﬁg

4-oxadi azol -3

5- ox0- 4, 5- di hydr o-

phoSpf e

th &hMsopro

7.47 (m 1 H).
[2-(tritylam no)ethyl] am no }

Bl )

Step C

A sol ution of
dJ. Og. Chem (2001),
in tetrahydrofuran (65

I,@szlcarboxyIate (7.0 mL, 35 mol)

The reaction mixture was st®rred at 0 C for

?1%@&111}

oxadi

¢ of Example 17 step

15 m n, treMed\Mth

azol - 3-y1}- 2 f 2-trifluo

r oacet anNdEVdE@‘Y34 9{2 [methﬂmlijonylaamle@lﬁﬁlﬁ ansir 35 -padiapaly- 3- and stirred at 25

C for 16 ca{}boxmﬁiafn%%lﬂ 9 rbrgﬂn&(-h Lﬁu%ro:!iglhﬂ@

treat

acetate (350 nL), cool ed
(150
washé

a hetero

s mxture.
tertbuty

(30 ni),

PXaeRe:

B i b g 80,
over anhygnpusmsedisynnysw { At 353 gk,

whi ch was reconcentrated from hexanes 1
solid was treated wi th nethyl

to

C for

tert-butyl

i

i

at 25 C hothe dtatting Bmﬂaeammfmzm&mst(m@édm + h3A0ldid DomH

he organic

ki)

A YO b%Ha% %0 20, dily (g
AM(C PRGNS, @mdz §s el | ow foam

to give an oil
ether (50 nL) and stirred to give

et hyl
%&ﬁﬁ)WObgd stirred
1 N HC1
er was. separated,

n%ﬁ)o?ﬁﬁédd( {0®-3L), dried

y solid. ‘The oily

The solid was filtered, washed w th nethyl

and dried to give the desired product (10 g,

74%

as a whi ﬂé{%ﬁAnﬂnosulfonyl)ammo]propyl}amlno)-N-(3-bromo-4-fluorophenyl)—N -hydroxy-

15

1,2,5-oxadiazole-3-carboximidamide

H2N\ /N\/\/N

// \\

%Q

Step A: 3-(4—Amino-l,2,5-oxad1azol—3-yl)-4-(3-bromo-4~ﬂuorophenyl)-1,2,4-oxadiazol-

5(4H)-one
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CVs for C31H24CLFN60O3Na (M#Na): mz = 605.2. 1H NVR (300 MHz, DMSO- d6):
7.97 (dd, J=6.7, 2.6 Hz, 1 H, 7.71 - 7.66 (m 1 H, 7.60 (dd, J= 9.1,

8 Hz, IwH2p10/0dB8- 207.37 (m 6 H), 7.28 - 7.23 (m 6PHI/USZ002849794. 12 (m
H, 6.59 (dd, J=5.9, 5.6 Hz, 1 H, 3.37 - 3.31 (m 2 H), 2.96 (dd, J=

6, 7.6 Hz, 1 H, 2.27 - 2.19 (m 2 H. Step D. 3- {4-

(2- Ami noet hyl )am no] -1, 2, 5-oxadi azol -3-y1} -4-(3-chl oro-4-fluorophenyl)-
2, 4- ox Ab¢ deséd Smapbid waeprhgadedahodrding detheipficedd?e & E2anpld\SmpterA xsthgsol ut i on

Eo Tvor PHRRASL ARG FdroBheny b HBloky-235-Salilab 052 koG il ™

4- (3- chl ok 8-Pat.fAppoPap Nen3M6/B5§ 9] hsxthé ttaiting hateriabih 98 Yhyshidlani.OpfS-for

1, 2, 5-oxadi azol -3-y1)-1 2 4- oxadi azol -5(41/)-one (6.5 g, 11 mmol) and the
resul ti nf168eHENS 'SE 7T M2 Q5498 GHABYR S0z, BMSOrdicd 8601 i xt ure
was filtered and h 5wt i fluo i.C i T filtra was
conce trg‘{deg_t%g’ %m ?(EM& Jdgé{n&illlg)fégg&ﬁ?‘{’ﬁﬁﬁeaiﬁ%n%:f’q?%&%fsf5%@)’0I ed to 0
C, treated with 4 MHCL in 1, 4-dioxane (14 nm.), and stirred at 25 C for 15
mn. The_m xtur concentrated to a solid that was treated wi th diethyl
et her (50 R %Zﬂ%&'?%&'%ﬂ@%@é‘%@M%‘}‘fga‘lvafl‘ﬁxad]i‘aéf’lh%fb’l]'étzh%r (50 ni)
and dri egxddzgIL3e1} e dafiokRdethduct (4.1 g, 98% as a white solid. LOMS
for CllellClFNGO% 10 (MtH)+: mz = 341.1. 1H NWR (300 Mz, DVsO-d6): 6

8.05 - 8.00 (m 4 H, 7.75 - 7.69 (m _ 7.64 (dd, J=9.1, 8.8 Hz, 1 H),
6.77 (dd, J= 5.9, 5.9 Hz, 1 Hc 34 - BA7TIm 2 H), 3.04 - 2.99 (m 2 H.

Step E: \ﬂ/ I\
N42- ({444- ( 3- Chl or 0- 4-f | uor ophen?l)N\é‘N)x@‘gdi hydr o- 1, 2, 4- oxadi azol - 3-y1]

L
8
8
3
7
[

1
(0]
5

- 151, 2, 5- oxadi azol - 3-yl } am no) et hyl I sul rA solution of chlorosul fonyl
i socyanate (2.0 nL, 23 mml) in dichloronetthane (70 nL) was treated with
t-butyl alcohol (2.2 nm., 23 mmpol) at O C and stirred at 25 Cfor 1 h. This
m xt 10 e Bhsdadetbebntpourd wasperrsédascafling to the procedure of Example 5, step B, using

{4-[(2-agipnoet hyl ) anmi nol - 1, 2.5 axadi azoh - 3-y1} -4z, , o i

005 oni SIBeEPA A SRR ks SH 5O i 2 et S P SPE B (4.3 o,
11 ol ) tHeRtactinsPhAERIRE N8P Gield! Q. ONE fortgﬁHgﬁﬁﬁNg_@Q (ViR B g/ Meg3Ag eat ed with
a solution of triethylamne (6.3 nL, 45"nunol’) “i n di chl oronmethane (20 nl)
at 0 C anth stipy NesR ploodBHS DMEOI N -5 TTeE- T.@@?ﬁ'loﬂi') misytyrse (weshgli | uted with
0.1 N HCl and extracted with ethyl acetate (2 x 100 nl). The conbi ned
organic | ayers were washed with brine (100 nL), dried over anhydrous 25
sodi yin sgfeh et & sipbheIe RERITLALG D¥inbR1,5 3L dxddia 18 yii t e
solid was dil ut_(edB ok |O(:rﬁlf1%?%l??regh2§1e %1%’8&)9#1?? ,)w.rggt’e’g (%/)\n(gtlﬁ s -H)
trifiuorbddewiadiaadisPi)2menl), and stirred at 25 C for 3 h. The reaction

m xture was concentrated to a crude residug that was purified by silica gel
chromat ography to give the desired grodud }307 g, 78% as a white solid.
LCVB for Cl2H12C1FN705S ( MFEC~ ATz i A20-0y 1H NVR (300 MHz, DMBO d6):
67.98 (dd, J=

N. N
(0]
Br

F
A solution of 3-methoxypropan-1-ol [Fluka product # 38457] (3.1 mL, 32 mmol) and

triphenylphosphine (8.4 g, 32 mmol) in tetrahydrofuran (93 mL) at 0 °C was treated with
20  diisopropyl azodicarboxylate (6.7 mL, 34 mmol) dropwise. The reaction mixture was stirred
at 0 °C for 15 min, treated with a solution of N-{4-[4-(3-bromo-4-fluorophenyl)-5-0x0-4,5-
dihydro-1,2,4-oxadiazol-3-yl]-1,2,5-oxadiazol-3-y1}-2,2,2-trifluoroacetamide (10 g, 23
mmol) in tetrahydrofuran (47 mL), and stirred at 25 °C for 72 h. The reaction mixture was
concentrated, diluted with ethyl acetate (200 mL), treated with trifluoroacetic acid (20 mL)
25  and water (20 mL), and heated at 50 °C for 6 h. The reaction mixture was concentrated,
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6.4, 2.1 Hz, 1 H, 7.70 - 7.60 (m 2 H), 6.66 (t, J=5.9 Hz, 1 H), 6.57 (s,
2 H, 6.52 (t, J=5.9 H, 1 H, 3.42- 3.35(m 2 H), 3.13 - 3.06 (m 2 H).
Step F: 4awO{Brq0Aes8nosul f onyl ) am no] et hyl } PCT/US2009/049794

am no) - N- (3-chl oro-4-fl uorophenyl)-N - 5

hydr oxy- 1, 2, 5- oxadi azol e- 3- car boxi m dam de A sol uti on of

N42- ({4-[4-(3-chl oro-4-fluorophenyl)-5-o0xo0-4, 5-di hydro-1, 2, 4- oxadi azol - 3-
y1][ . 1, 2|, se(cgm?m im&tb&khyB?Qéta}f@g@ﬁ{)_t@Eﬁd’zwlv%A&% &m( 1§r gsL?»x z?% %L),%atlgr)amgaiu{nﬂ i at
met hano was treated w i , 35 mmol) and stirred a
25 C for bf“&??n"f‘i}’]@’?@a@{‘?ﬁﬂﬁll?ﬂnﬁl(%pr‘@L).hénlﬁ\\g%"eﬁM@Wéﬂs‘%ﬂl‘%%s%faﬁ’ fiered.o pH-7 and
t he met haadtondeirateaM®Y eRdéRERe. ' BHVHBEHRANAR PUFfiBed ol SR RE]  ghRae
precipitated was filtered and washed with water to give the desired product
(3.2 g, 9&itpd pwdact\ihii ge5456) asd. wHi€s8id. drCMS IMGHNBIAG OUNWVHIET: m/z== 394. 0.
1H NWVR 400 MHz, DMSO-d6): 6 7.96 (dd, J= 6.8, 2.1 Hz, 0.05 H), 7.32 -
7.29 ¢m 46444907 18 (dd, J= 9.1, 9.1 Hz, 0.95 H), 6.93 (dd, J= 6.4, 2.7
Hz, 0.95 H), 6.71 - 6.66 (m 0.95 H, 6.33 (br s, 151 H), 3.35 - 3.27 (m 2
H, 3.10 - 3.06 (m 2 H. Exanple 6 ) _

N- ( 3- Chl Sfeg - 4-(3aBrosprEAyarppigny Brjdiddkd hydrpxyprdpy haming - &815faxadirgoddishb] et hyl }
am no) - 1,2 5-.0x%adi _e-.3-carboxi mdamde ssOH 0"p / \ 20CI N, 0,N The
title co%’1%(’%1&%(&18fvg\lla%s1 nglgjpgl}eed according to the procedure of Exanple 17 step

E, using -

N- hydr oxy- 4- ({2-[ (et hyl sul f%\%ﬂﬂw%am no) - 1, 2, 5- oxadi azol e- 3-

car boxi m dam de and 3-chl oro-4-11| uor lifNe [Aldrich, product # 228583] as
the starting materials. LCMS for CN2ENSCIFN604S (MrH)+: mfz = 393.0. 1H
NVR (400 WHz, DWVS0- 25d6): 611.50 (s, 1H), 94s(s, 1H), 7.19 (m 2H), 6.96
(dd, J=6.7, 2.5 Hz, 1H), 6.71 (m 1H), 6.26\(t, J= 6.4 Hz, 1H), 3.32 (m
2H), 3.13 (q, J= 5.8 Hz, 2H), 2.89 (s, 3H). F Exanple 7

4- ({ 30 [ ( Arsohmisi bf &(Bbioaivh 4o sheyyl)-anHHB-mbthoBrpedPydaamét-i R sasxagagiy 1) - N - hy
droxy30 }-’y%}’- ?,ZBIZ(oeﬁgéiigzzo?-lS&}%-o%gr(f?. )é,l lrg nql%g‘{) cﬂl?dicﬁloargm%!chanl\lé (60 mL) at -78 °C was

treated with 1 M boron tribromide in dichloromethane (28 mL, 28 mmol) and stirred at 25 °C

for 2 h. The reaction mixture was cooled to 0 °C and quenched with saturated sodium

bicarbonate (100 mL). The aqueous layer was separated and extracted with dichloromethane
15  (2x150 mL). The combined organic layers were washed with brine (100 mL), dried over

anhydrous sodium sulfate, filtered, and concentrated to a crude off-white solid. This material

was purified on silica gel to give the desired product (4.0 g, 73%) as a white solid. LCMS for
C13H12B1FN504 (M+H)': m/z =400.0, 402.0. IH NMR (400 MHz, DMSO-d): & 8.07

(dd,J=6.2,2.5Hz, 1 H), 7.72 - 7.68 (m, 1 H), 7.59 (dd, /= 8.8, 8.6 Hz, 1 H), 6.54 (t, /= 5.7
20 Hz,1H),4.60 (t,J=5.1Hz, 1 H), 3.48 - 3.43 (m, 2 H), 3.32 - 3.26 (m, 2 H), 1.74 - 1.67 (m,
2 H).

Step E: 3-{4-[(3-Azidopropyl)amino]-1,2,5-oxadiazol-3-yl}-4-(3-bromo-4-fluorophenyl)-
1,2,4-oxadiazol-5(4H)-one

0 o
Ns\/\/N7/__\(‘\N
N. N
(0]

h

25 F

53



Step A: 3-[ (D phenyl net hyl ene) am no] propan-1-ol PhyN Ph A sol ution of
3-am no- 1- propanol [Aldrich product # A76400] (2.0 nL, 26 nmmol) in 5

di chl or ormOhlar®0§9%8 nli) was treated with benzophenone i RCHAISEEDIN49TR4 26
mmol ) and stirred at 25 C for 16 h. The reaction m xture was filtered and
the filtrate was concentrated to give the desired product (6.3 g,
quantitative) as an oil. This material was used w thout further

puri fi catA @iutioh GME(3-bronfols k& dpHeBy 1) BHH) [3-hydraxyprop4Dadino [L O Sf5eixadBazoB3-

S b ERA SR T ko8 B G oo dpboidnesiope Glembh vissiBacet at e A

sol uti onw@ﬂhn&ﬂﬁa(nedunbﬁﬁwhma@w mﬁnagn feloDr 28 AnW-Hiifprdp§itihmife @% Anpl ) and
tri phenyl phosphi ne ( |ntetrahydrofuran (1 n) at 0 C was
treated \l/? e )sandusrlgreiﬁt&%yp férz%bh El%ﬁlﬁ?ﬁlwa%lém’(eﬁsﬁﬂute@w% W?Fﬁééo ®kbpwi se.

The rsachh®&kudbid Witk dMBRrsthéthdR R2EHLY ﬁefo%anﬂe‘iay@r Bvas bepateddariddiohe@ Sol ution
of N-{444-(3-chl oro-4-fl uorophenyl)-5-oxo-4, 5-

di hydr o- niydeus sedipm swfate filtened,jand cgncsmddwmshw?sy@tezwlzch VRS ¥sgdr oacet ani d
e ( ﬁOO MG,ithQut FRr S Bl fidaflod., €A @anar&hr&fftw&@de(nﬁes? F@%Nﬁaﬂneﬁ ﬁfoi‘-lﬁgmgé 5224'5 C for

. The reaction mxture was treated Wt udr oacet’i ¢ acl
stl rred &l)»3s @eﬁt@iwsh podiupp azide(@cBre 1 hma )t apd hededat 8520 forskh.dlle. Thi s

R R g R e

4-({39] (munwgmdlmnwcpzmnatgllmml e}mlrhrmcll-(l&-n@:ﬁ)- dﬂlﬂdmvepadahycﬂmmaophenyl) N -
hydr oxy- }ul?a’t gxr%g a?a%{)rf_?er%tra%ead’ bo%(vle m ucI@ gq%?/?) é‘us ma: ena d NS

e
pr epar ed”accor rocedure of usrn

{4-1(3- améa&afh@%)@éﬁpﬂﬁhca%o& Beprsadi @H}i %-rmg 53Na (M+Na)*: m/z= 446 9,

-4-(3-chloro-4-fluorophenyl)-1,2,4- oxadiazol-=5(41i)-one trifluoroacetate
as the s#48.9ing material in 34%vyield. LCVS for C12H16C1FN704S (MH): mz =
408.1. 1H NWR (400 MHz, DMSO-d6): 38.90 (s, 1 H, 7.20 (dd, J= 9.2, 9.0
Hz, 1 H, 6.96 (dd, J=6.4, 2.7 Hz, 1 H), 6.72 - 6.69 (m 1 H), 6.55 (t, J=
6 0 I;:izgsﬂstebi)F 36{45E(3-@&nmé’prbby,l)aﬁléﬂb@-i(2‘,7520?1161a502193|:|)j71}14 E(x:B Hrl)rlno-asfﬂﬁrophanygl (m 2

, m - anpl e
N-(3 chl 6120 ’I%‘Eﬂé‘fﬁ%@f}y&ﬁ@c’%droxy 4- (13- 1( et hyl sul f onyl ) ami nol propyl |

am no)- 1, 2, 5-oxadi azol e- 3- ¢ggr boxi m dam de The title conpound was prepared

accordi ng to t he procedure of Exanpl 4, , using N -
hydr oxy- 4- ({ 3- [ ( met hyl sul f ormgiDapAQQ] mno) - 1, 2, 5- oxadi azol e- 3- car box

i m dam de [nmade according to Exanpl e tens A through DJ and
3-chloro-4-fluoroaniline [Adrich, pth)dU X28583] as the starting

materials in 10%yield. LCVS for C13H17C1F BOASB15 (MHH) +: mlz = 407.1- 1H
NVR (400 MHz, CD30D): 5 7.06 (t, J= 8.9 Hz, , 6.98 (m 1H), 6.80 (m
S EOSRE WO P A R TSN R R N TRy S
yI PN - 2@ubgkhaydy-1D, £ oridfs8ids @aRbes 30524 hRth8h dadtdSol (36 mL) was treated
20  with sodium iodide (4.2 g, 28 mmol) and stirred at 25 °C for 5 min. The reaction mixture

was treated with a solution of chlorotrimethylsilane (3.6 mL, 28 mmol) in methanol (7 mL)

dropwise and stirred at 25 °C for 40 min. The reaction mixture was slowly poured into a

solution of sodium thiosulfate (5.0 g, 32 mmol) in water (200 mL) that was cooled at 0 °C.

The solid that precipitated was filtered, washed with water, and dried to give the desired

25  product (2.3 g, 93%) as a solid. LCMS for C13H13BrFNgO3 M+H)*: m/z = 399.0, 401.0.
1H NMR (400 MHz, DMSO-dg): & 8.08 (dd, J=6.1,2.3 Hz, 1 H), 7.74 - 7.70 (m, 1 H), 7.60
(dd, J=8.8, 8.6 Hz, 1 H), 7.22 (br s, 2 H), 6.69 (br s, 1 H), 2.81 - 2.77 (m, 2 H), 1.86 - 1.79
(m, 2 H).

54



,OH-S. HNN/ \ N.. O,N Step A

N-[ 4- Fl uoro-3-(trifluoronethyl)phenyl]-N -hydroxy-4-[(2-nmethoxyet hypam no] -
1, 2, 5- oxaw02rwl®sBscar boxi m dam de OH MeO-\_4 )L NH / NPCO/USTHQ/ 08594 r ed
conpound was prepared according to the procedure of Exanple 13, step A
usi ng N-hydroxy-4-[(2-nmethoxyet hypam no] -1, 2, 5- oxadi azol e- 3- car boxi m doy!
chloride [nmade according to Exanple 1, steps A through E] and

3-trifl uSteprﬁatmyl-(%»[m(&armamﬂmﬂn&h}d}-i-cm 4 5rditghided-1 £ 420kadidR)l-3a8]-t he

starting eri,a tit eld. LCMS for 5 C13H14- FANS03 (MtH) +:
whalt S Rﬁvﬁj‘qk’g’b‘n a’ct]:t'%fgﬁ}/‘i%?15(m 2 H, 7.08 (m 1H), 3.60

(t, J= 5.3 Hz, 3.46 (t, J= 5.3 Hz, 3.38 (s, 3 H. Step B
4[4-Fluoro-3-(tr|fluoroneth I)mpen 1]H3 {4 oet hoxyet hypam no] -1, 2, 5-
oxadi azol -3-y1}-1, 2, 4-oxa F NlO The desired conpound was

pr epar ed accordlng to t he pr@d@dure ofNExanp 13, step B, using

N44-f | uoro-3-(trifluoronethyl)phenyl] - NQ hyd =g}4( 2- met hoxyet hypam no] - 1,

2, 5- oxadi azol e- 3- car boxi m dam de as the star ‘ng material in 79%vyi el d.
LCVS for Cl4H12F4AN504 (M+H)+: mz = 390.0. 1H NMR (400 MHz, DMSO-d6): 5

8.20 (dd yﬁ.f(%nhgo Emm] y17-448- 9.5 Hz, 1 H),
o 41 ( 0 AJS%lﬁg@l%gfljz 3% Spr(i) n%‘]J @% 5(-633ad1112(h|)3 %r_‘z 4 (§ b('(gm% %I " )= 5.7 M, 2
H, 5ﬂ(1@roplgn)4? 1 Zg{—@ﬁld@zol 5(4H) -one hydr01od1de (150 mg, 0.28 mmol) and sulfamide

oaF e ﬁb%ﬁ&b‘ﬂf@%@ SEREIG %)%Lea?eec{iﬂ alifro W4 UG LAY BTROI - 1. 2. 5
oxadi azo 0
The reactlon mixture was concentrated to give a crude residue. This material was purified

by preparative LCMS to give the desired product (96 mg, 71%) as a solid. LCMS for
C13H14BrFN705S (M+H)*: m/z =478.0, 480.0. 1H NMR (400 MHz, DMSO-dj): & 8.07

10 (dd,J=6.2,2.5Hz, 1 H),7.73 - 7.69 (m, 1 H), 7.59 (dd, J = 8.8, 8.6 Hz, 1 H), 6.57 - 6.51 (m,
4'H), 3.31-3.26 (m, 2 H), 2.92 - 2.87 (m, 2 H), 1.79 - 1.72 (m, 2 H).

Step H: 4-({3-[(Aminosulfonyl)amino]propyl}amino)-N-(3-bromo-4-fluorophenyl)-N'-
hydroxy-1,2,5-oxadiazole-3-carboximidamide
15
A solution of N-[3-({4-[4-(3-bromo-4-fluorophenyl)-5-0x0-4,5-dihydro-1,2,4-oxadiazol-3-
yl]-1,2,5-oxadiazol-3-yl} amino)propyl]sulfamide (35 mg, 73 pmol) in methanol (1 mL) was
treated with 2 M NaOH (0.3 mL, 0.6 mmol) and stirred at 25 °C for 30 min. The reaction
mixture was treated with acetic acid (50 pl., 0.9 mmol), filtered, and purified by preparative
20  LCMS to give the desired product (14 mg, 42%) as a solid. LCMS for C1pH]BrFN704S

M+H)*: m/z=451.8, 453.9. [HNMR (400 MHz, DMSO-dg): 8 11.5 (s, 1 H), 8.89 (s, 1
H),7.17 (dd, J= 8.8, 8.6 Hz, 1 H), 7.09 (dd, /= 6.1, 2.7 Hz, 1 H), 6.76 - 6.72 (m, 1 H), 6.56
(dd,J=6.1,6.1 Hz, 1 H), 6.51 (s, 2 H), 6.17 (dd, J=5.9, 5.9 Hz, 1 H), 3.27 - 3.21 (m, 2 H),
2.94-2.88 (m, 2 H), 1.78 - 1.71 (m, 2 H).

25
Example 4
N-(3-Bromo-4-fluorophenyl)-N'-hydroxy-4-({3-[(methylsulfonyl)amino]propyl}amino)-

1,2,5-o0xadiazole-3-carboximidamide
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\ / NO 20 The desired conpound was prepared according to the procedure of
Exanpl e 13, step C, using

444- f | uorwoe(vaosdsBuor onet hyl ) phenyl] - 3- { 4- [ ( 2- met hoxyePhyased000§97%4 2, 5- oxa
di azol 3-y1}-1, 2, 4- oxadi azol -5(4H)-one as the starting material in 99%
yield. LCVMS for C13}110FAN504 (MtH)+: miz = 376.0. 1H NVR (400 Mz,
DMSO-d6): 5 8.22 (m 1 H), 258.05(m 1 H), 7.76 (t, J=9.9 Hz, 1 H), 6.34
(t, J= 5.7 H, 1 H, 4.87 (t, J=5.2 Hz, ldﬁ), 3.56 (g, J= 5.5 Hz, 2 H),

3.29 (q, J=5.7 Hz, 2 H). Step D
2-[(4-{444-Fluoro-3-(triflwu IWWIWE} 0-4, 5-di hydro-1, 2, 4-oxadi a
zol -3- yl}-1, 2, 5- oxadi azol 3 Lyl ) am nove hyH met hanhesul fonate ,0 N NO

MsO-\ _ NH CF 3 5 The deS| red conpound'\(/vas prepared according to the
procedur gt

444-f1 uofor ?X .g%?égg‘%ﬁﬁ&ﬁ? usmﬂgowjl}cﬁbfmﬁtfdr oxyet hyl ) ani no] - 1, 2, 5- ox

adi azol 3- yll-l 2, 4- oxadi azol - 5(4H) ©one as tbeostartl ng material in 95%
yield. LCMS for Cl41- 112EANS H Al Zs= 454.0. 1H NVR (400 Mz,
DIVSOdG) 6 8.23 (dd, J—65 253H2N1H)N806(m 1H, 776(t J= 9.6
\ll_if 5 5 H;hg %&?s%:cg ccgn%ng was %rej%red %%rﬂmg t:)hg procedure of Example 17, step H) 3.60 (a,

{4-[(2- Aiimﬁlg)ﬁt(b‘)ﬁﬁﬂliﬂp@]yi)@eﬂbﬁto%@ﬁb@?aﬁﬁdeﬁﬂdﬁchpﬂmﬁ@t# 436992] -adthe starting
(trifluoronethyl)phenyl]-1, 2, 4-oxadi azol -5(4H) - one
material in 70% yield. LCMS for C4H13N2078S ([M- Boc+H]+H)+ m/z =153.1.

Step B: N-(3-Aminopropyl)methanesulfonamide hydrochloride

10 The desired compound was prepared according to the procedure of Example 17, step B,

using fert-butyl {3-[(methylsulfonyl)amino]propyl}carbamate as the starting material.
LCMS for C4H3N205S (M+H): m/z =153.1.

Step C: 4-Amino-N"-hydroxy-N- {3-[(methylsulfonyl)amino]propyl}-1,2,5-oxadiazole-3-

15  carboximidamide

OH
N Q.0
N
!\
N. _N H H
0]

The desired compound was prepared according to the procedure of Example 17, step C,

using N-(3-aminopropyl)methanesulfonamide hydrochloride and 4-amino-N-hydroxy-1,2,5-

oxadiazole-3-carboximidoyl chloride [made according to Example 1, steps A through B] as
20  the starting materials in 19% yield.

Step D: N'-Hydroxy-4-({3-[(methylsulfonyl)amino]propyl }amino)-1,2,5-oxadiazole-3-

carboximidamide
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CF 3 15 The desired conpound was prepared according to the procedure of
Exanpl e 13, step E, using

2-[ (4- { 4% of2b100008958- (tri fl uor omet hyl ) phenyl ] - 5- oxo- 4, 5- ¢chyu$e@9D49941- oxadi a
zol -3- yl1}-1, 2, 5-oxadi azol - 3-yl ) am no] et hyl mnet hanesul fonate as the.
starting material in 100% vyield. LCMS for C13HOF4N603 (M N2+H)+: mz =
372.8. 1H NWR (400 MHz, DIVBOd6) 6 8.22 (dd, J=6.2, 2.4 Hz, 1 H), 8.05

(m 1 H, 7.76 (t, J= 9.6 Hz, 675(t@H59Hz 1 20H), 3.53 (t, J=
5.9 Hz, 2 H), 345(q,J-56Hz|-,l H)HSte
3-{4- [(2 Anmi noet hypani no] - 1, 2,°&¢ "xadne? &ﬁ 444-f 1 uor o- 3-

(trifluoronethyl)phenyl]-1, 2 Q ékadlazom- 1/)-one hydroiodide The
desi red conpound was prepared accordi ng t® t he procedure of Exanple 13,

?t epf :: Thi ﬂ?s;]rBd {:élnlgc(uada?s gﬁpirhwgmdmg}m gleﬁ(/ﬁze@lﬁédeiﬂ{l%ﬁ 1yt1slep414t 4-fl u?r o- 3|—
ri uor one X 1 azo -0one as e startin materi a
in sood/o yiuEry %&E"cﬁ@%‘%‘?" é‘féﬁd&qﬁsym&fgn O]Pfﬁpbzl}-l 2357‘?}“’@132‘11F~T3N|\/Rg( 400 Mz,
o1y coRlpElntths oy m%[ é@“??ﬂ%ﬁ(?g%%éﬁﬁ%ﬁ%  Legbby 75 §°°
Hz, 25H), 2.95 (t, J— 6.5 Hz, Step G

2-]( fonyl)anlno]eth Ilanlno) N44-fl uoro-3-(trifl uoromnethyppheny
10 é“ﬁ&ﬁiyéfh?ny‘% H%@ﬁpa%ﬁﬁ%hgk@ﬁTbﬁﬁrnldanlde The title conpound was

prepar ed [@s@i dﬁﬁoﬁl?ﬁﬁQWﬁZ 9%}(?&@%&' ?cajrgoxuﬁcﬁﬁnc@ using 3-

{4-](2- anlnoethyl)anlno oxadi'azol - 3-
-444-fluoro-3-(trifluoronethyl)phenyl]- 1, 2 4 oxadi azol -5(4R) - one

hyh o odile sl Bal imapl esih e dai e bk AP P ung o
1 H) 109. dbh c§0x>¢4ﬂ3 [(metbglsylfonyDaming]ptopii} aminopf)l 2, 57oadiagele3- J= 6.1, 2.7 hz, 1
7. 030&%&)&%1(%5')]11@?&11&% %B%%Tﬁ%%u}@ ([)(éa]%)obdg caj.\ctg% ,F&rlc;gdc %0@9 , 3= 6.2

N44 FI U0 BOth3 staftinig il {0 TR 1 Dyl yiddn enyiktOF ¢ 1y 4 BB b 4 §4+H)+ m/z = 451.0,
1( et hyl sul fonyl ) am nol et hyl }am no) - 1, 2, 5-'oxadi azol e- 3 car boxi nmi dami de , r OH

0"p / \ KBNOIITM(AIUOQ\/[HQTWOIQ wzqa@p}aisad 2LERI 3HNMI04 @, Jhgm{zocedure of
Exanple 17 step E, usi dr ox 2- Rnethylsulfonylganlno] et hyl }

h
o o) - 11608 S5t 1H3 81 0115 7 <8 e s St 6z, 210, 2,94 (5, 310,147 (m,
3- trqglugﬁynethyl 4-fluoroaniline [Aldrich, product # 217778] as the
starting materials. LCVMS for Cl3H15F4N604S (MtH)+: miz = 427.0. 1H NWVR (400
VHz,

Example §
4-({2-[(Aminosulfonyl)amino]ethyl}amino)-/NV-(3-chloro-4-fluorophenyl)-V'-hydroxy-

1,2,5-oxadiazole-3-carboximidamide

\\ // H
/S\ /\/N v_(k /@
20
Step A: 3-(4-Amino-1,2,5-0xadiazol-3 -yl)-4-(3-chloro-4-ﬂuoropheny1)-1,2,4-oxadiazol-
5(4H)-one

.
HZNr\(LO):O

N. N
o}
Cl
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DVBO-d6): 8 11.60 (s, 111), 9.07 (s, 1H), 7.30 (t, J= 10.1 Hz, 1H), 7.18
(t, J= 6.0 Hz, 1H), 7.13 (dd, J= 6.0, 2.7 Hz, 1H), 7.03 (m 111), 6.27 (t,
J= 6.3 HavoDRBd0/009582 (m 2H), 3.13 (q, J = 6.0 Hz, 2H), PRTAS2¢09/048B) . 5

Exanple 11
4- ({ 3- [(Am' nosul f onyl ) am no] propyl }am no) - N-[ 4-fl uoro-3-(trifluoronethyl)ph
enyl | -N - droxy-1, 2, 5- oxadi azol e- 3- ear boxi m dam de Step A:

4- Ani no- PQ} i9p 0 &W@Wﬁ%@ﬂd@l}@y‘bﬂmbenﬂ) N -Bydssead] , 22 aixadi8zobaB-boxi hm dami de
OH H2N EXMMT epar gtot e
procedure%l?)@ #LE{SQESGS%%%Q u?énrﬂt gﬁﬁeﬁb K. @S@ggﬁg ne as the

st art i ngtetmbwirofatani(F0098R) Watse:tedtedlmﬂﬁ sbmmoﬁ:afm,nma&nywdazm $53%,038. 1. 15
St ep B:

"Ry dr oRpD4R fgrahydrofiuran (200 mi) andiicated gt reflux far L by Thefeaction mis e 4% dani de
1" OH 51 ‘codR] t.250C ahl Iheentesddrte thegoinp oliag alage anepabLolidpaoipthied Tk t he

d f Ex
o 2 no- RPeRe SRy ReFa A B rectate (65 Bt wsbidovith ENACHRH dami de
as the sBO0mil)gvaiR{(300iml), il Ha(YI0hD). Ih@%&amrlay@ﬂxl&élé\é'éﬂateﬁl\dﬂéhovm z =
357 (1, oy u%‘s’(?"’"gu 3, o156 and bongeniad ts sy Geydebied prodhei G 2 1| Step
C N Hydg @aﬁyitaﬁvéz)(asaﬁrlsffnmé@smpyml@ﬁm@ﬁdwas dsea AR RERPusfGabROXI m doyl

chloride
10  LCMS for CyoHsCIFNsO3; (M+H)": m/z =298.0. IHNMR (400 MHz, DMSO-dy): & 7.96

(dd, J= 6.6, 2.3 Hz, 1 H), 7.69 - 7.60 (m, 2 H), 6.60 (s, 2 H).

Step B: N-{4-[4-(3-Chloro-4-fluorophenyl)-5-ox0-4,5-dihydro-1,2,4-oxadiazol-3-y1]-1,2,5-
oxadiazol-3-yl}-2,2 2-trifluoroacetamide

-0
Y P W
3\([)]/ V/_\(‘\N

N. N
O

15 F
A solution of 3-(4-amino-1,2,5-oxadiazol-3-y1)-4-(3-chloro-4-fluorophenyl)-1,2,4-oxadiazol-
5(4H)-one (15 g, 50 mmol) in dichloromethane (120 mL) was treated with trifluoroacetic
anhydride (14 mL, 100 mmol), cooled to 0 °C, and treated with pyridine (8.2 mL, 100 mmol).
The reaction mixture was stirred at 25 °C for 10 min, cooled to 0 °C, and quenched with

20  water (10 mL). The reaction mixture was diluted with ethyl acetate (500 mL) and washed
with 1 N HCI (300 mL), water (2 x 200 mL), and brine (200 mL). The organic layer was
separated, dried over anhydrous sodium sulfate, filtered, and concentrated to ~50 mL volume.
This solution was warmed (~40-50 °C) and treated with hexanes (600 mL) under vigorous
stirring, followed by petroleum ether (200 mL). The mixture was stirred at 0 °C for 30 min

25  and the solid was collected by filtration, washed with hexanes, and dried to give the desired

product (19.7 g, 99%) as a white solid. LCMS for C1pH5CIF4N504 (M+H)™: m/z = 394.0.

TH NMR (400 MHz, DMSO-dq): §7.82 (dd, J = 6.6, 2.5 Hz, 1 H), 7.59 (dd, J= 9.0, 9.0 Hz,
1H), 7.52 - 7.47 (m, 1 H).
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N N The desired conpound was prepared according to the procedure of Exanple
1, step E, using

N - Hydr oxyo2e{o@s9s8t hoxypr opypam no] - 1, 2, 5- oxadi azol e- 3Pcaruseogoniugasi de as
the starting material in quantitative yield. LCVM5 for C7HL2CLINAO3 ( M+H) +:
mz = 235.1. 5 Step D

N- P- Fl uoro-3-(trifl uoronethyl)phenyThN - hydroxy-4-[ (3- net hoxypropyl )am no] -
1, 2, 5- oxa#P4z ot-6-Ghlewrb8neraplrarh) de4+{ G tityNuNnDhty dasing e 8 2 Scaxpdiarnd-3nas

pr epar ed BG00K i gk BQS@ Ry ocedure of Exanple 1, step F, using 10
N- hydr ox;}/,94- [(3- rretzhox Jrg?gpypam' no] - 1, 2, 5- oxadi azol e- 3- car boxi m doyl

chloride and 4- fluoro-3-(trifluoronethyl nzenean ne as the starting
materials in 87%yield. Lﬂv@ﬂgr/gl/%%gﬁ @1\ 44-F1)+: mz= 378.1. 1H
NVR (400 MHz, DMBO-d6): 6 1Rh'5 ﬁs, 1 Fry, §.05(s, 1 H, 7.30 (dd, J= 10.0,
9.6 Hz, 1 H, 7.13 - 7.11 (m 1 H), 7NQSN- O(m 1 H,6.22 (t, J=5.7
Hz, 1 H, 3.35-3.32 (m 2 H, 3.25- 3.719 ( , 1.79 - 1.72 (m 2 H. 15
Step E:

4[ 4-Fl uor o-3-(trifluoromet hyl ) pheny1] - 3-{4-[ (8- net hoxypropyl ) anmi no] - 1, 2, 5-
oxadi azolA-sshyibh ofl 2-Pridd ariadjethand]- B ¢Hp none) [EP599220 and Meo@eshéed2@appound was

pr epared di .to the pr.ocedure. of anpl &,Vste G, .using 20
N-[ 4-f1 uéﬁﬁgglﬁna?‘?ﬁhﬁw@%gm? &p%ﬁ% ﬂmﬁml{% ﬁﬁa"[ @é%?h@x@ﬁ%pyl ) ami no
]1-1, 2, 5- neatedhvak eipdpeidzbdivarbd:gite 0D @B, 3NBmsH) AFdpwik@. Mt Bt rhikture
guantitative, yi.el 8.0 LCVS for Cl5H14FANS04 (MtH): miz = 404.0. @ Step F:
4[ 4- FI uor@® §F{e@raf I G &troneiRy Fpieta so8tion of ¥3HiGds sRpr bBYPRerAy] - 1, 2, 5-
oxadi azok:=ooWs dikyde4 ;20K 8-Hda% 6l 3-91(4 b15-0:20Rz0l-3-y1}-2,2,2-trifluoroacetamide (9.3

g, 24 mmol) in tetrahydrofuran (28 mL), and stirred at 25 °C for 16 h. The reaction mixture

10 was concentrated, diluted with ethyl acetate (350 mL), cooled to 0 °C, treated with 1 N HCI
(200 mL), and stirred at 25 °C for 1 h. The reaction mixture was treated with additional 1 N
HCI (150 mL) and stirred at 25 °C for 3 h. The organic layer was separated, washed with

saturated sodium bicarbonate (200 mL) and brine (100 mL), dried over anhydrous sodium

sulfate, filtered, and concentrated to a yellow foam which was reconcentrated from hexanes
15  to give an oily solid. The oily solid was treated with methyl fert-butyl ether (50 mL) and
stirred to give a heterogeneous mixture. The solid was filtered, washed with methyl terz-

butyl ether (30 mL), and dried to give the desired product (10 g, 74%) as a white solid.
LCMS for C31Hy4CIFNgO3Na (M+Na)+: m/z = 605.2. IH NMR (300 MHz, DMSO-dj):

§7.97 (dd, J=6.7, 2.6 Hz, 1 H), 7.71 - 7.66 (m, 1 H), 7.60 (dd, /= 9.1, 8.8 Hz, 1 H), 7.40 -
20 7.37 (m, 6 H), 7.28 - 7.23 (m, 6 H), 7.18 - 7.12 (m, 3 H), 6.59 (dd, J= 5.9, 5.6 Hz, 1 H), 3.37
-3.31 (m, 2 H), 2.96 (dd, /= 7.6, 7.6 Hz, 1 H), 2.27 - 2.19 (m, 2 H).

Step D: 3-{4-[(2-Aminoethyl)amino]-1,2,5-oxadiazol-3-yl}-4-(3-chloro-4-fluorophenyl)-
1,2,4-oxadiazol-5(4H)-one hydrochloride

HCI -
Hoo ) Yo
N T(LN

25 F
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The desired conmpound was prepared according to the procedure of Exanple 3,
step D, using

54[ 4- f | uowo-28t(as9581 uor orret hyl ) pheny1] - 3- {4- [ ( 3- met hoxy propskioamiered - 1, 2, 5-
oxadi azol - 3- yl}-1, 2, 4- oxadi azol -5(411)-one as the starting material in 97%
yield. LCMS for Cl4H12F4N504 (M+H): nmiz = 390.0. 1H NWMR (300 MHz, DMSO d6):
8 8.20 (dd, J=6.4, 2.6 Hz, 1 H, 806 - 8.01 (m 1 H, 7.75 (dd, J= 10.0,

g 22 H% A 5 x@d &"ﬁlﬁ(oh of t]ruso% é}yﬁﬂanej(?, %27%({1%?&&1ﬂ§c59?$éﬁ gh mI? 51 -

3-{4- [(357&&mmbb mpyd@eém Mﬂ-cl:!lm@ ‘Eﬂ@&elcheazle (3-{%@14@1114&%)@:19?1@390}
(trifluo The desired
rrpound[’%g‘seotxQéﬁli%o'ﬁl)tg é %xgmaZO?%gép%igké'?é éur e&g?‘n dEg(1 res}lltm step E,

USI ng 15zuspehsioh was Giir&d(att 25 fC €30 meh.hYhe yeheioy hiixtBre was ﬁltered and washed

4- h di -3- yl} . . .
LD o BB 1Bt Bl SRR RER it Ui wes A Y ve i el
F{. ?V[B( gor mé€thdid] QFBADB)) BQdﬂec{tMl{-)Nél), tgealféckxazfdn 4B8VHQ1 in 1,4- dloﬁiremlél-tnl_,ﬁ-ancé stirred

0 am.nojl -.1, oxadi azo
boit v o7 o aRons AR bt SR oo as%ﬁiyhft BB PR 1 N
F3 The ¢b&i(sehLy v, ViEks spliERay wathal ek dlbmgl dteer(Stempy AEeRd & of Exanpl e
3, step F azi dopr opyl ) am no] - 1, 2 5 oxadl azal - 3-yl)

-414-f1 u%ié’ﬁﬁ‘gldgg“fef%ﬁ‘{ﬁ@%%%étgh% % psenyifesold. 2L RIBICBNERB- one as the

tart 81%yield, LCVB f 4H13E4N mz =
:s),sgr 3‘5 "7 qu( 60 {H§§e@‘dé9°N%{ZSD%Qéﬂ %§D5G%z9% (21:%%@751 'H§9Z 58. 06 -
8 01 (m(n; 1*1? 7.64 (4, (relch 1 33 18z, 1.H)96 47 @, s 1 std) 5.0 34 KPS 546.3.27 (), 2 18), 71 (br

s, 1
M35 2.99 (m, 2 H).

Step E: N-[2-({4-[4-(3-Chloro-4-fluorophenyl)-5-0x0-4,5-dihydro-1,2,4-oxadiazol-3-yl]-
15  1,2,5-oxadiazol-3-yl}amino)ethyl]sulfamide

Q.0 H 0

s38

F
A solution of chlorosulfonyl isocyanate (2.0 mL, 23 mmol) in dichloromethane (70 mL) was
treated with #-butyl alcohol (2.2 mL, 23 mmol) at 0 °C and stirred at 25 °C for 1 h. This
mixture was added to a suspension of 3-{4-[(2-aminoethyl)amino]-1,2,5-oxadiazol-3-y1}-4-

20  (3-chloro-4-fluorophenyl)-1,2,4-oxadiazol-5(4H)-one hydrochloride (4.3 g, 11 mmol) in
dichloromethane (70 mL). The reaction mixture was treated with a solution of triethylamine
(6.3 mL, 45 mmol) in dichloromethane (20 mL) at 0 °C and stirred at 25 °C for 3 h. The
reaction mixture was diluted with 0.1 N HC] and extracted with ethyl acetate (2 x 100 mL).
The combined organic layers were washed with brine (100 mL), dried over anhydrous

25  sodium sulfate, filtered, and concentrated to a white solid. The white solid was diluted with
dichloromethane (100 mL), treated with trifluoroacetic acid (20 mL), and stirred at 25 °C for
3 h. The reaction mixture was concentrated to a crude residue that was purified by silica gel

chromatography to give the desired product (3.7 g, 78%) as a white solid. LCMS for
C12H12CIFN705S (M+H)1: m/z = 420.0. 1H NMR (300 MHz, DMSO-dq): & 7.98 (dd, J=
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2.73 (m 2 H, 1.85 1.75 (m 2 H). Step I:

4- ({3-[ (Am nosul f onyl ) am no] pr opyl } am no) - Nd4-f | uor o- 3-
(trifluorwoepbtwdojysienyl i - N - hydr oxy-1, 2, 5- oxadi azol e- 3- earhszéoviogernd de 10
The desired conmpound was prepared according to the procedure of Exanple 15,
step G using

3-{4-[(3-am nopropyl)am no] -1, 2, 5- oxadi azol - 3-y1}-444-f| uor o- 3-
(trifluobdndt kyl ) Hblé’ﬁmé]%m(ﬁq 21 H)xa(% a%m:l: 5@(}%!4) He)smShogst? cl\z/iﬁdsl_zl()m Jasng K he
starting % 131116FAN7 +: =

442. 0. 1%@8%03&% Wgﬁsir%&n 216 (s, 1H, 9.08 (s, 1 H, 7.31

(dd J= 10.0, 7.13 (dd, J—64 2.9 Hz, 1 H), 7.05 - 6.99 (m

6. 6.17 (t, J= Hz, 1
3 28 gtfﬁ% ﬁad%-[(%mn%subfanyl)wﬂgﬁ? %};N H%Chigro-‘* ﬁ!l(m;rgpf(eﬁyl)é/‘ “H) . Exa?pl e
12 205 N Kf’drdﬂytlpﬂg zoxadihZold-3-uabeamidawidheny! | - N - hydr oxy- 4- ({ 3-

[ (met hyl sul fonyl ) am no] propyl } am no) -1, 2, 5- oxadi azol e- 3- car boxi m dam de
The desired conmpound was prepared according to the procedure of Exanple 16

using 3- {A‘Ebluh&?o #ﬂ@ﬂt[qqxlcm% ﬂ%ofbp&n??@(@:@ LAz Q{hgaoyllé 4- oxadlazol?-

-4[ 4-fluoro-3-(trifl uoronet h%ﬁxyﬁ eny q]i xadi'dzol - 5(4R) - one
hydr oi odYidd.Zasoxadiazelt Hyl smigo syl faimidler(377(e/ B Pinarnel) in rawfisarfobf 700 M7 FANG04S

' 1
7 g0 L2 SOty Spel anEMpELAARAS G kD g bl mielly (51 5
7.021¢m WQS @I)end@dl\gth(ﬁtN HE topl@~THmd the tefpthar®l ¥as ren®vedlur(dey re@udefl pregs®9 - 2. 94
2 7
4T (12- [ RasoBd o precipibed s By %nﬁnéa%d%@ Y £ RS9 et hy ) p
henyl] - & ,9294)w9% aglitasalde 18N R 0% ?943 H HAM=Sda\o. Nigt KRt ep A:
N - hydr oxy-4-[ (2- met hoxyet hypam no] 3-(trifluoronethyl)phenyl]-1,2,5-

oxadi az0(460 ks THASO ) . 2e(dl, J 96.8, 2.1 Hz, 0.05 H), 7.32 - 7.29 (m, 0.1 H), 7.18 (dd,
J=9.1,9.1 Hz, 0.95 H), 6.93 (dd, J = 6.4, 2.7 Hz, 0.95 H), 6.71 - 6.66 (m, 0.95 H), 6.33 (brs,
15 1H),3.35-3.27 (m, 2 H), 3.10 - 3.06 (m, 2 H).

Example 6
N-(3-Chloro-4-fluorophenyl)-N'-hydroxy-4-({2-[(methylsulfonyl)amino]ethyl}amino)-

1,2,5-oxadiazole-3-carboximidamide

;‘s':N‘NN# ged
20
The title compound was prepared according to the procedure of Example 17 step E, using
N'-hydroxy-4-({2-[(methylsulfonyl)amino]ethyl } amino)-1,2,5-oxadiazole-3-
carboximidamide and 3-chloro-4-fluoroaniline [ Aldrich, product # 228583] as the starting
materials. LCMS for C,H;sCIFNgO,S (M+H)™: m/z=393.0. IH NMR (400 MHz, DMSO-
25 dg): 811.50 (s, 1H), 8.91 (s, 1H), 7.19 (m, 2H), 6.96 (dd, J= 6.7, 2.5 Hz, 1H), 6.71 (m, 1H),
6.26 (t, /= 6.4 Hz, 1H), 3.32 (m, 2H), 3.13 (q, /= 5.8 Hz, 2H), 2.89 (s, 3H).

Example 7

4-({3-[(Aminosulfonyl)amino]propyl}amino)-/N-(3-chloro-4-fluorophenyl)-/N'-hydroxy-

30 1,2,5-oxadiazole-3-carboximidamide
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N- Hydr oxy- 4-[ ( 2- met hoxyet hyl ) am no] - 1, 2, 5- oxadi azol e- 3- car boxi m doyl
chloride (1.3 g, 5 0 mpl) [nade according to Exanple 1, steps A through E|
was stirrwo20r/onedser (10 nL) 10 and warned to 60 C for PCEUSAM00949794
3-(trifluoronethyl)aniline [Aldrich, product # A41801] (880 ng, 5.5 mmol)
was added in one portion and the reaction stirred for 15 mnutes. Wile
remai ning at 60 C, a solution of sodium bicarbonate (630 ng, 7 5 mol) in
water (10 nmL) was added dropw se over 5 m p@te Ffhe reaction was stirred
at 60 C for an additional 50 M nut esH and mv\ed to cool to room
temperature. Ethyl acetat'd &S nm) were added to the
flask and the organic IayeroV\@s col | egf Hhe aqueous | ayer was extracted
with ethyl acetate (2 x 20 nmL) and the “@onbi ned organics were dried over
sodi um sgiehat: s3-[(Dhe ¥@ilen mgﬁﬁg)éﬁ.d -dIn vacuo to give the desired
pr oduct asf)an o[r(a%eﬁ’}gigl i glts(éf@ﬁ 0% . LCMS cal cul ated for C13HL5F3N503
(MtH) +: m z 346. 1. 1HNWR (400 NCDSQDPH 5 7.36 (t, J=8.2 Hz, 111),
723(d J-76Hz 1H) 709(s ,702(dJ 8.2 20Hz, 1H), 3.60 (t,
J=5.2 : N 46 (t, J=5 s, 311)
3-{ 4- [(21’%\9@%@&9@% AP Rni-Prgpanel Wéﬂ%@a u&%r\?@‘l 162 0ms. %QmmBu%r omet hyl ) phen
yl1] - ZthBm't}?aﬁ O 793P tRARA with benzophenone imine (4.4 mL, 26 mmol) and
N - Hydrox - &2( net hoxyet hypam no] - N43-(trifl uor onet hyl )phenyl] 2, 5- oxad
i azol e- BSUI(‘,eérﬁb TGt d b dhe 1eagtiqn mlstl%@W@mﬁiteredeﬂ@d the flltrafeawabmwblmait% dazol e
(1.16 g, o) reaction
to J‘eﬁteat elcli‘-): pﬁ?gctg& % Jlu % zﬂlyAﬂ glgfst ﬁ&t@nzfl%&sﬁéehm&ggt

M xture Was tes

1, 1' - car hotyt lirifivhtebaz oS for 29 ¢H 8NOU@+H§Ib|ﬂJ/z\ha§40&ﬁded After stirring at
70 C5 for another 50 m nutes, he reaction was allowed to cool to room

terrperature Et hyl acetate (20 m_) was added and the crude reaction was

washe i ( % r id,nn the
separgtl on’ of ?ﬁértél I’S{X%éé{ll). 02 llz)zgsgg%lal)d%:azﬁ .0 g‘? nr 'C S?gg'lutogo kﬁng’gai um
sul f at e d2d-cediesniS(d)echeimflvacagetatePur i f i cat| on by fl ash chromat ography on

silica gel wth an eluent of ethyl_gacetate in hexanes gave the desired
product (1.3 g, 90% . LCM5 10 cal culated 92:814HOF3N504 (MtH): mz =

372.0. Ili NWR (400 MHz, DNEQNQ,G)\/ﬁ 8.0 1H, 7.92 (m 2H), 7.79 (t,
J=8.1 Hz, 1H), 6.42 (t, J= 6.0 Hz, Y 3.47 (t, J=5.8 Hz, 2H), 3.38 (q,
J= 5.0 Hz, 2H), 3.24 (s, 3H). Sﬂ\‘e(gNC

3-{4-[(2- Hydroxyethyl)am noj -1, 2, 5- oxadi az =g} -4-[3-(trifluoronethyl)ph

enyl ] 151, 2, 4 oxadi azol -5(414)-one In a round. bottom fl ask under nitrogen

at nosphere, 3-{4- &2 met hoxyet )am no] -1, 2, 5-
oxadi azolA—SsluylSlzl}lO d(phﬁﬁﬁmetgylm%&mpkmwm(@mg@ﬁ)@@@%ﬂ@ﬂ 5(4H)-one (1.3

g, 3.6 nmyp), dc re was
by ought | T enfiRaiil O8G0 aEhEll AHATRRABREEE ol 0 [0 Gal GERES Gk

di chlldr odmOpmpgl :(z@'dlgarbdugyla:fe @5mip 0.3 8 wasoDadtdevisel rﬁmme&aommmrt Svagstinddes. The
reaction er at ver .45 ute and_conti_nued to
Sorr PR RSB G et Ph S RG-S et ST heR s E580 500 v
co;)I ed tmélgdrﬁ‘-lamdoaacﬁ&bm@t]adz wkaaﬁazoln?,-gt} :zfsmlmmnolm&acaﬁmm(m thg) Ot er (25
m) was a c e 0 nut Alter rmng to roomtenperature,
et hyl E’t“éfﬁ ef@g%géﬁ?dxgsnﬂbaf@r atn?é) Cule 16 Bt 4e6on FEXHIe @R The

or gani c kra3ted wiREifRBtdabstic @6idAN EhIf), mﬁn@&mus b2y BanWasncexitdidh @druaet h et hyl
acetate (2 x 20 nL). After drying the conbined grganic |ayers over sodium

sul f &P e, Tasidae. sm%%tenalawrpéﬁﬁ%w PRGSO ighe tbﬁéesaééprpéw prdBgict (1.0

, 819 4_ mz = 358.0. | HNVR (400
g ¥ éo%&gggg @13?535%6%1?’%%36 “96 g%@g)HZ Z 7.79 (t, J= 8.(2 Hz,
1H) 6.35 (t, J= 5.7 30Hz, 4.86 (br s, 1H), 355(t, J= 6.0 Hz, 2H),
3.28

2-1( 4( En 5St?§|)&~ m@B([EAm#npﬂéfoaﬂﬁmiw]ymwmww#ﬂhhw?@u&r,ozf}e@ywﬁdi azol - 3-y1}
-1,2,5- gyadharols-cadibai- 5 ksbitidRidanesul fonat e

25  The desired compound was prepared according to the procedure of Example 15, step G,

using 3-{4-[(3-aminopropyl)amino]-1,2,5 -oxadiazol-3-yl} -4-(3-chloro-4-fluorophenyl)-1,2,4-
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-S' To a solution of

3-{4-[ (2-hydroxyet hyl )am no] -1, 2, 5- oxadi azol - 3-y1}-4-[ 3-

5(trifl uowormtonpbdsphenyl] -1, 2, 4- oxadi azol - 5( 4H) - one (1. ®CH/US2009/0ma7®4 ) i n
ethyl acetate (8.5 nL) was added net hanesul fonyl chloride (0.29 nmL, 3.7
mmol ) in one portion. The reaction was stirred for 5 m nutes and
triethylamne (0.52 nmL, 3 7 mml) was added, also in one portion. After

stirri ng°’F3(51Fa231n5(éHBP‘f-‘-’| @ifluproaqstats dniheyartipgmatesaldn P vivkd Adeled with the

addi tion he, pradyct e I etate (2 x
5nm), dﬁ?%%m%d Y/(S‘?S @%IHL uI fagflei #ﬁ%@@ﬁﬁﬂ@g%@a%@ t(%(igl ve the
deS|red d(/ngzggogg N f 1 H: mz
desliC0 Ph.och 3,@ &‘?1' &h@tﬁﬁu ),@%7& %%?E\ﬁ“@ﬁ?%é 50 (¢

J= 8.2 HQ;J?LQ)OH@IW Qﬁl (SJ&H5,691 J“liiﬁl hH,’B@Z(gt 3.3, @, 24), 293)2.83.58 (m
2H) , 17, ( e

3-{4- %( ZZnAzzlSIg)og?ﬁyég%%% F}if 2, 5- oxadi azol - 3-y1}-443-(trifl uoronet hyl) phenyl
]- 1,2, 4-oxadiazol -5(4H)-one N."aro "N\. 2- [ (4-

{5- 0xo0- 43~ %P |f| uor ornret hyl ) phenyl ] - 4, 5-di hydr o- 1, 2, 4- oxadi azol - 3-y1}
-1,2,5- oxa azol - 3- yDam no] et hyl et hanesulfonate (1 2 9, 2.9 mol) was

di ssol veN—(BrCHibe—4-ﬂﬁomﬁphmyi)ny-bydmmy-dQ{3( (Rméthylsplfod¥ifaatinslpeopyifamindgje (280
ng, 4 3 gﬁ) |noeﬁort|on the tenperature was brought to 65 C
and the c’ﬁa z%lf'l r"iaé BIea8 M Surs. After cooling back to room
terrperature water (10 nmL) was added to quemch the reaction. The product
was extracted with ethyl acetpte (3.x 10l\1rrL) i the comnbined organic

| ayers were dried over sodk WNHH@ Sk was renoved in vacuo to
gi ve the desi red product 23%1.05 g, 96@ HLCIVS cal cul ated for G 3H10F3N603
(MNegH)+: mz 355.0. 1H'N (400% DVSO-d6): 8 8.09 (s, 1H), 7.93 (m
g::g :73 Z x%ttlﬂe cif)mpgmgi ‘f_fEs prcgﬁ%e!d acg%rglb]gtd_ thgprocecpurel_thxalﬁQp’le ;’, s‘f:’ep u‘sm‘g} - 5.7 ke,
{4-](2- Ahj’dh@@t—hf{ﬁ}[am‘bthyi]sulﬂ),ngl)ﬁnmx}pcﬁpalz}ﬁinnﬁ) )‘(,]Z}S-oxadlazole 3-carboximidamide
-443-(tr or onet hyl) phe 0|o ide To a
sol ution dJ n@f‘%%%%% Wéﬁhﬁmgﬁﬂ?n@gg{%& %“% %‘

5(trifl upﬁodimﬁ#mgsmmwa];taﬁmgnﬁte@éﬁdh 2@ lyiekd. 413@1\)15%1&3@-117@51\90482 8 mml) in

net hanol (12 nl) was added sodiumiodide (2.5 g, 17 mml). After stirring
for 19 n(MudEs w/a= §©Vé|t&bhi1\@f(4e®nl\/ﬁizo€f)is<a§i hy 786 (tahe 8OHZ 1H),,6.98Ammol ) in

nmet hfanol dl({ilgzkg)t@:gl_ s]iggdﬁ% ?29;8 \égrsa%ﬁbl uz{é teﬁH} The reaction

conti nue €s a sodi um t hi osul fat e
(2.7 g, 17 mol) in water (12.5 nmL) was added in one portion. A beige solid

Example 9
4-({2-[(Aminosulfonyl)amino] ethyl}amino)-/NV-[4-fluoro-3-(trifluoromethyl)phenyl]-N'-

20  hydroxy-1,2,5-oxadiazole-3-carboximidamide

~OH F
i A X
IO /\/
HoN N N CF
2 H /A H 3

N. N
O

Step A: N- [4 -Fluoro-3-(trifluoromethyl)phenyl]-N"-hydroxy-4-[ (2-methoxyethyl)amino]-

1,2,5-oxadiazole-3-carboximidamide
" ‘_,OH
%QLN H
B N CF
N« o 3
F

MeO’\/H



10 precipitated upon addition of the sodiumthiosulfate solution and it was
collected by vacuumfiltration. The solid was rinsed with water (2 x 10 nlL)
and was dwpediumsess vacuum overni ght to give the desires#Cprusdeonds7ss sol i d
had also precipitated fromthe filtrate and it was collected by vacuum
filtration. After washing with water (3 x 10 nmL) in the funnel, the product
was dried overni ght under vacuum The solid was slurry washed vmth et hyl
acet at e Thed¢sgedcampoundwad prapared anerdingdothiegotcedirbyf Examplad3,otep Af t er

5 A S Al ot D R b

obt ai ned[madetaheprding tok xople 1 sdéps A theMizcE] mﬂl3m1ﬁdommﬁth@1%ﬂm®6&mﬁb3 (M+H) :

78 (1, Lyligh prodh iRk Wi R il i il XIGHS)LF@@ Rty %”119 (m

2 0
A AR B, e o 715021,
n

(trifl uofendDhypd @ B|Hz 2H)53 .6k Gdi a2 3| Re, 8-H)a3 Bbtsi Wam de To a solution
of chlorosul fonyl isocyanate (9.2 4, 0.11 mmol) in dichloronmethane (0.24 25
m), at O C and under a nitrogen at rmspher e, was added tert-butyl alcohol
(10 1. 1L Step Bt #-[Avkibuioro-B r{triluoromethal)pleenty Sh{4ol62-niEHex gasthyitaimamm ] vigsS-al | owed t o

stir at 1) e f.or ur to obtain a solution of tert-butyl
[ chl or osu?a%o@néﬁ?g ]g% f‘ac{laZIOI }gE@gB%r ate flask, 3-

{4-[(2-am noet hyl ) am no] -1, 2, 5- oxadi azolo<3:¢y1} - 443-
(trifluoronethyl)phenyl]- 1, ﬁ"‘% xagy azql ~-5(4H) - one hydr oi odi de (26 nyg,
0.053 mml ) was 30 suspended in | o o t hane (0.5 mL). A nitrogen

at nosphere was established and the tie prought to 0 C. The
tert-butyl [chlorosulfonyl]carbanat é“@’ol u %p3repared as above) was
addegpover 5 minutes to the stirred suspenS| n of the amne salt. After 10
m nut es, rlethlamne §VS7IIL 0. 27 The reaction

rop
m xt ure MASISHPY fuRposnd WabRHEPETARSFORiREdo ?hapr%e@ﬂﬁaﬁwmmfm@rs teedhcent rat i ng
i n vacuousihI§- [Hﬂﬁlbﬁi-@(tﬁﬁﬁorbﬁa %r}l%%eﬂ&l] . hydré gua[(gaﬁ&ﬁdxgeﬁﬁoﬁmﬁ& -2, 6

mml ). This_was stirred our and m Xt ure was_ again concent r at ed

to drynegéadaqffOk?éc%boxméaIaﬁPéﬂth%W@g nwéffr@l perigdd LOYIS®F hanol (0.5 nl)

oot onCib nsan D Gev” Ao StV (T i RREE 8 Bl PO o The

Beut rr,lgl :azatHsz H)j 8.08 ae,at Hy; 746l 6% lﬂi,dl }Dg.g.mj( ést?g&,pmglg% (ty\fzf/gurl fied
cal oul ot 5 1Y 35%1}5%%%4%&}5%%6@ 38,2710 410, 0. 1H NWR (400 Mz,

CD30D) 8736(t J= 7.8 Hz, 7.23 (d, J-78Hz 1H), 7.10 (s, 1H),
7.03 rr% Exampl e 14

N Rydr oSRs e{[é-F[lwWﬂmfgxaw?&DyWH&r@rmV AYDRPESLBRC | dor orret hy! )
phenyl | 15ladZaz6r R¥B B2QkStid0E8(4PGxheN dan de The title conpound was
prepared according to the procedure of Exarrpl e 17, step E, using

N- hydr oxy-4- ({2-[ (et hyl sul f onyl )am nQJ vl | am no) 1, 2, 5- oxadi azol e- 3-

car bwdm dam de and 3-trifluopg ﬁ\i [AI dri ch, product # A41801] as
\06 99

the starting 20 materials. LCVS 3N604S(I\/H—I)+ mz = 409. 1.
111INMR (500 MHz, DMBCU6): 8 11.63 ( 7.39 (t, J=7.6
Hz, 1H), 7.21 (m 2H), 7.10 (s, 1H) J—81HZ H), 6.28 (t, J=
5.4 ba, 1H), 3.36 (g, J= 5.8 Hz, 3.17 (Fq, J=5.8 Hz, 2H), 2.91 (s,
3H). 25

4- ({3-[ (Am nosgﬁl%on%ﬂ %%a%%’f%arr%d%?ﬁ’rdm Rk R SRS 1P Puor onet hy! )
phenyl ] - udin@4-$p4-finerci o ifler@nethyljpbxmnyii- MM[(denetthethyl)ammo] 1,2,5-oxadiazol-

3-yl1}-1,2,4-0xadiazol-5(4H)-one as the starting material in 99% yield. LCMS for
C13H)FsNs04 (M+H)T: m/z =376.0. |HNMR (400 MHz, DMSO-ds): & 8.22 (m, 1 H),

25 8.05(m, 1H),7.76 (t, /J=9.9 Hz, 1 H), 6.34 (t, /= 5.7 Hz, 1 H), 4.87 (t, /= 5.2 Hz, 1 H),
3.56 (q,J=5.5Hz, 2 H),3.29 (q,J=5.7 Hz, 2 H).
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H2ZN.Q N."_,N., /4"?2\// \ OON'N O 75 Step A

3-(4- Am no-1, 2, 5- oxadi azol - 3-y1)-443-(trifluoronethyl)phenyl]-1, 2, 4- oxadi az
ol 5(411) -woeo//958 The desired conpound was prepared a®CoM$R00Y/08094 he
procedure of Exanple 5, step A, using 5

4-am no- N - hydroxy-N 3-(trifluoronethyl)phenyl]-1, 2, 5-oxadi azol e- 3-car boxi m
i dam de [see US Pat. App. Pub. No. 2006/0258719] as the starting materi al

in 97%yield. LCV5 for Cl1H/F3N503 (MtH) +: mz = 314.1. Step B:

2,2,2-Trifl yoro- 4-{5- 0x0-4 triflyo I)p 1 i hydro-1, 2, 4-
10oxadi a§%Pﬁg-2§£J;§‘&,[4zf;]§° x%gpﬁ%é %‘hv%!’ﬁ’&ﬁfg é’él thyﬁ%%ll&es?xrag’&z%&rrpound
was prepare, aogafishoRg-yl)amiddRpil aeadndsalfefatExanpl e 5, step B, using
3-(4-am no-1, 2, 5- oxadi azol - 3-y1) - 443- (trl f I uor onet hypphenyl ] -1, 2, 4- oxadi azo

| -5(411) - one as the starting mater,{j i 90% yield. LCVS for
C13H6F6N504 (MHH) +: mz = W’\ﬂ)ﬁ 15\ (400 MHz, DMBO-d6): 5 7.91 -
7.88 (m 2 H, 7.76 - 7.69 (m 2

3-{4-[(3-Met hoxypropyl )am no] -1, 2, 55 6X&dl SFyll-443-
(trifluoronethyl)phenyl]-1, 2, 4- oxadl a@ol - H) one C F3 20 The desired

conmpound was prepared accor d| ng to the pr ocedure of Exanple 3, step C

usi ngs2
{5- OX(S) 4%%1%&&&%% uggg&\ng%m/:j dear?flor]dm& 2 thglp fny%‘?“ée (1“%“4{[] O?(é.%{IStafO]? 3-yll -

1, 2, 5- ox sgirgs-tt-f1gorg Padrflupneraeshyd iphetd] - &ﬂé{(fzrhygrowmtbyl)aajmq]ﬁ ?/-lg%twaebld LCVB
f:Or8 %15H%WN§,Q4OXQM%@LS(%ZOM a?%@ st:!irtmjglﬁxwl glegg(% Véﬁl L%‘%)r 7.83 (d, J
' C14H12F4N506S (M+H): m/z =454.0. 1H NMR (400 MHz, DMSO-dy): & 8.23 (dd,J=
6.5,2.5Hz, 1 H), 8.06 (m, 1 H), 7.76 (t, /= 9.6 Hz, 1 H), 6.76 (t, /= 5.8 Hz, 1 H), 437 (t,J
10 =5.4Hz 2H),3.60(q,/=5.5Hz 2H),3.17 (s, 3 H).

Step E: 3-{4-[(2-Azidoethyl)amino]-1,2,5-0xadiazol-3-yl}-4-[4-fluoro-3-
(trifluoromethyl)phenyl]-1,2,4-oxadiazol-5(4H)-one

15  The desired compound was prepared according to the procedure of Example 13, step E,
using 2-[(4-{4-[4-fluoro-3-(trifluoromethyl)phenyl]-5-ox0-4,5-dihydro-1,2,4-oxadiazol-3-
yl1}-1,2,5-oxadiazol-3-yl)amino]ethyl methanesulfonate as the starting material in 100%
yield. LCMS for Cj3HgF4NO3 (M-No+H)t: m/z = 372.8. 1H NMR (400 MHz, DMSO-dq):
6822 (dd,J=6.2,2.4 Hz, 1 H), 8.05 (m, 1 H), 7.76 (t, /= 9.6 Hz, 1 H), 6.75 (t, /= 5.9 Hz, 1

20 H),3.53(t,/J=5.9Hz,2H),3.45(q, /= 5.6 Hz, 2 H).

Step F: 3-{4-[(2-Aminoethyl)amino]-1,2,5-oxadiazol-3-yl}-4-[4-fluoro-3-
(trifluoromethyl)phenyl]-1,2,4-oxadiazol-5(4H)-one hydroiodide
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Hz, 1 H, 7.72 - 7.67 (m 2 H), 7.59 (d J: 7.5 Hz, 1 H, 6.08 - 6.04 (m 1
H, 3.57 (t, J= 5.6 Hz, 2 H, 3.54 - 7(m 2H), 3.40 (s, 3 H), 2.01 -
1.93 (m WOHP10/005958t ep D PCT/US2009/049794

3-{4-[(3-Hydroxypropyl )am no] -1, 2, 5- oxadi azol - 3-y1)-4-[ 3-
5(trifluoronethyl)phenyl]-1, 2, 4- oxadi azol - 5(4H) - one The desired conpound
was prepared according to the procedure of Exanple 3, step D, using

3-{4-[(3- rrethoxypropyl)amno] 1,2,5-0 | -3-y1}-4-[3-(trifluoromethyl)p
heny1] -1, 2, 4- oxadi azol - 5(4 eHas \hg starting material in 69%yield.
LOVS for Cl4H13F3N504 10 (M =/372.1. 1H Nl vfR (400 MHz, DMSO d6):

6 8.07 (s, 1 H), 795-790 \7 dd, J= 7.9, 7.9 Hz, 1 H), 6.55

(t, J= 5.6 Hz, 1 H), 4.59 (t, J— 3347-342(m2H) 3.30 -
3.25 (m 2 H), 1.72 - 1.65 (m 2H)

3-{4-[ (35 d di i fl t hyl ) ph
ny{l] 2 ﬁ%h‘zfggi%ggpé%ﬂﬁw iéfﬁﬁar%aé:cﬂ)éa |a é’m&@ BéE%G'I‘FH t#?/g“gog‘re ep;r Zag ©
?Z CF E g i RgsmgB-t{b-@(ZFH’zQE)emleﬁm?ﬂzﬁg Gfmhcgaz%l 3?/11}9411-[4Eﬂu&§13|39 3-

ro nin oxadi azo
-4-[3- (tHP ﬂFﬂyﬁ%B'g‘gﬁlﬁl?PXlﬂ)ﬁ%n@‘?’ﬁadlaid 2(HD-ess FhézSE?ImI?(IEfF&n% 80 yieke starting

L) OB 0% s IR D o .5 a1 O

-443- (t r (dd ey, Y pDeh A {m, 1162 744 Oix Aetiokzidt, 1) 11D (b0 hyplroésodide HI
H2N CF3 'grgel%gsly ggghgposugﬁz%) B, %Q{ar ed6 gﬁg%rﬂ)l.ng to the procedure of

Exanple 3
3-{4-[(3-azi dopropyl)am no] -1, 2, 5- oxadi azol - 3-y1} - 443- (trifl uor omet hyl ) phen

1)L A g P 8 Sl 010

1 H) 10 7. 8Bhydrdxy9L2 6 Bxadafotd 3-caibS&8middthide)= 8.0, 7.8 Hz, 1 H), 7 53 (br s, 2
H, 6.70 - 6.65 (m 1 H, 4.10 (br s, 1 H), 3.32
The title compound was prepared according to the procedure of Example 13, step G, using
3-{4-[(2-aminoethyl)amino]-1,2,5-oxadiazol-3-yl} -4-[4-fluoro-3-(trifluoromethyl)phenyl]-
1,2,4-oxadiazol-5(4H)-one hydroiodide as the starting material in 55% yield. LCMS for
15 CioHisF4N7048 M+H)': m/z=428.0. |HNMR (400 MHz, DMSO-ds): 8 11.60 (s, 1 H),
9.06 (s, 1 H), 7.30 (t, /= 10.1 Hz, 1 H), 7.14 (dd, J= 6.1, 2.7 Hz, 1 H), 7.03 (m, 1 H), 6.71 (t,
J=53Hz,1H),6.58 (s,2 H), 6.23 (t, /= 6.2 Hz, 1 H), 3.36 (q, /= 6.5 Hz, 2 H), 3.08 (m, 2
H).

20  Example 10
N-[4-Fluoro-3-(trifluoromethyl)phenyl]-N'"-hydroxy-4-({2-

[(methylsulfonyl)amino]ethyl}amino)-1,2,5-0xadiazole-3-carboximidamide
/ ~ /\/ N 7_(k

The title compound was prepared accordmg to the procedure of Example 17 step E, using
25  N'-hydroxy-4-({2-[(methylsulfonyl)amino]ethyl}amino)-1,2,5-oxadiazole-3-

carboximidamide and 3-trifluoromethyl-4-fluoroaniline [ Aldrich, product # 217778] as the

starting materials. LCMS for C;3H;sFsN6O,S (M+H)": m/z=427.0. 1H NMR (400 MHz,
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-3.31 (m 2 H, 2.81-2.78 (m 2 H, 1.85 1.82 (m 2 H). Step G

4- ({3-[ (Am nosul fonyl ) am no] propyl } am no) - Ni - hydroxy-N-P(tri fl uoronet hyl) ph
enyl] - 1, 2vB-20as®a 0l e- 3- car boxi m dam de 10 A sol uti on ®@CT/US2009/049794
3-{4-[(3-am nopropyl)am no] -1, 2, 5- oxadi azol - 3-y1} - 443-
(trifluoromnethyl)phenyl]-1, 2, 4- oxadi azol - 5(4H) - one hydroiodide (1.5 g, 3 0
nmmol ) and sulfamde (1.7 g, 18 mnol) in pyridine (60 nL) was heated in a
m cr owav®MBO-#30 5 1f601(s, 100),ro07 ) 2aC tti LA 100 Hz 1H), WS (¢ Irezamgd to give

the crude i rmedi ate N-{3-](4-{5-0x0-

15403 (1 716 RDY Gt A oA O G 7l 16 2 . BRa3PR 8129 343 (@72, 5- oxa
i azol - 3- =ylo @iz ngoEyid)sul fam de. A sol ution of the crude |nterrred| ate in
nmet hanol (90 ni) was treated with 2 NNaOH (12 nmL, 24 mmol) and stirred at
25 C for 30 mn. The reaction m xture was treated wwth 6 M HCL until the
sol ut s ongyaspraiidi ¢ and extracted with ethyl acetate (250 nL). The organic
| ayer was vvashed wth water (100 nmlL) and brine (100 nL), 20 dried over
anhydr oud-(Foddminesulfenstlaminel pranyBaminmdV- %ﬂmt&ﬁtlédowe@}ﬂ)@han)dkﬂéle

resi due. At preparative LCM5 to give the desired
pr oduct ?{&PﬁylﬁSe%a%kazm%gﬁwrr%{lglo%lﬁxe LCMVS for C13H17F3N704S (MiH) +: mz =
424.0. 1H NWR (400 MHz, DIVBOd6) 8 11. 6,+Qi¢ , 9.12 (s, 1 H, 7.37
(dd, J= 8.0, 8.0 Hz, 1 H), 7.8l -7 %(mﬂl@W@ 1H, 6.95 (d, J=
10.0 Hz, 1 H), 6.52 (br é",zN?s/ 3.28 - 253.22
(m 2 H, 2.93-2.89 (m 2d 1.77 /1\3r(m 2H) Exarrple16

N -1 1ydroxy-4-({3-1(nethyl sul fonyl )am @o] propyl ) am no) - N-[ 3-

(}\r (l fl uos& N.t rwk)[g%bﬁm rokyN-03-AR Ak A Yy D- 52,5 Bk RBo . Sl Hemidambdd HAL1

~OH

N, N H
10 o

The desired compound was prepared according to the procedure of Example 1, step C, using

3-methoxy-1-propanamine as the starting material in 93% yield. LCMS for C7H14N503

(M+H)*: m/z=216.1.

15  Step B: N-Hydroxy-4-[(3-methoxypropyl)amino]-1,2,5-oxadiazole-3-carboximidamide

oA

The desired compound was prepared according to the procedure of Example 1, step D, using

4-amino-N"-hydroxy-N-(3-methoxypropyl)-1,2,5-oxadiazole-3-carboximidamide as the
starting material in 72% yield. LCMS for C7H14N503 (M+H)T: m/z=216.1. IH NMR

20 (300 MHz, DMSO-dp): §10.4 (s, 1 H), 6.21 - 6.13 (m, 3 H), 3.37 (t, J= 6.1 Hz, 2 H), 3.28 -
321 (m, 5 H), 1.82 - 1.74 (m, 2 H).

Step C: N-Hydroxy-4-[(3-methoxypropyl)amino]-1,2,5-oxadiazole-3-carboximidoyl chloride
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A solution of 3- {4-[(3-am nopropyl)am no]-1, 2, 5-oxadi azol - 3-y1} -443-
(trifluoronethyl)phenyl]-1, 2, 4- oxadi azol -5(414) - one hydroi odi de (from
Exanpl e 1O 2810005958 25 ng, 50 Il nol) in dichloronet hane PCI/Us2)09aa794 r eat ed
with triethylamne (17 1AL, 0.12 mmol) and nethanesul fonyl chloride (6 RL,
70 Rol) and stirred at 25 Cfor 2 h. The 5 reaction m xture was
concentrated to give the internediate, N-{3-[(4- {5-o0x0-4-[3-
(frifluoronethyl)phenyl]-4,5-dihydro-1, 2, 4- omdi azol - 3-y1}

-1, 2, 5- oxadi azol - 3- yl)anlno]propyl}nﬁthan ul fonam de, as a crude residue
mhlch was used without furtherQuriit > sol ution of the crude
intermediate in nmethanol (1 nlL) was tregat®d with 2 N NaOH (0.25 L, 0.5
mol) and stirred at 25 C for 30 min. Th& reaction mxture was 10 treated

with ace r L rative

LOVB o o yaBfrLeqibuRlyatySBbictqnngd BEgfBN0e BELILE LGP B

C141118F3’NHO¢1!18X3( Mﬁ)meuhbmpmp&laanmo] 12,]5 cNMﬁRzole( am&bh&imidammsdﬁe) 8 11. 6(s,

1H, 9.11 , = 7.8 Hz, 1

H, 7. 07stam?g elfteﬂgf mﬂumﬁtatdewld( cPCMS fy. @%CM%F?MJEHHO /g = 2§5~15 9 Hz, 1

H, 3527 - 3.22 (m 2 H, 2299 - 294 (m 2 H, 2.87 (s, 3 H, 1.78 - 1.71

(m 2°H. 15 Exanple 17

N- (4- Fl uStepI8-Nt-Ripbuh® (tyifhor¥mbthelh)pheyy1M- hﬁkﬂmt(hsdlﬁhﬂﬂymvﬁm} et hyl }am

no) 1, 21350 &_ azo g % car. OX|n1dan1de OH RI*0sr --S, N
AO20 G A a“i“%?t But yl

{2 [(nethylsulfonyl)anlno]ethylIcarbanatgoH Opx07NH

N-(2- Am noet hyl') (tert-butoxy)carboyam d m., 0.11 nol) [Al fa #L19947]

was stirred in dichloronmet hane320. nl 'g phyl anine (33 ni, 0.24 nol)

e’

was added. A solution of methanesul flonyl tchl ori (8.5 m1., 0.11 mol) in
di chl oronet hane (10 nlL) was added 25 resul ting nixture was stirred for

dl Eﬁlu:)r onet aldeeJ O%pou%n%%ﬁimpl%gpag? L r8m§? &r QO%C wa%ﬁl%)%gpgg%t ?%’nc’uﬁ’flg ated in

10 N-hydroxy-4-[(3-methoxypropyl)amino]-1,2,5- oxad1azole—3-carbox11mdoyl chloride and 4-

fluoro-3-(trifluoromethyl)benzeneamine as the starting materials in 87% yield. LCMS for
C14H16F4N503 M+H)*: m/z=378.1. |HNMR (400 MHz, DMSO-ds): & 11.5 (s, 1 H),
9.05(s, 1 H), 7.30 (dd, /=10.0,9.6 Hz, 1 H), 7.13 - 7.11 (m, 1 H), 7.05 - 7.00 (m, 1 H), 6.22
(t,J=5.7Hz, 1 H), 3.35-3.32 (m, 2 H), 3.25 - 3.19 (m, 5 H), 1.79 - 1.72 (m, 2 H).

15
Step E: 4-[4-Fluoro-3-(trifluoromethyl)phenyl]-3- {4-[(3-methoxypropyl)amino]-1,2,5-
oxadiazol-3-yl}-1,2.4-oxadiazol-5(4H)-one

e
H 0]
/O\/\/NV/_\(IH\N>=
N. .N
0]

Q\CF3

F
The desired compound was prepared according to the procedure of Example 1, step G, using

20 N-[4-fluoro-3-(trifluoromethyl)phenyl]-N"-hydroxy-4-[ (3-methoxypropyl)amino]-1,2,5-
oxadiazole-3-carboximidamide as the starting material in quantitative yield. LCMS for

C15H14F4N504 (M+H)1: m/z = 404.0.
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vacuo to give the desired product (21 g, 81%. LCMS cal cul ated for
C3H11N202S (MBoc+H): niz = 139.1. Step B:

N- ( 2- Ami rwetzhiolgosess hanesul f onam de di hydrochl oride / PEHTIUSR00SI6ERIN94
tert-Butyl {2-[(methylsul fonyl)am no]ethyllcarbarnate (21 g, 88 muol) was
stirred in a solution of 4 N hydrogen chloride in 1, 4-di oxane (97 nL, 388
nmml) for 30 mnutes. Trituration with ethyl acetate and hexanes foll owed

by di et hyterdt Hel4-Emetodelatosonyetnd) phéveyl i $4-f @ chydompoupyd)aasneg-16n (19 g,

100% . L% |:a N202S (MtH): mlz = 10139.0. Step C

4- Am no- &g g #igg{ogg({l?z(g?'?%h{)su fonyI )am no]ethyl} -1,2,5-oxadi azol e- 3-
car bcodm dam de O—V 5?HNI i zzo \ NH 1

4- Am no- N- hydroxy-1, 2, 5- oxaﬁbazol eﬁ car c%ﬁ?ﬁ doyl chloride (9.7 g, 60
mmol) was stirred in ethano 6 nd N

N- (2-am noet hyl ) net hanesul f onam de dvhydr ggthoride (19 g, 109 mmol ) was
added slowy in portions and the terrpgrat ese to 25 C. After cooling
back to 0 C, triethylam ne (53 nL, 380 mmol){ was added dropw se over 15

m nutes and the reaction 20 was stirred for &an additional 15 minutes. The

sol uti On’maaes‘ﬂ%&lﬁbdﬂhdi Wayprepired 208k dfik ko MRGrd2edure of BEddnpIk-3, stepB, Rirgani ¢
| ayer _wa %I’I ed sodlgg sul fate and concentrated in vacua to give the
desi r&d AlbalEr-T e gpron %pheam{&z&@craﬂamrempar@ephgmémdlew) Vo =

265. 1. 13‘@"\1'\54-6%2%(4 sdtﬁé stax%n%glageﬁal(lﬁ 197‘%?kzld 9% ONis(spy 1H), 7.18 (m
1H), 6.37 (s, 2H), 3.36 H) (s, 3H). 25 Step D

N- Hydr OxﬁﬂlﬂNBOﬁéM*ﬁ) W@mﬂmM(NQ'W{amMS@-@) 3, H20pddrazol e- 3-
car boxi m dam de
6.4,2.6 Hz, 1H),806 8.01 (m, 1 H), 7.75 (dd, J=10.0, 9.4 Hz, 1 H), 6.53 (t, /= 5.7 Hz, 1
H), 4.59 (t,J=5.0Hz, 1 H), 3.51 - 3.42 (m, 2 H), 3.32 - 3.26 (m, 2 H), 1.73 - 1.68 (m, 2 H).
10
Step G: 3-{4-[(3-Azidopropyl)amino]-1,2,5-oxadiazol-3-y1}-4-[4-fluoro-3-
(trifluoromethyl)phenyl]-1,2,4-oxadiazol-5(4H)-one

i o
N \/\/N7_8\N
I\
N. N
o)

QCF(;

F
The desired compound was prepared according to the procedure of Example 3, step E, using

15 4-[4-fluoro-3-(trifluoromethyl)phenyl]-3-{4-[ (3-hydroxypropyl)amino]-1,2,5-oxadiazol-3-
yl}-1,2,4-oxadiazol-5(4H)-one as the starting material in quantitative yield. LCMS for
C14H10F4NgO3Na (M+Na)*: m/z =437.0.

Step H: 3-{4-[(3-Aminopropyl)amino]-1,2,5-oxadiazol-3-yl}-4-[4-fluoro-3-
20 (trifluoromethyl)phenyl]-1,2,4-oxadiazol-5(4H)-one hydroiodide

HI )
%
HzN\/\/NV_('\d\N
!\
N. .N
O

Q\C Fa

F
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g ,pse --S,NN-\_31\ NH2 H/ N, N 4- Am no- N- hydr oxy- N-

{2 [ (et hyl sul f onyl ) am no] ethyl)-1, 2, 5- oxadi azol e- 3- carboxi m dam de (0. 47
g, 1.8 mwb)owemwsessirred in 1, 2-et hanedi ol (38 nlL). Pot asziuscooapaeroxi de
(600 g, 11 mmmol) was added in one portion. The reaction was heated at 130 C
for 5 4 hours and allowed to cool to roomtenperature. 1 N HCl solution (60
m.) was added and the product was extracted with ethyl acetate (4 x 40 nL).

Th mb d
vacuo 1o ye P and Sl e iy 1AL DR PRl SRaE R
C6H12N6 0354 (Gradidepropyhamingl5 52,5 oxadwgm(y&bﬁ[wﬂzoroﬁk@qﬂmqmetBYIMem (s, 1H),
7. 1F83 ( m 1 %'Z&oxa@lagoq SQH) s 3 s%ﬁm%rﬂlat&'m in 819 AgeﬂimLC%,I_g for %1§IZII§FS4N6%H)

St

N-(4- FIu hy{gg er%llﬁmﬁg {2 t Ayl Al 0] et hyl)
am no) - 1 )r}E%I aslzolhe- -'car boxi m é%l\@edkékégﬁgg&ﬁ%ﬁ’wmﬁrﬁﬁ

{2-] (bt &96 s&l01 (ny1 i Rafid,et=h9.7, ahHnol) H) 734 Fbrox 28) 2201 @r 8-1 H)52.78 -

car boxi ni i v <0, |) was stirred in 1, 4-dioxane (2 nL) and 6
N hydr og%-g?%%’ﬁﬂgﬂét%%fﬂ 4 ralL) was added. The solution was cooled to
0 C and a solution of sodiumnitrite (11 ng, 0.16 mmol) in water (3 L) was
sl oWy agde m xt ur S stirred for our at 0O C and evaporated. Dry
1, 4-di oxgﬁgg(ﬁ’z_ﬁ@( ‘élngPé' alﬁ}?ﬂjﬂr%%ﬁmoﬁ%’é&é@%%%at ed two nore tines. A
sol ut i on(@fluctoth bt PNty PBL-iydrauii 1,2 B@xbdhAdld-T-barb@i@ddfide# 20 559415] (25 ny,
0.20 nmol ) in ethanol (2 nL) was added and the mixture was stirred for 1

hourlo Purification by preparative LCVMS (pH 2) gave the desired conmpound (17

, 279 111 NWVR
?9100 M?; m&@%ﬁ?@é&@dﬁ% 2]§51‘915aréa a%k&aﬁg@%é £o%dﬂ}e+of Eﬂa&gﬂe 9, §te G 5 91 (m

111), 6. yongn4- i@n)amveops@ye)mnmpih)m 0@4135@321!%)4 [43‘1u32>%m 2H) 3.11 (m 2H),

2.89 (s, (iBloroRetly)itenyIR b 4-ARdEXAERL D -H8 hydroiodide as the starti terial i
3 012", setiororodyliliEny e 4 Grad kB O bydigiodide as the siarting materalin |\

oxy1, 2, 560% gibld AaiMS Jor0R s BEENFOFAMNIEE) T m/z = 442.0. 1HNMR (300 MHz, DMSO-
15 dy): §11.6(s, 1 H), 9.08 (s, 1 H), 7.31 (dd, J= 10.0, 9.4 Hz, 1 H), 7.13 (dd, J = 6.4, 2.9 Hz, 1
H), 7.05 - 6.99 (m, 1 H), 6.58 (t, J= 6.0 Hz, 1 H), 6.52 (s, 2 H), 6.17 (t, /= 5.9 Hz, 1 H), 3.28

-3.21 (m, 2 H), 2.94 - 2.87 (m, 2 H), 1.79 - 1.72 (m, 2 H).

Example 12
20  N-[4-Fluoro-3-(trifluoromethyl)phenyl]-N"-hydroxy-4-({3-

[(methylsulfonyl)amino]propyl}amino)-1,2,5-oxadiazole-3-carboximidamide

~OH F
i X
(A H
0o N. _N
@)
The desired compound was prepared according to the procedure of Example 16 using 3- {4-
[(3-aminopropyl)amino]-1,2,5-oxadiazol-3-yl}-4-[4-fluoro-3-(trifluoromethyl)phenyl]-1,2,4-
25  oxadiazol-5(4H)-one hydroiodide as the starting material in 70% yield. LCMS for
C14H17FaNsOsS (M+H): m/z=441.1. IH NMR (400 MHz, DMSO-ds): & 11.6 (s, 1 H),
9.07 (s, 1 H), 7.30 (dd, /=10.0,9.6 Hz, 1 H), 7.13 (dd, /= 6.2, 2.5 Hz, 1 H), 7.05 - 7.02 (m,
2 H), 6.19 (t, J=5.8 Hz, 1 H), 3.27 - 3.21 (m, 2 H), 2.99 - 2.94 (m, 2 H), 2.87 (s, 3 H), 1.76 -
1.72 (m, 2 H).
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Step A

N- ( 3- Cyano- 4-fl uor ophenyl) - N - hydr oxy- 4-[ ( 2- met hoxyet hypam no] - 1, 2, 5-
oxadi azolwo2ewenbwri m dam de PH MeO-\H\ NH / N 5 The descras2@omnpoond was
prepared according to the procedure of Exanple 13, step A, using

N- hydr oxy- 4-[ ( 2- met hoxyet hyl ) am no] - 1, 2, 5- oxadi azol e- 3- car boxi m doyl
chloride [nmade according to Exanple 1, steps A through E] and

5- am no- Zxhmpywbenzonitrile [Aldrich, product # 639877] as the starting

mat eri al s i,p 10Q%Syi eld. LCVMS for CI3HI4FN6O3 (MrH)+: nmiz = 321.0. 10 Step
B: 4-({2-[(Aminosulfonyl)amino]ethyl}amino)-/V'-hydroxy-/N-[3-(trifluoromethyl)phenyl]-

2- Fl uor 012;4-xddfzble 3- @ hami®inivt ) am no] - 1, 2, 5- oxadi azol - 3-y1}-5-o0xo0-1, 2, 4-
oxadi azol - 4(5H) -yl ] benzonitrile The desired conpound was prepared

according to the procedure of Efagple 13, $P¥p B, 15 using
N- ( 3- cyano- 4- f | uor opheny1) - NH,fay&r oxy-4- [ (- met hoxyet hyl ) ami no] - 1, 2, 5- oxadi

azol e- 3-carboxi m dam de as the sﬁar i i al I_jn 91% vyield. LCVS for
Cl41-112FN604 (MtH) +: mlz = 347.0. 111NFR\ ( ,. DMBO-d6): 8.25 (dd,
J=5.7, 226 Hz, 1 H, 806 (m 1 H), 7.W\Z)/“(t, 2 Hz, 1 H), 6.41 (t, J=

5.7 Hz, 1 H), 3.48 (m 2 H, 3.40 (q, J=5.4 Hz, T H), 3.25 (s, 3 H. 20
Step & Step A: N-hydroxy-4-[(2-methoxyethyl)amino]-N-[3-(trifluoromethyl)phenyl]-1,2,5-

2- Fl uoro-5-1 3-{4-[ (,2- hydr oxyet hypam no] - 1, 2, 5- oxadi azol - 3-y1}-5-oxo-1, 2, 4-
oxadi azoP’-‘%{langeéy{a}}boé‘Hg%ﬁﬂ%i le" The desired conpound was prepared
according to the procedure of Exanple &8, step C, using

2-fluoro-543-{4-[ (2-nmet hoxyet hyl ) am q@'] -1, 2, 5-oxadi azol - 3-y1} - 5- oxo-1, 2, 4-

oxadi azol - 4(511) -yl Thenzoni t\r('b‘I'Q/eH; thegtarting material in quantitative
yield. LCMS for — F

N F

0 F
N-Hydroxy-4-[(2-methoxyethyl)amino]-1,2,5-oxadiazole-3-carboximidoyl chloride (1.3 g,
5.0 mmol) [made according to Example 1, steps A through E] was stirred in water (10 mL)

10 and warmed to 60 °C for 5 minutes. 3-(trifluoromethyl)aniline [Aldrich, product # A41801]
(880 mg, 5.5 mmol) was added in one portion and the reaction stirred for 15 minutes. While
remaining at 60 °C, a solution of sodium bicarbonate (630 mg, 7.5 mmol) in water (10 mL)
was added dropwise over 5 minutes. The reaction was stirred at 60 °C for an additional 50
minutes, and then allowed to cool to room temperature. Ethyl acetate (20 mL) and brine (30

15 mL) were added to the flask and the organic layer was collected. The aqueous layer was
extracted with ethyl acetate (2 x 20 mL) and the combined organics were dried over sodium
sulfate. The solvent was removed in vacuo to give the desired product as an orange solid (1.4
g, 80%). LCMS calculated for Ci3H;5sF3N503 (M+H)+: m/z =346.1. '"HNMR (400 MHz,
CD;0D): & 7.36 (t,J = 8.2 Hz, 1H), 7.23 (d, /= 7.6 Hz, 1H), 7.09 (s, 1H), 7.02 (d, J= 8.2

20  Hz, 1H), 3.60 (t, /= 5.2 Hz, 2H), 3.46 (t, J = 5.2 Hz, 2H), 3.38 (s, 3H).

Step B: 3-{4-[(2-Methoxyethyl)amino]-1,2,5-oxadiazol-3-y1}-4-[3-(trifluoromethyl)phenyl]-
1,2,4-oxadiazol-5(4H)-one
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5 C131-110FN604 (MtH)+: miz = 333.0. Step D

2- ({444- (3-Cyano-4-fl uorophenyl)-5-o0xo0-4, 5-di hydro-1, 2, 4- oxadi azol - 3-y1] -1,
2, 5- oxadwveazolo/@s9s8} am no) et hyl et hanesul f onat e 10 Phe/useavnerio€onpound
was prepared according to the procedure of Exanple 13, step D, using
2-fluoro-543-{4-[ (2- hydroxyet hypam no] - 1, 2, 5- oxadi azol - 3-y1} - 5- oxo-1, 2, 4-
oxadi azol -4(51/)-Abenzonitrile as the starting material in 88%yield. LCVS

for ClAH}2 EgR%R4 ([{’fﬁlg%gng{rgeﬁg])arﬂﬂ%] B3 j(é?lgﬂmgthgl) h nyg -1,2,5- oxadéazole -3-

5-[3-14-[ (2- Azi doe 5-'oxadl azo 4- oxadi azol -
(5H) - y1Farboximislemidseh#enp 80 inneol-hrmd 117 Narb@uwldnmrna@w@snsrgea 16 smpdLwerewas

d t 9=

D DA [ RSHRth Byl obliRaPRE SN Bactlon AR fas huiePh O Crtar fillures. 1 )
2 5- 20AdgtitidnaAdl w&bym}}lfamudajz)ommgzﬁ gnbﬂ@mmmets@ddecb Pefser‘sﬂnengaiaﬂOt°D19

t | 2%
™ S35, FrngtR st i hes, Wetachion wasallowed to cool togogm terperare., Etblacsiater 0001 4
511) - y1]202uk) woradbehandnhd cridearedryidn onodaded withé NIHE! inechtaqPra0md)was

r epar ed_accor di roced re. of . Exanpl 13, st F, usin
D o BRSE Rhs e el T PSS L SRR, Toe et Bl wass el Byeri azol - 4
5H) - y11- sétidrh uﬂfa@dmn&eﬁuehﬁatb@maacamepuﬁﬁaertioh Y ﬂarﬁi @&dxadtogrﬁph%?{%mc@ bel. LCVS
for ClSHlI‘th703 (M+I—Ph+I m.z = 332.0. 1H NVR ( é 8 8.29
(dd, J= B1tgansluontqf ethyl agetatedn b@ae?ﬁgaieﬁfdesrreé@rqdﬂ?t (§3 gs9%) LfJM (t, J= 9.0
Hz, 1oH) cal@ulzZtZdﬁ‘otrcwi;f?f@séb4 Kz =3759. QﬁNMR(Aﬁ)O‘Mﬁ% DMsHd,): 3-8 (m 2

H) . g m nosul f onyl )am nol et hyl |
ani no) - N& 3Hb>769ﬁ<§m4 ), UgP dpAerdyliliz,NH), 42 (t, /= 6.0 Hz, 1H), 3.47 (t, /= 5.8 Hz,

hydr oxy- 352 35Qi el 389122, SauRgXkyT dani de

Step C: 3-{4-[(2-Hydroxyethyl)amino]-1,2,5-oxadiazol-3-yl}-4-[ 3-(trifluoromethyl)phenyl]-
15  1,2,4-oxadiazol-5(4H)-one

HoO\_K

2ates

In a round bottom flask under nitrogen atmosphere, 3-{4-[(2-methoxyethyl)amino]-1,2,5-
oxadiazol-3-yl}-4-[3-(trifluoromethyl)phenyl]-1,2,4-oxadiazol-5(4H)-one (1.3 g, 3.6 mmol)
was stirred in dichloromethane (11 mL). The temperature was brought to -78 °C and a

20  solution of 1.0 M boron tribromide in dichloromethane (7.9 mL, 7.9 mmol) was added
dropwise over 15 minutes. The reaction was warmed to room temperature over 45 minutes
and continued to stir at room temperature for an additional 45 minutes. The reaction was
cooled to 0 °C and a saturated solution of sodium bicarbonate in water (25 mL) was added
dropwise over 15 minutes. After warming to room temperature, ethyl acetate (10 mL) and

25  water (10 mL) were added to the flask. The organic layer was collected and the aqueous
layer was extracted with ethyl acetate (2 x 20 mL). After drying the combined organic layers
over sodium sulfate, the solvent was removed in vacuo to give the desired product (1.0 g,
81%). LCMS calculated for C;3H;;FsNsO4 (M+H)*: m/z = 358.0. 'H NMR (400 MHz,
DMSO-dg): & 8.08 (s, 1H), 7.93 (t, J= 8.2 Hz, 2H), 7.79 (t, J= 8.2 Hz, 1H), 6.35 (t, /= 5.7

30 Hz, 1H), 4.86 (brs, 1H), 3.55 (t, /= 6.0 Hz, 2H), 3.28 (m, 2H).
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In a mcrowave vial,

5-13-{4-[(2-am noet hyl )am no] - 1, 2, 5- oxadi azol - 3-y1) - 5-oxo- 1, 2, 4-

oxadi azolwo(2bt)ooydsg- 2- f | uor obenzonitril e hydroi odi de (2@C0/US$R0904944 nmol )
and sulfam de (25 ng, 0.26 nml) were suspended in pyridine (0.5 nL). The
reaction was heated to 120 C 15 for 10 m nutes in a mcrowave reactor. The
sol vent was renoved and the residue dissolved in nethanol (0.17 nL). A

sol uti onsep I® 2([(4\1{%@»441[3 (mmfon{ealyzahdﬁgd]-@-diﬂyml2),4-waaﬁiaa5lld£¢1}i1m,snne
portion. ’;{&fe reﬁy]yon rre room tenperature overnight. After

neut ral i 25A%%H "Hmﬁ‘é]@ i“l'fs\( %f‘tﬁe product was purified using
preparative LCVMS to glveth btle cow/%und (4.9 ng, 29% . LCMS for
C121114FN804S (MrH): mz = 38%°0. 1H 20MHz, DMSO-d6): 8 11.65 (s,
1H), 9.08 (s, 1H), 7.34 (t, JQ’Q\,’LKHZ 7.22 (dd, J= 5.4, 2.8 Hz, 1H),
7.13 (m 1H), 6.70 (t, J= 5.9 Hz, ,\6. F 2H), 6.20 (t, J= 6.1 Hz,
1H, 3.34 (m 2H), 3.09 (m 2H). Exw Ne F

N- ( 3- Cyano- 4-f |l uor ophenyl) - N - hydr oxy=4- ({2Z-[ (Fet hyl sul f onyl ) am no] et hyl}
am no) - %o 3 sSlu@eAslizagn é@h?d:@ﬁie%ﬁhm&?mzcbeoxﬂﬂﬁolﬂﬁ5Q[@D”pound was prepar ed
accordi n&gto t he procedure E, using AP-hydroxy-44

{2- (fret ﬂgqxpm@hylvgh&mlhéjz @anagolémfﬁogneil 9552 83@@@1)3121@#@1 apetate (8.

car boxi rrhaiwaggdd@me&aﬁé@aﬂ& hﬁlbﬂ&r(g@@m Rey &ﬁb@h&&ﬁm fo%d%E ré%c&%%??] as
the starting material s. CMVE for 1114FN7Naa mz = 406.0. 111

NVR ( 400WR4-Btirreg v @)tes andﬂne@sla(nsne (2158 mIg 3(anipgl) wapfpdded, B n\‘lmle 1H), 7.18
( m 311) Bor? 156‘3‘%% t].\]rﬁpggxpan%%d{tl aljlb%mlﬁeszﬁle(réacugd_uas (ﬁleﬁ‘&leé Windkl) . 3-14 (m

4 ({2 1(@dd1tmms1il“fatﬁn§/5 I}né«fm ”ﬁl@lr&bdhgctWasmmgted\h/[ﬂ(adthplraomatezzkdnﬂ)) dm¢dhy1] - N - hyd
roxylp ea bo L m dam de

[ (4- rom) eﬁg? gljl et‘éﬁled] c]mé%(‘alp ate n vafzjazto§1vl\erth esugdopridTF Blﬁb%l)

LCMS calculated for C14H13F3N5068 (M+H)": m/z = 436.0. 'H NMR (400 MHz, DMSO-
ds): 8 8.10 (s, 1H), 7.92 (m, 2H), 7.80 (t, J = 8.2 Hz, 1H), 6.77 (t, J = 5.9 Hz, 1H), 4.36 (t, J =
5.5 Hz, 2H), 3.58 (m, 2H), 3.17 (s, 3H).

15  Step E: 3-{4-[(2-Azidoethyl)amino]-1,2,5-oxadiazol-3-y1}-4-[ 3-(trifluoromethyl)phenyl]-
1,2,4-oxadiazol-5(4H)-one

N,
NE
N

N/O O
\
F
/ \N < > ‘I_F
N« .~
o F
2-[(4-{5-Ox0-4-[3-(trifluoromethyl)phenyl]-4,5-dihydro-1,2,4-oxadiazol-3-yl}-1,2,5-
oxadiazol-3-yl)amino]ethyl methanesulfonate (1.2 g, 2.9 mmol) was dissolved in N, N-

20  dimethylformamide (2.7 mL). After sodium azide (280 mg, 4.3 mmol) was added in one
portion, the temperature was brought to 65 °C and the reaction stirred for 6 hours. After
cooling back to room temperature, water (10 mL) was added to quench the reaction. The
product was extracted with ethyl acetate (3 x 10 mL) and the combined organic layers were
dried over sodium sulfate. The solvent was removed in vacuo to give the desired product

25  (1.05 g, 96%). LCMS calculated for C;3H;oF3NgO3 (M-N2+H)+: m/z=355.0. "HNMR (400
MHz, DMSO-dp): 6 8.09 (s, 1H), 7.93 (m, 2H), 7.79 (t, /= 8.2 Hz, 1H), 6.75 (t, /= 5.8 Hz,
1H), 3.52 (t, /= 5.7 Hz, 2H), 3.44 (q, J = 5.5 Hz, 2H).
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15 4-Brono- 2-fural dehyde [Al drich, product #666599] (10.0 g, 57 1 nmol) was
di ssolved in ethanol (50 nL) and water (50 nlL). N-Hydroxyam ne

hydr ochl owoae10(0ns98 g, 103 mol ) and sodi um acet at e (8. 2¢TgjS2d0084970D| ) wer e
added sequentially and the reaction m xture was brought to reflux at 100 C
for 1 hour. The solution was partially concentrated and the precipitate was
col l ected and washed with cold water (2 x 10 nL). The filtrate was

extract eﬁte@@ W{ﬁﬁ(Z@Aﬁ;ﬂoe&@B&rﬁﬁn@] (?S%XZgiaidl.-B-}a}ld-[BJ(nﬁﬂg@ﬂﬁkth@{j?&hﬂ@-ni ﬁ | ayers
wer e was W t ter drying over sodiumsulfate, the

sol ut i on 'es° 8}%‘3%@%@%&%&@ The residue was combined with the

preci pitate and di ssolved in acetlc aC|d 0 nL). After placing in an
ice-bath, zinc (14.7 g, 225 mm portion-w se over 25 m nutes.
The reaction warnmed to room*{2 tur ver ]F5 hours and was filtered

t hrough Celite. The sol vent was 25 1e acuo The residue was
stirred in tetrahydrof-uran (72 m TNy NA ut dn of 2.0 N NaCH i n water

(179 nmL, 358 nmol) was added dropwi se over 45 frinutes. After 5 nminutes,
di -tert - Tohublytioh cff- pb[(2teid¢city Antno] 172, ﬂommiz))lms -gfdded dropw se. The

reaction s sti our,s he r of ur.an s r din
vacuo5 pﬁ@}lor%lgih ﬁ&e@%é%&gx%gﬁ%@d r@to% ﬁeél g i)n‘g %?ED er ed.
The or gamacadc?%ecﬁdlm&cﬁkm (e eﬂmmd tATRr @tﬁxﬁl dil €3r 18 Xtimaed sgodwaankbfeth h%'

acetate e C | ne organlc ayers were wasne W t ri ne
(100 ni) é Wﬁé@?%@bﬂ 7 mgop) gy Msthapol{ LA] mhy was pdded dropwise SMerdnt r at ed

i N vacuondigut&l e Eéaendile@hﬁﬁiédl@cs Qﬁllf&uo(xﬂéut%s £hd QA soldefelVor saky! at ed for

Ci OH14Br NNa0O3 (MtrNa)+: mz = 298, 0. 1H NVR (400 MHz, DMSO-d6): 8 7.79 (s, 1

H, 7. 37tb('?5“1f9te £. %g817P|2moli wat%(l%é nplg) wap agifled i ogEpqriion. Jbegdsalid, 2 H),
1.361§s, pl%cilﬁ)mteé-ﬁ’poﬁtaﬁ&tlgn ofithé élocﬁilﬁ’ MRosrthid %M{lﬁdﬂnhmceﬂecttgd' k{yl Hangacetate

F3C OH Br_ Under nitrogen atnosphere, a solution of tert-

[ (4-br onﬁltzmpwwmbﬂ i3 pwdnaﬁhm%er@s 18 mJ,) agdwas ¢rrpd|u)ad¢rrva@4umq| or onet hane
(86 ni) Bhor Rght WBR AR lﬁ%&ulat tx gé 416936 ﬁecgl&sa HorhThd 4 ﬁafa%%fevef 15

M nutes. Thecreaction m xt ewarrre to roo erature over ut es.
The sol v@fm collgsted bﬂmummtra.tmudﬁan'dwhhasredl wtbﬂﬁvchOud@en(l@ Hs) thel ) . The

duct d d. t b
Bor a1 ARRueon Rl SR bnddl \OES 8 S ot MEn RIS PR R ke B] § P oW
160. 95 1(—3 $\MR) (ot Qho-md ral\zﬂi@teiﬁby ﬁl&aﬁbn?%f(dn trinsing FithipthyBacOthte((3 x 2dmlj) , 6. 70
(s, 1

L4 Br BT T neRp SRrias shuingd: o ISRy me RIS AR A 2, 5

oxadi azo(¥93-wanbaiiedhdhahgdroiofide salt. \[LENIS calBalhted foNRIAH);F3NsO; (M+H)":
m/z=357.1. '"HNMR (400 MHz, DMSO-d,): & 8.10 (s, 1H), 7.95 (m, 2H), 7.81 (t, J = 8.1
Hz, 1H), 7.68 (br s, 2H), 6.74 (t, J = 6.7 Hz, 1H), 3.49 (m, 2H), 3.03 (t, /= 6.7 Hz, 2H).
20
Step G: 4-({2-[(Aminosulfonyl)amino]ethyl } amino)-N'-hydroxy-N-[3-
(trifluoromethyl)phenyl]-1,2,5-oxadiazole-3-carboximidamide

To a solution of chlorosulfonyl isocyanate (9.2 pL, 0.11 mmol) in dichloromethane (0.24
25 mlL), at 0 °C and under a nitrogen atmosphere, was added tert-butyl alcohol (10 uL, 0.11
mmol) in a dropwise fashion. The solution was allowed to stir at room temperature for 1
hour to obtain a solution of tert-butyl [chlorosulfonyl]carbamate.
In a separate flask, 3-{4-[(2-aminoethyl)amino]-1,2,5-oxadiazol-3-yl}-4-[ 3-
(trifluoromethyl)phenyl]-1,2,4-oxadiazol-5(4H)-one hydroiodide (26 mg, 0.053 mmol) was
30  suspended in dichloromethane (0.5 mL). A nitrogen atmosphere was established and the
temperature brought to 0 °C. The fert-butyl [chlorosulfonyl]carbamate solution (prepared as
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\' N.O , N N Hydroxy-4-(2-net hoxyet hyl am no) -1, 2, 5- oxadi azol e- 3- car bi m doyl
chloride [prepared 25 according to the procedure of Exanple 1, steps A

t hrough BjO(d1080§95820. 3 mol ) was stirred in ethanol (2@CEFUS2@0/0470M
tenperature. To this, a solution of 1-(4-brono-2- furyl)methanam ne
trifluoroacetate (6.5 g, 22.4 mmol) in ethanol (24 nL) was added and the
m xture was stirred for 15 mnutes. Triethylamne (6.3 n., 44 8 mmol) was
added dr émk‘ﬁas(ﬁdéﬁd A\@r frinintessio grecktitrhésuspasion ofitheamist saltr Aftef ¥  an

e OBl B (R RS0 B0l R g TR R a B L 58,00
Thg conbst:nfmdl amrwuempblam&:m mmemwameﬂcméd&SMg iﬂ@aé@pthgkés;du(é leagd ovi(r) 0%
sodlrum s ale.a oncentr (Y eslire roduc , 99 .
LOVS cal St wi F&P‘O’Eﬁacqtﬁa ‘%r@g %ﬂqlgl)r 'Hﬁfﬁ’a“% }?@ia@ ﬂZ‘B S? ep D

4- [ (45 Br anfim~ad bydip aaicbrycﬂaledao ﬂfmks(szn {mw oxu@ar&mlsbmm& subpehdat @xadi azol - 3-
yl}- 1,2, 4- ox gl azal

N-[ ( 4- Br Bifthane %?ﬂl))ﬁ@é h%iO]N Naoﬁywaﬁéy(%ﬁ[relz hbempbywasadiedinions] - 1, 2, 5- oxad
' aZOl €- 3Bor119n C’Fﬁeh@é@tlﬂh GdaTh&Led(td 43 °Q an@Qirfed THBO)midEs. After neutralization

' -carbonyl diimdazole (5.0 g, 30 5 mmol) were dissolved in ethyl acetate
( 7 2 mL) . withacatis geidi(ehpk It mn@l)vvéls prmia@te’chs QUi @ frepraratize KCME esiveEt hy |

acetate t 0.1 N

hydr ogen(thjl or i }é@dﬁﬂ?@g gﬂ) Jﬂggﬁ eﬁl? egqp((g)llrég‘én’i5 70@&&@ i ed over
sodi tfn sald.at léIHMRGIOGMM amem)uarﬂ Y@@ U= 7 Bz iH);atQBQdJ, Joy7 8 ERSTH),

chromat o il i el uent ethyl acetate in hexanes
gave thegaggﬁ X@gnﬁﬂ% ugt 7%3'&21\(\@ qélggén hﬁb?/éﬁ’é‘t%ﬁ] ated for Cl2H13Br N505
(I\/H—|)+ m z 386.0, 388.0. 11-1NWR (400 MHz, CD30D): 8 7.88 (s, 1 H), 6.67

(sl 639&t J=5.7 H, 1 H, 507 (s, 2 H, 3.50(m 2H, 3.41 (q,
5.7 HExamplgld 3 o5 (s 3 H). 20Step E:

4 [(4 Br Nmyarwwf{hg?ﬁm{}nkul%n{yﬂaﬁm@auﬂgﬁﬁmemy[@qmmoéet% yDpiengfl azol - 3-y
1} - 4- oxadi azo round bottom fl ask under ni trogen

at noééheiléﬁ-wp(wlsﬁmbwmaypﬁm hyl ] - 3- {4 [ (2-

nmet hoxyet hyl ) am no] - 1, 2, 5- oxadi azol - 3-yl | 51, 2, 4- oxadi azol -5(41/)-one (8.2
g, 21 mml) was 25 stlrredd@dlchloro ﬁ (68 nmL). The tenperature was
brought to -78 Candasol)s(o oleO bg tribromde in

di chl or onet hane (43 nmL, 43 mwﬂl) wasy adde drop\%i‘:se over 45 ninutes. The
reaction stirred at -78 C for 45 m'Htgﬁs and continued to stir at 0 C for

an additional 30 mnutes. While remaining at 0 C,_ a saturated sol ution of
sodi um bi car bbeitle compound was prepared according to the procedure of Example 17, step E,

using N'-hydroxy-4-({2-[(methylsulfonyl)amino]ethyl }amino)-1,2,5-oxadiazole-3-
carboximidamide and 3-trifluoromethylaniline [ Aldrich, product # A41801] as the starting

20  materials. LCMS for C13H;F3NgO4S (M+H)™: m/z = 409.1. lHNMR (500 MHz, DMSO-
de): 8 11.63 (s, 1H), 9.08 (s, 1H), 7.39 (t, /= 7.6 Hz, 1H), 7.21 (m, 2H), 7.10 (s, 1H), 6.99 (d,
J=8.1Hz, 1H), 6.28 (t, /= 5.4 Hz, 1H), 3.36 (q, /= 5.8 Hz, 2H), 3.17 (q, /= 5.8 Hz, 2H),
2.91 (s, 3H).

25 Example 15

4-({3-[(Aminosulfonyl)amine]propyl} amino)-/N'-hydroxy-/N-[3-(trifluoromethyl)phenyl]-

1,2,5-oxadiazole-3-carboximidamide

H H "1
H2N\S/N\/\/N7__(k

/AN
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in water (120 nmL) was added dropwi se over 25 mnutes. After warmng to room
tenperature, the organic | ayer was coll ected and the aqueous | ayer was
extract edwoi2otv/esdsgl acetate (2 x 50 nmL) The conbi ned olganiscodmayeEps wer e
washed with brine (100 nmL), dried over sodiumsulfate and concentrated in
vacuo to give the desired product (7.7 g, 97% along 5 with a small anount
of 3-14-[(2-bronoet hyl)am no] -1, 2, 5- oxadi azol - 3-y1}-4-[(4- br ono- 2-

furyl)nme I 2ad- 0 azo fior C11H11Br N5O5

( MeH) +: SiylA: %(71‘“?‘ %3 ki )(ﬁt}o(tmormﬁ%%@fpﬁ $iFfah% ‘? F 1H),

6. 68 (s, 5S@MHope6. 31 (t, J—58Hz 5.08 (s, 2 H, 485(brs 1H,
3.56 (m 2 H), 3.30 (g, J= 5.6 Hz, 2H). 10Step F: 2-[(4-

{4-[ (4-Brono-2-furyl)net hyl]-5-o0xo0-4, dro-1, 2, 4- oxadi azol - 3-y1}

-1, 2,5- oxadi azol - 3-yl ) am no] eH nesul fonate S, To a solution of

4-1 (4-brono-2-furyl)nmethyl]-3-{4-[(2-hyfroxyet hypam no] -1, 2, 5- oxadi azol 3-y1
}-1,2,4-oxadi azol -5(4H)-one (7.7 o"\bl |, containing al so sone of the
correspondi ng 15 brono-conpound) in et aéEtate (100 nL) was added

s ot r A Bepe SRR e Bad Seiedosonhe TG brd Do B0 S BRI OR, o E LBT0 o

al so dn éﬂmupnNt-h}(dmxyAV {R(trifftaromethyl)fhenyl B0,2 5t axadiezle-adaibbxiomdamide [see

ater by CeoRE ek N RS aSTY o Wiy MR 5T b RS B Teact s on
was quen@tf\%jzwﬁest tN,p,;ﬁ@ agdisiop of water (100 nL). The product was

extracted acetate (3 x 50 nL) and the conbi ned organic |ayers
washed with brine (100 m_) After drying over sodium sulfate, the solvent

car cul at St Phr A3 H g SaPE et S et%dﬁ&g sé?@ﬁh@rofé%m (300 W,

DVBO1016) oxa‘ﬂlalolsﬁyI(}SIZiokﬂdlazﬁli' )édetamlde 6. 2 Hz, 6.68 (s, 1 H, 5.08
(5. 2H, 437 (m 27,7359 (q. I 25= 8.8 e, 2H) 3.16 (s, 3 H. Step

4-[(2- Azi doet hypam no] -1, 2% %QL?iQL yl} 4-[(4-brono-2-furypnet hyl] -
oxadi azol -5(411) - one

4-
(4-{4- [ (4- Br ono- 2- f ur ypmet hylc] H. R‘o-@%ydro 1, 2, 4- oxadi azol - 3-y1}-1
, 2, 5- oxadi azol - 3-yl)am no] et hyl net hane te (9.1 g, 20 mol,

containi so,sonme of the cor nding bro [of0) un i ssolved in
i et hy| R0 TP S Drear A SRR e Provgrg o Bt BalS PRded | n
one port B@pamid- Bl 5ekadiadl-Byl)es]3-(uiftudraifeylpheiye]- 128-dRedib@5(4/)-086 C. The
reaction stirred for 2 hours and was all owed to cool back to room

t enper ?t a&tée ;Wmtemaciziﬁbin@% mdfl éﬂgMOEglmﬂogK?;&ﬁﬁc%mﬁ%e Bbr oduct
was extracted wi e tate X n e_conbi ned organic

| ayels MWQ%@Z\BN‘I%O%) e’ ¢ b- §<8819®2r11ﬂ);75ﬁd7\931(’@r 2H}50 nL). After drying
over sodiumsulfate, the solvent was renoved in 10 vacuo to give the

desi red product (7.7 g, 96% . LCMS calculated for G i HOBr N8Naad4 (M+Na):
mz = 418tep C: S {4- ﬁ3-M¢thmpzopxlmuM]zl2m@m) 3y8-4[B8 (s, 1 H), 6.71 (t, J=

5.7 ¢ e,  totoroRs B imyih1 Do daBoltunfold - 254 (1,257 b, 21, 347
{4-
, 2,

3{
1,2,
2-[

[(2 Am noet hypam no] - 1, 2, 5- oxadi azol - 1}-4-[ (4-brono-2-furypnet hyl ] 151
4- oxadi azol - 5(4H) - one hydbw/cﬁi H2 —Qrd HI/ N. o/ NI

N
/ A\
N. N
0]
CF3

20  The desired compound was prepared according to the procedure of Example 3, step C, using
2,2,2-trifluoro-N-(4-{5-0x0-4-[ 3-(trifluoromethyl)phenyl]-4,5-dihydro-1,2,4-oxadiazol-3-yl } -
1,2,5-oxadiazol-3-yl)acetamide as the starting material in 49% yield. LCMS for
C15H15F3N504 (M+H)™: m/z=386.1. IH NMR (300 MHz, CDCl3): & 7.83 (d,/=8.1
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To a sol ution of

3-{4-[(2-azi doet hypam no] - 1, 2, 5- oxadi azol - 3-y1}-4-[ (4- br ono- 2-

furyl) metwgl2ptolno2954- oxadi azol -5(4H)-one (7.7 g, 19 muol pCirruseewvioaared (80
m.) was added sodiumiodide (17.4 g, 116 mmol ). After stirring for 10

m nutes, a solution of 20 chlorotrinethylsilane (14.8 nL, 116 mml) was
added dropwi se over 5 mnutes. The reaction continued to stir for 1 hour,
at whi chHzj hl),i772wek6 slop R H), 4del el Jt=0/. aHs,dl H}, 608 -6f04$mdi & 337 @sid §.at e (23.0

i ask vadtr) Hue it (ecHanto Fud 3 oLnit e 33Peci pi Pate was coi | ect ed
th(rjough vacuum filt ragl \?gculhe solid vv?ﬁerldgsed W t hogalc'? \(Ngtgr (26)(;%25arsﬂ_)
he hydr 1881 b CELPED OB PR L ST P PRI ko048 (V1 +: raiz -

370. 95 37@ﬂ%ro&1bth%eﬁ§‘l@@,2]}4‘ﬁxad%@(@@-one8 7.86 (s, 1 H, 7.36 (br s, 3 H),
6.68 (t, J=58 Hz., 1 H), 6.65 (s, 1 H, 507 (s, 2 H, 3.45 (q, J= 5.8 Hz.

2 H, 2.98 (t, J—58Hz 2%{)@%

4- ({2-[ (Am nosul f onyl )arri noxe | & no 4- br ono- 2- furypnmet hyl ] -N -
hydr oxy- 1, 2, 5- oxadi azol e- 3-carboxi m dami de\' Rl .0 H2N- HINH O, \ / \..."1N
N, 0, NBr 5In a nicrowave vial, N. N

3-{4-[(2-am noet hyl)am' no] -1, 2, 5 oxadi azol 34-[ (4- brono- 2-

furyl)me d| azol -5(41i).-one_h dro odi 0..060 mmol )
and” sul  AHY HTES S e Rt il in BT S REGTT R Byl Tt gD The
react i on3nix{3amethvaprdpyl)ahed]-M2fhoxatiarey} -ane- (ﬁﬁl&bfbﬂae&iyl)ﬂ»@éﬂy@-lfm-

m nutes in wave reactar. The sol ent renpved_and the crude
|nt er nedf”éatdgaza;ai(d’%hglbee% St?rﬂngr@flﬁﬁﬂd’lw%{ L(AM§ for qaduBlsN g™ of 10 NaoH

noat 30t 19)'E 5= 5g'hy 1@]@&@@?@9%&5‘5”%%%‘%}%93 ot a (o5

pL, 12 mig(d&hﬁppoﬂym é’tvglfsiehy PagRNoaE, vss 1 GYS 1P 3giyve the
desired product cal cul ated for CILOH15Br 058 ( MtH) +:

mz = 42 4§(m4%55@30|-? @ elm,wbmab). 5 10.87 (s, 1 H, 7.75 (s, 1
M), 6.83 (t. J= 7.3 Hz, 1 H), 6.68 (t, J= 6.0 Hz, 1 H), 6.56 (s. 2 15H),
6.30 (t, J= 6.0 Hz, 1 H), 6.23 (s, 1 H), 4.56 (d, J= 7.0 Hz, 2 H), 3.32 (q,
J= 6.3 HBiepE: iy {4-ti3 oidopropy)amigolst pis-oxadiagpl-3-yl ek kivfiriBuaremethylphenyl]-

4- (1%5[(?@240@(% (glr%l‘%am gnol ethyl l'am no) - N-[(4-chloro-2-furyl)nethyl|-N -hy

dr oxy20 3-car boxi m dam de

H | 0
7\
N. _N
o]
Q\CF;;

The desired compound was prepared according to the procedure of Example 3, step E, using
3-{4-[(3-hydroxypropyl)amino]-1,2,5-oxadiazol-3-yl}-4-[ 3-(trifluoromethyl)phenyl]-1,2,4-
oxadiazol-5(4H)-one as the starting material in 92% yield. LCMS for C14H71F3NgO3Na

20  (M+Na)t: m/z=419.0.

Step F: 3-{4-[(3-Aminopropyl)amino]-1,2,5-oxadiazol-3-yl }-4-[3-(trifluoromethyl)phenyl]-
1,2,4-oxadiazol-5(4H)-one hydroiodide

HI _
.S
HzN\/\/N7_8'\1\N ©
7\
N. _N
O
Oer,
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Step A: 4-Chloro-2-furaldehyde CI 25 To a stirred suspension of al um num
trichloride (29.8 g, 0.223 nol) in dichloronethane (200 nlL) under nitrogen
at nospherwowan/msesed 2-f ur ancar boxal dehyde (8.44 ni, 0. PQZ/usedop/oewres 15

m nutes. After stirring for 30 m nutes, chlorine was bubbled into the
suspensi on using a pipette over a tine period of 50 mnutes. The flask was
sealed and left to stir at roomtenperature for 90 hours. The reaction

m xture sl o added to a m xtur.e of .ice 00 mL) i | ution of
T o N hy B leamPiRE ol Sofell &biiGe% ol bctRPotn ek ! PP ik on O
room t enperd{3azadopupyl)athmo RERS5-dxadinzol-Bhed} -4 4 §-€tifluove methsHpleengl]-@ . 4and t he

ic | I ted.. Addi.ti |. t t t i
G ani or oREXFEREN s Syine T hB et b e ot Gy A vashed wit
t 2 d [ [ te. I d i

Vacuo ot UL dulr il b NP GHMIR PR FHE: a23RGa B daet 3265 ha 0 o,
100% 5 60%),o080 (ay,)f = 8.61 M/H_z( A8 7\37br HDVEL: 61%) - 6.65 8n SI6HY, 2.101brd) 1 B, BB (s, 1

N 15 29 ShiBr b 20T 2 By GED B8 (mgbur 1y, 64 ol ) s di ssol ved
in ethanol (50 nL) and water (50 nmL). N Hydroxyam ne hydrochloride (12.6 g,
182 mol %} and sodi um acetate (14.9 nmo wer e added sequentially and

182 o)
t he reactleBy: rﬁ'%@JKW@I@PHQ@WPO]P@%VBFm@?)'é[f'h}?’fb@‘ydv{%‘r 1 hour. The

sol uti onWagoBAEhl GhtekyIF-2NoRMBRALAE 3 AR NALRLIGE 25 ML) and ethyl acetate
(50 nmL) were added.” The organic |ayer was collected and the aqueous was

extrd@ted 20 with ethyl acetate (2 x 25 mL) The conbi ned organic |ayers
é[ggr dryi ng over sodium

sulf mst&iqﬁlu%ﬁ Bf{i’)_'r{jt_ﬂ@\-/vas %ﬂgﬁ%’é)nt ra 'e%%'[m&ﬁgzmﬂ)_yqﬁ i nt er medi ate was

f
sul f at e, e solutio I n vacuo.” Th
sus pende (friflnorawethypteoylt 1 2 ¥ éxariayol-5THd)-gslhythiomdided §.5 god P etinélhamdn i ce- bat h

and zi nc . ~ 5 . . e tiony W se. o . The
reacti onS‘\g/%/gar%jﬁ%e t7 ’?ggwe‘)ﬁﬁgg%?%@%ﬁ&f eﬁg%gsa%ﬁgpwﬁé’gg%olﬁm gtﬁér t hr ough
Celite. Te Pe rswltiventixtwasvas eomesitht¢drogheule crideenteasediueNwWag (6{5-oxoed i n
tetr dr, ran (10 . utjonof 2.0 j ter, {152 nm., 304
ol 1w o br S e i abefiond PAEHA Sttt e bl aced
in ?;1 [ cg})hgihb]padpm}a]ﬂf@ﬁdé Asoluti@sof il efuglé intdombdihtd ircethaid (% 1(1]2)|47/e& g,OI 111
nmo was adde r i se_over 1 inutes, T react.ion was .allowed to
warmt o FS?J#‘P’&%%&&?@B@%@%%&@% St?‘*ﬁ&h?%!}gf?agﬁﬂjén't SEHTEP of ur an was
t hen r emaadrelvwhs iagi@witEo N IHA agfilahesofutidn wak hcitd and adrledd sl ethlfe suspensi on

was filtered. The organic I_a}/er was col ] ected and the a u_eozs Iaier
ext r act e@Csite 80y The eigatie a(ygr\xasmhﬂ‘ylrhwg%mé@q‘wg HobBayers wer e

washed Wigtidy et anhyiowd sHaeun® Sulled B1tébd, 1aR@ cdnbEfirafld)io glE b @Fhde YRIdus Ofhisim

sul fate and concentrated in vacuo. Purification by flash chromatography on

si | i ca gélatepil Wasamrifipdby,preparatiteyiMe toeging e desingd Ripduat (51 galPéokase desi r ed
roduct (3.05 9 L a | at f Cl10H N . mz =
D53, 9, |W%§m§?r%g§7&§e®+ EF(%“,]’ZT%%?" %ﬁwwﬁ@{é 5.3 Hz, 1
H ., 6. 32hsodi)s 114 Q21 1f19.197s, 819, 787 (1, 8.0l 838G $ )27 4D 2 7.18 (m, 1
H), 7.07 (s, 1 H), 6.95 (d, J=10.0 Hz, 1 H), 6.52 (brs, 3 H), 6.17 (t, /= 6.0 Hz, 1 H), 3.28 -
25 3.22(m,2H),2.93-2.89 (m, 2 H), 1.77 - 1.73 (m, 2 H).

Example 16
N'-Hydroxy-4-({3-[(methylsulfonyl)amino]propyl}amino)-/NV-[3-
(triflaoromethyl)phenyl]-1,2,5-oxadiazole-3-carboximidamide

~OH
i LI
\S, ~ TN 7—8\N CF4
) 7\ H
OO0 N< _N
30 ¢}



Step C. 1-(4-Chloro-2-furyl)nmethanam ne trifluoroacetate HZNO 10 F3C OH C
The desired conpound was prepared according to the procedure of Exanple 20,
step B, usOngiwmsessbutyl [ (4-chl oro-2-furyl) met hyl ] car bacatus2@s/ 0494704
starting material in quantitative yield. LCVS cal cul ated for C5H4C10
(N¢NH2)+ mz = 115. 0 11 NNR (400 NPE DNBCd6) 6 8.29 (br s, 3 H, 8.04
(s, , 6.69 (s, 4.07 (s, 15 Step

(Eiééfa%{“%B@‘tlcar miﬁ‘?#@%%dé’hp%?ﬁ}“gi@?ﬁ% g @ghﬂgﬁg; T bpared accor di ng
}\I(-:)ht gsogmﬂwmahﬂbpmjtfﬁaé %dlamlémzfﬂ;ngg ngIine (from(]? ;?mple ot I(:3h| oride
andyl %5 r’%}n‘?l?fntfi{ﬁeha rﬁ‘@f’ﬂ' a&n“?l@ ‘Yatsltrf?tﬁ‘g}vﬁ'ﬁ%é%g?aémﬁ%ag g'ﬁgr ting

mat eri gllléamgl)%ameltﬂaaéduuenﬂ tRbAde @576 Ao laad athrddQt 2533 K2 GINSR4 (MHH) +:
VA

4 [(45 Chreé?t@nznlfcwwwgpnyqn}ratsd toiyq the frsermesigiet MyBaf tfogxot4-B-5- oxadi azol - 3-y
- 251, @ﬁu&éﬁ%ﬁwenﬁféwm@aﬁo IIQeoxqgiﬁioﬁ @WWBO&QQIM% prepar ed

accordlng to the procedure of

N-[ (4- chyldﬁn@nﬂpfqum)ﬁbenmlfqnamldmm m@emSIpl(ezwlmli Wm@seg withgw dirthe] - 1, 2, 5- oxa

o 2ol <RGN L IRATEE B FAAA BT 4] TS 20

4-1(4- ChN@®H4225uﬂyDﬁnmhh&h@dﬁukda{liﬂh&uB@xmefﬁypawnmm#mﬁm@“58oxadlazol-3-
yl}- 4- 0 0 sire ound par ed
2 ceol it T et (o P Sapmal o i i BrebenallFE L LB G52

the desired product (13 mg, 65%) as a solid. LCMS for C14H]gF3Ng04S (M+H)™: m/z =

423.1. 1H NMR (400 MHz, DMSO-ds): 6 11.6 (s, 1 H), 9.11 (s, 1 H), 7.37 (dd, J = 8.0, 8.0

Hz, 1 H), 7.20 (d, J="7.8 Hz, 1 H), 7.07 - 7.01 (m, 2 H), 6.96 (d, /= 8.0 Hz, 1 H), 6.20 (t,J =

5.9 Hz, 1 H), 3.27 - 3.22 (m, 2 H), 2.99 - 2.94 (m, 2 H), 2.87 (s, 3 H), 1.78 - 1.71 (m, 2 H).

15
Example 17
N-(4-Fluoro-3-methylphenyl)-V’-hydroxy-4-({2-[(methylsulfonyl)amino]ethyl}amino)-

1,2,5-oxadiazole-3-carboximidamide

Q\,o

N/\/Nr\g— Q

20  Step A: fert-Butyl {2-[(methylsulfonyl)amino]ethyl}carbamate
/
0O

@)
D—NH
2
N-(2-Aminoethyl)(¢ert-butoxy)carboxamide (17.5 mL, 0.11 mol) [Alfa #1.19947] was stirred
in dichloromethane (320 mL) and triethylamine (33 mL, 0.24 mol) was added. A solution of
methanesulfonyl chloride (8.5 mL, 0.11 mol) in dichloromethane (10 mL) was added. The

25  resulting mixture was stirred for 1 hour and water (30 mL) was added. The product was

extracted with dichloromethane (3 x 30 mL), dried over sodium sulfate and concentrated in
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10 using

4-[ (4-chl oro-2-furypnet hyl]-3-{4-[(2-met hoxyet hypam no] -1, 2, 5- oxadi azol - 3-y
1}- 1, 2, awoxanimzeB- 5(4H) - one as the starting nmaterial POTOIS2000i08%04 Ve
yield. LCVS cal culated for CLl1I1 10CIN5NaO5 (M+Na): mz = 349.09. Step G
2-[(4-{4-[(4-Chl oro-2-furyl)nmethyl]-5-o0xo0-4, 5-di hydro-1, 2, 4- oxadi azol - 3-yl |
-1,2,5- 15 oxadi azol - 3-yDam nol et hyl net hanesul fonate SSNr N/ mNC The

Con B SamBa DN tRUBIARAAN AF G IS LA MPRFEH NS REM! © 20

4-1(4- chBordﬂélhquhh@mhyl] 3-{4-[(2-hydroxyet hyl )am no] -1, 2, 5- oxadi azol - 3-
yl}- 1,2, 4-oxadi azol -5(4H)-one as the starting material in 69@6y|eld LCVS
cal cul ated for 20 C121113CLN5075 (MtH): mlz = 405.8. Step H

3- {4- [ ( 25tapiBd oe@hympmatthpl)mdthahebulfonadida didyddeMabiided- [ (4- chl or o- 2-f uryl ) met hyl
]- 1,2, 4-oxadiazol -5(4H)-one N. Nr HN'\_N/ N oC 25 The desired

conpound was prepared according to ?Rﬁ-@ rotedure of Exanpl e 20, step G
usi ng

2- [(4 {4-[(4-chloro-2-furyl) nmet gyd] - 5- 8xo- 4, 5-di hydro- 1, 2, 4- oxadi azol - 3-y1}
g oxadi azol - 3- yDam no] et hyl nethanesulfonate as the starting

mat er i al tanByhi?i(nghylyalfpybamino[ethyl carbrmeir 621t 88 ormad) Vag HoedBNG04 ( MENA)

Mz = 3741% f4$€ﬁ;§3d:!> hloridg in 1,4-di 97 ml, 38 30 minute
3-{4-[(2- AmOrIllooet hyl n%errll(g -On 50 -oxlg ?ngz(o 8}mmoP(f4r ch nlrloS 2-furyl) et hy
L 2 Trivusdimitastid ekt wridhchgnts billodidiey didhyl oo and hexanes gave the

desired compound as a gum (19 g, 100%). LCMS calculated for C3H;1N,0,S (M+H)": m/z =

10 139.0.

Step C: 4-Amino-N"hydroxy-N-{2-[ (methylsulfonyl)amino]ethyl}-1,2,5-oxadiazole-3-

carboximidamide

N
15 N-g

4-Amino-N-hydroxy-1,2,5-oxadiazole-3-carboximidoyl chloride (9.7 g, 60 mmol) was stirred
in ethanol (460 mL) and N-(2-aminoethyl)methanesulfonamide dihydrochloride (19 g, 109
mmol) was added slowly in portions and the temperature rose to 25 °C. After cooling back to
0 °C, triethylamine (53 mL, 380 mmol) was added dropwise over 15 minutes and the reaction
20  was stirred for an additional 15 minutes. The solution was washed with water (300 mL) and
brine (300 mL). The organic layer was dried over sodium sulfate and concentrated in vacuo
to give the desired product (16 g, 100%). LCMS calculated for CsH;3sNsO4S (M+H)": m/z =
265.1. "H NMR (400 MHz, DMSO-dj): § 10.16 (s, 1H), 9.07 (m, 1H), 7.18 (m, 1H), 6.37 (s,
2H), 3.36 (m, 2H), 3.15 (m, 2H), 2.87 (s, 3H).
25
Step D: N'-Hydroxy-4-({2-[(methylsulfonyl)amino]ethyl }amino)-1,2,5-oxadiazole-3-

carboximidamide
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\' H2N-N.N_FM H/ \ mN /Pl The desired conmpound was prepared accordi ng
to the procedure of Exanple 20, step H, using

3-{4-[ (2-woi2dmawbyspam nol - 1, 2, 5- oxadi azol - 3-y1} - 4-[ ( 4- crCorus2@9fdurrypret hyl |
-1, 2,4- oxadi azol -5(4R)-one as the starting material in 57%yield. LCVB
calculated for 10 C i H 2C1IN604 (MtH) +: mz = 326.9. Step J:

4- ({2-[ (Am nosul fonyl ) am no] et hyl }am no)-N-[ (4-chl oro-2-furyl)nethyl]-N -
hydr oxy-1, 2, 5- oxadi azol e- 3- car hgxi m dani deoH 15 The desired conpound was

prepared according to the procg@t*ﬂe of rrpl e 20, step I, using 3-
{4-[(2-arn'noethy|)am'no]-1,2,5-031\adi\g | - i,
-4-[(4-chloro-2-furyl)methyl] -1, 4- |azol 5(4B) - one hydr oi odi de as

the starti ng material in 53%vyield. L eal cul ated for C10l1 15CIN705S
(MtH) +: m z 379. 9. NMR (400 MHz, DI\/SOd@) 8 10.88 (s, 1 H, 7.77 (s,

1

" 6. 834(Amind - SyBokZA. am 56 (s, 2 H), 6.30
|(‘2, b 549 20HZN Y IO-)EZN {l [gﬁxethﬁmﬁﬁ)l_érﬂ) ﬂ?e@ 8- 1@5ﬁ§aﬂzole@ (a. (J_ 5 l?_:i)HZ 5
H . 3. oecqrhoximidagidg (R47 gpl. &Wm@‘&#ﬂ@e@@ 13- f:fémtoé(ﬁr%@arl’ataﬁ%lﬁnof t he

/1) i (o e O i R R AR e o
H2N HP N 4 hours and allowed to cool to room temperature. 1 N HCI solution (60 mL) was added and

the product was extracted with ethyl acetate (4 x 40 mL). The combined organics were dried

over sodium sulfate and concentrated in vacuo to give the desired product (0.45 g, 96%).

LCMS calculated for CsH;sNgO4S (M+H)": m/z =265.1. 'H NMR (400 MHz, DMSO-dq): &

10.49 (s, 1H), 7.18 (m, 1H), 6.20 (m, 3H), 3.36 (m, 2H), 3.15 (m, 2H), 2.87 (s, 3H).

10
Step E: N-(4-Fluoro-3-methylphenyl)-N -hydroxy-4-({2-[(methylsulfonyl)amino]ethyl}

amino)-1,2,5-oxadiazole-3-carboximidamide

N'-Hydroxy-4-({2-[(methylsulfonyl)amino]ethyl }amino)-1,2,5-oxadiazole-3-

15  carboximidamide (35 mg, 0.13 mmol) was stirred in 1,4-dioxane (2 mL) and 6 N hydrogen
chloride solution (4 mL) was added. The solution was cooled to 0 °C and a solution of
sodium nitrite (11 mg, 0.16 mmol) in water (3 mL) was slowly added. The mixture was
stirred for 1 hour at 0 °C and evaporated. Dry 1,4-dioxane (2 mL) was added and the mixture
evaporated two more times. A solution of 4-fluoro-3-methylaniline [ Aldrich, product #

20 559415] (25 mg, 0.20 mmol) in ethanol (2 mL) was added and the mixture was stirred for 1
hour. Purification by preparative LCMS (pH 2) gave the desired compound (17 mg, 27%).
LCMS calculated for C;3H;sFNO4S (M+H)": m/z =373.1. 'H NMR (400 MHz, DMSO-dy):
8 11.25 (s, 1H), 8.61 (s, 1H), 7.18 (m, 1H), 6.91 (m, 1H), 6.72 (m, 1H), 6.58 (m, 1H), 6.24 (s,
1H), 3.32 (m, 2H), 3.11 (m, 2H), 2.89 (s, 3H), 2.05 (s, 3H).

25
Example 18
4-({2-[(Aminosulfonyl)amino]ethyl}amino)-/N-(3-cyano-4-fluorophenyl)-N'-hydroxy-

1,2,5-oxadiazole-3-carboximidamide

81



Step A

4- Am no- N - hydr oxy- N- ( 2- net hoxyet hyl ) - 1, 2, 5- oxadi azol e- 3- car boxi m dam de

, FOH H N wo\200d/0@59984- Ami no- N- hydr oxy- 1, 2, 5- oxadi azol e- 3Pcaniseooomiaioy |
chloride (can be prepared according 5 to Exanple 1, steps A-B, 200.0 g,
1.23 nmol) was mxed with ethyl acetate (1.2 L). At 0-5 C

2- met hoxyet hyl am ne [Al drich, product # 143693] (119.0 nL, 1.35 npol) was
added in one portion while stirring. The reaction tenperature rose to 41 C.
The reaction was cooled to 0 Q 5 C. Triep(?ﬁ'/l amne (258 nL, 1.84 nol) was
added. After stirring 5 m i ndi c& ed reaction conpletion. The
reaction sol ution was vvasheé vm't'ﬁ\wa:Qer @D nL) and brine (500 10 nl),
dried over sodiumsulfate, and concen Atedy TR gi ve the desired product
(294 g, 119% as a crude dark oil. L@M%"Fo 03 (MtH): miz = 202. 3.
1H NWR (400 MHz, DVMSO-d6): 6 10.65 (s, , 827 (s, 2 H, 6.10 (t, J=6.5
Hz, 1 H, 3.50 (m 2 H), 3.35 (d, J-58Hz I:2|—|) 3.08 (s, 3 H. 15 Step
;N - Hy 8tepxy MG Cnodt thoxgpbeiyh p A Hynlodxy 4- K2 Faethoapktadplhend-1a5-boxi ni dam de

B

(Nt OH .

4- Am no- R%‘JH}H gygx‘iﬁ%xﬁgan%{dﬁoxyet hyl ) - 1, 2, 5- oxadi azol e- 3- car boxi m dam de
(248.0 g, 1.23 nol) was mxed with wateoH(1l L). Potassium hydroxide (210 g,
3.7 nmol) was added. The reaction was rgfluxed at 100 C overnight (15

hours). TLC with 50% et hyl aaaj'a\e/d'@w aini ng 1% anmmoni um hydr oxi de) in
hexane i ndi cated reaction conpl ete = 0.6, starting material Rf
= 0.5). LCMS also indicated reaction_ CBN The reaction was cooled to
roomtenperature and extracted with e@hyl gcetate (3 x 1 L). The conbi ned
ethyl acetate solution was dried over sodi umfFsul fate and concentrated to

give % heTH@§ésf|_r|)@(ﬁcdﬁ£&ﬂH@5va%§f@%ar&i acgér%@ng"t‘&th@ pfd’cle'&ﬁe of ]f,xa 1t f3 % igd LCVS for

C6H12N503 de) : 54 (s, 1 H,

6 22 (s, uszn&r)’ hyer015-4([(2-msth05ye@ynzmmp] &92,5 @cad@zc(l@ -3- catbosmsdqyk chlqnde) 3.35 (m
3. P2adeS -

N-Hydr oxéﬁz}l C&dlh% yet ypasrtﬁprﬁc‘)q]th{mégqs‘zoxdgl az0 2 Og)g? Oﬁllmr#doyl

chl ori de[1®l‘d®h M‘dﬂu@@# 639877] as the starting materials in 100% y1e1d LCMS for C3H4FN¢O;
(M+H)T: m/z=321.0.
10
Step B: 2-Fluoro-5-[3- {4-[(2-methoxyethyl)amino]-1,2,5-oxadiazol-3-yl}-5-0x0-1,2,4-
oxadiazol-4(5H)-yl]benzonitrile

MeO/\/N%gf
: Q

N\z

The desired compound was prepared according to the procedure of Example 13, step B,

15  using N-(3-cyano-4-fluorophenyl)-N"-hydroxy-4-[(2-methoxyethyl)amino]-1,2,5-oxadiazole-
3-carboximidamide as the starting material in 91% yield. LCMS for C;4H;2FN¢O4 (M+H)+:
m/z = 347.0. TH NMR (400 MHz, DMSO-d): & 8.25 (dd, J=5.7, 2.6 Hz, 1 H), 8.06 (m, 1
H), 7.77 (t, J=9.2 Hz, 1 H), 6.41 (t, /= 5.7 Hz, | H), 3.48 (m, 2 H), 3.40 (9, /J=5.4 Hz, 2
H), 3.25 (s, 3 H).

20
Step C: 2-Fluoro-5-[3-{4-[(2-hydroxyethyl)amino]-1,2,5-oxadiazol-3-yl}-5-0x0-1,2,4-
oxadiazol-4(5H)-yl]benzonitrile
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At room tenperature

N - hydr oxy-4-[ (2- met hoxyet hyl ) am no] -1, 2, 5- oxadi azol e- 3- car boxi m dam de
(50. 0 g, wo2at/mwsdsy was di ssolved in 6.0 M hydrochl ori cpatiu$2@g0eTos
solution (250 nm., 1.5 nol). Sodiumchloride (39.5 g, 0.676 nol) was added
foll owed by water (250 nL) and ethyl acetate (250 nL). At 3-5 C a
previously prepared aqueous solution 10 (100 nL) of sodiumnitrite (15.0 g,
0.217 nol) was added slowy over 1 hr. dhe reaction was stirred at 3 - 8 C
for 2 hours and then room tenperatyre véf‘%he weekend. LCMS indicated
reaction conpl eted. The reactPom sgl ut /oM was extracted with ethyl acetate
(2 x 200 nmL). The conbi ned ethyl ac te .-\ution was dried over sodium

sul fate and concentrated to give the. ddsi gMbduct (49.9 g, 126% as a
crude white solid. LOMS for 061410C K403 (MkH): miz 15 = 221.0. 1H NMR (400
Mz, DVMBO-d6): 5 13.43 (s, 1 H), 5.85 (t, J= 5.6 Hz, 1 H), 3.50 (t, J= 5.6
Hz, 2 H) Th8d&ité¢dcbmpbund @aByrefrdl ddzqrdidg k) the Pra2&dufsof Bxanjple B, 6tep X,

N- ( 3- Br onp- 45 .l uoroph - N - hydroxy-4-[{(2-meth am nol-1, 2, 5-

oxad: azortie QuR PRl R RRino 14 Lol G MhaT 18]

N- Hy dr ox yxadiiaz{l24(SE)-Vidbeyiedrityile Bnhawdrtidg Bateridl i@ guaatifatiee deldaLovs for doyl
chloride (46.0 8, 0.208 nol) was m xed with water (300 nL). The m xture was
heat e?l t 6180 FNO80EHBNY-wz <3336F oani | i ne [ Cakwood products, product #
013091] (43.6 g, 0.229 nol) was added and stirred for 10 min. A warm sodi um
bi carbonate (26.3 g, 0.313 nol) solution (300 nL water) 25 was added over
15 mn. Stee D e44-[OG-Grmodifluaremhent]) - 50x &4 Heatihyzipo- i @-oxadiv®li3rd]- t,Ased
reaction i . i sQl ution was cooled to roomtenperature
and extr8é@%%kﬁiwﬁB%?%?ﬁ”%%%ﬁ%%%ggﬁg% 300 nmL). The conbined et hyl acetate
sol ution was dried over sodiumsulfate goncentrated to give the desired
product (76.7 g, 98% as a qg#fehgﬁpmnNso id. LCWVs for Cl2H14Br FN503
(MtH +: mz = 374.0, 376.0. NVRN40 DMSO-d6): 8 11.55 (s, 1 H),
8.85 (s, 1 H, 7.16 (t, J= 8.8 Hz, ﬂrﬁii %gd, J=6.1, 2.7 Hz, 1 H,
6.75 (m 1 H), 6.14 (t, J= 5.8 Hz, M), t, J= 5.2 Hz, 2 H), 3.35
(dd, J=10.8, 5.6 Hz, 2 H), 3.22 (s, 3 H). 5gStep E

B R B s B BB BT Bk By S 7 o201 -2
N- (13- br omﬁz-hhmrﬁph@nuibﬁ%ﬁ%ﬂigmgiJ%gimﬁ&tamgyﬁ}ismam ] -1,2,5- 10

. B >
oxadi azol e- 3- car boxi m dam de -carbonyldllnldazole

)4 nol), 1,1
(49.7 g, ovrdzagl-HoH)-yllbgrgonitilgas t%Fc“é‘%rglﬁ%m?t?Q@ nﬁﬁ%"%m& Hda¥igdert o” 60 C and
stirred {0 i S i ndi ed reaction conpleted. The reaction was
cool ed t?“?&%ﬁ%?@%rlﬁ o2 T0ed with 1 N HeL (2 x 750 nl), dried over
sodium sul fate, and concentrated to give the desired product (80.4 g, 98%
as a,crude hr id... L for 12Br FN30 MH) 4 mlz. = 4 , 402.0.
T 145 e 3o B Yorkistg ntngioy Yo pradiaa oty Speo i ppeddag bRl 5270 1,
2.3 Hz, HjP)flucfotdRzopittilel H), 6.42 (t, J= 5.7 Hz, 1 H), 3.46 (t, J= 5.4 Hz,
2 H, 3.36 (t, J=5.8 Hz, 2 H), 3.26 (so 3 H). Step F

4- ( 3- Brono- 4-fl uorophenyl) - 3-

O =0
N
{4-[ (2-hydroxyet hyl)am no] - 1n255- ofadi zﬁ-B-yl}-
201, 2, 4- oxadi azol - 5(4H) - one NeTRCS —

N CN

N\O’

F

The desired compound was prepared according to the procedure of Example 13, step E,
using 2-({4-[4-(3-cyano-4-fluorophenyl)-5-0x0-4,5-dihydro-1,2,4-oxadiazol-3-yl]-1,2,5-
20  oxadiazol-3-yl}amino)ethyl methanesulfonate as the starting material in 95% yield.

Step F: 5-[3-{4-[(2-Aminoethyl)amino]-1,2,5-oxadiazol-3-yl }-5-0x0-1,2,4-oxadiazol-4(5H)-
yl]-2-fluorobenzonitrile hydroiodide
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4- (3- Brono-4-fl uorophenyl)-3-{4-[(2-met hoxyet hyl )am no] - 1, 2, 5- oxadi azol - 3-y
Il -1,2,4- oxadi azol-5(4H)-one (78.4 g, 0.196 nol) was dissolved in

di chl or orwOlar@o§B80 nl). At -67 C boron tribrom de (37Ppoir/us@o8027oml ) was
added over 15 min. The reaction was warned 25 up to -10 Cin 30 mn. LCMS
i ndi cated reaction conpleted. The reaction was stirred at roomtenperature
for 1 hour. At 0 - 5 Cthe reaction was slowy quenched with saturated

sodi um bi carbonate solution (1.5 L) ov 30 min. The reaction tenperature
rose to 25 C. The reaction was extractmgt ya'fc?h ethyl acetate (2 x 500 ni,
first extraction organic Iayle;rN"r‘s\/% t le-nbot t om and second extraction
organic lager is on the top)HI The c negg—Qrgani c | ayers were dried over
sodium sul fate and concentrated to ve t greeiNr ed product (75 g, 99% as
a crude 5 brown solid. LCVS for C121-@10BrFN504 (MrH)+: miz = 386.0, 388.0.
1H NWMR (400 MHz, DMSO-d6): 6 8.08 (dd, J=6.B, 2.5 Hz, 1 H, 7.70 (m 1 H),

7.68 (t, TA&d&iréd Empolndhvas ﬁeﬁéfec( zlccor&mgl’_to ﬁle?kceéurblbf Eﬁarﬁ]‘i_{e 8, stepF,5. 0 Hz, 1

H, 3.56 (dd, J= 10.6, 6 H% 29 J= 11.5, 5.9 Hz 2 H.
10St ep GusmgS [3-{4- [(2-a21doethy1)am1no] 1,2,5-oxadiazol- -yl}-5-0x0-1,2,4- oxad1azol-4(5H) yl]-

o (At SRt URIRARME 1 ar Pty Pl Bt afinReBIbe) 3 v -1

- oxadi azo am no anestl'fona

4 (3 brogp; 4383 oot pMERY. @@&%M@owwmy@twﬁammbﬂz 21h; pquol 3-y1)
-1, 2, 4- oxadi azol - %4 H) - one g) was m xed wth ethyl
ncetate COO0EHDYS. 315, REP Rake il oD, 6 6r1 0810 1 20r8.50 0 216 4BE vias
added fok{?q\(@p%p %l ethylamne (34.9 nlL, 0.250 nol). The reaction was
stirred at’ room’terperature for 5 min. Wien LCVS indicated conpl etion of
reaction (MtH = 442), 500 nL of water was added into reaction. The reaction

was extr h i thyl acetate
sol uti ong%g "{"é%i@%ﬁ%%% %%@%‘Eﬁggﬁﬁgﬁo% S8 é‘eﬁﬁ% js%ul fate and
concéft r hydroxyt- b2 giroxedi8zld 3-garBOxioidededdr own solid. 1H NVR verified the
structure. Crude yield was 97 % LCMS for C13H11l 3r FN506SNa (MtNa): rn/z =
485.9, 487.9. 1H NWR (400 MHz, DMSO-d6): 6 8.08 (dd, J= 6.2, 2.5 Hz, 1 H),

7. 72 (m Irda djcrowave&ial t5-[3dH-[82-dmhioethil)ddino]6l,%,3-okidiazd351195-bke-1,2,4H) , 4. 36 (t,

3 5 L Sorala o eesbis e e afy B oy intBed il oz

- 1, 2, 4- (sadg, A28 mAoY Weje URnded in pyridine (O 5mL). The reaction was heated to 120 °C
2- (41§4 %QS grom) 4-f | uor ophenyl) - 5- oxo- 4, 5- di hydro-1, 2, 4- oxadi azol. -

-y1) 18 B eS8 2 SDICTORAY S5 HieTh lihe sely ¢ wiag W%F%@féi tb%{?Sléu@dls@Wfés mol )
was di ss@ p@faron (N7 D). Rt dQROEBR whker é@wmm AZhER W -aaag 0. 162

mol ) was_added. he reaction was 5 stirred at 65 C for 5-6 hours. LCMS
i ndi cat ed EREFIoBN Tb@f?avws (smwhat*o%@plperﬁﬁ@e peerughto Mfigpaeuiralisaioned Wi t h

wat er (2 @S(Eg thd s conbi ned
et hyl acgl?%f%éug% ut| o%ﬁ %%%dﬂh{‘gasﬁﬁtunﬁg t Iﬁ% Q%I%nif: gr‘)sepgt‘rfatl on was
sl ow, 10Qorpovafl (09 ae29%as 1MS Eorley, H JIN QS N/IJPH)*S aﬁ@&a;gsw)lﬁ NKREdo®Ver
sodium sul fate, and concentrated to ve 4 crude brown solid. Crude
yi el d0i s Mz DNISQ-epis S5ld 051 lﬁizﬂ%SF&@oé%(t(Mgd)Hz AH), 722444 J5-5435. 0. 1H

;"\/58( ??025}{*_1‘%2 1@9’5@3‘1@ i ?687035J(=%09HQ-1}6 @]s_%é 216 QOét X 6(1t7HZ ﬁ}é,’sﬁi.%tlHZH? '

H) , 345(!(11:&1‘1)3]0%(14,]2&) 5.2 Hz, 2 H). Stepl:
3-(4-(2-am noet hyl am no) - 1, 2, 5- oxadi azol - 3-y1) - 4- ( 3- br ono- 4- f | uor ophenyl) -1
, 2,4- 15 oxadi azol - 5(4H) - one hydr oi odi de

Example 19

25  N-(3-Cyano-4-fluorophenyl)-NV'-hydroxy-4-({2-[ (methylsulfonyl)amino]ethyl}amino)-

1,2,5-o0xadiazole-3-carboximidamide

N
/S\N/\/NV_X\
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3-(4-(2-azidoet hyl am no) - 1, 2, 5- oxadi azol - 3-y1) - 4- ( 3- br ono- 4- f | uor opheny1) -1
, 2, 4- oxadi azol 5(411)-one (80.0 g, 0.194 nol) was m xed w th nethanol (800
m.). Sodiwo2bodiosss(175.0 g, 1.17 nol) was added. The r @aTitisoevomwasy9stirred
at roomtenperature for 10 mn. 20 Chlorotrinmethylsilane (148 niL, 1.17 nol)
was di ssolved in nethanol (100 nlL) and added to the reaction over 30 mn.
The reaction tenperature rose 42 C. The reaction was stirred at room

t enper at llfh@tltﬁé)cfonﬁﬁuﬁﬂ Was prbiRd aa@&aa%e@m& ?ﬁﬁéd&é‘oﬂ@ﬁﬂhﬁé ?ﬂs‘e 1usin386) . The

reaction was guenched with sodiumthiosulfate (190.0 ol )~ in water

(900 ni)! qu%yg’e(@r{ﬁnﬁbyla%lf%lomnd@@zzl}pmm &d.5- Wélafﬂﬁ@éuct was col | ected
by filtr %@ﬁﬁ{m 200 nl),
and dri egérg%%%ﬁaggg%g?%%ﬁqog%jm 8&1%/(\;122 %;ﬁgﬁié} I'n e% hyl
acetate ﬁﬁ&ﬁal@LLCmfoﬁchmlmNﬂk@sqwd{m. m&zﬁoda elteNME (400 hariz, on speed i s
sl ow) .an e nder. vacuum over weekend to e 95 g of an off-white

Sor 115 TENEG80: 1355 (o BN Cibig 55 G e . B g . 1T I 400 W,
DVSO- d6) 105 684%< 269) 3. OHF-3 Hp8 (t, J= 8.7 Hz, 1 H), 6.78
(t, J= 6.1 7 5o ﬁ? 2@ }ﬁdﬁt]@}flf;ﬁ%”}az, 2'H), 3.02 (m 2 H. 5
Exanpl e 23 AI ter nate preparation of

4- ({2-[ (AR ApRYLf onyl ) am no] et hyl } am no) - N- ( 3- br onp- 4-

fl uorophenyl?ﬁN hydr oxy- 1, 2, 5- oxadi azol e- 3- car boxi mi dami de HII H2NS, NN //
\ 1\1, 104-|({21mstnelp)smfonyl)ammo]ethyl}ammo)-N-[(4 bromo-2-furyl)methyl]-N'-hydroxy-

4- (3 gr ogeggoxfahﬁg&g_&%?y&m?daﬁn 42 hydr oxyet hyl am no) - 1, 2, 5- oxadi azol - 3-y1)

- 0X 0 a solution of

4- (3 br ono- 4- f | uor opheny1l) - 3- (- 62- met hoxyejhyl am no) - 1, 2, 5- oxadi azol -

y1) -1, 2, 4- oxadi azol - 5(4H) - ong (&an be prepared according to Exanple 1,

steps A-G 1232 g, 15 3.08 rml) ﬂn/\dpghlo\ Rt h (12 L) stirring in a 22
L flask at 0 C was added boron tribromygg (3 3.67 nL) dropwi se at a
rate so that the tenperature did not exceed 10 C APt er stirring on ice for
1 h, a solution of saturated aqueous so® um bi carbonate (2 L) was careful ly
added at arate so that the tenperature did not exceed 20 C (addition tine
10 mi n) . StEpe: keesBhtl] [M4bioimet 24Hfigyashilloafsameater ed to a 50 L separatory funnel,

diluted with water /%O
O/LN O,
H |/

Br
15  4-Bromo-2-furaldehyde [Aldrich, product #666599] (10.0 g, 57.1 mmol) was dissolved in

ethanol (50 mL) and water (50 mL). N-Hydroxyamine hydrochloride (7.15 g, 103 mmol) and
sodium acetate (8.44 g, 103 mmol) were added sequentially and the reaction mixture was
brought to reflux at 100 °C for 1 hour. The solution was partially concentrated and the
precipitate was collected and washed with cold water (2 x 10 mL). The filtrate was extracted
20  with ethyl acetate (3 x 25 mL) and the combined organic layers were washed with brine (50
mL). After drying over sodium sulfate, the solution was concentrated in vacuo. The residue
was combined with the precipitate and dissolved in acetic acid (70 mL). After placing in an
ice-bath, zinc (14.7 g, 225 mmol) was added portion-wise over 25 minutes. The reaction
warmed to room temperature over 1.5 hours and was filtered through Celite. The solvent was

25 removed in vacuo.

The residue was stirred in tetrahydrofuran (72 mL). A solution of 2.0 N NaOH in water (179

mL, 358 mmol) was added dropwise over 45 minutes. After S minutes, di-ferz-
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20 (10 L), and the pH of the aqueous |ayer adjusted from1l to 8 using solid
sodi um bi carbonate. The | ayers were separated, and the organic |ayer was
washed wiwb 208095810 L), and the solvents renoved in vachwst@oaidiosd a tan
solid (24 nol processed in nultiple runs, 9.54 kg, quant. yield). The
material was slurried in 4 volunmes of 7:1 heptane:ethyl acetate (4 x 22 L
flasks), filtered, and dried to furnish the title conpound as a tan solid
(8679 g, b@xRicarbbhae 21%.9%g, Gaﬂmmwmaddie&ﬂmpmwf Thédreadtipd mwax ytirralfdr 2 he

dj
(4 (- PO ARRRET AR waf R Shingesuos B grsge 09 ™) avsatdesand a- y 1) - 1,
i , (53 gx athieaagpknsionyw arfilieas)e Thy breagit IT@B@&M;I dotiedaddeand Tige fodiRt eitdabed Q/ith

- ro

qu 1) - 3- (2- hydroxyet h dlazol3 yl
}-1, 2, 4- %B%cﬁc%tﬁ% ?Qﬁ)% 3% %‘%“4@}‘ f%“da %We%b‘%?fa%ﬁd h’dmélPéH’ of the
cor r es poadt wgerdl QUMRALY, ARBO W kodiin @Lflltb)lé alﬂ%ﬁ@h@atéd-ﬂl x‘a}ud’\@%lv%QMsued
nethanesulfon¥*%chl Plde g%SS n} dropwi_se, over room
tenperatﬁ‘croguC H@‘ﬁnﬁﬁ ﬁgaﬁ@fbﬁc@H 'Hﬂ%dnHFG Qeféver 45
mn, dur R b &, iDisbe). Bfmt(@, QVI{)t‘?W?crﬁLWSeHi nq@ea§§§s ﬁ@ﬁﬁo&a After 2
h, the reactlon m xture was washéd w th water (5°L),” bri dried
over sod?afisid.2del.3¢mBied with 3 nore reactlons of the sane size, and
the solvents renoved in vacuo to afford the desired product (7600 g,
guantitative yield, containing also sone of the 10 correspondi ng
brontﬂcoﬁ@pBna{4ﬁaumréﬁmybmwm@amMngﬁﬂheﬁmymms a tan solid. LCMVB for
C13H11Br FN506SNa ( M+Na) : niz = 485 9 487.9. 1H NMR (400 MHz, DVSO-d6): 8

8.08 (dd, J= 6.2, 2.5 Hz, 7 58 (t J=8.7 Hz, 1 H,
6.75 (t, J= 5.9 Hz, 1 H), 4 36 (t = 5. 3] Hp, 3.58 (dd, J=11.2, 5.6
Hz, 2 H, 3.18 (s, 3 H. 15St eprs€:

3- (4 (2-azi doet hyl am no) -1, 2, 5- oxadlazol 3-§1) - 4- (3-bromo-4-fluorophenyl)-1

2 4-  oxudi@aeltrdaed hmoeptRrdNa ot dIDofhsE’rNBh éﬁbl%ﬁi L2-E@9) Béthyl]carbamat
{444- &3 bronééﬁ quoroBhenyli 5- ﬁHI groﬁgﬂ) %¥EBF§§8I-3 y1] -
i

1 2 5- oxddi3s ob-4 3yl léafﬂl%‘)ré@ﬁtyﬁner@? H’éﬁé%(hTCf U%V@tqdzmﬁ@nﬂgomapeec g |
cont g ni ?:g )RS Rindfds OThd Rt M&ﬁ&%@&t&ﬁmem 3¢ 30N

dinethylformam de (4 L) stirring in a 22 flask was added sodi um azi de

(380 g, Bimuespdhgso wqﬁéwa%r&@wwnmgwr@@é@%ecbws@11@n¢ &x 8 ml).pber ed into
i ce/ wat efof&:t bohs lsyﬁagl réﬁtf&aPSttfo%rs%gnze}he]degi}éaﬁ}éocgﬁ%saatt?%\bf%ﬁﬁgg?aégo L). The

organi c 1layer wa h wat rine he sol vents
renoved BHol deMS caculatbdfat GHBOGM-NED) pnadutiB.g, 1462 ¢ N¥MRA08MEe, t an
solid. L Br F 3 435.0. 1H NWR

( DVBO- d6. 6%9%%%@’ %ﬁ??gﬁ (:%ngaémg;é@ ‘?M 13]?972(m 1H), 7.58(t, J=
8. 7H20 1H), 6.75(t, J= 5.7Hz, 3.54(t, J= 5.3Hz, 3.45(dd, J=11.1,

5. 2Hz

3-{4- [(2@/831%’6’4&@?%%% MDTeﬂZY’é 1\{)%@9@2@[@?%?@3@@%@%23 f1 uor opheny1)
- 51, 2, dodadblaB3dVartokitiaide hydrochl oride Step D, Part 1: tert-Butyl

2-(4- (4 ( 3- brono- 4-fl uorophenyl) - 5- oxo- 4, 5-di hydro-1, 2, 4-

oxadi azol - 3-y1) -1, 2, 5- oxadi azol - 3- yIaéWﬁo)ethylcarbanate

O’“\/N7ﬂ*?—NH o)
d )Y \“*§;]\B
\Of r

N-Hydroxy-4-(2-methoxyethylamino)-1,2,5-oxadiazole-3-carbimidoyl chloride [prepared

25  according to the procedure of Example 1, steps A through E] (4.5 g, 20.3 mmol) was stirred
in ethanol (20 mL) at room temperature. To this, a solution of 1-(4-bromo-2-
furyl)methanamine trifluoroacetate (6.5 g, 22.4 mmol) in ethanol (24 mL) was added and the
mixture was stirred for 15 minutes. Triethylamine (6.3 mL, 44.8 mmol) was added dropwise

over 10 minutes and the reaction was stirred for an additional 15 minutes. The solvent was
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NC \ NNO Br 10 Sodiumiodide (1080 g, 7.2 nol) was added to
[

3-{4-[ (2-azi doet hypam no] - 1, 2, 5- oxadi azol - 3-
y1} - 4- ( 3-woanw/MsfsBuor ophenyl ) - 1, 2, 4- oxadi azol - 5(41/) - oReT(IB2@9Y49794 22 nol )
in methanol (6 L). The m xture was allowed to stir for 30 min during which

time a mld exothermwas observed. Chlorotrinethylsilane (930 nm., 7.33 nol)
was added as a solution in nethanol (1 15 L) dropwise at a rate so that the
terrper at wneoved th vaotio md(ﬁtedadﬂﬁlg&ratcﬁmsb inlng ﬂﬁeﬁ;&ﬁdﬂcﬁﬁaﬁ/\@ﬁra&hd owkdhyo stir for

at _a tur he r.e ction was I|z th. 33 wt%
st uti on*te Gt heER: BE St Ptk Bin O b, e ut e wi t
wat Er (?okc)r sodiingl sﬁllf@emtd@dtdm&ta@dtd gav@ttheaésﬁafe&b}o%du%ﬂ(’]gbg mov/? mu»fsss lt ugﬁt |
car bonat e ortions; watc oam ng -ter uty
di car bonSe" ‘(tgcig’ Sll?ﬂqﬁ%%%@flﬁasm}éd‘d@g %af@l-2-he 20 reaction was allowed to
stir at roomtenper ature Addi ti onal potassium carbonate (200 g) was added
in 50 g portions over 4 to ensure that the pH was still at or above 9.
After st Fepﬂ%é-[é&-BFwa%ﬂane{4d0?emﬁthgmethyﬂ)n@u@ar|lazeﬁ quadiazqlidtdied,
triturat @QMﬁaHm%}Is? HYnel) . and then MIBE (1.5 L). A total of 11 runs were
performed (5 kg, 13.38 nol). The conbined solids were triturated with 1:1
THF: di chl oronet hane (24 L, 4 runs in ﬁ

ronet hane (3 L each run) to afford

& rotary evaporator 25 flask, 50
C, 1 h), filtered, and vvashe\i) th.l hl
an off-white solid. The crude é’rﬁ{? sol ved at 55 C

tetrahydrofuran (5 nL/g), treated dec i zing carbon (2 wt% and
silica gel (2 ww%, and filtered hotot rough céfite to afford the pr oduct

as an of te sol.id The . T and,.di chl or onet hane

filtrat eéj [X\\A;ira'e co%c pélg%gj']\g ?‘?y‘e/r%yu?ﬁ@h[ae WYS%E &ﬁﬁ%&%@d ? Ilca gel ,

?ggtz :m)e mrbdsxlmcﬁmmqmgt by f et} aaide lgrcatﬁbﬁylﬂxmﬁﬁ)zoﬂé (5t00g, af)BQﬁtdolmi)éﬁ pr oduct
g

. +Ih ine j ds. of, tert.-but
2-(4-(4- ?@S“EYe et er"icﬁ%"regjé%’@i&/ 11"%%‘88“ &“"é“f&"ﬁ”?&f’%edlat? 4C for 15 minutes.
oxadi az 0Eth3} acbbafel(m o7 WaadddRd ahd e ¥huaddaod @t viasl veashddaiet @1 Weyarogen ed to a
const ant i gtl on oven (5385 g, 83%. Step D, Part 2: 3-
{4-[(2-A ﬂ% 1P|;>‘1al eézl% ﬁgé]mi 2 The Q5gatds lai%ﬂwasdin}OV&fé%duB%‘H%t%n 10
f1uor Oph&fﬁééﬂtraledan4adﬁéa@in€*ﬁdaho§6ffﬁﬂsh@,ﬁl%nﬂ%§f@ﬁp5195»1!1 %ﬁtﬁ@ﬂ efentlo @ 22 L

flask was, charged hydrogen chloride (4 N solution in 1,4-dioxane, 4 L, 16
mol ) | 15+ eFtPY]BﬁF?‘e in héxanesgave the desired product (4 1 g, 90%). LCMS calculated for

[ 2- ({444¢( B.9F, 2 RNEBY) %gr | -3-y1] -

1,2,5- oxgtf}%zoﬂr@ @H}qu{ﬁ% et hyl’?car bamat e %@% @Dl(D@)?% i ;C sPadded as

a solid b7 (s, 1 H),639(t,J=5.7Hz, 1 H),5.07 (s, 2 H), 3.50 (m, 2H),341(q,J 5.7 Hz, 2 H),
3.25(s, 3 H).

20  Step E: 4-[(4-Bromo-2-furyl)methyl]-3-{4-[(2-hydroxyethyl)amino]-1,2,5-oxadiazol-3-yl}-
1,2,4-oxadiazol-5(4H)-one

N ON=0
HO\_H 7’8\*N o
N/ \N L<\J\Br
o

In a round bottom flask under nitrogen atmosphere, 4-[(4-bromo-2-furyl)methyl]-3-{4-[(2-

methoxyethyl)amino]-1,2,5-o0xadiazol-3-yl}-1,2,4-oxadiazol-5(4H)-one (8.2 g, 21 mmol) was
25  stirred in dichloromethane (68 mL). The temperature was brought to -78 °C and a solution of

1.0 M boron tribromide in dichloromethane (43 mL, 43 mmol) was added dropwise over 45

minutes. The reaction stirred at -78 °C for 45 minutes and continued to stir at 0 °C for an

additional 30 minutes. While remaining at 0 °C, a saturated solution of sodium bicarbonate
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15 portions over 10 min. The slurry was stirred at roomtenperature and
gradual |y becane a thick paste that could not be stirred. After sitting
over ni ghtweatorogossBenper at ure, the paste was sl urried i RCEtUsgdooaeEvate (10
L), filtered, re-slurried in ethyl acetate (5 L), filtered, and dried to a
constant weight to afford the desired product as a white solid (conbi ned
with other runs, 5 kg starting material charged, 4113 g, 95% . LCMS for
C12Hi i Br EN@‘Q@I dM"ﬁLj’wastﬁe@@ropw@gﬂv§,25%§ﬁut99 Mr%ﬁl QOroMﬂz DMSO-d6) @ 8
8.12 (m 4 H, 7.76 (m 1 H, (t, J= 8.7 Hz, é}t J= 6.1 Hz,
1 H), 3.5mpeghre, fhe Ofganac laﬁerlvaﬂfolleztem)md the gQueH§ lazermas eWF?édVl ethydr t - But yI
[ 2- ({444a&e%té)€2m1ﬂﬂ IHRIBRBERRY ddearc BXBrs Wers WARYSAh brire éo@ﬁ?'&%&" -3-y1] -

1, 2, 5- oxadi azol am no) et hyl Jcarbamate (5000g) was m xt ure
of i sopr 84 pliup sulfggandcopspairaicdinyagud te givesbeidesixetrrodueo (7.3 8,87 % elong

tenpes at &g o hhe aﬂ@ﬁrﬁ{&ﬁg\q Eg{QQﬁBﬁgetﬁ )aﬁgn NE) gogﬂﬁa&t}fﬁ ?l}fép g4 %rJﬁt? Fthyl

acetate was added to at 4 éﬁd on reaction
conpl et i fayDregthylhdli2deaxediapyl-SHED@neh gpVihelquiaged fpr GallBddsd MoHhevbat ch.

The bat ch | @ 0 i 50l d [ r ti.qn and
the wet oAE A R SaR MM MRS 3 08 LSS M a3 it wae
dri ed i nHa VA G108)(s,QMEN4 85 (172G, EHDGSEQn:gIZ\m, ANG, 9=CBHADY). el d) of the
title conpound. LC-M5, 111 and 13C NMR, and HPLC data of this lot were
identical to those of the product prepared by Method A WO

20104005868 P@{MXQ@B&A&Z@M@&@] -5toxbl4; Bihydroll 4, £Lokadiazol-3-y1}-1,2,5-

{444- ( 3- bropo- 4-f| uor ophenyl) - 5- gxo- 4, 5- di hydro-1, 2, 4- oxadi azol 3- yl] 1,2, 5-
oxadi azoPxegiagel3 hye %H?F‘H@Pa@ul fonyl)car bamate 11- -S. BocHN N / \
NN Br A5 L round bottomfl@slg was char d th chl orosul fonyl isocyanate

[Aldrich, product # 5 142628] j\g i mol ) and di chl or onet hane (1.5

L) and cool ed using an ice rt OByt anol (162 nm., 1.73 nol) in
di chl oronet hane (200 nmL) was added Q wi seatlla rate so that the
tenperature did not exceed 10 C. Th8-r€sulting $blution was stirred at room

tenperature for 30-60 mn to provide tert-butyl [chlorosulfonyl]carbamate.
10 A 22 o ppelatongfd- [éﬁémwmlbmethyll -3-{4-[(2-hydroxyethyl)amino]-1,2,5-0xadiazol-

3-{4-[(2 t

br oo - 7 Phlor SR AAAMS0Eh ohe &, B NG BF Qralidig i st of hecomsponding ) 5
mol ) 1&ndb®m®-dompiour) ax @hﬂtaha#e(lmm@mas@ddqdrtgeth@esaﬁnﬂ Ohlonlde @6 k/ sal t
bath, th {. I f d
R T A
(addi ti ohl tanmd) Wasridddd, aléd tneme poition. A@eﬁa&mfg&‘orﬁ@m@tes,eidﬂmbwh ne (1085 ni,

15 7.78 t.e so.that atu id not exceed -5
& (mar MRl R 0 3as SRS wAR bl SRS A 1 B e

al | owed trizthyduiiind @.58AnIC, 4. Bidlviol). iATie0 13 ithups) the seastionand qﬂﬁ:l.fthdich\k'iﬂiﬁld with 10%
conc eac ortiaqn). ch portio s transfe a 50 L
sepaf to?‘ip‘tf‘l?rf’h@f atey ](J(Bdf’]lt‘)u?lgﬂp{}ﬂ%’f‘ t Ve Y rackc ey, eéh>f‘6<>eé36 %H“g) Hdssol ve the
whi t e sothe@ofbiabd boganid REeds aacHcd mnﬁmsemr Jed\fteﬁﬂf_jflﬂghﬁleﬂs!b@ﬁlﬂi sulfeyer was
washed wiith 20 water (5 L), brine t he sol vents renoved in vacuo

to affor Hleaﬁlvwfwawﬁne%fe%maauo fwgéves%ff ﬁif‘dlrsda%m@%t At &t1987 W FeMOTBE (2 x 1.5

L) and dedigfatédrop i3] t. o/ =aifab Qr 45138, I NIBIRS 900 BrHZADMEIRY,).0f 4113
g startl n materol gﬁ §Er Et?@(,:egis*ggd in this manner 54(83(9 g, 989) . 1H)NI\/R (400

$8)s, 151)1@7@0-,{5621}121;1)1}{)86 0B (s HaD), 5368 6. 2H), 4.3 (z2 H), 39 (a2 72 (m 1
H) ?-559 (5}%}12]31%0?(1% %{)H) 6.58 (t, J= 5.7 Hz, 1 H), 3.38 (dd, J= 12.7,

Step G: 3-{4-[(2-Azidoethyl)amino]-1,2,5-oxadiazol-3-yl}-4-[(4-bromo-2-furyl)methyl]-
1,2,4-oxadiazol-5(4H)-one
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25=12.1, 5.9 Hz, 2 H), 1.41 (s, 9 H. Step F

N42- ({444-( 3-Brono-4-fl uorophenyl) - 5- oxo- 4, 5-di hydro-1, 2, 4- oxadi azol - 3-y1] -
1, 2, 5- oxawlD2aw/00395¢1} am no) et hyl J sul fam de Method A ®€IrAI$2009/049794
trifluoroacetic acid To a 22 L flask containing 98:2 trifluoroacetic
acid:water (8.9 L) was added tert-butyl ({[2-

({444- (3-brono-4-fl uorophenyl)-5-oxo-4, 5-di hydro- 1, 2, 4- oxadi azol - 3-y1] - 1, 2,
5- oxadi azol -3- 5 yl | am no)enpyl ] am nol s;tbfo yl) car banat e (1931 g, 3.42 m)l)
in portions over 10 minutes. Nfhe rgsul f“{n\@fmxture was stirred at room
tenperature for 1.5 h, the solN Mre acuo and chased with

di chl oronethane (2 L). The resulting)s I| reated a second tine with
fresh 98:2 trifluoroacetic acid: wat é¥ ("B 9 L), h@ated for 1 h at 40-50 C,

t he sol ven{s renoved in vacug, _and chased wi th dichloromethane (3 x 2 L).

The resufiihg- Mﬁ@n%farfwl)mthxﬂss erorberdibydrg-hhdwyediarel B alf-b%én at 50 C

over ni ghtyxad d i guant .
vield). L)é:'avsz]g)g?% 3harRih 121112 ?F%t%%‘%éulﬁfng&?§§% ho @mtoh céntgﬁﬁﬂlg%[sg(séﬁiagfl\}gl\& (400

MHz, DVSeREspendmedrogo-coppound) waszhssglvgd mzdunqth ormamm (POrmL). $9diu¥. 59 (t, J=
8.7 ; ; N 38 (dd,
3= 1257, O 10 pimdlTy g Rgktin ghEherel Q%d%f‘%%m@%ﬂ el g ¢
hydr ochl blroiuehté@ ﬁﬁ°G’ oTbEUIemtnoo ﬁtlmﬁd foe? howrsind was allowed to cool back to room

112- ({4
E)x adi ggo#ﬁ}sp&}ﬁ g'%feg(%)l(() g@T )azagl?lgixie]d)t? ?ae%d?lo 9?11 amerPo‘?duC"I' ‘?’%S 3% banat e

(4500 g) with ethybgetpaA ol 100 $all) andes caniﬁmdd drghhlb-lﬁjzens et washeew{tBbfind (P x The

reaction t 40-.45 C an this te raturefor
about 5 %gﬂﬂ}“gn dcwgqrr%rl(zf(?’?}ﬁgo‘%ﬂ?re § oW ¢ “n%é‘ﬁf ﬂl?ef’f’a]té{ Wslzﬁ-"‘il_ HJaI ysis),
hept ate Qz?cﬁoltn) givathe deded pioaluét@.7ree962%k). CIITCMB)éﬁlblﬂ@ted Eﬂ@lmBmgtNa_wg m Xt ure was
heat ed tﬁ}46§ Cﬁp%@l dat this teméerature atch was al |l owed
to cool Bo 7, ‘]’%]eOS(HNBﬁ})(A Btz \W%S(Eéf{f)l @Zigé&ls Bﬁ)f?ﬂ fatTon. The
wet cakeswag, \mh@@hwth)%d@(murnes@h(mwﬁmz(zlﬁ) '3)47%£§C1J4§‘?E’fz01)ﬁ90| (1.2
L) and dried under suction on [ter funnel.” The crude product Was

di ssolved in ethyl acetate (10. 8 L) at about 43 C. 25 Heptane (32.4 L) was
added tog t gﬁﬁlg 0 ated to 70
C and hel %Bg{t gt |szte d%E pg@é}d I(1)r9r3; \égmz(ﬁs,; %}atagﬁ' %?Q?o el)(g@?ﬁgﬁgl C and

sol i d5pr éédcctxadmoléb‘ﬂﬂ)emélddlb;odidel tration. The wet cake was washed with
heptane (14.4 L) and dri ed under suctl o on the filter funnel. Yield of

product was 3034g. LC-M5, 'H and SC N and HPLC data of this lot were
identical to those of the pﬂ-bfdl’b\t/ r epared Met hod 30 A. Step G
(2)-4-({2- [(Am nosul f onyl ) amino] et h am (3-brono-4-fluorophenyl)-N -
hydr oxy- 1, 2, 5- oxadi azol e- 3- car boxi mdaﬂn de gd A.- 5 To a crude m xture

of N42- ({4 [4 ( 3- br ono- 4- quoropheny - 5- oxo- 4 5-di hydro-1, 2, 4-
oxadi azolle 8sylifierlof3- a—mazid@ezhbﬂ)aﬂngd]-}lam ocadetzblyd-y13 ulk-(ebiode-1-2. 4 nol )

Flask wel iR e o sRupane.r ¢ o 78500 S5 (D 8481 C usi ng

an ice bectdmmmdh&(wmgd-laﬂmu) naer stiettigdonlo Minhet,e stibhaf the tenperature

did Af t tirrin nt te eraturef r 3 h (LCVMS 10

i ndi Qﬁt Al %&%Wﬁqﬂ héegeq]fallwrnaﬁ%m@w fﬁﬁr@pmﬁe & Sdpwet ebet o 3-4 with

concentr ﬁda&ianGﬂtll{ue&QQstiiﬂfdr 1THo@r, bt WhichBfe &I 6R1Y Sdéd ElPsohdiof of he resul ting
tracted with et hy acetate (15 L The organlc | ayer was

mxture was e
washed \/\P\Nadl‘f“{?\g’t“ésfﬂf‘(ts(%o sfte H%nqlzsmmateréw ket O S\ iSFHIENE B 3B vacuo t o

af ford aTeOhil -wal KscdQkitttn¥Bshol (10tHT)hE %e"ﬁréclci}n%%s(cgﬂé&te% thobugtcONDi ned wi th
three other reactions of the sane size, ried overnight in a convection

150ven t wcapmndiligationydhe wlidorss ginpesisgith ¢p)d wath2 A5l \and was drigdunger i zed (3 x
22 Lo§| aglepumdo éwg RHeQRLiAAD sl @81, ko RS %C{h@ﬁ}tcfélocﬁﬁggajﬂo'ww ca}mﬁat&?c h flask)

and dried in a 50 C convection oven to a constant weig ht to rnish the
title cofy@ut:BdN«@nMfH) whize3Hd), BiR.-§.3FDMR (49804Hz, mnmmrm% (s, 1

(o, 1 ro oMb g T e 1 o M g @ Dl s 58 17

Hz, 1 H)ZIBZ%(tJ 5.8 Hz, 2 H).
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20(m 1 H, 6.71 (t, J=6.0 Hz, 1 H, 6.59 (s, 2 H, 6.23 (t, J=6.1 Hz, 1
H, 3.35 (dd, J=10.9, 7.0 Hz, 2 H), 3.10 (dd, J=12.1, 6.2 Hz, 2 H. X-ray
crystal | oyoaptwwseaal ysis determ ned that the title conpoln$s2&dop7ss a
Z-configuration (Z-isomer) with respect to the carbon-nitrogen double bond
(C=N) of oxinme functionality. Method B: 25

N-[ 2- ({444- ( 3- brono- 4-fl uor ophenyl) - 5- oxo- 4, 5-di hydro- 1, 2, 4- oxadi azol - 3-y1]
-1,2,5- oxadiazol -3-yl }am no) et hyl i sul fam de (1500 g) was added to THF (6.0

L) and t ] s. cooled tao i f ceti 06 L) was
added to@ﬁg%{ﬁ? éiﬁ%&“"%‘?@g&%@é@y‘% iiﬁo[f‘gﬁr %ﬁ’ﬁﬁ,hﬁ?}g&& um hydr oxi de
sol ut i onhyds&4d/-§2,6foxsdihdote- Naﬁ:b;hmldﬁnﬁdel_ of water) at 0- 2 C. The batch was
warmed up to about 16 C and held for 5 h. Upon conpletion of 30 reaction,

as indicated by HPLC, concentq at ed hydrg@Hl oric acid (0.7 L) was added to
adj ust the pH of the batclhy Nes -4. Abow, 4 L of solvent was renoved from

the batch by distillation unden/\eﬂuced NESSO The batch was added to
et hyl acetate (18.0 L) and the bipha m&r@\é\;as stirred for 15 mn. The
organi c | ayer was washed with water 6.8 L) and lsxine WO

2010/ 005958PCT/ US2009/ 049794 (6.0 L) s%quentl ally. The organic solution was
dri ed5 ovbra mvhyrave usil, ﬁa@r{é&ammpsﬁlﬂbm] Nb,gmsdmmﬂ 3yl f4f@-brasoRi | t ered and

the filt d d To th
Fosul t anf LBt ARN MG S| A Sl AT R RE LI PO TR b8y Tor 15
m n. The(29ahg, 0.3pmudel} tveteasspesdddan pgidine @l inht)r dhe @aactidmﬁixﬁiré ey ke was
hed wi t BE 5(1.2 t 1.2 L tially.. Th lid
areq. onipaRm @ ety NG SRR i 4 BTy vae 1k g RSPIGTR DY the
Er oduct reﬂmemxﬁdm&mﬁéﬂ%gg%mffwaét ﬂ?%’enidél} ﬁn\dﬂeztﬁlﬁﬁbpd_ll_ E‘m))bw?z% Nuolutien mlputr]I i I i eg
r I.Nn a or e patch was, COQl e (0]
Cyf 0 Nﬁ@ﬁ %ﬁ @% Frmpelygs aé%ﬂgv%e%eenfrw gudthe gactigh, wanbeatde wet
cake Wastovﬁs’h,efgr 8 falhubdl Bﬁﬂé&eﬁtrﬁzaﬁ@wﬁ@%ﬁ@@m& desquIb 2%89@% Ablivet The

product was dried in a 10 vaccum oven at 20C to givé 1962 of " the title
conpoundWhspuified by preprgtive IECINE to @I@tM@dS@Q@Nm(lﬁﬁm&ﬂPL@ de&MSof this | ot

were ide ct r d e 24 15
Corrpound&itDau(Eﬂ‘deitopc goﬁ %szgym %%J ézg Af%gofcal actl Vity leFfés fc55> t he
conpounds 1087 Exaip) 7e751(s,19H};r6€83s(um¥e{7r3 Hed Hy) 6Falgt, & =2.bHE,dVH), 6G6(Qs,dat a ar e

from{hepassay o0 B8% 11! 253D, 256 (Y27, 610% 1), 3.32 (q, /= 6.3 Hz, 2 ),

3.07 (q,J = 6.3 Hz, 2 H).

Example 21 -
4-({2-[(Aminosulfonyl)amino] ethyl}amino)-N-[(4-chloro-2-furyl)methyl}-/V-hydroxy-

20  1,2,5-oxadiazole-3-carboximidamide

()\\ /O

b,

H,N

Step A: 4-Chloro-2-furaldehyde

0]

|/
Cl ‘
25  To a stirred suspension of aluminum trichloride (29.8 g, 0.223 mol) in dichloromethane (200
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mL) under nitrogen atmosphere was added 2-furancarboxaldehyde (8.44 mL, 0.102 mol) over
15 minutes. After stirring for 30 minutes, chlorine was bubbled into the suspension using a
pipette over a time period of 50 minutes. The flask was sealed and left to stir at room
temperature for 90 hours. The reaction mixture was slowly added to a mixture of ice (500
mL) in a solution of 1.0 N hydrogen chloride in water (300 mL). The mixture was left to
warm to room temperature over the next hour. The layers were separated and the organic
layer collected. Additional product was extracted with dichloromethane (2 x 200 mL). The
combined organic layers were washed with water (250 mL) and dried over sodium sulfate.
The solvent was removed in vacuo to give a crude mixture containing the desired product
(14.0 g, 100%, 60% purity). 'H NMR (400 MHz, DMSO-dq): & 9.56 (s, 1 H), 8.36 (s, 1 H),
7.71 (s, 1 H).

Step B: tert-Butyl [(4-chloro-2-furyl)methyljcarbamate
k 0]
O/[LN 0]
N “Q
Cl
4-Chloro-2-furaldehyde (14.0 g, 60% purity, 64 mmol) was dissolved in ethanol (50 mL) and
water (50 mL). N-Hydroxyamine hydrochloride (12.6 g, 182 mmol) and sodium acetate
(14.9 g, 182 mmol) were added sequentially and the reaction mixture was brought to reflux at
100 °C for 1 hour. The solution was partially concentrated then water (25 mL) and ethyl
acetate (50 mL) were added. The organic layer was collected and the aqueous was extracted
with ethyl acetate (2 x 25 mL). The combined organic layers were washed with brine (50
mL) and water (50 mL). After drying over sodium sulfate, the solution was concentrated in
vacuo. The intermediate was suspended in acetic acid (115 mL). The solution was cooled in
an ice-bath and zinc (33.1 g, 506 mmol) was added portion-wise over 20 minutes. The
reaction warmed to room temperature over 2 hours and was filtered through Celite. The

solvent was removed in vacuo.

The residue was stirred in tetrahydrofuran (100 mL). A solution of 2.0 M NaOH in water
(152 mL, 304 mmol) was added dropwise over 30 minutes. The reaction mixture was placed
in an ice-bath and after 5 minutes, di-fert-butyldicarbonate (24.3 g, 111 mmol) was added
dropwise over 15 minutes. The reaction was allowed to warm to room temperature over the

next 2 hours and the tetrahydrofuran was then removed in vacuo. Ethyl acetate (100 mL) was
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added and the suspension was filtered. The organic layer was collected and the aqueous layer
extracted with ethyl acetate (2 x 100 mL). The combined organic layers were washed with a
1:1 mixture of water/brine (100 mL), dried over sodium sulfate and concentrated in vacuo.
Purification by flash chromatography on silica gel with an eluent of ethyl acetate in hexanes
gave the desired product (3.05 g, 22%). LCMS calculated for C1oH;4CINNaO; (M+Na)": m/z
=253.9. '"H NMR (400 MHz, DMSO-ds): 5 7.81 (s, 1 H), 7.37 (t, /= 5.3 Hz, 1 H), 6.32 (s, 1
H), 4.05(d,/J=6.0 Hz, 2 H), 1.36 (s, 9 H).

Step C: 1-(4-Chloro-2-furyl)methanamine trifluoroacetate

HoN 0,
1. U
FsCc~ TOH
cl

The desired compound was prepared according to the procedure of Example 20, step B,
using tert-butyl [(4-chloro-2-furyl)methyl]carbamate as the starting material in quantitative
yield. LCMS calculated for CsH4ClO (M-NH,)": m/z = 115.0. 'H NMR (400 MHz, DMSO-

d): 8.29 (br's, 3 H), 8.04 (s, 1 H), 6.69 (s, 1 H), 4.07 (s, 2 H).

Step D: N-[(4-Chloro-2-furyl)methyl]-N'-hydroxy-4-[(2-methoxyethyl)amino]-1,2,5-

oxadiazole-3-carboximidamide

OH
N;
AN
0’\,H>’2’NH o
T\ \_@
N o Cl
The desired compound was prepared according to the procedure of Example 20, step C,
using N-hydroxy-4-(2-methoxyethylamino)-1,2,5-oxadiazole-3-carbimidoyl chloride and 1-

(4-chloro-2-furyl)methanamine trifluoroacetate as the starting material in quantitative yield.
LCMS calculated for C;1H;5CINsO4 (M+H)+: m/z =316.0.

Step E: 4-[(4-Chloro-2-furyl)methyl]-3-{4-[ (2-methoxyethyl)amino]-1,2,5-oxadiazol-3-yl}-
1,2,4-oxadiazol-5(4H)-one

O o
N N
0/\/ﬁ7’8\—N 0
T\ \_<\JI\
NN cl
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The desired compound was prepared according to the procedure of Example 20, step D,
using N-[(4-chloro-2-furyl)methyl]-N'"-hydroxy-4-[ (2-methoxyethyl)amino]-1,2,5-oxadiazole-
3-carboximidamide as the starting material in 51% yield. LCMS calculated for
Ci2H13CINsOs (M+H)™: m/z = 342.0.

Step F: 4-[(4-Chloro-2-furyl)methyl]-3- {4-[(2-hydroxyethyl)amino]-1,2,5-0xadiazol-3-yl}-
1,2,4-oxadiazol-5(4H)-one

¥o)
N O
HO/\/HH—N 0
Y L@
Neg cl

The desired compound was prepared according to the procedure of Example 20, step E,
using 4-[(4-chloro-2-furyl)methyl]-3-{4-[(2-methoxyethyl)amino]-1,2,5-0xadiazol-3-y1} -
1,2,4-oxadiazol-5(4H)-one as the starting material in quantitative yield. LCMS calculated for
C11H;pCINsNaOs (M+Na)™: m/z = 349.9.

Step G: 2-[(4-{4-[(4-Chloro-2-furyl)methyl]-5-ox0-4,5-dihydro-1,2,4-oxadiazol-3-yl}-1,2,5-

oxadiazol-3-yl)amino]ethyl methanesulfonate

N7 N \fo
N \
/ o/\/“}fg—N o
i \N W
N\O/ Cl

The desired compound was prepared according to the procedure of Example 20, step F,
using 4-[(4-chloro-2-furyl)methyl]-3-{4-[(2-hydroxyethyl)amino]-1,2,5-oxadiazol-3-yl}-
1,2,4-oxadiazol-5(4H)-one as the starting material in 69% yield. LCMS calculated for
C12H;3CINsO,S (M+H)": m/z = 405.8.

Step H: 3-{4-[(2-Azidoethyl)amino]-1,2,5-oxadiazol-3-yl}-4-[(4-chloro-2-furyl)methyl]-
1,2,4-oxadiazol-5(4H)-one

N. .0 o}
N"N_N N O
] \_@
N\O,N Cl

The desired compound was prepared according to the procedure of Example 20, step G,
using 2-[(4- {4-[(4-chloro-2-furyl)methyl]-5-0x0-4,5-dihydro-1,2,4-0xadiazol-3-yl1}-1,2,5-
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oxadiazol-3-yl)amino]ethyl methanesulfonate as the starting material in quantitative yield.

LCMS calculated for C;;HyCINgNaO,4 (M+Na)': m/z = 374.9.

Step I: 3-{4-[(2-Aminoethyl)amino]-1,2,5-oxadiazol-3-y1}-4-[ (4-chloro-2-furyl)methyl]-
1,2,4-oxadiazol-5(4H)-one hydroiodide

O _o
HzN/\,H&T 0
" Nl N \_@0|
o
The desired compound was prepared according to the procedure of Example 20, step H,
using 3- {4-[(2-azidoethyl)amino]-1,2,5-0xadiazol-3-yl}-4-[(4-chloro-2-furyl)methyl]-1,2,4-

oxadiazol-5(4H)-one as the starting material in 57% yield. LCMS calculated for
C11H1,CINgO4 (M+H)": m/z = 326.9.

Step J: 4-({2-[(Aminosulfonyl)amino]ethyl } amino)-N-[ (4-chloro-2-furyl)methyl]-N'-

hydroxy-1,2,5-oxadiazole-3-carboximidamide

Q
I\ //O N

rfOH
HoN—S!
2 ﬁ/\/n \ NH
] L@\
N\O/N cl

The desired compound was prepared according to the procedure of Example 20, step I, using
3-{4-[(2-aminoethyl)amino]-1,2,5-0xadiazol-3-yl}-4-[(4-chloro-2-furyl)methyl]-1,2,4-
oxadiazol-5(4H)-one hydroiodide as the starting material in 53% yield. LCMS calculated for
C1oH;5CIN;O5S (M+H)": m/z = 379.9. 'H NMR (400 MHz, DMSO-dj): & 10.88 (s, 1 H),
7.77 (s, 1 H), 6.83 (t, J = 6.8 Hz, 1 H), 6.68 (t, /= 5.9 Hz, 1 H), 6.56 (s, 2 H), 6.30 (t, /=5.9
Hz, 1 H), 6.22 (s, 1 H), 4.55(d, 2 H), 3.32 (q, /= 6.3 Hz, 2 H), 3.06 (q, /= 6.3 Hz, 2 H).

Example 22
Alternate Preparation of the Intermediate 3-(4-(2-aminoethylamino)-1,2,5-oxadiazol-3-
y)-4-(3-bromo-4-fluorophenyl)-1,2,4-oxadiazol-5(4H)-one hydroiodide
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-0
N
N, N
HI o

Br
F

Step A: 4-Amino-N"-hydroxy-N-(2-methoxyethyl)-1,2,5-oxadiazole-3-carboximidamide

NHOH
N
N
N. N
0]

4-Amino-N-hydroxy-1,2,5-oxadiazole-3-carboximidoy! chloride (can be prepared according
5  to Example 1, steps A-B, 200.0 g, 1.23 mol) was mixed with ethyl acetate (1.2 L). At 0-5 °C
2-methoxyethylamine [Aldrich, product # 143693] (119.0 mL, 1.35 mol) was added in one
portion while stirring. The reaction temperature rose to 41 °C. The reaction was cooled to 0 -
5 °C. Triethylamine (258 mL, 1.84 mol) was added. After stirring 5 min, LCMS indicated
reaction completion. The reaction solution was washed with water (500 mL) and brine (500

10  mL), dried over sodium sulfate, and concentrated to give the desired product (294 g, 119%)

as a crude dark oil. LCMS for C¢H;,N5O3 (M+H)": m/z = 202.3. 1H NMR (400 MHz,
DMSO-dg): 5 10.65 (s, 1 H), 6.27 (s, 2 H), 6.10 (t, /= 6.5 Hz, 1 H), 3.50 (m, 2 H), 3.35 (d, J
= 5.8 Hz, 2 H), 3.08 (s, 3 H).

15 Step B: N-Hydroxy-4-[(2-methoxyethyl)amino]-1,2,5-oxadiazole-3-carboximidamide

4-Amino-N"-hydroxy-N-(2-methoxyethyl)-1,2,5-oxadiazole-3-carboximidamide (248.0 g,
1.23 mol) was mixed with water (1 L). Potassium hydroxide (210 g, 3.7 mol) was added. The
reaction was refluxed at 100 °C overnight (15 hours). TLC with 50% ethyl acetate

20  (containing 1% ammonium hydroxide) in hexane indicated reaction completed (product Rf =
0.6, starting material Rf = 0.5). LCMS also indicated reaction completion. The reaction was
cooled to room temperature and extracted with ethyl acetate (3 x 1 L). The combined ethyl
acetate solution was dried over sodium sulfate and concentrated to give the desired product
(201 g, 81%) as a crude off-white solid. LCMS for CsH;2N503 (M+H)": m/z = 202.3 'H
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NMR (400 MHz, DMSO-ds): § 10.54 (s, 1 H), 6.22 (s, 2 H), 6.15 (t, J = 5.8 Hz, 1 H), 3.45 (¢,
J=53Hz, 2 H), 3.35 (m, 2 H), 3.22 (s, 3 H).

Step C: N-Hydroxy-4-[(2-methoxyethyl)amino]-1,2,5-oxadiazole-3-carboximidoyl chloride

At room temperature N'-hydroxy-4-[(2-methoxyethyl)amino]-1,2,5-oxadiazole-3-
carboximidamide (50.0 g, 0.226 mol) was dissolved in 6.0 M hydrochloric acid aqueous
solution (250 mL, 1.5 mol). Sodium chloride (39.5 g, 0.676 mol) was added followed by
water (250 mL) and ethyl acetate (250 mL). At 3-5 °C a previously prepared aqueous solution

10 (100 mL) of sodium nitrite (15.0 g, 0.217 mol) was added slowly over 1 hr. The reaction was
stirred at 3 - 8 °C for 2 hours and then room temperature over the weekend. LCMS indicated
reaction completed. The reaction solution was extracted with ethyl acetate (2 x 200 mL). The
combined ethyl acetate solution was dried over sodium sulfate and concentrated to give the
desired product (49.9 g, 126%) as a crude white solid. LCMS for CsH;(CIN4O3 (M+H)": m/z

15  =221.0. lHNMR (400 MHz, DMSO-dq): 8 13.43 (s, 1 H), 5.85 (t,/=5.6 Hz, 1 H), 3.50 (t,
J=5.6 Hz, 2 H), 3.37(dd, /= 10.8, 5.6 Hz, 2 H), 3.25 (s, 3 H).

Step D: N-(3-Bromo-4-fluorophenyl)-N"-hydroxy-4-[(2-methoxyethyl)amino]-1,2,5-

oxadiazole-3-carboximidamide

y 'TJOH i :F
So >N Z/—\NH\N Br

20 o
N-Hydroxy-4-[(2-methoxyethyl)amino]-1,2,5-oxadiazole-3-carboximidoyl chloride (46.0 g,
0.208 mol) was mixed with water (300 mL). The mixture was heated to 60 °C. 3-Bromo-4-
fluoroaniline [Oakwood products, product # 013091] (43.6 g, 0.229 mol) was added and
stirred for 10 min. A warm sodium bicarbonate (26.3 g, 0.313 mol) solution (300 mL water)
25  was added over 15 min. The reaction was stirred at 60 °C for 20 min. LCMS indicated

reaction completion. The reaction solution was cooled to room temperature and extracted

with ethyl acetate (2 x 300 mL). The combined ethyl acetate solution was dried over sodium

sulfate and concentrated to give the desired product (76.7 g, 98%) as a crude brown solid.
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LCMS for C12H14BrFNsO3; (M+H)": m/z = 374.0, 376.0. IH NMR (400 MHz, DMSO-dj):
11.55 (s, 1 H), 8.85 (s, 1 H), 7.16 (t, /= 8.8 Hz, 1 H), 7.08 (dd, J=6.1, 2.7 Hz, 1 H), 6.75 (m,
1 H), 6.14 (t,J= 5.8 Hz, 1 H), 3.48 (t, /= 5.2 Hz, 2 H), 3.35 (dd, /= 10.8, 5.6 Hz, 2 H), 3.22
(s, 3H).

Step E: 4~(3-Bromo-4-fluorophenyl)-3- {4-[(2-methoxyethyl)amino]-1 ,2,5-oxadiazol-3-yl}-
1,2,4-oxadiazol-5(4H)-one

- i ) =0
N. N
O

Br
F
A mixture of N-(3-bromo-4-fluorophenyl)-N'-hydroxy-4-[(2-methoxyethyl)amino]-1,2,5-
10 oxadiazole-3-carboximidamide (76.5 g, 0.204 mol), 1,1’-carbonyldiimidazole (49.7 g, 0.307
mol), and ethyl acetate (720 mL) was heated to 60 °C and stirred for 20 min. LCMS indicated
reaction completed. The reaction was cooled to room temperature, washed with 1 N HCI (2 x

750 mL), dried over sodium sulfate, and concentrated to give the desired product (80.4 g,
98%) as a crude brown solid. LCMS for C;3H;,BrFNsO, (M+H)": m/z = 400.0, 402.0. lg

15 NMR (400 MHz, DMSO-dg): 6 7.94 (t, /= 8.2 Hz, 1 H), 7.72 (dd, J=9.1, 2.3 Hz, 1 H), 7.42
(m, 1 H), 6.42 (t, /=5.7 Hz, 1 H), 3.46 (t, /= 5.4 Hz, 2 H), 3.36 (t, /= 5.8 Hz, 2 H), 3.26 (s,
3 H).

Step F: 4-(3-Bromo-4-fluorophenyl)-3- {4-[(2-hydroxyethyl)amino]-1,2,5-oxadiazol-3-yl}-
20  1,2,4-oxadiazol-5(4H)-one

H N %=o
HO™ 7/—\8\N
N. _N
o

F
4-(3-Bromo-4-fluorophenyl)-3- {4-[(2-methoxyethyl)amino]-1,2,5-0xadiazol-3-yl}-1,2,4-
oxadiazol-5(4H)-one (78.4 g, 0.196 mol) was dissolved in dichloromethane (600 mL). At -67

°C boron tribromide (37 mL, 0.392 mol) was added over 15 min. The reaction was warmed

Br

25  upto-10 °C in 30 min. LCMS indicated reaction completed. The reaction was stirred at room

temperature for 1 hour. At 0 - 5 °C the reaction was slowly quenched with saturated sodium
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bicarbonate solution (1.5 L) over 30 min. The reaction temperature rose to 25 °C. The
reaction was extracted with ethyl acetate (2 x 500 mL, first extraction organic layer is on the
bottom and second extraction organic lager is on the top). The combined organic layers were

dried over sodium sulfate and concentrated to give the desired product (75 g, 99%) as a crude

5 brown solid. LCMS for C;,H;oBrFNsO; (M+H)": m/z = 386.0, 388.0. 1H NMR (400 MHz,
DMSO-dg): & 8.08 (dd, J= 6.2, 2.5 Hz, 1 H), 7.70 (m, 1 H), 7.68 (t, J= 8.7 Hz, 1 H), 6.33 (4,
J=5.6Hz, 1 H), 4.85 (t, J= 5.0 Hz, 1 H), 3.56 (dd, J = 10.6, 5.6 Hz, 2 H), 3.29 (dd, J=11.5,
5.9 Hz, 2 H).

10 Step G: 2~({4-[4-(3-Bromo-4-fluorophenyl)-5-ox0-4,5-dihydro-1,2,4-oxadiazol-3-yl]-1,2,5-

oxadiazol-3-yl}amino)ethyl methanesulfonate

i) o
MsO” 7/—\H\N
N. N
o

Br
E
4-(3-bromo-4-fluorophenyl)-3-(4-(2-hydroxyethylamino)-1,2,5-oxadiazol-3-yl)-1,2,4-
oxadiazol-5(4H)-one (72.2 g, 0.188 mol) was mixed with ethyl acetate (600 mL).

15  Methanesulfonyl chloride (19.2 mL, 0.248 mol) was added followed by triethylamine (34.9
mL, 0.250 mol). The reaction was stirred at room temperature for 5 min. When LCMS
indicated completion of reaction (M+H = 442), 500 mL of water was added into reaction. The
reaction was extracted with ethyl acetate (2 x 500 mL). The combined ethyl acetate solution
was washed with brine (500 mL), dried over sodium sulfate and concentrated to give 85.1 g

20 crude brown solid. "H NMR verified the structure. Crude yield was 97 %. LCMS for

C13H;BrFNsOsSNa (M+Na)*: m/z = 485.9, 487.9. 1H NMR (400 MHz, DMSO-dy): & 8.08
(dd, J=6.2,2.5 Hz, 1 H), 7.72 (m, 1 H), 7.58 (t, /= 8.7 Hz, 1 H), 6.75 (t, /= 5.9 Hz, 1 H),
436 (t,J=5.3 Hz, 2 H), 3.58 (dd, J = 11.2, 5.6 Hz, 2 H), 3.18 (s, 3 H).

25  Step H: 3-{4-[(2-Azidoethyl)amino]-1,2,5-o0xadiazol-3-yl}-4-(3-bromo-4-fluorophenyl)-
1,2,4-oxadiazol-5(4H)-one
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385.0 19 M CN F 1 <500 406.0* *[M + Na] Exanple 25 Conpound Data 5/ D0 | C50
data (see Exanple A) for the conpounds of Exanples 20 and 21 is provided
bel ow i n Wakh®/@3958able 3 Ex. No. IDOI1Cso (Ql) 20 <50@CZAS25049794

i) =0
N. N
e}

F
2-(4-(4-(3-bromo-4-fluorophenyl)-5-0x0-4,5-dihydro-1,2,4-oxadiazol-3-yl)-1,2,5-oxadiazol-
3-ylamino)ethyl methanesulfonate (50.0 g, 0.108 mol) was dissolved in N, N-
dimethylformamide (83 mL). Sodium azide (10.5 g, 0.162 mol) was added. The reaction was

5  stirred at 65 °C for 5-6 hours. LCMS indicated reaction completed (M+Na = 435). The
reaction was quenched with water (250 mL) and extracted with ethyl acetate (2 x 250 mL).

Br

The combined ethyl acetate solution was washed with water (250 mL, layer separation was
slow, 100 mL of brine was added to improve the separation), dried over sodium sulfate, and

concentrated to give 49.7 g crude brown solid. Crude yield is 112 %. LCMS for

10 CiHsBrFN;O;Na (M+Na)': m/z = 433.0, 435.0. lH NMR (400 MHz, DMSO-dj): & 8.08 (dd,
J=6.2,2.5Hz, 1H),7.72 (m, 1 H), 7.58 (t, /= 8.7 Hz, 1 H), 6.75 (t,J= 5.7 Hz, 1 H), 3.54
(t, J=5.3 Hz, 2 H), 3.45 (dd, J=11.1,5.2 Hz, 2 H).

Step I: 3-(4-(2-aminoethylamino)-1,2,5-oxadiazol-3-yl)-4-(3-bromo-4-fluorophenyl)-1,2,4-
15  oxadiazol-5(4H)-one hydroiodide

-0
i L=
H,NT 7/__\(‘\N
N. N
HI o

Br
E
3-(4-(2-azidoethylamino)-1,2,5-oxadiazol-3-yl)-4-(3-bromo-4-fluorophenyl)-1,2,4-oxadiazol-
5(4H)-one (80.0 g, 0.194 mol) was mixed with methanol (800 mL). Sodium iodide (175.0 g,
1.17 mol) was added. The reaction was stirred at room temperature for 10 min.

20  Chlorotrimethylsilane (148 mL, 1.17 mol) was dissolved in methanol (100 mL) and added to
the reaction over 30 min. The reaction temperature rose 42 °C. The reaction was stirred at
room temperature for 30 min. LCMS indicated reaction completed (M+H = 386). The
reaction was quenched with sodium thiosulfate (190.0 g, 1.20 mol) in water (900 mL). A
large amount of solid precipitated. The product was collected by filtration (filtration speed

25  was slow), rinsed with water (200 mL), and dried on vacuum overnight. The filter cake was

slurried in ethyl acetate (500 mL) for 30 min. The product was filtered (filtration speed is
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Exanple 26 10 NNIR Dat a NMR data (Varian Inova 500 spectroneter, a
Mercury 400 spectroneter, or a Varian (or Mercury) 300 spectroneter) for

t he conpowodsioafhsEranpl es 1-21 is provided bel ow i n TablPeTAIS200alo0k994 EX.
No. Solvent MHz 1H NATR Spectra 8 11.5(s, 1 H, 8.89 (s, 1 H, 7.17 (dd,
J=8.8, 8.6 Hz, 1 H,7.09 1 DMSO-d6 400 (dd, J= 6.1, 2.7 Hz, 1 H), 6.76-
6.72 (m 1 H), 6.56 (dd, J= 6.1, 6.1 Hz, 1 H, 6.51 (s, 2 H, 6.17 (dd,
J= 5.9, B8o9) s dried MpderFa@ifim-over weekend to give 95 g of an off-white solid. LCMS for

Ci12H; BrFNgO; (M+H)": m/z = 384.9, 386.9. 1H NMR (400 MHz, DMSO-dj): 6 8.12 (m, 4
H), 7.76 (m, 1 H), 7.58 (t, J=8.7 Hz, 1 H), 6.78 (t, /= 6.1 Hz, 1 H), 3.51 (dd, /=11.8, 6.1
Hz, 2 H), 3.02 (m, 2 H).

Example 23
Alternate preparation of 4-({2-[(Aminosulfonyl)amino]ethyl}amino)-/N-(3-bromo-4-

fluorophenyl)-N'-hydroxy-1,2,5-0xadiazole-3-carboximidamide

W XX
HN"S N 7/—\(kN Br
H H
N
10 Step A: 4-(3-bromo-4-fluorophenyl)-3-(4-(2-hydroxyethylamino)-1,2,5-oxadiazol-3-yl)-
1,2,4-oxadiazol-5(4H)-one

H N %=o
HO™ 7/—\8\N
N. _N
0

F
To a solution of 4-(3-bromo-4-fluorophenyl)-3-(4-(2-methoxyethylamino)-1,2,5-oxadiazol-3-

Br

yD-1,2,4-oxadiazol-5(4H)-one (can be prepared according to Example 1, steps A-G; 1232 g,
15 3.08 mol) in dichloromethane (12 L) stirring in a 22 L flask at 0 °C was added boron
tribromide (354 mL, 3.67 mL) dropwise at a rate so that the temperature did not exceed 10
°C. After stirring on ice for 1 h, a solution of saturated aqueous sodium bicarbonate (2 L)
was carefully added at a rate so that the temperature did not exceed 20 °C (addition time 10
min). The resulting mixture was transferred to a 50 L separatory funnel, diluted with water
20 (10 L), and the pH of the aqueous layer adjusted from 1 to 8 using solid sodium bicarbonate.
The layers were separated, and the organic layer was washed with water (10 L), and the
solvents removed in vacuo to afford a tan solid (24 mol processed in multiple runs, 9.54 kg,
quant. yield). The material was slurried in 4 volumes of 7:1 heptane:ethyl acetate (4 x 22 L
flasks), filtered, and dried to furnish the title compound as a tan solid (8679 g, 94%). The

25  product was a mixture of the hydroxy- and the corresponding bromo-species.

Step B: 2-(4-(4-(3-bromo-4-fluorophenyl)-5-0x0-4,5-dihydro-1,2,4-oxadiazol-3-y1)-1,2,5-

oxadiazol-3-ylamino)ethyl methanesulfonate
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8.90 (s,

3.2 (m 2 H, 2.94 - 2.88 (m 2 H, 1.78- 1.71 (m 2 H 611.49 (s, 1H),
1H, 7.17 (m 2H), 7.09 (dd, J= 6.3, 2.5 2 DMsO- d6 400 Hz, 1H),

6.26 (t, Wwe2610l0056458 1H), 3.33 (m 2H), 3.13 (q, J= 6.0 PCTHZ2002l6h9792. 89 (s,

611.5 (s, 1 H, 8.89 (s, 1 H, 7.17 (dd, J= 8.8, 8.6 Hz, 1 H, 7.09

3H)
3

10

15

20

25

H N o
MsQ™ 7/—\(‘\

N. _N
O
Br

E
To a solution of 4-(3-bromo-4-fluorophenyl)-3- {4-[(2-hydroxyethyl)amino]-1,2,5-oxadiazol-
3-yl}-1,2,4-oxadiazol-5(4H)-one (1.5 kg, 3.9 mol, containing also some of the corresponding
bromo-compound) in ethyl acetate (12 L) was added methanesulfonyl chloride (185 mL, 2.4
mol) dropwise over 1 h at room temperature. Triethylamine (325 mL, 2.3 mol) was added
dropwise over 45 min, during which time the reaction temperature increased to 35 °C. After
2 h, the reaction mixture was washed with water (5 L), brine (1 L), dried over sodium sulfate,
combined with 3 more reactions of the same size, and the solvents removed in vacuo to
afford the desired product (7600 g, quantitative yield, containing also some of the
corresponding bromo-compound, Caution: irritating dust!) as a tan solid. LCMS for

C13H1 BrFN;OsSNa (M+Na)": m/z = 485.9, 487.9. 1H NMR (400 MHz, DMSO-d;): & 8.08
(dd, J=6.2,2.5Hz, 1 H), 7.72 (m, 1 H), 7.58 (t, /J=8.7 Hz, 1 H), 6.75 (t, /J=5.9 Hz, 1 H),
436 (t,J=53Hz,2 H),3.58 (dd, J=11.2, 5.6 Hz, 2 H), 3.18 (s, 3 H).

Step C: 3-(4-(2-azidoethylamino)-1,2,5-oxadiazol-3-yl)-4-(3-bromo-4-fluorophenyl)-1,2,4-
oxadiazol-5(4H)-one

-0
H N =0
3 [\
N. _N
o

Br

E
To a solution of 2-({4-[4-(3-bromo-4-fluorophenyl)-5-0x0-4,5-dihydro-1,2,4-oxadiazol-3-yl]-
1,2,5-oxadiazol-3-yl} amino)ethyl methanesulfonate (2.13 kg, 4.6 mol, containing also some
of the corresponding bromo-compound) in dimethylformamide (4 L) stirring in a 22 L flask
was added sodium azide (380 g, 5.84 mol). The reaction was heated at 50 °C for 6 h, poured
into ice/water (8 L), and extracted with 1:1 ethyl acetate:heptane (20 L). The organic layer
was washed with water (5 L) and brine (5 L), and the solvents removed in vacuo to afford the
desired product (1464 g, 77%) as a tan solid. LCMS for C;,HgBrFN3OsNa (M+Na)": m/z =
433.0, 435.0. "H NMR (DMSO-ds, 400 MHz): & 8.08(dd, J = 6.2, 2.5Hz, 1H), 7.72(m, 1H),
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DVMSO-d 6 400 (dd, J= 6.1, 2.7 Hz, 1 H), 6.76- 6.72 (m 1 H), 6.56 (dd, J=
6.1, 6.1 Hz, 1 H), 6.51 (s, 2 H), 6.17 (dd, J=5.9, 5.9 Hz, 1 H), 3.27 -
3.21 (m ROHpI/@5B4 - 2.88 (m 2 H), 1.78- 1.71 (m 2 HPCTADZ@D040948 7. 12
(dd, J= 5.9, 2.4 Hz, 1H), 7.05 (t, J= 8.7 Hz, 1H), 6.83 (m WD

2010/ 005958PCT/ US2009/ 049794  1H), 3.39 (t J— 6.8 Hz, 2H), 3.14 (t, J=

6.6 He, ?E?;ct, fe %HE 1’H)3§_%(t 5 7I§Izm1H§|_3|)54(t J= 53Hz, 21‘-11)99 45(dd, J=11.1,
5.2Hz, 2H).

Step D: 3-{4-[(2-Aminoethyl)amino]-1,2,5-oxadiazol-3-yl}-4-(3-bromo-4-fluorophenyl)-
5  1,2,4-oxadiazol-5(4H)-one hydrochloride

0 =0
HNT 7/_\8\N
N. N
(e

HCI
Br

Step D, Part 1: tert-Butyl 2-(4-(4-(3-bromo-4-fluorophenyl)-5-ox0-4,5-dihydro-1,2,4-

oxadiazol-3-yl)-1,2,5-oxadiazol-3-ylamino)ethylcarbamate

Br

10 F
Sodium iodide (1080 g, 7.2 mol) was added to 3-{4-[(2-azidoethyl)amino]-1,2,5-0xadiazol-3-
yl}-4-(3-bromo-4-fluorophenyl)-1,2,4-oxadiazol-5(4H)-one (500 g, 1.22 mol) in methanol (6
L). The mixture was allowed to stir for 30 min during which time a mild exotherm was
observed. Chlorotrimethylsilane (930 mL, 7.33 mol) was added as a solution in methanol (1

15 L) dropwise at a rate so that the temperature did not exceed 35 °C, and the reaction was
allowed to stir for 3.5 h at ambient temperature. The reaction was neutralized with 33 wt%
solution of sodium thiosulfate pentahydrate in water (~1.5 L), diluted with water (4 L), and
the pH adjusted to 9 carefully with solid potassium carbonate (250 g — added in small
portions: watch foaming). Di-ferz-butyl dicarbonate (318 g, 1.45 mol) was added and the

20  reaction was allowed to stir at room temperature. Additional potassium carbonate (200 g)
was added in 50 g portions over 4 h to ensure that the pH was still at or above 9. After
stirring at room temperature overnight, the solid was filtered, triturated with water (2 L), and
then MTBE (1.5 L). A total of 11 runs were performed (5.5 kg, 13.38 mol). The combined
solids were triturated with 1:1 THF:dichloromethane (24 L, 4 runs in a 20 L rotary evaporator

25  flask, 50 °C, 1 h), filtered, and washed with dichloromethane (3 L each run) to afford an off-
white solid. The crude material was dissolved at 55 °C tetrahydrofuran (5 mL/g), treated
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6 7.96 (dd, J=6.8, 2.1 Hz, 0.05 H), 7.32 - 7.29 (m 0.1 H, 7.18 (dd, J=
9.1, 9.1 Hz, 0.95 11), 6.93 (dd, J= 6.4, 2.7 Hz, 0.95 H), 6.71 - 6.66
(m 0.95 Wip208/@3958br s, 1 H), 3.35 - 3.27 (m 2 H), 3.POT/US2009849064 (M 2
H) 5 11.50 (s, 1H), 8.91 (s, 1H), 7.19 (m 2H), 6.96 (dd, J =6.7, 2.5 6
DMSO- d6 400 Hz, 1H), 6.71 (m 1H), 6.26 (t, J = 6.4 Hz, 1H, 3.32 (m 2H),
3.13 (g, J = 5.8 Hz, 2H), 2.89 (s, 3H

with decolorizing carbon (2 wt%) and silica gel (2 wt%), and filtered hot through celite to
afford the product as an off-white solid (5122 g). The combined MTBE, THF, and
dichloromethane filtrates were concentrated in vacuo and chromatographed (2 kg silica gel,
heptane with a 0-100% ethyl acetate gradient, 30 L) to afford more product (262 g). The

5 combined solids of tert-butyl 2-(4-(4-(3-bromo-4-fluorophenyl)-5-oxo0-4,5-dihydro-1,2,4-
oxadiazol-3-yl)-1,2,5-oxadiazol-3-ylamino)ethylcarbamate were dried to a constant weight in

a convection oven (5385 g, 83%).

Step D, Part 2: 3-{4-[(2-Aminoethyl)amino]-1,2,5-oxadiazol-3-yl}-4-(3-bromo-4-
10  fluorophenyl)-1,2,4-oxadiazol-5(4H)-one hydrochloride
Method A:
In a 22 L flask was charged hydrogen chloride (4 N solution in 1,4-dioxane, 4 L, 16 mol).
tert-Butyl [2-( {4-[4-(3’-bromo-4-ﬂuorophenyl)—5-oxo-4,5-dihydro- 1,2,4-oxadiazol-3-yl]-
1,2,5-oxadiazol-3-yl} amino)ethyl]carbamate (2315 g, 4.77 mol) was added as a solid in
15  portions over 10 min. The slurry was stirred at room temperature and gradually became a
thick paste that could not be stirred. After sitting overnight at room temperature, the paste
was slurried in ethyl acetate (10 L), filtered, re-slurried in ethyl acetate (5 L), filtered, and
dried to a constant weight to afford the desired product as a white solid (combined with other
runs, 5 kg starting material charged, 4113 g, 95%). LCMS for C12H1BrFN¢O; (M+H)+: m/z
20  =384.9,386.9. IHNMR (400 MHz, DMSO-ds): & 8.12 (m, 4 H), 7.76 (m, 1 H), 7.58 (t, /=
8.7 Hz, 1 H), 6.78 (t, /= 6.1 Hz, 1 H), 3.51 (dd, /= 11.8, 6.1 Hz, 2 H), 3.02 (m, 2 H).
Method B:
tert-Butyl [2-({4-[4-(3-bromo-4-fluorophenyl)-5-0x0-4,5-dihydro-1,2,4-oxadiazol-3-yl]-
1,2,5-oxadiazol-3-yl} amino)ethyl]carbamate (5000g) was added to a mixture of isopropanol
25 (20 L) and 4 N HCl in 1,4-dioxane (10 L) at room temperature. The batch was heated to 40-
45 °C and held for 1 h. Ethyl acetate was added to the batch at 40-45 °C and held for 2.5 h.
Upon reaction completion, as indicated by HPLC, heptane (10 L) was added to the batch.
The batch was cooled to 25 °C. The product was isolated by filtration and the wet cake was
washed with ethyl acetate (3 x 5.0 L). The product was dried in a vacuum, oven at 20 °C to
30 give 4344 g (93.4% yield) of the title compound. LC-MS, 'H and °C NMR, and HPLC data
of this lot were identical to those of the product prepared by Method A.
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58.90 (s, 1 H, 7.20 (dd, J= 9.2, 9.0 Hz, 1 H), 6.96 (dd, J= 6.4, 7
DVMSO-d6 400 2.7 Hz, 1 H), 6.72 - 6.69 (m 1 H), 6.55 (t, J= 6.0 Hz,

6.51
-2.87
111),

10

15

20

25

(WO 2B10M05958. 16 (t, J= 5.9 Hz, 1 H), 3.28 - 3. 21PCHUS2000M049724
(m 2 H, 1.76- 1.72 (m 2 H 8 CD30D 300 5 7.06 (t, J = 8.

6.98 (m HA 6.80 (m 1H), 3.73 (m 2H), 3.28 (m 2H), 2.94 (s,
1.28 (m

211
Step ]2: tert-Butyl ({[2-({4-[4-(3-bromo-4-fluorophenyl)-5-0x0-4,5-dihydro-1,2,4-oxadiazol-

3-y1]-1,2,5-oxadiazol-3-yl}amino)ethyl]amino } sulfonyl)carbamate

% o Y=o
BocHN SN~ >~ 7_8\
N Y
N. N
(0]

Br

F
A5 L round bottom flask was charged with chlorosulfonyl isocyanate [Aldrich, product #

142662] (149 mL, 1.72 mol) and dichloromethane (1.5 L) and cooled using an ice bath to 2
°C. tert-Butanol (162 mL, 1.73 mol) in dichloromethane (200 mL) was added dropwise at a
rate so that the temperature did not exceed 10 °C. The resulting solution was stirred at room

temperature for 30-60 min to provide fert-butyl [chlorosulfonyl]carbamate.

A 22 L flask was charged with 3-{4-[(2-aminoethyl)amino]-1,2,5-0xadiazol-3-yl}-4-(3-
bromo-4-fluorophenyl)-1,2,4-oxadiazol-5(4H)-one hydrochloride (661 g, 1.57 mol) and 8.5 L
dichloromethane. After cooling to -15 °C with an ice/salt bath, the solution of fert-butyl
[chlorosulfonyl]carbamate (prepared as above) was added at a rate so that the temperature did
not exceed -10 °C (addition time 7 min). After stirring for 10 min, triethylamine (1085 mL,
7.78 mol) was added at a rate so that the temperature did not exceed -5 °C (addition time 10
min). The cold bath was removed, the reaction was allowed to warm to 10 °C, split into two
portions, and neutralized with 10% conc HCI (4.5 L each portion). Each portion was
transferred to a 50 L separatory funnel and diluted with ethyl acetate to completely dissolve
the white solid (~25 L). The layers were separated, and the organic layer was washed with
water (5 L), brine (5 L), and the solvents removed in vacuo to afford an off-white solid. The

solid was triturated with MTBE (2 x 1.5 L) and dried to a constant weight to afford a white
solid. A total of 4113 g starting material was processed in this manner (5409 g, 98%). 1H
NMR (400 MHz, DMSO-dj): 6 10.90 (s, 1 H), 8.08 (dd, /= 6.2, 2.5 Hz, 1 H), 7.72 (m, 1 H),
7.59 (t,J=8.6 Hz, 1 H), 6.58 (t, /= 5.7 Hz, 1 H), 3.38 (dd, J=12.7, 6.2 Hz, 2 H), 3.10 (dd, J
=12.1, 5.9 Hz, 2 H), 1.41 (s, 9 H).

Step F: N-[2-({4-[4-(3-Bromo-4-fluorophenyl)-5-0x0-4,5-dihydro-1,2,4-oxadiazol-3-yl]-

1,2,5-oxadiazol-3-yl} amino)ethyl]sulfamide

104

1H),
93
9 Hz,

3H),



6 11.60 (s, 1H), 9.06 (s, 1H), 7.30 (t, J = 10.1 Hz, 1H), 7.14 (dd, J 9
DVSO-d6 400 = 6.1, 2.7 Hz, 1H), 7.03 (m 111), 6.71 (t, J = 5.3 Hz, 1H),
6.58 (s, WO 2BH0036823 (t, J = 6.2 Hz, 111), 3.36 (g, J RCO/US2042/042b), 3.08
(m 211) 6 11.60 (s, 111), 9.07 (s, 1H), 7:30 (t, J = 10.1 Hz, 111),
7.18 (t, J = 10 DVSO d6

Br

n

Method A: using trifluoroacetic acid
To a 22 L flask containing 98:2 trifluoroacetic acid:water (8.9 L) was added tert-butyl ({[2-
({4-[4-(3-bromo-4-fluorophenyl)-5-oxo0-4,5-dihydro-1,2,4-oxadiazol-3-yl]-1,2,5-oxadiazol-3-
5  yl}amino)ethyllamino}sulfonyl)carbamate (1931 g, 3.42 mol) in portions over 10 minutes.

The resulting mixture was stirred at room temperature for 1.5 h, the solvents removed in
vacuo, and chased with dichloromethane (2 L). The resulting solid was treated a second time
with fresh 98:2 trifluoroacetic acid:water (8.9 L), heated for 1 h at 40-50 °C, the solvents
removed in vacuo, and chased with dichloromethane (3 x 2 L). The resulting white solid

10 was dried in a vacuum drying oven at 50 °C overnight. A total of 5409 g was processed in
this manner (4990 g, quant. yield). LCMS for C;,H;»BrFN70sS (M+H)": m/z = 463.9, 465.9.
1H NMR (400 MHz, DMSO-dy): & 8.08 (dd, J= 6.2, 2.5 Hz, 1 H), 7.72 (m, 1 H), 7.59 (t, J =
8.7Hz, 1 H), 6.67 (t,J=5.9 Hz, 1H), 6.52 (t, /= 6.0 Hz, 1 H), 3.38 (dd, J=12.7, 6.3 Hz, 2
H), 3.11 (dd, /= 12.3, 6.3 Hz).

15  Method B: using hydrochloric acid
To solution of tert-butyl ({[2-({4-[4-(3-bromo-4-fluorophenyl)-5-ox0-4,5-dihydro-1,2,4-
oxadiazol-3-yl]-1,2,5-oxadiazol-3-yl} amino)ethyl]amino} sulfonyl)carbamate (4500 g) in
isopropanol (9 L) was added 4 N HCl in dioxane (8.0 L). The reaction mixture was heated to
40-45 °C and was held at this temperature for about 5 h. Upon completion of reaction (as

20  indicated by HPLC analysis), heptane (72 L) was added to the reaction mixture. The
resultant mixture was heated to 68 °C and held at this temperature for 1 h. The batch was
allowed to cool to about 23 °C. The sblid product was collected by filtration. The wet cake
was washed with a mixture of heptane (16 L) and isopropanol (1.2 L) and dried under suction
on a filter funnel. The crude product was dissolved in ethyl acetate (10.8 L) at about 43 °C.

25  Heptane (32.4 L) was added to the ethyl acetate solution over 15 min. The batch was heated
to 70 °C and held at this temperature for 1 h. The batch was cooled to 21 °C and solid
product was collected by filtration. The wet cake was washed with heptane (14.4 L) and
dried under suction on the filter funnel. Yield of product was 3034g. LC-MS, 'H and *C
NMR, and HPLC data of this lot were identical to those of the product prepared by Method

30 A
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400 6.0 Hz, 111), 7.13 (dd, J = 6.0, 2.7 Hz, 1H), 7.03 (m 1H), 6.27 (t, J
= 6.3 Hz, 1H), 3.32 (m 211), 3.13 (g, J = 6.0 Hz, 2H), 2.89 (s, 311) 8
11.6 (s, WOMp10/@5B8 (s, 1 H), 7.31 (dd, J= 10.0, 9.4 HzpCI/uspgoo/psass 11
DVSO- d6 300 (dd, J= 6.4, 2.9 Hz, 1 H), 7.05 - 6.99 (m 1 H), 6.58 (t, J=
6.0 Hz, 1 H, 6.52 (s, 211), 6.17 (t, J=5.9 Hz, 1 H), 3.28 - 3.21 (m 2
H) ,

Step G: (Z)-4-({2-[(Aminosulfonyl)amino]ethyl} amino)-N-(3-bromo-4-fluorophenyl)-N'-
hydroxy-1,2,5-oxadiazole-3-carboximidamide
Method A:

5 To a crude mixture of N-[2-({4-[4-(3-bromo-4-fluorophenyl)-5-0x0-4,5-dihydro-1,2,4-
oxadiazol-3-yl}-1,2,5-oxadiazol-3-yl }amino)ethyl]sulfamide (2.4 mol) containing residual
amounts of trifluoroacetic acid stirring in a 22 L flask was added THF (5 L). The resulting
solution was cooled to 0 °C using an ice bath and 2 N NaOH (4 L) was added at a rate so that
the temperature did not exceed 10 °C. After stirring at ambient temperature for 3 h (LCMS

10 indicated no starting material remained), the pH was adjusted to 3-4 with concentrated HCI
(~500 mL). The THF was removed in vacuo, and the resulting mixture was extracted with
ethyl acetate (15 L). The organic layer was washed with water (5 L), brine (5 L), and the
solvents removed in vacuo to afford a solid. The solid was triturated with MTBE (2 x 2 L),
combined with three other reactions of the same size, and dried overnight in a convection

15  oven to afford a white solid (3535 g). The solid was recrystallized (3 x 22 L flasks, 2:1
deionized ultra-filtered water:ethanol, 14.1 L each flask) and dried in a 50 °C convection
oven to a constant weight to furnish the title compound as an off-white solid (3290 g, 78%).
LCMS for C;H;4BrFN;048 (M+H)": m/z = 437.9, 439.9. "H NMR (400 MHz, DMSO-dy):
6 11.51 (s, 1 H), 8.90 (s, 1 H), 7.17 (t, /J=8.8 Hz, 1 H), 7.11 (dd, /= 6.1,2.7 Hz, 1 H), 6.76

20 (m,1H),6.71(t,J=6.0Hz, 1H),6.59 (5,2 H), 6.23 (t, /= 6.1 Hz, 1 H), 3.35 (dd, /= 10.9,
7.0 Hz, 2 H), 3.10 (dd, J=12.1, 6.2 Hz, 2 H). X-ray crystallographic analysis determined
that the title compound adopts a Z-configuration (Z-isomer) with respect to the carbon-
nitrogen double bond (C=N) of oxime functionality.

Method B:

25  N-[2-({4-[4-(3-bromo-4-fluorophenyl)-5-0x0-4,5-dihydro-1,2,4-oxadiazol-3-yl1]-1,2,5-
oxadiazol-3-yl}amino)ethyl]sulfamide (1500 g) was added to THF (6.0 L) and the batch was
cooled to 2 °C. Trifluoroacetic acid (0.006 L) was added to the batch at 2 °C followed by
addition of aqueous sodium hydroxide solution (384 g of solid NaOH in 4.8 L of water) at 0-
2 °C. The batch was warmed up to about 16 °C and held for 5 h. Upon completion of

30  reaction, as indicated by HPLC, concentrated hydrochloric acid (0.7 L) was added to adjust
the pH of the batch to 3-4. About 4 L of solvent was removed from the batch by distillation
under reduced pressure. The batch was added to ethyl acetate (18.0 L) and the biphasic

mixture was stirred for 15 min. The organic layer was washed with water (6.0 L) and brine
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2.94 - 2.87 (m 211), 1.79- 1.72 (m 2 H) 5 11.6(s, 1 H), 9.07 (s, 1 H),
7.30 (dd, J= 10.0, 9.6 Hz, 1 H),7.13 12 DMSO-d6 400 (dd, J= 6.2, 2.5 Hz, 1
Hy, 7.05 wozo0Rogess 211), 6.19 (t, J= 5.8 Hz, 1 H), 3.2PCT/B2@b/0fare42 H),
2.99 -2.94 (m 2 H), 2.87 (s, 3 H, 1.76 - 1.72 (m 2 H 13 CD3CD 400 8
7.36 (t, J = 7.8 Hz, 1H), 7.23 (d, J = 7.8 Hz, 111), 7.10 (s, 111), 7.03

d J =17, , 1 3.48 (m 2H), 3.29 (m 2H)
( (6.0L) sequenla)aily. The organic so|1_1|1)tion was drie(:d over anhydrous magnesium sulfate.

Magnesium sulfate was filtered and the filtrate was evaporated to dryness under reduced
pressure. To the resultant solid, MTBE (3.0 L) was added and the shurry was stirred for 15
min. The solid product was isolated by filtration. The filter cake was washed with MTBE

5 (1.2 L) and heptane (1.2 L) sequentially. The solid was dried on the filter funnel under
suction to give 1416 g (87.9%) of the product. The product (2440g, obtained in two batches)
was further purified by re-slurrying in MTBE (9.6 L) at 17 °C for 2 h. The batch was cooled
to 6 °C for 30 min. The solid product was collected by filiration and the wet cake was
washed with MTBE (3.6 L) and heptane (1.2 L) sequentially. The product was dried in a

10 vaccum oven at 20 °C to give 1962 g of the title compound in 81.7% yield. LC-MS, 'H and

">C NMR, and HPLC data of this lot were identical to those of the product prepared by
Method A.

Example 24
15 Compound Data
Select physical and biological activity data for the compounds of Example 1-19 are

summarized in Table 2 below. ICsj data are from the assay provided in Example A.

Table 2
NSOH R3
R17 N N R2
H/\M;‘ N/ \N H
20 \O/

Ex. IDO MS
No. | R | R | B | n Iy vy | e
L | NH2 Br F 1 <200 4379,
439.9

5 Me Br F 1 <200 437.0,
439.0

3 | NH Br F 2 <100 451.8,
453.9

4 Me Br F 2 <100 4510,
453.0

5 | NH, Cl F 1 <200 394.0
6 Me Cl F 1 <200 393.0
7 | NH, Cl F 2 <200 408.1
8 Me Cl F 2 <200 407.1
9 | NH, | CF, F 1 <100 428.0
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5 11.63 (s, 1H), 9.08 (s, 1H), 7.39 (t, J = 7
DVSO- d6 500 2H), 7.10 (s, 1H), 6.99 (d, J = 8. 1H), 6.28 (t, J = 5.4
Hz, 1HyQ 2810395458, J = 5.8 Hz, 2H), 3.17 (g, J = 5.8 PBeT/BR)0902794 (s,
3H) 511.6 (s, 1 H), 9.12 (s, 1 H), 7.37 (dd, J= 8.0, 8.0 Hz, 1 H),7.21
- 15 DMBO-d6 400 7.18 (m 1 H), 7.07 (s, 1 H), 6.95 (d, J= 10.0 Hz, 1 H),
6.52 (br s, 3 H, 6.17 (t, J= 6.0 Hz, 1 H. 3.28 - 3.22 (m 2 H), 2.93 -

, 1H), 7.21 (m 14

2.89 10 Me CF; F 1 <100 427.0
11 NH, CF; F 2 <100 442.0
12 Me CF; F 2 <100 441.1
13 | NH, CF; H 1 <500 410.0
14 Me CF; H 1 <200 409.1
15 | NH, CF; H 2 <200 424.0
16 Me CF; H 2 <200 423.1
17 Me CH; F 1 <500 373.1
18 | NH, CN F 1 <750 385.0
19 Me CN F 1 <500 406.0*
*M + Na]
Example 25
Compound Data
5 IDO ICs data (see Example A) for the compounds of Examples 20 and 21 is provided
below in Table 3.
Table 3
Ex. No. IDO ICs50 (nM)
20 <500
21 <750
‘ Example 26
10 NMR Data

"H NMR data (Varian Inova 500 spectrometer, a Mercury 400 spectrometer, or a
Varian (or Mercury) 300 spectrometer) for the compounds of Examples 1-21 is provided

below in Table 4.
Table 4
Ex. o
No. Solvent MHz H NMR Spectra

811.5 (s, 1 H), 8.89 (s, 1 H), 7.17 (dd, J = 8.8, 8.6 Hz, 1 H), 7.09
(dd,J=6.1,2.7 Hz, 1 H), 6.76 - 6.72 (m, 1 H), 6.56 (dd, J = 6.1,
6.1 Hz, 1 H), 6.51 (s, 2 H), 6.17 (dd, J= 5.9, 5.9 Hz, 1 H), 3.27 -
3.21 (m, 2 H), 2.94 - 2.88 (m, 2 H), 1.78 - 1.71 (m, 2 H)

811.49 (s, 1H), 8.90 (s, 1H), 7.17 (m, 2H), 7.09 (dd, /= 6.3, 2.5
2 | DMSO-ds | 400 |Hz, 1H), 6.26 (t,J = 6.1 Hz, 1H), 3.33 (m, 2H), 3.13 (q, J = 6.0
Hz, 2H), 2.89 (s, 3H)

§11.5 (s, 1 H), 8.89 (s, 1 H), 7.17 (dd, J = 8.8, 8.6 Hz, 1 H), 7.09
(dd, J=6.1,2.7 Hz, 1 H), 6.76 - 6.72 (m, 1 H), 6.56 (dd, J = 6.1,
6.1 Hz, 1 H), 6.51 (s, 2 H), 6.17 (dd, J= 5.9, 5.9 Hz, 1 H), 3.27 -
3.21 (m, 2 H), 2.94 - 2.88 (m, 2 H), 1.78 - 1.71 (m, 2 H)

4 | CD;OD [ 400 [87.12(dd,J=5.9,2.4 Hz, 1H), 7.05 (t, J= 8.7 Hz, 1H), 6.83 (m,

1 DMSO-ds 400

3 DMSO-ds 400
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(m 2 H, 1.77- 1.73 (m 2 H) 6 11.6 (s, 1 H, 9.11 (s, 1 H, 7.37 (dd,
J=8.0, 8.0 Hz, 1 H), 7.20 16 DVMSO-d6 400 (d, J= 7.8 Hz, 1 H), 7.07 - 7.01
(m 2 H) ,w6.208/08358J= 8.0 Hz, 1 H, 6.20 (t, J= 5.9 PeI/uB20dp/04B9IL7 -

3.22 (m 2 H, 2.99 - 2.94 (m 211), 2.87 (s, 3 H, 1.78- 1.71 (m 2 H)

1H), 3.39 (t, J = 6.8 Hz, 2H), 3.14 (t, J = 6.6 Hz, 2H), 2.94 (s, 3H),
1.87 (m, 2H)

§7.96 (dd, J= 6.8, 2.1 Hz, 0.05 H), 7.32 - 7.29 (m, 0.1 H), 7.18
(dd, J=9.1,9.1 Hz, 0.95 H), 6.93 (dd, J = 6.4, 2.7 Hz, 0.95 H),
6.71 - 6.66 (m, 0.95 H), 6.33 (br's, 1 H), 3.35 - 3.27 (m, 2 H), 3.10
-3.06 (m, 2 H)

§11.50 (s, 1H), 8.91 (s, 1H), 7.19 (m, 2H), 6.96 (dd, J = 6.7, 2.5

6 | DMSO-ds | 400 |Hz, 1H), 6.71 (m, 1H), 6.26 (t, J = 6.4 Hz, 1H), 3.32 (m, 2H), 3.13
(q, ] = 5.8 Hz, 2H), 2.89 (s, 3H)

58.90 (s, 1 H), 7.20 (dd, J= 9.2, 9.0 Hz, 1 H), 6.96 (dd, J = 6.4,
2.7Hz, 1 H), 6.72 - 6.69 (m, 1 H), 6.55 (t, /= 6.0 Hz, 1 H), 6.51
(s,2H), 6.16 (t, J= 5.9 Hz, 1 H), 3.28 - 3.21 (m, 2 H), 2.93 - 2.87
(m, 2 H), 1.76 - 1.72 (m, 2 H)

§7.06 (t, T = 8.9 Hz, 1H), 6.98 (m, 1H), 6.80 (m, 1H), 3.73 (m,
2H), 3.28 (m, 2H), 2.94 (s, 3H), 1.28 (m, 2H)

8 11.60 (s, 1H), 9.06 (s, 1H), 7.30 (t, J = 10.1 Hz, 1H), 7.14 (dd, J
=6.1,2.7 Hz, 1H), 7.03 (m, 1H), 6.71 (t, T = 5.3 Hz, 1H), 6.58 (s,
2H), 6.23 (t, T = 6.2 Hz, 1H), 3.36 (q, ] = 6.5 Hz, 2H), 3.08 (m,
2H)

§11.60 (s, 1H), 9.07 (s, 1H), 7.30 (t, T = 10.1 Hz, 1H), 7.18 (t, T =
10 | DMSO-ds | 400 |6.0Hz, 1H), 7.13 (dd,J = 6.0, 2.7 Hz, 1H), 7.03 (m, 1H), 6.27 (t,J
= 6.3 Hz, 1H), 3.32 (m, 2H), 3.13 (g, J = 6.0 Hz, 2H), 2.89 (s, 3H)
§11.6 (s, 1 H), 9.08 (s, 1 H), 7.31 (dd, J = 10.0, 9.4 Hz, 1 H), 7.13
(dd, J = 6.4,2.9 Hz, 1 H), 7.05 - 6.99 (m, 1 H), 6.58 (t, /= 6.0 Hz,
1H), 6.52 (s, 2 H), 6.17 (t, /= 5.9 Hz, 1 H), 3.28 - 3.21 (m, 2 H),
2.94-2.87 (m, 2 H), 1.79 - 1.72 (m, 2 H)

§11.6 (s, 1 H), 9.07 (s, 1 H), 7.30 (dd, J = 10.0, 9.6 Hz, 1 H), 7.13
(dd, J=6.2,2.5 Hz, 1 H), 7.05 - 7.02 (m, 2 H), 6.19 (t, J= 5.8 Hz,
1 H), 3.27 - 3.21 (m, 2 H), 2.99 - 2.94 (m, 2 H), 2.87 (s, 3 H), 1.76
-1.72 (m, 2 H)

$7.36 (t, 7= 7.8 Hz, 1H), 7.23 (d,J = 7.8 Hz, 1H), 7.10 (s, 1H),
7.03 (d, 7 = 7.8 Hz, 1H), 3.48 (m, 2H), 3.29 (m, 2H)

§11.63 (s, LH), 9.08 (s, 1H), 7.39 (t, J = 7.6 Hz, 1H), 7.21 (m,
2H), 7.10 (s, 1H), 6.99 (d, J = 8.1 Hz, 1H), 6.28 (t, I = 5.4 Hz,
1H), 3.36 (q, J = 5.8 Hz, 2H), 3.17 (q, J = 5.8 Hz, 2H), 2.91 (5,
3H)

§11.6 (s, 1 H), 9.12 (s, 1 H), 7.37 (dd, J = 8.0, 8.0 Hz, 1 H), 7.21 -
7.18 (m, 1 H), 7.07 (s, 1 H), 6.95 (d, J= 10.0 Hz, 1 H), 6.52 (brs,
3H),6.17 (t, J= 6.0 Hz, 1 H), 3.28 - 3.22 (m, 2 H), 2.93 - 2.89
(m, 2 H), 1.77 - 1.73 (m, 2 H)

811.6 (s, 1 H), 9.11 (s, 1 H), 7.37 (dd, J = 8.0, 8.0 Hz, 1 H), 7.20
(d,J=7.8 Hz, 1 H), 7.07 - 7.01 (m, 2 H), 6.96 (d, J= 8.0 Hz, 1
H), 6.20 (t, J = 5.9 Hz, 1 H), 3.27 - 3.22 (m, 2 H), 2.9 - 2.94 (m,
2 H),2.87 (s, 3 H), 1.78 - 1.71 (m, 2 H)

§11.25 (s, 1H), 8.61 (s, 1H), 7.18 (m, 1H), 6.91 (m, 1H), 6.72 (m,
17 | DMSO-ds; | 400 | 1H),6.58 (m, 1H), 6.24 (s, 2H), 3.32 (m, 2H), 3.11 (m, 2H), 2.89
(s, 3H), 2.05 (s, 3H).

8 11.65 (s, 1H), 9.08 (s, 1H), 7.34 (t, T = 9.1 Hz, 1H), 7.22 (dd, T =
5.4,2.8 Hz, 1H), 7.13 (m, 1H), 6.70 (t, = 5.9 Hz, 1H), 6.59 (s,

5 DMSO-ds 400

7 DMSO-ds 400

8 CDsOD 300

9 DMSO-ds 400

11 DMSO-ds 300

12 | DMSO-ds 400

13 CD;0OD 400

14 | DMSO-ds 500

15 | DMSO-ds 400

16 | DMSO-ds 400

18 | DMSO-ds 400
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5 11.25 (s, 111), 8.61 (s, 1H), 7.18 (m 1H), 6.91 (m 1H), 6.72 (m 17
DVSO-d6 400 111), 6.58 (m 111), 6.24 (s, 2H), 3.32 (m 2H), 3.11 (m 2H),
2.89 (w0 28Hy00545805 (s, 3H). 18 DVMSO-d6 400 6 11.65 (PCTAINRG09DIT84 (S,
114), 7.34 (t, J = 9.1 Hz, 111), 7.22 (dd, J = 5.4, 2.8 Hz, 114), 7.13
(m 1H), 6.70 (t, J = 5.9 Hz, 111), 6.59 (s, WO

2010/ 005958PCT/ US2009/ 049794

2H), 6.20 (t, ] = 6.1 Hz, 1H), 3.34 (m, 2H), 3.09 (m, 2H)

811.65 (s, 1H), 9.08 (s, 1H), 7.35 (m, 1H), 7.18 (m, 3H), 6.56 (m,
19 | DMSO-ds | 400 | 1H),6.23 (m, 1H), 6.24 (s, 2H), 3.32 (m, 2H), 3.14 (m, 2H), 2.89
(s, 3H).

610.87 (s, 1 H), 7.75 (s, 1 H), 6.83 (t,J="7.3 Hz, 1 H), 6.68 (t,J =
6.0 Hz, 1 H), 6.56 (s, 2 H), 6.30 (t, /= 6.0 Hz, 1 H), 6.23 (s, 1 H),
4.56 (d,J=17.0 Hz, 2 H), 3.32 (q, J = 6.3 Hz, 2 H), 3.07 (q, J =
6.3 Hz, 2 H)

510.88 (s, 1 H), 7.77 (s, 1 H), 6.83 (t,J = 6.8 Hz, 1 H), 6.68 (t,J
=5.9Hz, 1 H), 6.56 (s, 2 H), 6.30 (t, J= 5.9 Hz, 1 H), 6.22 (s, 1
H), 4.55 (d, 2 H), 3.32 (q, /= 6.3 Hz, 2 H), 3.06 (q, J = 6.3 Hz, 2
H)

20 | DMSO-ds 400

21 DMSO-d, 400

Example A: Human indoleamine 2,3-dioxygenasae (IDO) enzyme assay
Human indoleamine 2,3-dioxygenasae (IDO) with an N-terminal His tag was

expressed in E.coli and purified to homogeneity. IDO catalyzes the oxidative cleavage of the
5 pyrrole ring of the indole nucleus of tryptophan to yield N’-formylkynurenine. The assays

were performed at room temperature as described in the literature using 95 nM IDO and 2

mM D-Trp in the presence of 20 mM ascorbate, 5 M methylene blue and 0.2 mg/mL

catalase in 50 mM potassium phosphate buffer (pH 6.5). The initial reaction rates were

recorded by continuously following the absorbance increase at 321 nm due to the formation

10 of N’-formlylkynurenine (See: Sono, M., ef al., 1980, J. Biol. Chem. 255, 1339-1345).

Example B: Determination of inhibitor activity in HeLa cell-based indoleamine 2,3-
dioxygenase (IDO)/Kynurenine assay
HeLa cells (#CCL-2) were obtained from the American Type Tissue Culture

15  Collection (ATCC, Manassas, VA) and routinely maintained in minimum essential medium
(eagle) with 2 mM L-glutamine and Earle's BSS adjusted to contain 1.5 g/L sodium
bicarbonate, 0.1 mM non-essential amino acids, 1 mM sodium pyruvate and 10 % fetal
bovine serum (all from Invitrogen). Cells were kept at 37 °C in a humidified incubator
supplied with 5 % CO,. The assay was performed as follows: HeLa cells were seeded in a 96

20 well culture plate at a density of 5 x 10° per well and grown overnight. On the next day, IFN-
v (50 ng/mL final concentration) and serial dilutions of compounds (in total volume of 200
pL culture medium) were added into cells. After 48 hours of incubation, 140 pL of the
supernatant per well was transferred to a new 96 well plate. 10 pL of 6.1 N trichloroacetic
acid (#T0699, Sigma) was mixed into each well and incubated at 50 °C for 30 min to

25  hydrolyze N-formylkynurenine produced by indoleamine 2,3-dioxygenase to kynurenine. The
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2H), 6.20 (t, J = 6.1 Hz, 1H), 3.34 (m 2H), 3.09 (m 2H 19 DVSO d6 400 5
11.65 (s, 1H), 9.08 (s, 1H), 7.35 (m 1H), 7.18 (m 3H), 6.56 (m 1H), 6.23
(m 1H), wo2d1(®3958H), 3.32 (m 2H), 3.14 (m 2H), 2.89P(C3/US3Mp/049204 DVSO d6
400 6 10.87 (s, 1 H), 7.75 (s, 1 H, 6.83 (t, J= 7.3 Hz, 1 H), 6.68 (t, J=
6.0 Hz, 1 H), 6.56 (s, 2H) 630(t J—6OHz lH) 6.23 (s, 1 H), 4.56
(d, J= 7.0 Hz, 2 H), 3.32 J= H(}307 g, J =6.3 H, 2 H 21
DVBO- d6  ABR§Uien Hixers wes theﬂcwnfuge#?r {%mmlat R$00 g rqmoves;ed:ments 1@ pLl Hy,

6.68 (1. ofy 5%%4%5 pdr Wil Ztrré?sféﬁad % éhl%;higcs%éeu&;late 4 gRix %%leztg 10 isr, - 22
§ Sj E)lj) ajﬂ}% ev/n) p- ﬂimc&wlamdmﬁewmdehgdez#%@ﬂdx Sgaaasidbct) hixa)sti@z,[&d{ MBe assay , Human
i ndol eamy@ﬁ’ov@ cgléldde%&{cgg a%@ynur(e Dozvas measureg at 4§Oenrn:r1n usnn?'flr a E%EC{%XV)?ESO

5 microplate reader (Molecular Devices). L-kynurenine (#K8625, Sigma) was used as standard.
.The standards (240, 120, 60, 30, 15, 7.5, 3.75, 1.87 pM) were prepared in 100 pL culture
media and mixed with equal volume of 2 % (w/v) p-dimethylaminobenzaldehyde. The
percent inhibition at individual concentrations was determined and the average values of
duplicates were obtained. The data was analyzed by using nonlinear regression to generate

10 ICs values (Prism Graphpad). See: Takikawa O, ef al., 1988, J. Biol. Chem., 263(4): 2041-8.

Example C: Determination of effect of IDO inhibitors on T cell proliferation that is
suppressed by IDO-expressing dendritic cells
Monocytes were collected from human peripheral mononuclear cells by

15  leukophoresis. Monocytes were then seeded at a density of 1 x 10° cells/well in a 96 well
plate, using RPMI 1640 medium supplemented with 10 % fetal bovine serum and 2 mM L-
glutamine (all from Invitrogen). Adherent cells were retained on the plate after overnight
culture at 37 °C. Adherent monocytes were then stimulated for 5-7 days with 100 ng/ml GM-
CSF (# 300-03, PeproTech) and 250 ng/ml IL-4 (#200-04, PeproTech), followed by

20 activation with 5 pg/mL LPS from Salmonella typhimurium (#437650, Sigma) and 50 ng/mL
IFN-y (# 285-IF, R&D Systems) for additional 2 days to induce dendritic cell maﬁlration.

After dendritic cell activation, the medium was replaced with completed RPMI 1640

supplemented with 100-200 U/mL IL-2 (#CYT-209, ProSpec-Tany TechnoGene) and 100
ng/mL anti-CD3 antibody (#555336, PharMingen), T cells (2-3 x 10° cells/well), and serial

25 dilutions of IDO compounds. After incubation for 2 more days, T cell proliferation was
measured by BrdU incorporation assay, using a colorimetric Cell Proliferation ELISA kit per
manufacturer's instruction (#1647229, Roche Molecular Biochemicals). Cells were
continuously cultured for 16-18 hrs in presence of 10 puM BrdU labeling solution. Then, the
labeling medium was removed, and 200 pL FixDenat per well was added to the cells and

30  incubated for 30 minutes at room temperature. The FixDenat solution was removed and 100
pL/well anti-BrdU-POD antibody conjugate working solution was added. The reaction was
carried out for 90 minutes at room temperature. The antibody conjugate was then removed,

and cells were rinsed three times with 200 pL/well washing solution. Finally, 100 pL/well of
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p- di At hyplicerid ﬁnb@smb@elhynﬁen(eﬁQSGﬁ%t@ wigh gaveraliding mﬂH@Dﬂ antdbodies,or thei d. The
yel | ow cg)gn%rtg_%g{f g\‘&%ﬁn ulég@% %ﬂ/\éﬁ% (g% d at 480 nmusing a

SPECTRAMBX 2 m crop ['e rea VI ces). L-Ilcynurenine
(#K8625, Si gnEe onaseptsiadiffarsnti amdmnnbr effdves mhramdaﬂf -csnfeRAh0yerdR Opmbos- 30, 15,

7.5, 3.75 pre ed| 100 dlaan mxed wth
caual vormReRreSte A oo BR Rt ina oo il BN P
i nhi bi t i Bor iadtaricadinG ahusls gtm@&lﬂtm &teir@mgemsnodetrahmsmwmmm iiver age

non! Eheareiubresdignel 3G aaral Bhbrcosraueproh Erapmpadin
Taki kawaisQuarkRddlypdelayed I8Blyink: thBIIDD. inkiBigioh wad 83y inhiBAGH(Briber MP&tQil C

Determi nation of effect of 1DOinhibitors on T cell proliferation that is

suppr ess&PZpft YDborsepl s B Inky S efrtiorinecthis dogis onprrgsyrmme fisredlicasy plect ed from

human peID(D'ilﬁﬁlﬁhoﬂ‘iﬁW %H 5&@&&@@{0&5 O%K@@bmmmmw@eﬁﬁa{&&s vere then
seeded at a density of 6 cel ina 96 well plate, using RPM

1640 medmighasd 5@?@%@@@@ ﬂw fo?th Of BRQ ihihitopp IdeC Bumoy moaﬁlajmznuﬁwm-
25  SCID mice (or C57Bl/6 mice treated with antibodies that neutralize T-cell activity). As the

effects of relieving the tumor-mediated immune suppressive activity of IDO will likely differ
depending on the immunogenic potential of different tumor models, genetic modifications
can be made to the tumor cells to increase their immunogenic potential. For instance,
expression of GM-CSF in B16.F10 cells increases their immunogenic potential (Dranoff, G.,
30 etal 1993, Proc. Natl. Acad. Sci., USA, 90:3539-3543). As such, in some tumor models (e.g.
B16.F10) one can generate [poly]clones that express immune stimulatory proteins such as
GM-CSF and test the growth inhibitory effects of IDO inhibitors against tumors established

from these tumor cells in both immune-competent and —compromised mice.
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glutamne (all fromlInvitrogen). Adherent cells were retained on the plate
after overnight culture at 37 C. Adherent nonocytes were then stinul ated
for 5-7 dep20wits800 ng/ M GMCSF (# 300- 03, PeproTech) pamas2&0/omayb4d | L-4
(#200- 04, PeproTech), followed by 20 activation with 5 ptg/nL LPS from

Sal monel | a typhi nuri um (#437650, Sigma) and 50 ng/nL IFN-y (# 285-1F, R&D
Systens) for additional 2 days to induce dendritic cell maturation.

After dendritjc.cell activati.on, t nedl was. replaced with conpl eted
R 1640 supbiich e o R8s st aret 190 BB AiEembiscpEe Tany
Techno CGeiehusradiod OBurigy thinovailogra@B3negrift hodyls. (Hahh3dbdelRamivheigen), T cells
(2-3 x 105 cgl | s/ wel IQ, .an((di seri alf 25 diluytions of IDO .corrgg)gnds. . After

i ncubat | SR BUGTEFEeeaHeed tora speciiic fumpr anfigen qr GRUERES IO FRILUE, ¢ EWrapeRts, du

i ncor por adti-Amod $§@hatidts | THis Frirse! Ry inf¥e tériag aﬁﬁm&&wpbﬁs@h&mawa biplgheSA kit per
manufgct urer's instruction (#1647229, Roche M) ecul ar Biochemcals). Cells
ver e tontTHRSHYFEM Whep griesprs Hosedgently dhallenged with murpetugrr ¢l kinegs Br qu

| abel i Ng(peedebbingimildi@or dnfieds 3 Bbid\BedRA ihMiNBsi oh PINREESbra RO eaBthid. L
Fi xDenat _per well was added to the cells and 30 incubated for 30 m nutes at
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Med., 19 : 7-57: P, tal . 2000, J...| ) 164 1. 3596- 9.
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wi t h2®eumeagurepengoidnmpr meiastzsas tobriiuags andfor pher ayggns at dafwed tgeRARS-i n
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nmodi 9 CathAls BeduldGs [@dent eihe atngmaé,)_cel | s to increase their inmunogenic
potential. For_instance, expression of GWCSF in B16. F10 cells increases

t hei r i munogeHirBogseftsenogmft expsrigprasican be perfsmed uging stapglgrd tuppioe. Nat| . Acad.

Sci ., USRchiQued pdiewed By Corbett, UGN In COnEP MRud BI¥RSveARHR [evkiBpMent:B16. F10) one
can generate [poly]clones that express imune stifulatory proteins such as

GV CSF arddticasser Rvg Dgrademrnent Gnidpi Kreeliriest fereerinay Cliiod Trighi, wid drmovdai nst
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A third avenue for assessing the efficacy of IDO inhibitors in vivo enploys
"pre-imuni zation' nurine tunor allograft/xenograft nodels. In these

nodel s, iwouns/espet ent mce are sensitized to a speci PCE/uUSamN4EBL i gen or
antigens to mimc a therapeutic anti-tunor vaccination. This prines the
mce for an anti-tunor response nediated by the 5 i mmune system when m ce
are subsequently challenged with nmurine tunor cell |ines (possessing

simlar tunor antigens to.those u r . JdJmmni zat i ._in xenograft
experi nefts. s é?(%ll’ngg slllcglﬁn 8?gelnfi§%ﬁa§ﬁgéiélﬁ'%%° Pgn%lcglmmetshc ni)ﬁt i -tunor
r espons e paffidmadl houg weeldgrea fanslidrao glossschvsled inaks 4t (evidwadan Sanbioyk, Jt he growt h

of tunors jn thi el .is_ inhibited by the i nhi bi 1- tt enhove,
C., et al"n.“i %ﬂfﬁg B Ng%?’?ecif/é’(i%k@z.”ﬁéd‘f@éfﬂ Mﬂ*ﬁﬁagB%ﬁd Onf gto%pﬁl&gﬂ:{a&? arly
attract i LeboasotyDes30Cod Shiind Harpéd, Niys80mg. for P815 tunor growth and specific
i nhibiLtion of I1DO should therefore growh inhibitory. Lastly,
theraf)euti c immuni zation may be used to evaluate the inpact of MO

i nhi bi t OESampleV:VH: vibiPlesthpTID® inhibitdASn MeERnIRRANRUEAGGRY Yituild (B1P- BL6
cells that one can challenge Blk/6 mce with an intravenous injection of
turmor cell) ercephalighepdsl, treatnent with 15 a well characterized i munogenic

peptide (ecdisdifiomindSwel Segsh by the tumor cells (Ji, et al., 2005, J.
| munol , 175: 1456- 63 | nportantly, imune system nodifiers, such as

anti CTL- 4 antMooepytes @%PBhpamb@htaé@qddmant@romsm pentrifagad phutriation of

I MMuRjzatd . ']%'@%t LRI Dt ar . i simlar
rrannéar) - ie!tug F “%ggﬁ e :&lmH"rlﬁ{ﬁ }’zmz;irlld% Eﬁ%l?mﬂh%% Sgﬁogg%%lﬁggﬁ%gﬁ%ﬁﬁ?ébsﬁegr. Efficacy
i s asses sulbyatethinsadpessiondultate vsing Feflooflasbs ini Riilbacyo’s Mddifietl Fegl2B3 Metisur enent

of tunor Sale the Lun n oAt her organs at..defnmed timepoints.
i anys o TEERE STREEALGh Epp e P B 1 ebiml Aa Bt Ml T

di rect | y Yaglatamine] 5@ v g/ et destafibds, U0 gugtmhie ciptofldficim(Bigmd), adt1iovd Uymbhighlynor
reactive i mmune cells, Methods for mfasur.i ng .t he nunber and/or activity of
tunor r eBEEIEFESS thupandnagrphigs qology suppiatingelactah o i ievsR 3R or ned usi ng

t echn quesinkaMobhedre infectdadath FONOQ, bmuRiphiEie; Gifihfeétforlof @O, Prot ocols in 25
| mmunol ogy, Vol. 4, Coligan, J. E., et alp.; | mmunot her apy of Cancer, Human
Press, 2006, Disis, ML. and references therein). Conceptually, a reduction

in the i pnynessNapHLesh weyvehfgcts of DO may result in increased nunmbers or
reactivity of tunor specific imune cells. Further, MO inhibition may

further incref@evkdd maleeDErBrid P wicg canfbe purebesed aekspy baliomierie cel | s
when comii peds W LR RLhES i hgan rapeuWyi cs and/ or
30 i nmune rmc'su agﬁéﬁéﬁgﬁsﬁgfﬁ?ﬁ g%il'sjl(_)%zor 5%%5 Bg%swggeﬁ A% llhﬁﬁ&g' 4

al | 0@f af edixelsoty iajected xyppeapéritenrealy with rdt entp€P¥1 32 (526 mg/mogse thaerddeysibefoneor

t echni qu | ) } | and

Devel opngﬁ{“gai#aﬁl\é%ﬁggér{d %i%eg‘g&%’ IE)?)S%%%? l\g}lm eg‘?‘%{@g Iﬁ%ﬁ(%i%?@({:’gﬁe%ni ng,
d i ni cal ofy daglteforamd thyep daysaliter PBL Mibctidie{20el0? cBlsAows)d BN, g)vinfedRdA. |,
Gumana Press Inc.: Totowa, NJ, 2004). The, cl,oni%nglﬁand i ntroduction of
genes (eMPMi(xs10cxallear]0 ployage injgrsd inteeraniafln ) caghh days folloming Bl usi ng

techni quﬁ‘e%oﬁs'ﬁﬂjﬁlok%én&&in% RAPBISCOOA @D IV B e Atdmddifdt) RIBFingh cSambr ook, J.
and Russel, D., | ecul ar C oning: A | aborat or% Manual (3rd edition), Cold

Spri A§ HimesEen pRIBDf-4 defesiedMPRd thedyt FBLSNODAYC miqqyre spbotgneosExanpl e E:
In vivo : Mels oY i Hﬁtﬂ\ el irus-1 (HV-1)
encephal Fﬁgﬂlﬁllg)%tg{l W?{pc%{elfyfl Bf"’é%fez? ]: %rrlﬂ)gn %llrgg:dﬂfﬂggccf[é g@%\%ﬁ%%%&/t es and PBL
can be olbmaivatyd Reyearchydnidinleuperonntsoaa desighad)tel coafiom thie anduotiponaff virgs-
| eukopher.esj o L Ahds [ . Y rs.
Vonocyt e ok T REMINCRsch ARE MaRRls ieade S TORNGARLME, BOOR
Dul beccocenfivindd by eettatBeftahisg MebheurmpitbMeiic afilgyea o AMIM elpingtippremsrt ed wit h
10 %,heat-inactivate ool ed human seru 1 %glutamne, 50 ptglnl
gent Afh cPR G5t s hRPTael ETRLe R s Mol Aty TR

humoral immune responses, and neuropathological alterations. In these experiments, animals

are bled on day 7 and sacrificed at 14 and 21 days after i.c. injection of human MDM. Blood

collected in EDTA-containing tubes is used for flow cytometry and plasma is used for
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purified reconmbi nant human macrophage colony stinulating factor. After
seven days in 15 culture, MOM are infected with H V-1 ADA at multiplicity
of i nfectworromfooses81. 2. Hu- PBL- NODY SCI D HI VE mi ce PCFaiseooglo4bd nal e
NCDY C. B-17 SCID m ce can be purchased (Jackson Laboratory). Aninmals are
mai ntained in sterile mcroisolator cages under pathogen-free conditions.
Al 20 animals are injected intraperitoneally wth rat anti-CD122 (0. 25

ng/ mouse) .t hree fare nspl ant at | d twi.ce with rabbit

2o aT 0. A ERE SLARY 2 b RERA BRI RIS R B ensteS Futlete bR ce day s
aft er PBleteangdast Wedterf Blbt resth@Ecoedihg &/ thomamifactbbrMndAORens{Caabidle Mitkdh3 x 105
cells in are jnjected iptracraniall i.c.). eight days.fqllow ng PBL
- econst | Pt ghedim bk tihe Berties)” senishamoist s HmbatSitets B | ow ng
i.(t:). 25 ddpcst | ihebmﬂj)ial_lldléﬁmbohﬁtg—esgtt@pbnh M.thbtamblftﬁ@e?ﬁm) nﬁéiht@xb‘@rMEgm Clel are
subcut aneoysly (s.c) implanted with control (vehicle) or conpound pellets
(14 015‘ Z?D&Wegféwdr“éﬂnggg%e, 1&%8%"“9&“&%@%‘&%55: Initial experinments are
designed to confirmthe induction of virus-specific CIL in the hu

PBL-NOD/ SCID HIVE animals treated with 1D O conpounds. This is confirnmed by
t et r aner 3-SR PeaharaLi g SPSgt @ had BLyE@R/SSHDNBKE®irdri nati on from t he

30 brain tisshgo-odibamCs BRRKRRh bBitorkiSd B2 L HRE BB RRHES aftinen

| ynphocyte reconstitution, ‘humoral i mune responses, and neuropat hol ogi cal
al t er at i enhepocytes 4t keand Gadier ke drtiection af krmhan MPM. §lelgiarg incybgiedrwithd sacri fi ced
at 14, an . i, C. N i fﬂﬂg%pcypl\é 9928 lect.ed in
EDTAf%onﬁlé%%?hg%X%ﬁ%%ﬁsg%%g I?Joglgc 0?%?‘%% :(]%\?‘vb 3}? onetry afnc]D éSI as n’aé]lglé used for

det ect i o&Bidscikhdd) for 32 4nity 51 N, HoleShluftBeelcothilarGaulihe fesponké, IMNY- speci fi ¢

anti bodi es are detected by Western bl ot tests according t he manuf act urer
i nst r uct PHACIPIEAHAINING JPElOFPEt CAmngt Reib i ‘ﬁ?% el {}pt c _

Bi onmedi Ccadnjugafeld Ahti-BlousOOM toQkcild MErifRA4. floGeRthinb @i ASsRE@c datected in
control and conpound-treated aninals. A tot aIg of three 1ndependent

exper i mepHophposyRiheonmeated toRsgner srinpe for ey - Hi (P B @AT7-$r PhaY I‘lTé{MJeyt e

donoj §. ﬁafé&ﬁ@ﬂv@f[(awé-@émmwﬁ@@, NG} i PLi@&itheli By hu PBL- NOD/ SCI D HI VE
m ce Two-col or FACS anal ysis ' can be perforned on peripheral blood at wk 1-3

and spl eplotgheaggiutinipfintorieulin-R(PHFA/Hy-2)- sémulpiefl eplenashtes fCeHaprantaill Cel | s are

i ncubat e i L Rﬂ!["thg to hunman
Ch4, CDB?!DH%E%}&%S%&?E%{#%@F%SM eng(é[%g{‘ng?rm %@f%}“ﬁ}gg@ﬁ%[%%?%& eval uate the
cel | ul ar Dissasariationslietremer CornFycilitiasr Bate Werel annlyzadavitti nBACS CobpirOf wsing i n

conbi nat | i i N . j anti-nouse CD45 to
excl ude. Geipllst Dafptd BRUBER P lroERB SR, 2

al | opbhycocyani n-conj ugated tetranmer staining for HV-1 gag (pl7 (aa77-85)
SLYNTVATL,, .1t5 S(%'l%%y and H V-1P1[ (aa476-485) | LKEPVHGV, |L-9] is perforned
on phyt ofrdHeGPULT ROTIIATERS WHRIH- 2 (PHA/ I L-2)- stimul ated spl enocyt es.

Cel | s are st aBragdisbwd ik ooleo@d ahdays &4 amdtirudi@t i.© ihjafioh bEMBPMY fixat irohed
Institute of.L Al]e and. I n tion | S e, ional Tetr r re

Faot 11 1 v b A R da i iR Seaareth, P8 o sy

sof t war eudeB&ukdhal JokGddis Tianthe BRBEAIAEY blotktaFd/cubySdradito iddRtiff thdihtiapaithol ogy

and i mage anal yses ) i ) L
25 "~ For each mouse, 30-100 (5-pm-thick) serial sections are cut from the human MDM injection

site and 3-7 slides (10 sections apart) are analyzed. Brain sections are deparaffinized with
xyiene and hydrated in gradient alcohols. Immunohistochemical staining follows a basic
indirect protocol, using antigen retrieval by heating to 95 °C in 0.01 mol/L citrate buffer for
30 min for antigen retrieval. To identify human cells in mouse brains, mAb to vimentin (1:50,
30 clone 3B4, Dako Corporation), which identifies all human leukocytes is used. Human MDM
and CD8" lymphocytes are detected with CD68 (1:50 dilution, clone KP 1) and CD8 (1:50
dilution, clone 144B) antibodies, respectively. Virus-infected cells are labeled with mAb to
HIV-1 p24 (1:10, clone Kal-1, all from Dako). Reactive murine microglial cells are detected
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Brain tissue is collected at days 14 and 21 after i.c. injection of MDM
fixed in 4 % phosphat e-buffered paraf ormal dehyde and enbedded i n paraffmor
frozen atwod01000f%8 | at er use. Coronal sections from thhecCeniseadmdds ocks '
are cut in order to identify the injection site. 25 For each nouse, 30-100
(5-ftmthick) serial sections are cut fromthe human MDM i nj ection site and

deparat { PR SRTH0AROR SR Nk Rotie SR ot Roan 00 GHDEF ottt Sin
| mrunohi stbsobined ﬁbmsthaDmamtgleﬁodﬂGb\WS)hamh‘baSBogy iqRdirdl RekealhThaf@b, USi ng

antigen tin in. 0. L citrate buffer for 30
mn for zgﬁ?’cfuaee$ L%"?Pf&@%m%% 1&8 tL&F‘ffr%‘é’rrgaerer@l faé‘ari ATFBTEtBe s mAb to
vi mentin d(eﬂactéd)wuBﬂae&bp:ropna&BHmﬁaa&ed %&ﬂﬁfﬁéﬂu%ﬁws aivishalizdeMihhi@s-al | human
Ieukogyt S .is us nphocytes are detected with CD68

(1:50°di | t%?&ﬂmpgrﬁﬁgewwwgyﬁcﬁ%@t (‘iecm Iabqr@rpmﬁh andhasseeadish peioxigass bodi es,
respecti ‘(HRP) co Fleﬂ 86}1&&5@%@ %%Ivlls%nal'ﬁkd @bpbRado) fnﬂnﬁH%FtaﬁlQ %_«gc}{onijs 24 (1:10,

cl one Kal -1, from Dako active nmurine mcro are detected

WO 2010/ GQB%W Wit U@gstrézbgmgwxm ISeptingns iroawhlblmymm aBdiedy Wdetsred
Expr essi @f‘u@fevglﬁﬂ?@ 1510%6 (smﬂiéc'&raﬂeé se\H/e?llé? Ic{_u{ﬁteoqjs Vl*wichfl %B{ (%sgr%grs fbr[ om the
esearc u

Departnent of Cell Pharmacol ogy, Centra Gt e
School oblindedifeshipa commh@mua@etsmfmsmn;phosa@pamgz M@Mmdfﬂfw inp24/ calitt i bodi es

are te [ cond ant. badi.es and
Vi suglgl zg%j&\?\nh%\éﬁhgt\lnﬁgﬁ % E} tBlc g{a%'dmat St 0 9 te ?t
Vect or LEpknsaBor m@s?scamﬂ\hknnslmmeats Imér Smnd@.&atlt@t}v{d:aﬁ)ﬂymﬁﬁlm dextran

pol yrer ratl o nos ed sections
count er st(%?)cgiel%gé)gﬁaﬁ%&é&gs Hemat o ﬁm‘pé %8'14 YFPBIRP%?S(EW@@PP?S&W
anti body anaéysmbe([re&gePro@Plus rMéchaxﬁmeniegl&)las picyioasly dedcribedl por at ed served as

controls. Two independent observers in a blinded fashion count the nunbers
of CD8+ | ynphocytes, CD68+ MDM and HI V-1 p24+ cells 10 in each section from
eachlfrouseStadstigfitanadygs oscopi ¢ exam nation is performed with a N kon Eclipse
800 microsco on | ns {s m -quantitative analysis for |bal
( per cent age gﬁ %F%na 6086186'6 %Hm;g& qsﬁﬁg;ﬁ%?%‘tpég iy prudent giest fopeprngrisens :
conmput er agbANOVRd FEgE 808 WsleTohdidRaPsigifdah) Pl Us, Media Cybernetics) as
previ ously described. 155. Statistical analysis Data can be anal yzed
using Prism (G aph Pad) with Student t-test for conparisons and ANOVA.

P-val ues gRdferBener e considered significant. 6. Reference 20Pol uel ctova LY,
Munn_DH, Persidsky Y, and Gendel man HE (2002). Ceneration of cytotoxic T
cel | 30 agai nstPapskinyailys dbma BH Reidsky Xi Wdrﬁa@ddphaé@s(ZOQ?)eﬁmraHWOfdeel of

H V-1 en I sof t he
i nventi or%ﬁpt?%hgtde?% ?%hnstgﬂﬁéﬁggge%@éﬁ%ﬁg%# gFa , ﬁﬁu@qﬁ@ appar ent to

t hose ski PRasghalitistJh&nmunol fL68(®):BH-9. oregoi ng description. Such nodifications
are also intended to fall wthin the scope of the appended clains. Each
reference, including all patent, patent applications, and publications,
cited in the Wréslemodtﬁygtlidnsaf thelinviestldnnmmdpmbatcaﬂos’meree:irin)ecb}yeréiﬁfxeiﬂleiaCe inits

enti et yappa}ég?tto tﬁ&se glqﬁe({m C!he art from '%e(\fgrrggomg gesglflptlFO(I)l uc afnoldlﬁcatqgns are
also intended to fall within the scope of the appended claims. Each reference, including all

patent, patent applications, and publications, cited in the present application is incorporated

herein by reference in its entirety.
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%// ., 11 WN'Irtl H/ \ NO/N or a pharmaceutically acceptable salt
thereof, wherein: RLis NH2 or CH3; R2is O, Br, CF3, CH3, or CN; R3 is H
or F;, andwvo22m/mses8 2. 2. The conmpound of claim 1, or aCphseomaoearvs cally
acceptabl e salt thereof wherein RL is NH2. 3. The conmpound of claim1l, or
a pharmaceutically acceptable salt thereof wherein, RL is CH3. 4. The
conpound of any one of clains 1 to 3, or a pharmaceutically acceptable salt
t her eof , ?Pﬁa 5. The compound of any one of clains 1 to 3, or
a pharnaceutlca acceptable salt thereof, wherein R2 is Br. 6. The
conpound lof aAWOQMQHdKﬁ@band%Il to 3, or a pharmaceutically acceptable salt
thereof, wherein R2 is CF3. 7. The conpougg of any_pne of clains 1 to 3,

or a pharmaceutically acgepgabl e salt t hgy*eof Ahhke Bin RRis CH3. 8. The
conmpound of any one of clgyﬂs 1 togB eutically acceptable salt
t hereof, wherein R2 is @°> 097 049794 9. The
conpound of any one of claingd 1 to %/ ok a hpharmaceutically acceptable salt
t hereof, wherein R3 is H. No”

I
or a pharmaceutically acceptable salt thereof, wherein:
Rlis NH; or CHs;
R* is Cl, Br, CF;, CHs, or CN;
R}isHor F; and

nis 1or2.
2. The compound of claim 1, or a pharmaceutically acceptable salt thereof wherein R is
NH..
3. The compound of claim 1, or a pharmaceutically acceptable salt thereof wherein, R' is
CHs.
4. The compound of any one of claims 1 to 3, or a pharmaceutically acceptable salt

thereof, wherein R® is CI.

5. The compound of any one of claims 1 to 3, or a pharmaceutically acceptable salt

thereof, wherein R” is Br.

6. The compound of any one of claims 1 to 3, or a pharmaceutically acceptable salt

thereof, wherein R? is CF;.

7. The compound of any one of claims 1 to 3, or a pharmaceutically acceptable salt
thereof, wherein R? is CHj.

8. The compound of any one of claims 1 to 3, or a pharmaceutically acceptable salt
thereof, wherein R” is CN.

117



10. The conmpound of any one of clains 1 to 8, or a pharmaceutically
acceptable salt thereof, wherein R3is F. 11. The conpound of any one of
claims 1 wo200y008958a pharnaceutically acceptable salt trerastoommgpein n is
1. 12. The conpound of any one of clains 1 to 10, or a pharmaceutically
acceptable salt thereof, wherein nis 2. 13. A conpound of claim1
selected from

o oy B SRS AT b bR LR )

N- ( 3- Br otleredf, Wheeuophiemy 1) - N - hydr oxy-4- ({2- Rmet hyl sul fonyl ) ami no] ethyl}
am no) - 1, 2, 5- oxadi azol e- 3- car boxi m dam de;

4- ({3-[ (Am nosul fonyl ) am no] propyl } am no) - N- ( 3- br ono- 4- f | uor opheny1) - N -
hydr oxy- 16.2, Srixgipad Fady 6@ Rkt 888 @€a pharmaceutically acceptable salt

N- (3- Brono-4-fl uo;nglgﬁenyl) - N - hydr oxy- 44 {3- [ (et hyl Sul fonyl)am no] propyl }
ani no) - 1thorest, sthargings o5 E- 3- car boxi i dani de;

4- ({2-[ (Am nosul fonyl )am no] et hyl }

am no) - N- (3-chl oro-4-fluorophenyl)-N -hydroxyl, 2, 5- oxadi azol e- 3- car boxi m da
m de; 11, N-Tig-comipovnsl of afiy omeer ofsheémy 1 Jo- N, otwyphaonacedticall acceptable salt

[ (et hyl 1ng9] ethyl} am no)-1, 2, 5- oxadi azol e- 3- car boxi m dam de;

4-( {3-] ﬁ*ﬁ?ﬁ%ﬁ%@.ﬁrﬁﬁ) am no] propyl } am no)-N(3-chl oro-4-fl uorophenyl)-N -
hydr oxy- 1, 2, 5- oxadi azol e- 3- car boxi m dam de; _

vy 05 BTSSR ol oL o)
4- ({ 2- [ ( wetenf) suhkefetrryis2am no] et hyl } am no) - Nd4-fl uoro-3-(trifl uoromnethyl)phen
y1l] - N -hydroxy-1, 2, 5- oxadi azol e- 3- car boxi m dam de;

N- P- Fl uoro-3-(trifluoronethyl)phenylFN - hydroxy-4-({2-

[ (et hyl $311 f oA ybmhpdting Of elbiny L}eleidfym: 1, 2, 5- oxadi azol e- 3- car boxi mi dani de;

RSB AL o ) e
N[ 4- Fl uoh@iry( 1,2 5ok aaaRes-byrbo@heRmide; N - hydr oxy- 4- ({ 3- o

[ (et hyl sul fonyl%am no] propyl }-am no) -1, 2, 5- oxadi azol e- 3- car boxi m dam de;

4- ({ 2- [ (Ami nd&i-Beme-f-alvpreshewhyY hyfionst=-(N-- hydr oxy- N43-

trifl g X L Bole: bl 1 de;
g e oo e g o

(trif1 uor omethiid)pheimpsifonybarsnelerpyowing)-3-@dramst fvamphens) V- 4- (
{3-[ (Am f pp¥lo)ad ] - am no) - N - hydr oxy- N43-
(trifl uo%&%ﬁ??%%%})&%%g%l oxadi azol e- 3- car boxi m dani de;

N - Hydr oxy- 4-¥{3Bf¢metHlpbrphdnyhyY YadionpPedpy! } ani no) - N43-
(trifl uOf(&@ﬁl&fﬂwfc}mgﬁﬂo]ﬁrgp&}amgj?lc,jj,é%?gd%zg‘fe-%@ga %))(Amniidg%ﬁie;de;
4-({2-{(Aminosulfonyl)amino]ethyl } amino)-N-(3-chloro-4-fluorophenyl)-N"-hydroxy-
1,2,5-oxadiazole-3-carboximidamide; ‘
N-(3-Chloro-4-fluorophenyl)-N'-hydroxy-4-({2-
[(methylsulfonyl)amino]ethyl} amino)-1,2,5-oxadiazole-3-carboximidamide;
4-({3-[(Aminosulfonyl)amino Jpropyl}amino)-N-(3-chloro-4-fluorophenyl)-N'-
hydroxy-1,2,5-oxadiazole-3-carboximidamide;
N-(3-Chloro-4-fluorophenyl)-N"-hydroxy-4-({3-
[(methylsulfonyl)amino]propyl }amino)-1,2,5-oxadiazole-3-carboximidamide;
4-({2-[ (Aminosulfonyl)amino]ethyl } amino)-N-[4-fluoro-3-(trifluoromethyl)phenyl]-
“hydroxy-1,2,5-oxadiazole-3-carboximidamide;
N-[4-Fluoro-3-(trifluoromethyl)phenyl]-N"-hydroxy-4-({2-

[(methylsulfonyl)amino]ethyl}-amino)-1,2,5-oxadiazole-3-carboximidamide;
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N- (4- Fl uor o- 3- net hyl pheny1) - N - hydr oxy-4- ({2-

[ (met hyl sul fonyl ) am no] et hyl } am no) - 1, 2, 5- oxadi azol e- 3- car boxi m dam de;

4- ( {2-[ (woizomsesfsenyl ) am no] et hyl } PCT/US2009/049794

am no) - N- ( 3-cyano- 4-fl uorophenyl) - N - hydroxyl, 2, 5- oxadi azol e- 3- car boxi m dam
i de; and N- (3- Cyano- 4-fl uor ophenyl) - N - hydr oxy-4- ({2-

Rret hyl sul fonyl ) am noi et hyl } am no) - 1, 2, 5- oxadi azol e- 3- car boxi m dam de; or a
phar maceut i caj{( 43 mmamlﬁl)ﬁﬁﬁlb]p&&wr}@ﬁﬁm) M- ﬂﬁr&@@@!ﬂ%ﬁé’fﬂyﬁbhén?l]

4- ({ 2- [(gzr osulfonyl amno]et hyl }am no)-N-(3-b

f 1 uor ophén EY‘? oy L iy pradigzote->eabeiimilanyds; e- 3- car bOXI i dam de, or a

phar maceut i caNl[y-Fapss K@a@lh@roﬁéhﬁrl)f)ﬁb%&ﬁwah drd _4/@{3:0rrpound which is
4- ({2-[ (am nosu] fonyparai no] eth no- 4-

{
f 1 uor ophEgpthyls NfOW)GWQPbé}-EmW&éIﬂéz@ﬂaém @révcmmml@emi@e 16. A solid
formof the cpp&oq(ial i fsul?d Dihiho]e ﬂ@dgglﬂ )@31 17. A solid form of

t he conpound o 15 |ch I's bsta 1t a y ant{ydrous 18. A solid
form of ({th8uerompibbbirheoyl]-¢2-onadBzdledicatposimiddnideig poi nt of about 162 to

about 166 C. 0P5 4 [1§ solid formof the
conpound of cl %%é%g%ﬁzg a%@k&gﬁer rm%%gﬁm su i{"a tially as shown in

Fi gure 2(mﬂmomﬁthslmhedyll-d);2rﬁ-@<fadtatcée-6@mﬂnoxmddanhd¢;I ai m 15 having at |east one
ST "ot O bt Bl USRS, 7o, 29 8
corrpound(tdﬂucnbmenhyl;ﬁlehﬁyﬂ,ags @;tadiaaﬂert& chtboxi¥RPhipeaks, in terns of 2-theta,

selected fro t 1 about 18.9, about 21.8, ut 23.9, about 29. 2,
and about 38%%3'#%}"%(@0&( 88?58‘?1%@3 awgl%&@ﬁéaﬁlm)%}?@a ai m 15 having at
| east th(teﬂuaﬁaﬁahplgﬁieﬁyl] 12,5t @fatiBzdl¢- 3%a1tbbﬁhﬁdan§@é ected from about 18.4,

about 18.9, 1.8, about 9.2, and about 38.7. 23. A
solid form O?]G{(’%El B%T:gb‘{?ﬁﬁ'ﬁg? )é}g’ hi"g %‘('fzzﬁg an XRPD pattern substantially
as  shown[(iethlyisGMé1)dminofdhyl PnGRSYPIOS 5 bk Rl RIPESIRFidadmfserpound of any one
of clains 1 to 15, or a Fhar maceut i caIIy acceptabl e salt thereof, and at

| east one phat-hgditmimostliopyhanisplets})amiio)Mr@reyancyé flugropbmmy ¥y diich i s

4- ({2- Raw&mhlamyh%%ﬂﬁﬁ@&m& hadri no) - N-[ (4- br ono- 2-
furyl) methyThN - gdrox y- 1, 2, 5- oxadi azol e- 3- car boxi ni dani de, or a

phar maceut i caVGr @%‘bﬂaﬁpéh@al)t?\”{ﬂﬁ@p%ﬂ ({2-26. A conpound which is

4-({2-]( I3 R Qarhide:

ffiryl) n@%ﬂﬁg{ﬂfé’&ﬁxﬁﬁi@ twa?@%olxgg}og@ ZM‘C?A it ng)éll m dai de, or a
pharmaceut i cmrlawhanmﬁ@putabﬂl}eaosambht falirtegyéofl. 27, A met hod of inhibiting
activity of indoleam ne 2, 3-di oxygenase conprising contacting said

i ndol eam ne 2, 3-di oxygenase with a conpound of any one of clains 1 to 15,
25, or 2®. orAsomppamdededtis ¢4(3-aamoapfoayl)anisakthyl} heimepN-(3-briftho-4-

2010/ 0058&(%51%@%?—%9}9&8)%9 ?,%,%-oxadiazole-ﬁ%-carboximidamide, or a pharmaceutically

acceptable salt thereof.

15. A compound which is 4-({2-[(aminosulfonyl)amino]ethyl } amino)-N-(3-bromo-4-
fluorophenyl)-N"-hydroxy-1,2,5-oxadiazole-3-carboximidamide.

16. A solid form of the compound of claim 15 which is crystalline.

17. A solid form of the compound of claim 15 which is substantially anhydrous.

18. A solid form of the compound of claim 15 having a melting point of about 162 to
about 166 °C.
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28. A nethod of inhibiting i nmunosuppression in a patient conprising
admnistering to said patient an effective anount of a conpound of any one
of cl ai rew0 20m/M55825, or 26, or a pharmaceutical |y acceptraisc@omadvs
thereof. 29. A nmethod of treating cancer, viral infection, depression, a
neur odegenerative disorder, trauma, age-related cataracts, organ transpl ant
rejection, or an autoi mmune di sease in a patient conprising adm nistering
to said tie [ f, any one
Ay i DR i e RN b

t her eof . shos@ inFigaradt hod of claim 29 further conprising admnistering to
said patient an anti-viral agent, a chenotherapeutic, an i munosuppressant,
radi ati on, an anti-tunor vaccine, an antiviral vaccine, cytokine therapy,

or a tyragi neAlplirhfem jofithielopmpound oBQlainAlﬁMVﬁnghtin‘asttomeéaﬁPﬂﬂyeab,limmoﬂ n a

ati ent i ) ai en gal
gffectlvg%g&n%ﬁa%a&féomagou%ﬁgﬁd uttg%?/ Sﬁ%ﬁgilg é?‘h&gg %81%?‘92 or 26, or
a phar maetzut 38%. | y accept abI e salt thereof. 32. The nethod of claim 31
further conprising admnistering to said patient a chenotherapeuti c,

radi ation, an anti-tunor vaccine, or cytokine therapy. 33. A process for

preparingl.a cmmwmﬂn@f the@bipbd ol blaintNi 3 ﬁuvlmg at kL& t@b )@P%erakst Hﬁtéﬁﬁbf
wher ei n Hor  F; and nis 1 or

conpri si E%z -thetay ?&%f@rﬁ@%&&%ﬂnﬁp%ﬁ l%r ﬁtlﬂuézhﬁsab"“ﬂ@#%ﬁ a'@b"-292@aNHN n\
F13R3, ogsboats@bt thereof, wherein Pgl is an am no protecting group, with an
am no deprotecting agent to afford a conpound of Fornula F14: or a salt

t hereof; and

22. A solid form of the compound of claim 15 having at least three XRPD peaks, in terms
of 2-theta, selected from about 18.4°, about 18.9°, about 21.8°, about 23.9°, about 29.2°, and
about 38.7°.

23. A solid form of the compound of claim 15 having an XRPD pattern substantially as

shown in Figure 1.

24. A composition comprising a compound of any one of claims 1 to 15, or a

pharmaceutically acceptable salt thereof, and at least one pharmaceutically acceptable carrier.

25. A compound which is 4-({2-[(aminosulfonyl)amino]ethyl } amino)-N-[ (4-bromo-2-
furyl)methyl]-N"-hydroxy-1,2,5-oxadiazole-3-carboximidamide, or a pharmaceutically

acceptable salt thereof.

26. A compound which is 4-({2-[(Aminosulfonyl)amino]ethyl }amino)-N-[(4-chloro-2-
furyl)methyl]-N"-hydroxy-1,2,5-oxadiazole-3-carboximidamide, or a pharmaceutically
acceptable salt thereof.

27. A method of inhibiting activity of indoleamine 2,3-dioxygenase comprising

contacting said indoleamine 2,3-dioxygenase with a compound of any one of claims 1 to 15,

25, or 26, or a pharmaceutically acceptable salt thereof.
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b)reacting said conpound of Fornmula F14 with a base to afford said conpound
of Fornmula F15. 34. The process of claim 33 wherein R is Br, R3is F, and
nis 1. 38O 20tmoprsécess of claim33 wherein R2 is Br, RBCTaSEQooamdIh is 2.

36. The process of claim33 wherein RR is d, R3is F, and nis 1. 37. The
process of claim33 wherein R is d, R3is F, and nis 2. 38. The process

of claim33 wherein R2 is CF3, R3is F, and nis 1. 39. The process of

cl ai m 332&%heremsthed of inhgyiting immyngsuppreayien in ajpgtient corpprisingadpyinsterng of cl aj m

33 Wh_er ebdd &iehtsan%@ﬁ@%ﬂoﬁnt%f a%Hﬂp&mid%f dny Shk-of Il*aﬁnsom%ﬁsfs 8f 26 Lal m 33
wherein R2 1s CF3, RBis H and ni1s 2. \XD 2010/ 005958PCT/ US2009/ 049794

42. The Phassecsyticsly apcgpigblgsalihercefn R2 is CN, R3is F, and n is 1. 43. The
process of claim 33 wherein said Pgl is al koxycarbonyl. 44. The process of
claim 43 wherein said al koxycarbonyl is tert-butoxycarbonyl. 45. The
process &t claimeiirg ofilreating narser, dirdrinfecticdedaposssion, iamgumdeneheratsve disorder,
trifluor I Lo e f .claim33 wherein sai.d am no

depr ot ecfi?l ng ’g%ee%gtel(asca%%atrsbéc}%fng{r‘r%gﬁg%r%.ecnoﬂ’f.)r alf'ﬁ‘étoﬁlrl%%neesds?se% fai m 46

wher ei n paieot qoepdbing gdmmispeing or smatpatianta tbahpeatidallg effpative amgumdiobxane.  48.

The process of one pf .clai or, 47 erein said re ing is
per f or mediRyung g{)a)r{lg pah 8ﬂpc.lalmﬁg.tg$?‘ié§ pF e e%rsam@\a”%ﬁ‘infﬁaa%acﬁégbg? ﬁi%s ai d base
conpri sethenf.al kal i netal hydroxide. 50. The process of claim33 wherein
sai d base is sodi um hydroxi de.

30.  The method of claim 29 further comprising administering to said patient an anti-viral

agent, a chemotherapeutic, an immunosuppressant, radiation, an anti-tumor vaccine, an anti-

viral vaccine, cytokine therapy, or a tyrosine kinase inhibitor.

31. A method of treating melanoma in a patient comprising administering to said patient a
therapeutically effective amount of a compound of any one of claims 1 to 15, 25, or 26, or a

pharmaceutically acceptable salt thereof.

32.  The method of claim 31 further comprising administering to said patient a

chemotherapeutic, radiation, an anti-tumor vaccine, or cytokine therapy.

33. A process for preparing a compound of Formula F15:
J\,.OH R3
¥ N |
HN"TINT 7—8\N R2
H n /1 \ K
N. _N
o
F15

b

or a salt thereof, wherein R? is Cl, Br, CF3, CHs, or CN ;R*isHor F;andnis 1 or 2,
comprising:

a) reacting a compound of Formula F13:
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51. The process of claim 33 wherein said conpound of Formula F13 is
obt ai ned by treating a conpound of Fornula F12: , or a salt thereof,

wi th Pgl -Wbksuldosasgl chl oride foll owed by treatnment w tirCarusesogmmd7e4 base to
afford said conpound of Fornula F13. 52. The process of claim51 wherein
said Pgi conprises al koxycarbonyl. 53. The process of claim52 wherein said
al koxycarbonyl is tert-butoxycarbonyl WO 2010/ 005958PCT/ US2009/ 049794

54. The process of claimb51 l\E{e jn said treating is perfornmed in a
solvent. 55. The process of cI Pth 51 wherein said treating is performed in

a hal ogenated sol vent. 56. \pnocess Q&£§=:|n155 wherei n said hal ogenat ed
sol vent is dichl oronet hane. pro & claim51 wherein said
organi ¢ base conprises a tri(Ch6 K . 58. The process of claimb51
wherein said organic base is trieth 59. The process of claimb51
wherein said conpound of Fornula F12 Ts o ged by reduci ng a conpound of

Formula F11: FIIR, or a salt thereof. 60. \Lhe process of claim59 wherein
said reducing is carried out in th&? ﬁresencé*of sodi um i odi de,

chlorotr| rrgieé[an)fhe%fl:clf Aereif ?gl 1rsrglt1 Qmmolprotecung group, with an amino deprotecting agent

to afford a compound of Formula F14:

:":NAH 7_% =0

R3

R2
F14

or a salt thereof; and

b) reacting said compound of Formula F14 with a base to afford said compound of
Formula F15.

34. The process of claim 33 wherein R%is Br,R’isF,andnis 1.

35. The process of claim 33 wherein R%*is Br,R*is F, and n is 2.

36.  The process of claim 33 wherein R* is Cl, R*is F, and n is 1.

37. The process of claim 33 wherein R%isCL R®*is F, and nis 2.

38. The process of claim 33 wherein R?is CFs, R*is F, and nis 1.

39.’ The process of claim 33 wherein R%is CF,, R3is F,andnis 2.

40. The process of claim 33 wherein R?is CFs, R*isH, and n is 1.

41. The process of claim 33 wherein R?is CF;, R*is H, and n is 2.
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61. The process of claim59 farther conprising purifying said conpound of
Formul a F12 by: a)reacting said conpound of Formula F12 with an am no

prot ecti rgoagmnisese af ford a conpound of Fornmula F12': PCTaS2@98ad7b4

t hereof, wherein Pg2N is a protected am ne; WO

2010/ 005958PCT/ US2009/ 049794 b) purifying said conmpound of Fornmula F12' to
provide a purified conmpound of Fornula F12'; and <c¢) reacting said purified
conmpound 4&f iV 2 . ARt I .ng, agent to provide a
purifi ed4%0@%%L%Ff%#a%3§%%ﬁﬁ%§fb@%g lsgé’gg%islésgldf claim 61 wherein said
am no protecting agent is di-t-butyl dicarbonate. 63. The process of claim
61 wherein saj iLfvdng i erfornmed b hr omat ogr aphy on silica gel

64. The 6?’002%@61%&68 %ﬁcﬁﬁq@fg\%ﬂgfeé?%a@ag dgl%llﬁ?Wfiaqg%lﬁlgot ecting agent is
hydrochl oric acid. 65. The process of claim64 wherein said reacting is

f i I t i Si di. ne. .66,. The process qf any one of
ol aims 64%or B RRELTFIARI ] RISH GARS b sl HoRERoBlanol . 67. The

process of claimb59 wherein said conmpound of Forrmula FI 1 is obtained by
treating g co ound of 0r@%'%,F10: F10R3
43. f claim 33 whe:

€ process o rein said amino deprotecting agent is trifluoroacetic acid.
46.  The process of claim 33 wherein said amino deprotecting agent is hydrochloric‘acid.
47.  The process of claim 46 wherein said reacting is performed in a solvent comprising
dioxane.
48.  The process of any one of claims 46 or 47 wherein said reacting is performed in
isopropanol. |
49.  The process of claim 33 wherein said base comprises an alkali metal hydroxide.
50.  The process of claim 33 wherein said base is sodium hydroxide.
51.  The process of claim 33 wherein said compound of Formula F13 is obtained by

treating a compound of Formula F12:

-0
N
i =0
HzN/\(VTn /R N
N. __N
O R?

F12 RS

>

or a salt thereof, with Pg'-NH-sulfonyl chloride followed by treatment with an organic base

to afford said compound of Formula F13.
52.  The process of claim 51 wherein said Pg1 comprises alkoxycarbonyl.

53.  The process of claim 52 wherein said alkoxycarbonyl is tert-butoxycarbonyl.
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or a salt thereof, wherein LI is selected fromallcylsulfonyl,

hal oal | cyl sul fonyl, and aryl sulfonyl; with an azide reagent to afford said
conmpound Wb 2povaesdsa F11. 68. The process of claim 67 wheCceius200/0is94

al kyl sul fonyl. 69. The process of claim68 wherein said allcylsulfonyl is
met hanesul fonyl . 70. The process of claim67 wherein said azide reagent is
sodium azide. 71.The process of claimb51 wherein said conpound of Formula
F12 is obtai nE]éPmych%@fgﬂﬁimgﬂth?mﬁpmmmeadhg fsperfolngediR 4 solvent F24R3 or a salt
t hereof, wherein Pg3N is a protected amne; with an am no deprotecting
agent to afford said conpound of Fornula F12. 72. The process of claim71
wher ei n 8ai d Preatreessedf daiinrdd wWisreiiCEbISGadlid perfdrmelliea palogmsied eflvak.ai m 71
wherein said protected amine is (C6H5)2C=N. 74. The process of any one of
clainms 71-73 wherein said deprotecting agent conprises an organi c acid.

75. The p6.0ceFle mbceanyf ot 56fwhetedn suid HalogéRatvdh@ivennis rhidrdepliaatect i ng agent
conprises an organic acid and an organosilane. 76. The process of claim75
wherein said organic acid is trifluoroacetic acid and said organosil ane

conpr i seS§7.t r i Biid prydess dfafm 51 fherclh@idérssbase toripravesn #HCYM)AKARms i d
triallcylsilane is tri(isopropyl)silane.

58.  The process of claim 51 wherein said organic base is triethylamine.

59.  The process of claim 51 wherein said compound of Formula F12 is obtained by

reducing a compound of Formula F11:

N’O
N
Ns/\f’)'n ﬁ/__\(‘\N
N\O,N

R2
F11 R3

or a salt thereof.

60.  The process of claim 59 wherein said reducing is carried out in the presence of

sodium iodide, chlorotrimethylsilane, and methanol.

61.  The process of claim 59 further comprising purifying said compound of Formula F12
by: ,
a) reacting said compound of Formula F12 with an amino protecting agent to afford a

compound of Formula F12’:

-0
N
H | >=O
PN SN
N\O,N

R2
3
F12'

or a salt thereof, wherein Pg*N is a protected amine;
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78. The process of claim74 wherein said organic acid is trifluoroacetic
acid. 79. The process of claim 71 wherein said conpound of Fornmula F24 is
obt ai ned W9 20roems458g a conpound of Formula F22: or a s&Ct/ushewsef794with a
conpound of Forrula F25: x.OH Pg3N F25 or a salt thereof, wherein Pg3Nis a
protected am ne; and a coupling reagent to provide said conpound of Fornula
F24. 80. The process of claim79 wherein said protected anmne is

(C6H5) 3CoNH.  Sikifyih €ail tOERS R Of FérhndladW18910436¥i8d Npsicd chhphRalbedodiilane is
(C6H5) 2C=N., 82. A process for preparing a conpound of Fornula F8: N-C) |
H3C0- 13r V2F&8%hr a salt thereof, wherein, R2 is O, Br, CF3, CH3, or CN R3

is Hor & angaflinkSaidl pRfified d SHFREEIEFEL Wiith £ £RAD ARG Qing ERIFW @ F22:
N0 F3CYN ON 0 gt pofied cdmpRh a6t g B
provide a purified compound of Formula F12.

62.  The proceés of claim 61 wherein said amino protecting agent is di-z-butyl dicarbonate.

63.  The process of claim 61 wherein said purifying is performed by chromatography on

silica gel.
64.  The process of claim 62 wherein said amino deprotecting agent is hydrochloric acid.

65.  The process of claim 64 wherein said reacting is performed in a solvent comprising

dioxane.

66.  The process of any one of claims 64 or 65 wherein said reacting is performed in

isopropanol.

67.  The process of claim 59 wherein said compound of Formula F11 is obtained by

treating a compound of Formula F10:
-0
S
1
vo oy N
N. N
O

F10 R3

R2

b

or a salt thereof, wherein L' is selected from alkylsulfonyl, haloalkylsulfonyl, and

arylsulfonyl; with an azide reagent to afford said compound of Formula F11.
68.  The process of claim 67 wherein L' is alkylsulfonyl.
69.  The process of claim 68 wherein said alkylsulfonyl is methanesulfonyl.

70.  The process of claim 67 wherein said azide reagent is sodium azide.
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or a salt thereof; with a conpound of Fornula F25': H3COOH9-n F25' or a

salt thereof; . .
F8. 83. Thwoprwowsssof any one of clains 79-82 wherei n s&cu/usoeplosrgs r eagent

and a coupling reagent to provide said conpound of Fornmul a

conprises a tertiary phosphine and a dialkyl azodicarboxylate. 84.The
process of claima83 wherein said tertiary phosphine is a triaryl phosphine.
WO 2010/ 005958PCT/ US2009/ 049794 85. The process of claim 84 wherein said

triaryl pﬁésphifh‘epliosess of ghieril vivosip kiid eom@Hind bEFpmakays iodbtaihal by 83 wher ei n

sai d dial Xyl at di i sopropyl azodi carboxylate. 87.The
T Cﬁl%?@ %ﬁﬁvﬁ ormula F'2

process o

erern sal conpound of Formula F22 is obtained by a)

treating a conmpound of Fornula F21; na0salt thereof, wth carbonyl
diimdazole to afford a compoun 7E3€ﬂglﬁ=926 N O) | R
/\

PgN

R2
F24 R3

>

or a salt thereof, wherein Pg’N is a protected amine; with an amino deprotecting agent to

afford said compound of Formula F12.

72.

73.

74.

The process of claim 71 wherein said protected amine is (CsHs);C—-NH.

The process of claim 71 wherein said protected amine is (CsHs),C=N.

The process of any one of claims 71-73 wherein said deprotecting agent comprises an

organic acid.

75.

The process of any one of claims 71-72 wherein said deprotecting agent comprises an

organic acid and an organosilane.

76.

The process of claim 75 wherein said organic acid is trifluoroacetic acid and said

organosilane comprises trialkylsilane.

77.

78.

79.

The process of claim 76 wherein said trialkylsilane is tri(isopropyl)silane.

The process of claim 74 wherein said organic acid is trifluoroacetic acid.

The process of claim 71 wherein said compound of Formula F24 is obtained by

treating a compound of Formula F22:

N
H 0
FaC N7__(JLN
Yo
\o/
R2
F22 L
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or a salt thereof; and b) treating said conpound of Fornula F26 with
trifluoroacetic anhydride to afford said conpound of Fornula F22. F15 or a
salt therwof2promoesesein R2 is C, Br, CF3, CH3, or CN R3PCI/uU2am/0)79end n i s
1 or 2, conprising: a)reacting a conpound of Fornula F12: or a salt
thereof, with sulfam de and an organic base to afford a conmpound of Formul a

F14: or a salt thereof, and b)reacting said conpound of Formula F14, or
a salt t Pt wrtherggf; witha pompoupdobfarmuls i d conpound of Fornula F15.  89.
The process of claim88 wherein saidor i c base conprises a heterocyclic

base. 90. The process of clai m 8&%ther hn said organic base is pyridine.
91. The process of claim 88 whereinmegacting a conpound of Forrmula F12
further conprises heating the reaction. 92. The process of claim9l

wher ei n swd fltieatdfnghdrein PetN trpedeus amineiand evenpding raagetit &t provide sadB. The
process of cl ai 8 in said base conprises an al kali netal hydroxide.
94. The gorm oé@%g% Orﬁnl\ﬁ%?ﬁnz’lg'% wherein said base is sodi um hydroxide. 95. A
conmpound of Fornula F9:

80.  The process of claim 79 wherein said protected amine is (CsHs);C-NH.
81.  The process of claim 79 wherein said protected amine is (CsHs),C=N.

82. A process for preparing a compound of Formula F8:

N-C

H 1 >=0
H3CO/\HnN7/—\(I\N
N N

F8 R3

R2

2

or a salt thereof, wherein, R? is CL, Br, CF3, CHs, or CN; R*is Hor F; andnis 1 or 2;

comprising reacting a compound of Formula F22;

e
N
FaC H7_(“\N>=O
M
\O/

R2
F22 k3
- or a salt thereof; with a compound of Formula F25:

OH

Hy,CO™ b,

F25'

b

or a salt thereof; and a coupling reagent to provide said compound of Formula F3.

83.  The process of any one of claims 79-82 wherein said coupling reagent comprises a

tertiary phosphine and a dialkyl azodicarboxylate.

84.  The process of claim 83 wherein said tertiary phosphine is a triarylphosphine.
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or a salt thereof, wherein R2 is A, Br, CF3, CH3, or CN, R3is Hor F;, and
nis 1 or 2. 96. The conpound of claim95 wherein R2 is Br, R3is F, and n
is 1. 97.wohelnwsypeund of claim95 wherein R2 is Br, R3PC3/US200a/080704 i S 2.
98. The conpound of claim95 wherein R is O, R3is F, and nis 1. 99. The
conpound of claim95 wherein R is O, R3is F, and nis 2. 100. The
conpound of claim95 wherein R2 is CF3, R3is F, and nis 1. 101. The
conmpound8df cTheino®ss aftebaingiSA wRRreirssaFRBiaryRBosrhing,is aiptlenylihesphine102. The
conmpound of claim95 wherein R is CF3, R3is H and nis 1. 103. The
conmpound of claim95 wherein R is CF3, R3is H and nis 2. 104. The
conpound®f cTiwip®@ss offvbiieish whereirssaldBalkRazodicdrhoxghaet i diispibpyll05. The
conmpound OdJ'gi%»oxy 95 wherein R is CN, R3is F, and nis 1. 106. A conpound

of For muf® ¥ a salt thereof wherein R is d, Br, CF3, CH3, or CN
R3is Hor F; and nis 1 or 2. 107. The conpound of cI aim 106 wherein R2 is
Br, R3 i n 1 The coppound of__cl ai 0 erein R2 is Br,
R3is F, §and ep§°°§ssﬁé§“‘m$2é”h€{9m%n{?f’“ﬂ%ﬁ g]F%\Z'l@P faPeRdYis d, R3 is

F, and na)i s ltreafidda cobub® bPRsHdIaa21cl ai m 106 wherein R2 is d, R3 is F,
and n is 2. 111. The compound of claim 106 wherein R2 is CF3, R3 is F, and
nis 1. 112. The conpound of claim 106¥Wnerein R2 is CF3, R3is F, and nis
2. 113. The conpound of clalmH'LQG whe eln R2is CF3, RBis H and nis 1.

/ \

\/

0]

R2
F21

R3

2

or a salt thereof, with carbonyl diimidazole to afford a compound of Formula F26:

-0
N
H2N7_(“\N>=O
Y

N, _N
O R?
F26

R3

b

or a salt thereof; and

b) treating said compound of Formula F26 with trifluoroacetic anhydride to afford said

compound of Formula F22.

88. A process for preparing a compound of Formula F15:

F15

R3

3

or a salt thereof, wherein R? is C1, Br, CF3;, CHs, or CN ;R*isHor F;andnis1or2,
comprising:

a) reacting a compound of Formula F12:
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114. The conpound of claim 106 wherein R2 is CF3, R3is H and nis 2. 115.
The conpound of claim 106 wherein R2 is CH3, R3is F, and nis 1. 116. The
conmpound WO 20101085806 wherein R2 is CN, R3 is F, and n PSTAS2002/D49704
conpound of Fornula F14: or a salt thereof, wherein RR is Cd, Br, CF3,

CH3, or CN, RBis Hor F;, and nis 1 or 2. 118. The conmpound of claim 117
wherein R is Br, R3is F, and nis 1. 119. The conpound of claim 117
wherein R2 is Br, R3 is F, aanQ |s 2 N” 20 The conpound of claim 117
wherein R2 is d, R3is F, d%%, O The conpound of claim 117
wherein R is d, R3is F, and 2. The conpound of claim 117
wherein R2 is CF3, R3 is F, and ” The conmpound of claim 117
wherein R is CF3, R3is F, and n is 2. ~Rfhe conpound of claim 117
wherein R2 is CF3, R3is H and nisl. 1 The conpound of claim 117
wherein R2 is CF3, R3 is H and n igg2. 12% The conpound of claim 117
wherein R is CH3, R3is F, and nis 1. 127. The conpound of claim 117

wher ei n & dalt tiheofRBith sulfamideradld Bn bgadic bds28o afforfl h @c@PGIHQf FRmeeFidng a
conpound of Forrnula F19: NOH

\\// >=O
S %

.

3
F14 R ,

or a salt thereof, and

b) reacting said compound of Formula F14, or a salt thereof, with a base to afford said

compound of Formula F15.

89.  The process of claim 88 wherein said organic base comprises a heterocyclic base.

90.  The process of claim 88 wherein said organic base is pyridine.

91.  The process of claim 88 wherein reacting a compound of Formula F12 further

comprises heating the reaction.

92.  The process of claim 91 wherein said heating is performed using microwave

irradiation.

93.  The process of claim 88 wherein said base comprises an alkali metal hydroxide.

94.  The process of claim 88 wherein said base is sodium hydroxide.

9s. A compound of Formula F9:
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0"0 CHL NNn N N F19 or a salt thereof, wherein R2 is d, Br, CF3, CH3, or
CN, RBis Hor F;, and nis 1 or 2; conprising: a)reacting a conpound of
Forrmul a PY@:20N/@59BH2 H 1 /0 F12 or a salt thereof, wcrhiscewviaaresul f onyl
chloride in the presence of an organic base to afford a conpound of Fornul a
F20: b)reacting said conmpound of Fornmula F20, or a salt thereof, with a
base to afford said conpound of Forrmula F19. 129. The process of claim 128
wherein said reacting a conpound of Forguba F12 further conprises a
hal ogenated sol vent. 130. The roﬁess f J5F@i m 129 wherein said
hal ogenat ed sol vent is di chl dPo hapggd\ 131. The process of claim 128
wherein said organi c base conpri sesNg,Nri 6)all cylam ne. 132. The

a 3

F9 R

process of claim 128 wherei n said ordani Serzi s triet hyl am ne.

3

b

or a salt thereof, wherein R? is Cl, Br, CF3, CHs, or CN; R®is Hor F; and n is 1 or 2.
96. The compound of claim 95 wherein R%is Br, R?is F,andnis 1.
97. The compound of claim 95 wherein R%isBr,R’isF, and nis 2.
98.  The compound of claim 95 wherein R*is Cl, R*is F, and n is 1.
99.  The compound of claim 95 wherein R? is Cl, R is F, and n is 2.
100. The compound of claim 95 wherein R?is CFs, R®isF,and nis 1.
101. The compound of claim 95 wherein R? is CF3, R is F, and n is 2.
102. The compound of claim 95 wherein R%is CF;, R¥*isH, and nis 1.
103.  The compound of claim 95 wherein R* is CF3, R? is H, and n is 2.
104. The compound of claim 95 wherein R* is CH;, R? is F, and n is 1.
105. The compound of claim 95 wherein R?isCN,R*isF, andnis 1.
106. A compound of Formula F12:

-0
%Nﬁ_(LN
n / \

N. _N
O

R2

RS
F12
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133. The process of claim 128 wherein said base conprises an aqueous base.
134. The process of claim 128 wherein said base conprises an al kali netal
hydr oxi dewoO 208%05988e process of claim 128 wherein sai d lpaFaScanpri’ses
sodi um hydroxi de. 136. A process for preparing a conpound of Fornula F19:
0"0 rsu LnINJ( /ri N, N F19 or a salt thereof wherein R is C, Br, CF3,
CH3, or CNy R3is Hor F, and nis 1 or 2; corrprlsmg a)reactlng a
conpoundOb# safitgharenifawierdin R? G-C By, ICF:,CFPECING R is Bilar Foandin sdl ar 2t her eof , wi th
hydrochl oric acid followed by treatnent with a nitrite reagent to afford a
conpound of Forrmula F18: 0',0 C N, 0' F18

107. The compound of claim 106 wherein R? is Br,R’is F,and n is 1.

108. The compound of claim 106 wherein R? is Br, R® is F,andnis 2.
109.  The compound of claim 106 wherein R? is C, R*is F, and n is 1.
110.  The compound of claim 106 wherein R? is C1, R*is F, and n is 2.
111. The compound of claim 106 wherein R%is CF;,R*isF, andnis 1.
112.  The compound of claim 106 wherein R%is CF;, R*is F, and n is 2.
113.  The compound of claim 106 wherein R%is CF;, R%is H,andnis 1.
114.  The compound of claim 106 wherein R? is CF3, R® is H, and n is 2.
115. The compound of claim 106 wherein R%is CHs;, R3is F,andnis 1.
116. The compound of claim 106 wherein R? is CN, R*is F, and n is 1.

117. A compound of Formula F14:

:":NAH v—% =

R2
R3
F14

2

or a salt thereof, wherein R? is Cl, Br, CF;, CHs, or CN; R*isHor F; and nis 1 or 2.

118.

119.

The compound of claim 117 wherein R?is Br,R’isF,andnis 1.

The compound of claim 117 wherein R? is Br, R is F, and n is 2.
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or a salt thereof; and b)reacting said conpound of Fornula F18 with a
conpound of Fornula F27: R3 H2ZN F27 or a salt thereof, to afford said
conpound w0 2povaesdsa F19. 137. The process of claim 136 wO@EUsS2ze0IRd70s Br, R3
is F, and n is 1. 138. The process of claim 136 wherein R2 is Br, R3 is F,
and n is 2. 139. The process of claim 136 wherein R2 is O, R3is F, and n
is 1. 140. The process of claim 136 wherein R is 0, R3is F, and nis 2.
141. The process of claim 136 wherein R2 is CF3, R3is F, and nis 1. 142,

The proc C r D3 nd nis 2. 143. The
process £ Ogl?emo%ispghéﬁz‘gr"gﬁﬁl th%ﬁggz 9@1{ Rg‘fziandnof’ﬁ is 1. 144. The
process of claim 136 wherein R2 is CF3, R3 is H and nis 2. 134 145. The
process claim 136 5S nd is 1. 146. The
process ?% clg?erﬁoﬂgun% %%lgwhgreg—\]l@ f—?gia ﬁfaﬁﬁﬂ Sni]ls 1. 147. The
process of claim 136 mhereln the nitrite reagent is aqueous sodiumnitrite.
148. A C%? Ouﬂge C%Laplggnrc{%# ciiainlijl% wgergll}ll’Rg_i's CF3,R*isF, andnis 1.

123.  The compound of claim 117 wherein R? is CF, R? is F,andnis 2,
124.  The compound of claim 117 wherein R? is CFs, R® is H,andnis 1.
125. The compound of claim 117 wherein R? is CFs, R? is H, and nis 2.
126. The compound of claim 117 wherein R? is CHj, R® is F,andnis 1.
127. The compound of claim 117 wherein R?is CN,R’isF,andnis 1.

128. A process for preparing a compound of Formula F19:

\”’ N/\H 7_# /@E

F19

R3

2

or a salt thereof, wherein R? is Cl, Br, CF;, CHs, or CN;R*isHorF; andnis 1 or 2;

comprising:
a) reacting a compound of Formula F12:
er_(J\
R2
R3
F12

3

or a salt thereof, with methanesulfonyl chloride in the presence of an organic base to afford a

compound of Formula F20:
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n NV \NCI F18 or a salt thereof, wherein nis 1 or 2. 149. The conpound of
claim 148 wherein nis 1. 150. The conpound of claim 148 wherein nis 2.
151. A prwoesw/ders8pr epari ng a conpound of Fornul a F28: POHUS2@RI0M7THEN N n
F28 or a salt thereof, wherein R4 is F, d, Br, or I; and nis 1 or 2;
conprising: a)reacting a conpound of Formula F29: NH2 HAC) O n\ F29 or a
salt thereof, with sulfam de and an organic base to afford a conpound of

Formul a F30: ) or a salt thereof, ﬁnd bNF acting said conpound of For nul a
F30 with a base to afford said c nd ofl! 0
rhSOﬂ%f ?#"/ ) N
N___N
R2
F20 RS :
b) reacting said compound of Formula F20, or a salt thereof, with a base to afford said

compound of Formula F19.

129.  The process of claim 128 wherein said reacting a compound of Formula F12 further

comprises a halogenated solvent.

130.  The process of claim 129 wherein said halogenated solvent is dichloromethane.

131.  The process of claim 128 wherein said organic base comprises a tri(C;_¢)alkylamine.
132.  The process of claim 128 wherein said organic base is triethylamine.

133.  The process of claim 128 wherein said base comprises an aqueous base.

134.  The process of claim 128 wherein said base comprises an alkali metal hydroxide.
135.  The process of claim 128 wherein said base comprises sodium hydroxide.

136. A process for preparing a compound of Formula F19:

o5 10X
CH”‘N//\f? ﬁr~()L

F19

>

or a salt thereof, wherein R? is Cl, Br, CF3, CHs, or CN; R® is H or F;andnis 1 or2;
comprising:

a) reacting a compound of Formula F17:
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Formul a F28. 152. The process of claim 151 wherein R4 is C and n is 1.
153. The process of claim 151 wherein R4 is Br and nis 1. 154. The process
of clai mwbRowmeses8n sai d organi ¢ base conpri ses a het ePotyuskéoo/olpse. 155.
The process of claim 151 wherein said organic base conprises pyridine.

156. The process of claim 151 wherein reacting a conpound of Fornula F29
further conprises heating the reaction. 157. The process of claim 156
wherein said heating is perforned using mcrOave irradiation. 158. The
process of claim 151 wherein &fd base conjjiri ses an aqueous base. 159. The
process of claim 151 mhereiaHgéin Niges an al kali netal hydroxide.
160. The process of claim 151 wherel aﬂg base conpri ses sodi um hydr oxi de.
161. The process of claim 151 wherein s& d conpound of Fornmula F29 is
obt ai ned by reducing a conpound of M@rnula F31: NO Il i(R4 F31 or a salt
thereof 162. The process of claim 161 wherein sdid reducing is carried out
in the pPexwtdeeret, wighihydiochingicaeid feliawsd by tieptstent vith ¢ nitréte reagent teaffradhol .

163. The,psAseSE offorflud 1gl61 wherein said conpound of Fornula F31 is
obtained by treating a conpound of Fornmula F32: 0 L10--)-11 O N N

OH
&
Q\S:/O H N
CHy N7, jr—(J\m
H n // \
No N

F18

or a salt thereof; and

b) reacting said compound of Formula F18 with a compound of Formula F27:

R3
H,N” :: :RZ

F27

2

or a salt thereof, to afford said compound of Formula F19.

137.  The process of claim 136 wherein R is Br, R is F, and nis 1.
138.  The process of claim 136 wherein R?is Br, R® is F,andnis 2.
139.  The process of claim 136 wherein R?is Cl, R® is F, and n is 1.
140.  The process of claim 136 wherein R? is C1, R* is F, and n is 2.
141. The process of claim 136 wherein R? is CFs, R? is F,andnis 1.
142. The process of claim 136 wherein R%is CF;, R3is F,andnis 2.
143.  The process of claim 136 wherein R?is CF;, R3is H,andnis 1.

144. The process of claim 136 wherein R%is CF;, R3is H, andnis 2.
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F32R4 or a salt thereof, wherein LI is selected from ancyl sul fonyl,

hal oal | cyl sul fonyl, and aryl sulfonyl; with an azide reagent to afford said
conpound w0 2povaesdsa F31. 164. The process of cl ai m 163 Pamarsedn/okdros s

al l cylsul fonyl. 165. The process of claim 164 wherein said al kyl sul fonyl
conprises nethanesul fonyl. 166. The process of claim 163 wherein said

azi de reagent conprises sodiumazide. 167. A conpound which is

3-{4-1(2-am noet hyl )am no] -1, 2, 5- oxadi azol - 3-yl | -44(4-

Zhl:girgbﬁn m?%e%ﬁ%e@é’ot]c_lalmzmé %)ér%gn I@Zfs)b}ls(lingF an%nlgﬁ a salt thereof 168.
3-{4-[(2-azidoethyl )am no] -1, 2, 5- oxadi azol - 3-y1) - 44(4- chl oro2-f uryl ) met hyl ]

Al[?4 ch?@?o %QP§6%%& neﬂ3§ ﬁ%f?@k%§§$§§$ 9ﬁ£69 A compound which is

1, 2, 5- oxadi azol - 3-y11-1, 2, 4- oxadi azol - 5(4H) - one, or a salt t her eof 170. A

conpound ic IS N- (4 chl 2-furyl)methyl]-N -hydroxy-4-[(2-

met hoxyelt{pa erﬂﬁj’cei xlg 5‘2’&9}“&{‘%’1@%{? FORFIASPAHF QY SOBm AitdlS| t ¢t her eof .
171. A conpound which |s

3-{4-[(2- anlnoethyl)arnlno] 5- oxadi azol - 3-y1}-4-[ (4-

br ono- 2- ﬂ?%yl&ﬁ%@ﬂ?F?- %&Hﬁlazol 5(4H)-one, or a salt thereof 172. A

conmpound which is <OH

3-{4-[(2-azi doet hyl )am no] - 1, 2@530xad|gzol -y1}-4-[(4-Dbrono2-furypnet hyl]-

1, 2, 4- oxadi azol - 5(4H) - one, or, s Rer e 173. A conpound which is

4- [(4 br ono- 2- f urypnet hyl ] - 3~ F4 |['lk2- OX et(HyI)am noj -

1, 2, 5-oxadi azol - 3-y11-1, 2, 4- oxadi azol - % - one, a salt thereof 174. A

conpound which is N—[(4-bronn-2-fury|)m@ﬁhyl] N - hydroxy-4-[(2-

met hoxyet hypam no] - 1, 2, 5- oxadi azol e- 3- car boxi m dam de, or a salt thereof.
or a salt thereof, whereinn is 1 or 2.

149. The compound of claim 148 wherein n is 1.
150. The compound of claim 148 wherein n is 2.

151. A process for preparing a compound of Formula F28:

\\ 4

NAe)m—X\AQ

F28

or a salt thereof, wherein R* is F, Cl, Br, or I; and n is 1 or 2; comprising:

a) reacting a compound of Formula F29:

-
Gy

4
F29 R

2

or a salt thereof, with sulfamide and an organic base to afford a compound of Formula F30:
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\w >:o
NN, %(L
\\Q

F30 R*

b

or a salt thereof, and

b) reacting said compound of Formula F30 with a base to afford said compound of
Formula F28.

152.  The process of claim 151 wherein R*is Cl and n is 1.

153.  The process of claim 151 wherein R*is Brand nis 1.

154. The process of claim 151 wherein said organic base comprises a heterocyclic base.
155.  The process of claim 151 wherein said organic base comprises pyridine.

156.  The process of claim 151 wherein reacting a compound of Formula F29 further

comprises heating the reaction.

157.  The process of claim 156 wherein said heating is performed using microwave
irradiation.

158.  The process of claim 151 wherein said base comprises an aqueous base.

159.  The process of claim 151 wherein said base comprises an alkali metal hydroxide.
160.  The process of claim 151 wherein said base comprises sodium hydroxide.

161. The prdcess of claim 151 wherein said compound of Formula F29 is obtained by

reducing a compound of Formula F31:
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-0
N
HV“(IL“P:O
N3/\6,)n 7 o
N\ ,N \ /
O

1

F31 R*

or a salt thereof.

162.  The process of claim 161 wherein said reducing is carried out in the presence of

sodium iodide, chlorotrimethylsilane, and methanol.

163.  The process of claim 161 wherein said compound of Formula F31 is obtained by

treating a compound of Formula F32:

o)

i N

L'o ¢, T 0
o \ /

1

4
F32 R

2

or a salt thereof, wherein L' is selected from alkylsulfonyl, haloalkylsulfonyl, and

arylsulfonyl; with an azide reagent to afford said compound of Formula F31.

164. The process of claim 163 wherein L' is alkylsulfonyl.

165.  The process of claim 164 wherein said alkylsulfonyl comprises methanesulfonyl.
166.  The process of claim 163 wherein said azide reagent comprises sodium azide.

167. A compound which is 3-{4-[(2-aminoethyl)amino]-1,2,5-oxadiazol-3-yl}-4-[(4-
chloro-2-furyl)methyl]-1,2,4-oxadiazol-5(4H)-one, or a salt thereof.

168. A compound which is 3-{4-[(2-azidoethyl)amino]-1,2,5-oxadiazol-3-yl}-4-[(4-chloro-
2-furyl)methyl]-1,2,4-oxadiazol-5(4H)-one, or a salt thereof.

169. A compound which is 4-[(4-chloro-2-furyl)methyl]-3- {4-[(2-hydroxyethyl)amino]-
1,2,5-oxadiazol-3-yl}-1,2,4-oxadiazol-5(4H)-one, or a salt thereof.
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170. A compound which is N-[(4-chloro-2-furyl)methyl]-N'-hydroxy-4-[(2-

methoxyethyl)amino]-1,2,5-oxadiazole-3-carboximidamide, or a salt thereof.

171. A compound which is 3-{4-[(2-aminoethyl)amino]-1,2,5-0xadiazol-3-yl}-4-[(4-
bromo-2-furyl)methyl]-1,2,4-oxadiazol-5(4H)-one, or a salt thereof.

172. A compound which is 3-{4-[(2-azidoethyl)amino]-1,2,5-oxadiazol-3-yl}-4-[(4-bromo-
2-furyl)methyl]-1,2 4-oxadiazol-5(4H)-one, or a salt thereof.

173. A compound which is 4-[(4-bromo-2-furyl)methyl]-3-{4-[(2-hydroxyethyl)amino]-
1,2,5-oxadiazol-3-yl}-1,2,4-oxadiazol-5(4H)-one, or a salt thereof.

174. A compound which is N-[(4-bromo-2-furyl)methyl]-N'-hydroxy-4-[ (2~

methoxyethyl)amino]-1,2,5-oxadiazole-3-carboximidamide, or a salt thereof.
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