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rejection in utero. Mre than 40 years ago, it was observed that,
during pregnancy, the genetically disparate mammal i an concept us
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imaturity of the fetus cannot fully explain fetal allograft
survival. Recent attention has focused on i nmunol ogi ¢ tol erance of

t he not hertoleBacadseldr®@ Trp ceteiprlisn diecbdey olbsmachmslymasﬂ :indtdisxo;:ﬂamtahmsiated
cells and n ntr uri orna

pr egnancy,‘gh?ét'%e{%gfsmc'ﬁ[£t1§ %‘gg{@oed%%ﬁ m%bg mal auq uﬁ seases and
mat er nal - f &4, a9 mlbasm prsgmweﬁts&xgmpl@ um@mmvelsrmﬁﬂ"nﬁlang glevated levels
re] ection tﬁ'f g}gT e&l?tgbo{l’l esggsre ér?obs rgecf ﬁ%\%t elaféga%gsh:ﬁ%assﬂe regnant
m ce (carryl ng genelc or aI ogenei ¢ uses Were exposed to 1M,
and a r-’apu@stuiﬁtedélhalt S)rsmmdoqab@@@tctmrwf b oethuiringlin sysmeiuge disgnesplay was
observed. ept us
appoar o 1 o i B SeRRLARS, A WAL b ORL B e U BA SARE Y

rej ecti on,hyapitiesy, bighlemels t)flﬂﬁl ‘wphabseded ume&mlatsdrﬁdummgnmarquhntm

e oot on SRk e ar sk g Shigkn pilefloyRes Jf ) b fichs

evi dence flefrre%%mgwﬂeabls mwmme&aﬁcéwthamwemmhms Mty dedas@roposed that

trypt ophanggeg Etﬁlqgctd'c%nﬁm]lm&lcjn id ﬂgh&%%a U?%gg&rgﬁfsn

human tunors constitutiv express I t hat ex ion O
by i munogefsrtonssnd dat fhﬁ@‘trmm@los%ofﬁmemémes mepl@nisms reepc@eﬂolecfw q@«,:hexza

prei muni 7&%eﬂﬂacﬁd-ﬁﬁhﬁeaezfnﬁ‘38§s1blﬁnﬁ’xﬁﬁ9 348l oBXISs b &a%ﬁ: gé et al

accunul ati on of specific T cell’s at tunor site an epartly
reverted b\WI9SyibdrpcMed Saladit 4513 E@tfvﬁ qof, inbpsirerithi beer shown EREDG n

t he absencgniffioR ! LRARL Bie [k 6f Jids- sﬂ_é}ifﬁ: T defis mscoils'(ﬂﬁ?aﬁﬁlf%&l@@ﬁ:{et he
efficacy of therapeutic vaccination of cancer patients night

i mpr ovEd BpruberiyERkaifectsd maprophages ip g mensegnodgho ity (P@imlwtaéﬂOOS
(Wttenhove,gt 164 232003, Nature Med., 9: 1269-74). It has al so been
shown that the | DO inhibitor, 1-M, can synergize with

chenot her apeut ile0 agfeshipediiqplrpaiaiein theBmugpyRRIPSSIVA PiPesess that pigeast femy

that 1 DO igjkdintih @8roMB¥rethai0808 Q{‘,ﬁ itt8 oBBivkd &manﬂggké’%g&y e

conventional cytotoxic therapies ller et al ture Med.
11: 312-9) geﬂ?ﬁ?él hrdispastn manRdiee PPIE‘}ﬁPtP%r'@‘“P‘CFS ikt B Wigit &rould be predicted by |

unres pﬂﬁSI%&Ib&faﬁspﬂﬁV&@ibﬁln:&rﬁﬁﬂMo‘gy dakldr, NS5 D ERBL BERELR B:2f7. 5207%8),
anti gens % t ol erogeni ¢ host APCs. A subset” of hunan 11)80 expreSS| ng

anti gen- pr ip fyelen of molierand e prdanEsgRicdERETIEP Thexeup paapatfu
CCR6 and i e&blaiﬂ fe@Thib e kbrvivhiOR bdefi stk AtRA hifused SORRABIOEIE SaldérhiRe ef the
Both mature e CDlzsgagﬁm ti ve dend | t| c cel Idfﬁ suppressed

T-cel | act?%ﬁ?rysecﬁm&ﬁﬁ RN D APHEUgEe 91? fspe YHEREd by 1MT
(Munn, et t@fpiopB&dncebahteondals dAfdg nol"ﬁﬁﬂprgg@éncﬂ it wiasp&h&ReHARITDO

dem)ns ated 15 that nous nmor -.chai nin h nodes (TDLNs) . contain

2 SUbekt PR By AT AR PTES CarTS e e b e R oLy

express i nisahslRgRfs. dsusa:sveuslt@p@ch&spﬁareg@@m%@:a@ﬂg Saggkeicst Akhgaiticy 0. 5%

esponbes Eoshrrg e B LML ind e oeb e it S AR o

dom na Pt df \ga;mbmveds'ﬂpwlg&aﬁﬁolfﬁmgeﬂyﬁmpmﬁ?ﬁﬂﬁae?ﬁhﬁhmchndlfeﬁ?pqrptayfs Nt i ge ns

resente non in the ation

Phe"aj or | TYPBIS HEAFRED B drewts et st BeBle e gl

segr ega edcaw‘bbﬁkncadumg Eiunﬁcﬂﬂfr@@ian@f allpBmaemeXDeadis &1 prgvokh eetdBalloghdiage

mar ker CD19 Th at he t 11)0- medi at ed suppressi on
et bt 45 T BRRE R ek onme s pot o

by pDCs in ca ronnent that is potently
suppressi ve of Hurjbareadencb fumrtmﬂ'ordamtnun@:esmtmemeéﬂdbmm bagti oatryptdfiad, J.

Qn. | nveséégtad%t%‘o%(b%)ﬂi)O%gr%ésgggm the oLservagc%gtrhatcxlneosst ]Eurr]neanltur:!:[go% c(;aon tweXr of

express IDO, and that expression of IDO by immunogenic mouse tumor cells prevents their



physi opat hol ogi cal conditions, tryptophan netabolism and |cynurenine
production m ght represent a crucial interface between the i nmune and
nervous systens (G ohnmann, et at, 2003, Trends |Inmunot , 24:. 242-8).
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/1 R "N N styN 10or pharnaceutically acceptable salts thereof,

wherei n constituent variables are defined herein. The present

I nvention further provides a pharnaceutical conposition conprising a
conpound ofwdrorimdésassl, and at | east one pharnmaceuti cal | ycaasembashe:
carrier. The present invention further provides a nethod of

i nhibiting activity of indol eam ne 2, 3-di oxygenase conpri si ng
contacting the indol eam ne 2, 3-di oxygenase (IDO with a 15 conpound
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present i n?/%g:[ i1 n further provides a nmethod of inhibiting
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Small molecule inhibitors of IDO are being developed to treat or prevent [DO-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 I-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) ivhibitory 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—Z,B-dionyenase 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



N, 0O, N F15 NeOH The present invention further provides

I ntermedi ates, processes of preparing the sane, and conpositions
containing the sane, which are useful in the preparation of a
conpound ofwa@ikorxts a F19: The present inventi on PCTwsedeenao74
provi des internedi ates, processes of preparing the sane, and

conposi tions containing the same, which are useful in the preparation
of a compound of Formula F28: owo > H2N\.1kl1 N7/ \ NN NeOH R4
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conmpound ofentdiegidanvrabiopsyclistelp dis@desi of disorderp bueh &s depression. The compounds,

compositions and methods herein help meet the current need for IDO modulators.

SUMMARY OF THE INVENTION

The present invention provides, infer afia, IDO inhibitors of Formula I

\ 5 OH Ra
O\\Sﬂo HT_HI\ /O:
RN N R2
l—{/\(v);l /N H
AN
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, frauma, age-related cataracts, organ transplant
rejection, or an anfoimmune 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.



Figure 3 shows TGA data characteristic of the compound of the

i nvention prepared in Exanple 1. DETAILED DESCRI PTI ON The present

I nvention provides, inter alia, IDOinhibitors of Formula |: SONR3 00
%/ RL 'N woortoptsassraceutically acceptabl e sal ts ther e®Cr/usha@peinos
Rl is NH2 or CH3; R is C, Br, CF3, CH3, or CN; R3is Hor F; and
10n is 1 or 2. In sone enbodiments, Rl is NH2. In sonme enbodi nents,

Rl is CH3. In sone enbodinents, R2is . In sone enbodi nents, R2 is
Br. 15In some m@wsmMSnuoRanﬂﬁrﬁEadesluae MmPM@EM&, &2 is CH3.

I n sone enbodi nent ne, enbodi.nen ., In sone
embodi ment & %W&lt&a’rly a%ff?bheg\'ﬁﬂﬁfe@ﬁ% aﬁlerpé?ﬂagw%otf asm%i?s mgH em

enbodi ment &erepy.i s 2. The conpounds of the present invention can exist
in various soli "solid form is _.nmeant to refer

to a solid char SPéeF%?aeanﬂgmﬁ?erg’ﬁ%‘fsémWﬁ’@W iPEACesser e preparing the same,

5 and compositions containing the same, which are useful in the preparation of a compound of
Formula F15:

i v_g\ e
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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:
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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:
OH
N
A7 H | o

HzN/ \N/\H 7‘—H\N
H n N{ ,\N Hm
O 4
R

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.



as, for exanple, nelting point, solubility, stability, crystallinity,
hygroscopicity, water 25 content, TGA features, DSC features, DVS
features, XRPD features, etc. Solid fornms, for exanple, can be

anor phous, v yge/elspisne, or m xtures thereof. Di f f ePETIS2009/049794
crystalline solid forns typically have different crystalline |attices
(e.g., unit cells) and, usually as a result, have different physical
properties. In sone instances, different crystalline solid forns have
different water or solvent content. The different crystalline 30

| attices i ' }R![pgl solid state characterization nethods
such as byﬁg?(TJrg%mgg\%ggr ﬁyr action (XRPD). Ot her characterization
met hods such adhepfesent amniion providesnintey abalBPiintakitorsof FOSE)a I:

t her nogravi nmetric anal ysi s (TGA) dynam ¢ w®@por SOI‘FQ;II on (DVS), and
the like further help idegigy the solid fiorme&s~yel| as help

determne stability and soI\\ e ter conlent @ one aspect, the
present invention provi des” v?.m/(?&?s)’ 5 444 2-

[ (arai nosul fonyl) am no] et hy!'

ami no) - N- (3- br ono- 4- f | uor opheny1) - K- h?(d’roxy 1,2, 5-

oxadi azpl e- 3- car boxi m dam de (see Exanple 1). I'n sone enbodi nent s,
the solid formis a crystalline solid. In sone enbodi nents, the solid
formis subshanbicatitally acthytelvlosmdts (heregf, wheoint ai ns | ess t han about 1%
water, |ess tham. %?Qc{ 5%water | ess than about 1.5% water, 10

| ess than abou f Wat er 72 In some embodi ments, the solid formis
characterized l&}l%@lr@i, CFﬂ@Pb,mr@\T of, or a DSC endot her m cent er ed at,
about 162 to a In some enbodi ments, the solid formis
characteri zed y a me t| ng point of, or a DSC endotherm centered at,
about 164 C. | misbe enbodi ments, the solid formhas a DSC ther mogr am
substantially In further enbodi nents, the solid
form has at Iegz%o%%\eﬁﬁo%%eﬁ\%\o%o@ﬁﬁree XRPD peaks, in terns of
2-theta, sel ecleebnferembodious, R'ds s about 18.9, about 21.8, about
23.9, about 2932.,,and 3Rk 3Bidcr | N further enbodi ments, the solid
form has an XRPD pattern substantlally as shown in Figure 1. The
present i nvent lbspmfepmbadiments.&/iitB%s a conposition conprising a solid
form ofs 4- ({2 {RDalnesiEeM) @i no] et hyl }

am no) - N- ( 3- brono-4-11 uoropheqyl - K- hydroxy-1, 2,5- 20

oxadi azol e- 3- c& W mbedimsnisR (568 Exanpl e 1). The conposition can
conprise at | easionahithdinlis, Bls &Rast about 75% at |east about 90%
at | east about 95% or at Ieat about 99% by wei ght of the solid
form The corrpé%i;cﬁecﬁ‘llb@élﬁle&tﬁﬂs% itBnt ai n a pharmaceutical ly acceptable
excipient. In spmmamediieeiFisthe solid formis substantially
purified. An XRPD pattern of reflections (peaks) is typically

consi d&t ed a fiThHBIGFIREISES LSS particul ar crystalline form It is
wel I known t hatm §dae duflodinietts, d isbensi ti es of the XRPD peaks can widely

vary dependi ng_on, inter I ia, the sanple preparati on chni que,
crystal size dl@? FTBRALT ﬂi?d’i“‘ls‘c’)‘ﬂié“‘?‘i‘t}“f’é‘f?’bep ArlpYFEo ﬁﬁP ‘ﬂ”d’ﬂ‘?ﬁi ng
proc edulr(e hs@élﬁi‘t‘)s‘oh@f@ﬁ? Islrﬁ‘ddhd &b rdfdrsd & bl:ﬂi&laharﬂimk Z ne loflmStélf)&)pbm&i s’ﬁg]@ es,
new peaks may be observed aqr exi t| n eaks sa pear, endi ng
on the typ® e}"t&‘FF‘(‘é’Pe’r REEPE AU, 50311’ Wlé ﬂgﬁa Oﬂﬁ‘é‘lrye‘f"?fgr t he

t erm 305 " paatent, EGfAﬁEﬁurta@ mcrfeitﬁxaguvurfeﬁmvs K@PD fmiraa, k¢ Solid forms, for

hei ght /i nt ensi ast about 49%.0f t Xi mum peak
hei ght /i nt‘?ﬁ?f’{c °anrt\)/5 cf’us TR Pﬁn‘gfﬁmq}ﬁ??‘ﬁ{e%n and other factors

can affect t he mfﬁrhlﬂtcﬂrsmﬂinaecﬂld Hﬂms@plnﬁakamﬁﬁfegammvitﬂlmﬂm&smg fimftse
reported he var t het a)

et or m ~SHBDE AERDy P # el s retins FYRR it o Rospmhaier iR
nmeant to eogustjrasslid fvemalov difernt Waeen salegnt adnfenn sThe different crbfsialhzlme sane
vay, &P efa%tcgsrc%n 15 %Qﬁm'}%é b)lf SRR C% &enzv%on m% %S suc%:As b}(')f(-ray powder




At various places in the present specification, substituents of
conpounds of the invention nay be disclosed in groups or in ranges.

It is specifically intended that the invention include each and every
|nd|V|duaI‘@%5%8W§ﬂwation of the nenbers of such groups P&RGSRAKEELM
10It is intended that the conmpounds of the invention are stable. As
used herein "stable" refers to a conmpound that is sufficiently robust
to survive_isolation to a useful degree of purity froma reaction

m xt ur e, aq%ﬁrabtl‘@f@ggp YO ErABPECERt IR eheds Sdbs tidernen senripg aci ous
t her apeut i GioRgR \E}\%(DS@),ﬂh&nﬂ at/ia%campﬁ@e Agdd}hssﬁic rts, biorf (@AY RS Of

the inventijon, are or clarity escri be he cont ext of
separat e chbikf fH’é]Fﬁé‘elPédéﬁt‘fé{F}?éo%foﬁFéwf%}bﬁ help d@@ﬁ%‘%ﬁ?ﬁﬂé‘ﬁ aid a single
enbodi mentgolveRvR-Seitynt, vVari ous features of the invention which are,
for brevity, described in the context of a single_enbodinent, can

al s0 be provi dEyeneEskech thepipsent mvpntion provides whiows wligsmpritatiZon. The
conpounds [@afm]ﬁ&selfd, E)@rﬂinb}éfhyﬁﬁﬁmﬁ}JM(%fonioM-ﬁﬁB}'@ﬁleﬁﬂ) -NOGAHEe 1319

possi bl e geonetrl iisoners. Qs and trans geonetric jisoners of the
conpounds BFURIE-HFERBTRIGITII et BFFeeld éfsweﬁ@ao%amﬁ&gﬁ spld fogmpst ed

as a m xt WiftineisSRITTh Sored endHdBRRPAT AL Md'f@rﬁﬁ?ﬁdb@taﬁtﬁﬂlﬁnhy&ob@@% in a
structure di agr%g represent ed: bi(eéa wavy “'i's intended to

i ndi cat e t9ARITF IES §8% FROPURWREL PSS B %bOP"rﬂeS%i |W§teb rles't' than ghorhls> e $@ier

(2)% Cg moxt (Lj;e@ ﬂ?ﬁl aﬁcﬁl@2%lv$at@|)dlrxt56@8$mb&ﬁxﬁ§{| dt§ tHe@ol@éDﬁérfﬁisQﬂ?’édttérQBd bya
rrpounso t he ve | so i nc eta me

Taut oner | CoIBTERSHEE G § DFF GRIATREn SHABEH Shg0t: (B0 LGN doDOdnPER an

adj acent Ckmlbﬂﬁneb@ﬂﬂe $odig €hrhe chatdcRrikdlebyQQIktRIF o bf, 61 ODSC bxidthem a

pr ot on. ou ds of e ventl on can al |soto es of
B o oco PR o Ak LG O et Sbede S foslid BodBenhsc TREaes
i ncl ude tm}sm"hmrm shawi Eidube?. slarfﬁthamﬁboﬁm&(ﬂtsnma‘ﬂﬂﬁfﬁuihadaﬁ‘léﬁf@m :

mass n ers. For | e, .isoto f r,Qaen_i nclude tritiuy and
Gout er i tvp o et B R Fneit el O e 4 o o o
salts theradge, abaﬁte3§a,®bﬁa92alahq/ahoso38a1°eﬂ1 fuByer embbditnams, itteel sbiyd form has
i sol ated" nt tha ound | east partially or
substanti aﬁﬁwgﬁ?ﬁs Fﬁatsngo“@hlf}ﬁ%lﬁean]tem in which it was forned
or detected. Paepiesdnt meqambmﬁmﬁler reavides A corptditioh comm@risaugialselid farm of 4-

conpositio I’I.Ch the ,i vent si.a
separ at i on(q i@imﬁﬁq L?B%ﬁamm et@ﬁ% g%'gjﬁ Igllnﬂﬁndl oar Tné’gsh{ ﬁg‘%ml{ﬁ ng% at
| east Uboudxadi8fdle-Htarbedsidaaie (fee Edhplal). Teastmmbitot cad@emprse at lews t
about 90% t o /ey I ut
DO 00 52 oAb B e By M R o 30 9
I\/bt hods f drywag:lt afihp golxﬁcfnqm ket sompaitioh edrr algadontgingrpbammacruiicedly iaprebialle
art. i C. f; the conpounds
descri bed %gﬁleeig eéﬂg’b ﬁ%&e%{é?ﬂﬁggcﬁﬁf l?m'g %trﬁg&%’&n erivatives of
t he discl osed mwmwmr@enum@e@esa erzpl@tiyr'p@nﬁdreﬁsﬁnmrhﬁe@ by
converk4n r 1R | es
of ol 15" TRERRBELS A, B By ARGy TBEY il b BURPTRAR)
HBr, H2 sozls)ancwdab)r vanileperdingbng e hlid,Ohesample @reperate tekhnigen zobtel sasi d,
tri f1 uor 0%%5&&%91&&%&%@ B35k fle ﬁx‘éﬁﬂtﬂ UBReSHE A A AGR: 3 kal i
(such as LI, My, of organic as trial anmoni un
sal ts of amtdiu@n? @mlméslnsse@h nﬁ@n@a;rq%wms @aaa@fs glaservagher cxifting perls maphe
salts of t&l&pgéa?%{:@ndfngw BeitfR of A8 iR BuR YR bIES séﬁgs f KOl Héemrl@t@;m

conpound whi Ch containS a basic or acidic noiety convent i onal
chem c3 nweHddsierspnwilattiop hadngarelative 1@1&9&1@%@@?@@%&@@@0@%‘% ef#be i ng

the free aﬁb)@m@ﬁl p@ﬁ@lﬁlghgfn%sﬁff M%ﬁeo%}eiﬁﬁru%ﬁm%l% aY:Mi Btﬂeléfactors can affect
stoi chiometric anmount of the appropriate base or acid in water or in

an or gani cthg itheéntaluce Thpy peakipsignmeatsoTich apdhasqepporarhereat Fap, vaRdiaiiicb us
medi a | kemghb@ont @342l Snd R terdf REBItiallys OPEOPARM confkt of XRPD

herein is meant to encompass the above-mentioned variations.
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The "pharmaceutically accept abl e salts” of the present invention
include a subset of the "salts" described above which are
conventional non-toxic salts of the parent conpound 20 f

exanpl e, fPEMAUMBxi ¢ i norganic or organic acids. Li SFETIH?ZO%‘W%I e
salts are found in Rem ngton 's Pharnaceutical Sciences, 17th ed.

Mack Publishi ng Conpany, Easton, Pa., 1985, p. 1418 and Journal of
Phannaceutical _Sci ence, 66, 2 (1977 , each of whjch |s i hcor por at ed
herein by ref efiHE&AmeVey, CmpppiTeds mgTWeWB‘I‘FPE%W’ﬂbH%@ SFPREH |y

accept abl ehering] PRGN Q4R bbut 03 TedePEnding ohhrsbs]ﬁstﬁaﬁﬁppuaﬁt:slrar settings,
materials, conpositions, gd/ r dosaeforms 25 whj c re, vvrthrnthe

scope of SBUHRE PHERFER *Fu gly, 8 grpaiine %remeedhme RSO th t he
ti ssues ofthdithBBEmRIbIGStalFtastRd WRnSnybL HOFEeX S AE & dlt® ¥dcbhinydate
irritat on I I e%o%ac response, or other problemor conplication,
conmen reasonabl e benefit/risk ratio. Methods of

Synt hesi s 30The\t cafopoplacts irhe prenspesfdation, @Mﬁﬁﬁﬂnﬁﬂommp@elapdsfamr ed in

a variety .of 0, .one skil. i C

Synt hest & el RIS Eu s BhE! e BirE e Byiihesi zed
usi ng t he imentiarsclad daek fidredry adivitkssuboambidagbov, thd :0gstierast sihtgfoups
synt hetic aﬁ?t hods known in the art of synthetic organic chemstry or
vari ati onsf ff8f€on as appreciated by those skilled in the art.

The corpounds fis fn’fméedl that ﬂi&tcbﬁﬁoméaﬂofb& mreaﬁar &el sthislanis mdihdrgm “stable”

avail able s artr e fol ner al t hods and
o ocedur ostepd oot s SehShil et Srafe RO i FRasRaRs o
process c qmdtytftcmns re@muoamxmmamdrpmﬁerhlﬂmalae of fesmulitioniigo ameffiencioat i 0S

of react an s, eﬁt?l yents, pressures, etc. ) are given; other process
conditions can al €5 be used 5 unl ess ot herw se stat ed. Opt i mum
reaction condi ﬁtus)fmsthmppmcaatyd thattchrtdiin eafuees bf ihe rentioe aweltidndrs forclasigl, vent
used, t it | n r d i art
by rou nedse(%; %e&ﬁrll?e confd fgéa ara?a em%%&ﬁeﬂ?s,%%u al?é/ be CIP gvslczelsa 1%%0%%43@0%&%
herein carsﬂixb% mdmneﬂomwwdvangusrfgamyofsﬂcﬁ m*adnhel wiithaod, fkrioevityi n t he
art. For &é@JEﬁLcﬁm i c%ﬂ%é%offa% Ll B0uGAR. 28 000 b J{’lﬁéhs %aréa‘{?%ﬁl%ﬁfop' ¢
nmeans, 10 such as nucl ear trc resohance spectrosc

or 130, |Srﬂft¢bétr9elbc®¥bemtlpmscopy, spectrophotonetry (e.g., UV-visible),
or mass spectr I JuecTelo

i quid chromat gg? gc%%p u%hg?ée %ﬁ%?}%#cug%ﬁaﬁé%ggﬁ&gﬁ%% &
conpou#tls ieryneas. {dsl heeorreaetlromfr@ of the chappds Cffthfcprwntamm@m arabl e
met N0d KNGl bt isclis aeéam&eofg&aagr@raegsaa@a iRelL s, A

pressure) on a suitable adsorbent % O, I'i ca “gel al um na and
the |ike) hqpéea%wclpreémram yepiesenigr RY B 3per lineh W&geaﬁwedw indicate that
di stillati@srusbd ﬂeﬁ@&h@ the chs"dr tHé"tRhd 198 hmer At aMBEENEIE Helcls%B iR isomers in
Preparation of compounds can involve the protection and deprotection
of vari ousslYREWPEAR- groups. The need for protection and deprotection,

and thgs sel ect 'C%ﬁlp@ind@-gpfhgﬁ}fvbﬁ{o% alRb HcREE ragmgsrje@&ascmnaﬁerrcefa% r¥sult
determ ned_by one skilled in the art, The chem strfé of 20 protectrng

groups canf®@ thoaweprigeopt ex%qﬁ&ﬂ bond rrlﬂwwesada%antal% ebongdy tagsiiher gvith th

Prot ect i Vel Mat thigrah@ai ooy Nt hesi s, 4th Ed John Wley & Sons:
New Yor k, 2006 which is |ncorporated herer n reference inits

entirety. Crpgoynds et the paemgipn papeal Sﬁﬁ%@geﬁeo B 219w OFfFER I B8in be

carried OUftethedsaidstorBh® cS@poLBIEL fsowbésqxhu@ar&mbeatbﬁaauvin\g k@6 hisliddy one
of skill in the art_of O%Sganr C Ssiént hesis.. Sui tﬁﬁ‘%&ﬁ{ sol vents 25can, be

subst ant | alSPeRR At 1gss i b FRex el iyiRpe OgF O AR TR EY) |
the i nter n@giesittds, or products at the tenperatures at vvhrch t he

reactions are arrredo t enper atures whi c e from
the solvent's H‘&?Bfértg"two{% f’ﬁ'«i‘ © LEPRIGRAD 5 %’iﬁr ef"‘r? e
t enper at ur@bsuﬁmgwemamaky sbstaiallyoieolted s @ebnOthbt thélcodipewsidh Maakt or a

partially or substantially separated from the environment in which it was formed or detected.



cycl ohexane, etc., or a mxture thereof), aromatic solvents (such as
benzene, toluene, xylene, etc.), alcohols (such as nethanol, ethanol,
| sopropanol, etc.), ethers (such as diallcylethers, nmethyl tert-butyl
et her (MIBMO 2a1&0458¥8ydr of uran (THF), di oxane, etc.), es{PETASEHYENTHS
ethyl acetate, butyl acetate, etc.), halogenated solvents (such as

di chl oronet hane (DCM, chloroform dichl oroethane,

tetrachl oroet hane), dinethylformarnide (DVF), dinmethyl sul foxide
(DVBO), ackertinh scparatiest ean inchidp.dor ex@nple, arempostidnsnrithod phibe comiend ¢diRA)

and N et ol T QL ARAPh MR oo HE oS QB s S LSS oS

their wet or anhy rous utio racem c_m xtures
conpounds ]éﬁhah}?éf 4. at least dhont 15, anlyasbabonpi §Pe4; etlsashabohtdi®se, Rtleastabont t he

art. An exgyapleleihg gngs} H9es afbsa@b%%%le WG NS é)%h@%k&%%ﬁﬁ&g a

"chiral resolving aci IS an opt Pcal yactlv t-formng
or gani ¢ acqrgalt @@ﬁleaMféhqdé% Wlﬂﬁy ergrenwls ferk théir sadis prgmeltine in the art.

recrystallizat }'Iﬁ@pﬁ?ehm%ngﬁ 8so hALaRXARRE %le cﬁﬂﬁduﬁ@é ciegcri@sg& he¥n. qﬂf\sluge%

such as the D and forms of tartaric aci l'acetyltartaric acid
di benzoy! thereirar $aét5”alféf6€f to derivetived of the diselpssd corapauadsadiettin theparérd cergpaindr

the vari ous QBibE8Y édﬁv&ﬁﬁg Aﬁeexgaﬁ@m%&%&%&y ?oq&s%u foﬁﬁsﬂaﬁmegﬁ%sgfts

racem c m xtures can al so be carried out ution on a

packed wi ticleds. B ere@at ligpitegide.iminernlagig) (sichas %@bﬁ@r (FeSgy) or organic acid (such
di ni t rgpenzaydip Qa&yuegéoy&acmemu%&abL&d)%mtdfgghlc%eélar&@&ucﬁQmaﬂﬁést hRg

can be determ ned one skil he compounds

of the in/&¥biaphi Ea#@@ég,&ﬁéﬁraﬂré@m (Fltﬁl aé%ﬂﬁpﬂa@me@rrﬁgalﬁs ﬁ’éacpcb%ﬁiﬂmﬁ 15

pat hways aneh 1:R6/M0LAH88idA Andi@s Gikd. 188 RELANE present Méﬂﬁﬂ&%@%&%ﬁﬁé&d
i nternmedi ates of the present _invention are useful in the aration

of | DO i nhfdp the parentgomaoHmd Jhick cariaias ?Pf’rﬁlct‘)h@“ﬁa‘? BYiEhYi CORVeS ové FhseisAd s

F15 of t heméthoRNGdneRllRBchteBCdah BE fref dSSE,h@e[EEné—the free A%If&%ls%%i%ls of
NI -C)2 OH am noSPH 00,  /ON depr otec I'ﬂg%{% -=="r NN-" 31.

- - - -1 1 1Byse pPaRpERtS i Spickiomphiggmo priate base Pa\wdl\mwatqr 1D NO

an organic solvent, or in a mixture of the two; generally, nonaqueous medla like ether, ethyl
acetate, ethanol, isopropanol, 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.
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F14R3F15R2 R 20Schenme 1 Referring now to Schene 1, the invention
provi des a process for preparing a conmpound of Fornmula F15, or a salt
t hereof, wherein R2 is O, Br, CF3, CH3, or CNy R3is H or F;, and n
is 1 or 2, W2@80P¥8ng a conpound of Fornula F13, or a S&FUSIHRYP-EHHH,
wherein Pgl is an am no protecting group, with an am no deprotecting
agent (Step M to afford a conpound of Formula F14, or a salt

t hereof; and reacting the conpound of Fornmula F14 with a base (Step

N) to afford tHESETHRRIBIPESHS Iyohon epnpe sreparpd o asdlntyabibletaiag a F15

can be 5 puktedidlLehiddlhd folldwih@bdnel AEhE BGRY pbeddided at J e WsirAGa&haent s
such as water, ethanol, MIBE or a conbination thereof In sone

enbodi ment ¥bergipical oppreforzed procqss copdiions (-6 rpactiop tegipprs st HFRRSPRPIE S2tioRn
i's Br, R3 fSedctan®idlvButh, rodsurdsietS PAYE 08 @Ak mBBdeSs coBditibr cfsh alsd ¥ uséd F,
and n i 1. .10l n sone egb dinments,, RR is d, RBis . F, and nis 2. In
some enbodishpihervisg siaed Ppimug magtion pondifiens Jay wary| with fhe payjgnlar reactants
enbodi ment &,solRerd nbed, Kt duch Bonditfonk canR detBmiifeddby oh@siSidien 2ehedy ks, R2
is CF3, R3is H and nis 1. In sone enbodinents, R2 is CF3, RBis

H and n | ®PUsHzaig] oIS embodi ments, R2 is CN, 113 is F, and n is 1.
A no protect i Mie glooespss dadeabdda@rbinbdah Ye thRbrédbobdr@iag totan$ yiliabie Sietholl O

prevent unwanted. reactions of an ami no.group while performng a

fesi rod  HERERGH G e orer SRS PRRBE SETRHG: G rpenisrsdy aibyeeats fee

at t achnent sutipashubliedrigenicatsofanasspattdscops (&) 'Bodri' ey, iohr@ad/paarokdopi t he

L o0en Lom VO AguS, TR el CELLAG SLOMS, SLRSSLLL S0 B Ry as

benzyl| oxy clégtomptmancdiquid Grorhdtomaphp YHPET )y i earchomploghpliyodhe and

o) Rt Sl by PHSTPLel SEeB GO B e

| kg) , ar ydralHoe mlarr@_@dhom&og‘lm‘h&ymﬁdiﬂih pieesnyd) ned byitable bdsotblest(y. b (relidayge!,

(i), i e o e et onl G s eyl on

25and si | ydubliisateh, taigirdtent orbactyptatizaetmhy| si l yl, triisopropylsilyl, and

the like), are re%gr%or; & cgr_rﬂ;eJounds can involve the protection and deprotection of various
chemical groups. The need for protection and deprotection, and the selection of appropriate
protecting groups can be readily determined by one skilled in the art. The chemistry of

20  protecting groups can be found, for example, in Wuts and Greene, Greene § Profective
Groups in Organic Synthesis, 4™ Ed., John Wiley & Sons: New York, 2006, which is
incorporated herein by reference in ifs entirety.

The reactions of the processes described herein can be carried out in suitable solvents

which can be readily selected by one of skill in the art of organic synthesis. Suitable solvents

25  can be substantially non-reactive with the starting materials (reactants), the intermediates, or
products at the temperatures at which the reactions are carried out, i.e., temperatures which
can range from the solvent’s freezing temperature to the solvent’s boiling temperature. A
given reaction can be carried out in one solvent or a mixture of more than one solvent.
Depending on the reaction step, suitable solvent(s) for that particular reaction step can be

30  selected. Appropriate solvents include water, alkanes (such as pentanes, hexanes, heptanes,
cyclohexane, etc., or a mixture thereof), aromatic solvents (such as benzene, toluene, xylene,
etc.), alcohols (such as methanol, ethanol, isopropanol, ete.), ethers (such as dialkylethers,
methyl tert-butyl ether (MTBE), tetrahydrofuran (THF), dioxane, etc.), esters (such as ethyl
acetate, butyl acetate, etc.), halogenated solvents (such as dichloromethane (DCM},
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skilled in the art. The chem stry of am no protecting groups can be
found in Wits and Greene, G eene 's Protective Goups in Organic
Synthesis, 4th Ed., pp 696-926, John Wley & Sons: New York, 2006. In
sone enbodWieHI1&/005PEi can be al koxycar bonyl (such as PCT/US2009/049794
tert but oxycarbonyl). 30The am no protecting groups described above
can be conveniently renoved using many avail able am no deprotecting
agents that are specific to the various gI’OL)I'E)S nment i oned above

WI t hout af $ierefops dishinspethsas itstmehlerapthinsh dimsthyifhmnastdg B The

tert-but OX&iﬁﬁﬁt?EﬂYdmcﬁr(DNﬁc}} aa@etQ& sRmRNed (A@N% hexat})xﬂmha/sﬁﬁatamlfdt om t he
nitr ogen at f or exanp ﬁ]éé t I‘ eatnent wt an aci d SUC

trifluoroa @aaéﬁ‘hmettlﬂlma a¢ APk Saehwiventydtwﬂsestm@nlaemmah@
the |ike)anhgare@iiniiati on of reagents (e.g., nixture of acetyl

chl oride and rret hanol ) known to generate an acid; or a Lews acid
(e.g., BF3. Et 20%esolytos of ey gyixteEs HRyIOMds ean bespriBov diraweef Tpmeigus

hydr ogenol mg@els khéwimnttheari Ad S8R Ple 3lefiBd lﬁcﬁ{de%ma?yec%aﬂ&a%@ﬁ H&!ﬂg a
wi th hydrogen and a cat al é@b (such as pal |l adium on carbon). somne
¢

embodi nent schmt resolyireseids whish isoneetiqaly 2diye selt- tcalﬁms@raampfawdoﬁuﬁéd@t ic
acid. In semyieshests E’@%&omﬁtﬁ@aﬁs@ll’iﬂﬁt&ﬁﬁé@&ﬁ%‘ ﬁgeﬁ%w olﬁfamyaécﬂv%

trifluoroacetic acid and >0Q. 5% vol une of water, ,>1.0% b

y
vol ume of 3fASeirch astt %@ML%%H%@%@%@&%@Q&WBW renzaytetarigatdr
f rom ab®ut mafehiacal) ulic LQaNc e sHme @Eoﬂﬁﬁ:ﬁéaﬂg%&ﬂ@cﬁ@ﬁﬂéhu%{@ dcfis.
about 20%%vol ure of water, or from about 20%to about 50% by
vol une of Rafion g racemiremix BERs Grhl i & Carried ou by SBItiER ot R PRgkesgeitan
can be a léptisalytadtie r@é‘oivﬁﬂgl dgbi Q. %ﬁ&b&nﬁ%ﬂlﬂe@ﬂ@y&@é} SithHle @uts sSHRBL | C
rati o of about .98: 2. ? sone g odi [Tga the am no deprotecting
agent can BEPRYHTLERPEATERREAGY OB BP9 n a sol vent (such as

water, THE, or Tié eomgtapds dfmesmhn@rﬂa@m ﬁEISEr:ﬁl, for Bty Qe thOfeh&tioaci d

can be. pres n oncentrati.o about N, e.g., about 1 N,
cbout ¥ N Dbt e S AR ulan 6 N, abour TN, “about 8 N
about 9 N, or amapfocekﬁbsrahd M@Meseﬂhﬁd*mtﬁenﬁohamdsaﬁme@tp@amﬁaﬂ

15 be perf d_.i. coh h.as iso anol

enbodi nent%{lgﬁﬁléh@{oé %): @5#?{68@3‘50& ‘H&n‘?ﬁﬁg ? %?rﬁ’é’?%t’toﬂr e
from aboutared@cxﬁbeﬁmMQuHGO C e.g., from about -10 Cto about 0 C
fromabout 0 C to about 25 C, from about 25 C to,about 45 C, or from

about 45 C to about A—wloase can be usel,gi fojf )zchne conver si on
(e.g., hydrolysi<y bk \rh/L xadi az8Bne Wi G ¥ 28 F14 tauseveal the

ami doxi ne in F15, opti'anal in & solvent (%@B Schemg 1. The
protection of the am doxi as" t he oxadi azol one Be useful to

prevent adverse reactifhs of ®t he hydroxyl grdé#p orRthat of the

arai doxi me as a whol eﬂ_i D:té;se C?ﬁ? be either an organi c_base such as
an acyclic am ne hyl an®fe, diisopyepyl et hyl e (D PEA),
etc.) or a cycl® e\( ., py®Tt oﬂlHPd nepgtﬁsgm«w hp?%:? ); or an
i norgani ¢ base such asoal K (e Goagicvd  NaCOH, L7 OH, N (O—|)2
etc.). The base can be nade avallabILe inthe formof a r *(such as
Anberlite and the likepa InR Some further enbodi mentss the tase can be
provided in the formof a solution in water such as about 2N sol ution

(e.g.., about 0.3N,sol ubjmn, outy” sol ution,, gbout 1. '$ol uti on,
fygtee 3

about 2. 5N sol uteiesging fm@ﬁﬂneﬂf{eﬁ abayt, 5 %4 J.om about
5N to about |0\1—s§1|‘;unén) I'n' g, od1—n‘e1°rts!?£N {ku%s i's an al kal i

metal 30 hydroxide (such as, sodiu at oXi de). In son® enbpdi ments,
t he base can be 2N NaCH sol umon in water. In sonme embodi MENRS, the
sol vené&can be net hanol or tetrahydrofuran (THF). In some ®

enbodi fients, the Step N (Schene 1) S&femel perforned at a tenperature

from about - 10 Refdnngabeits sa&nﬁl ﬂxe@wenﬁoﬁ@fﬂvﬁﬁ@&lﬁ)mcég’ OQpItegaragaut 0 C
from about coglpguﬁdoof%brmu a 1215 ora sa{t rgre% O ere Ei{ (EloBra%%l;, CH;, orCCN ORr ]Sf jom
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20 e.g., fromabout -10 Cto about 0 C, fromabout 0 Cto about 25 C
fromabout 25 C to about 45 C, or from about 45 C to about 60 C
Organi ¢ conpounds can be reduced to a | ower oxidizing state by using
reduci ng adeh2E00®REBucti on usual ly invol ves addition of PAYYSHYUHITI4
atons or renoval of oxygen atons froma group. Organic azi des such as
FIl can be reduced to am nes such as F12 (Step K, 25 Schene 1) by the
addi tion of hydrogen, either in the formof elenental hydrogen or,

usi ng a hydF #1184 ey reaging aromrad|of FoqmulmFil3 orsalt Ehﬁ’@c’ﬁ @¥in Pesi ng
tri phenyl phosRkl f6tectRb ghtb\GiPanGaiY d'é? te@ﬂngojgeﬁq dlym) 'td)c@fo?cﬂa compound

n

chlorotri rre hyl'ﬁq_,l ane, and net hanol some enb ment s,

conpound o FIg, priaxalt Hierqgs aafb{ea‘f%&wwm%ﬂdef ﬁzjmaiacféﬁﬁefh At

Formul a F1($tech) tPafidd the bhBFRAd of HotmSle FES, erﬁatzdmm&%f Férh@larFasug&iteg can
be carr ed o] f%}{n the, presence_ of sodium 30 i

chl or ot dion gheporysip AR LS g SOL R S @gﬁwﬁ% AfanoL MEPHR 2ar
rati o of seibiEtidOEé and chlorotrinethylsilane can be about 1.0,

[ f d:lb mEéget. and chl hyl si | b b
Some’ enbodi non b HPOEFRIRE iy BT BTe e be added to the m ki ure
sone enbodi nen e 'e added to the m xture
of FI 1, sodi umﬂsoaﬁiedﬁo&ﬂdntamzhﬁmok3a$ gndsokption in methanol. In
some enbodi nents, Ste Sche 3C?<‘n:ﬁagi g) rforrred at about room
t enperature, e&’b‘?omefe ﬁéﬁm%%& %IC?J‘t’B gt from about 15 C to
about #0C, fromnaubﬁmnbaﬂiﬁeﬁta,féb@m;&%ﬁmindfm@m about 25 C to about 30
C The am no co nds E $0 ase may prove chall engi ng
to obtain in s r?ﬁﬂg‘t% tfﬁd%éé?%r?h Iﬁ?‘ﬂ’ét“é’?fn ned by HPLC or NMR
spect roscopy aibgsdreenbbiimenty\i2lieCH;, RbikF;a’iﬁenﬁm ng to be bound by
theory, it is believe a e, es mght be difficult
to purify by siti¢s g P&Eﬁ?&ﬁﬂs‘&ﬁa% ?ﬁ@?ﬁi BT‘i ncreased high affinity
to silica gel dltsodlsben‘tbodmﬂ&m eﬂCELeE laﬁraanchrnsdurl ng purification. In
such epbodi nen Sc)mref L g'f @ﬁ and ; the conmpound of Formul a
F12 can be puri (feﬁly rea |ng e corfpoun of Forrmula F12 with an
am no protecti nfgnacgpntectmg gafupoard reguiedymed idorgdnidsynthesdisto bikRént wovanged
salt 10 t el I t 1N Thi,s .pro
(tep € ) et orMRREL BBt SecBoRbel ARLES AR R ol A Rh &SR 5
t 0 provi degrenppalldw basylcoplepiotinchuwht tFemitwken Fa as welbasselawive plgavieefrom

(step ko) PERBUAS B VAL fribd frorclhde b s MLIediFRD SR 0 BGG"
prk :)]t legqu ingﬁslssg@mthovnﬁbm W-mel (ﬁgc)ag@mlsxyaaréowh&h?) ,Po one
S Efﬁl{eh:ty}]&y&pooﬁﬁ (F}K{ @ an'd'ﬁlevl\fkre)s gu&ﬂ ﬁ%_ A lﬁgc ﬁ%ﬁ&cﬁ Ebzgnat o

some enbodi ecting
(Boc20). | awd hediker pbayltash 8s mﬁgwa%nxlérlﬂu%@m@rk@pe%fmdwﬂ thegike) n

such embodj, eRlisuch BELAHI NBHIERMGE H&myﬁ&@ﬂ% tht%/l) aan'&l%?élﬁc@}

of renoving the Boo protecting group (supra f errboo’ll ment s,

the ami no @proelbdioregl arkihe hkf% %ﬂa?@ lepay! Guch aﬁ&%hﬁfﬂrﬁﬂé thedikel,
triflugy 0%@%11;‘%1 (gé%l‘éh & t@z@-@ut?rf&ﬁnéﬂi;}fa@l}h trﬁﬁ%fo%?l@a'lﬁ Yanl &eqiké)oér}é RRwd S U as

wat er i oxane) sonme enbodi nent s, hydrochl ori c
aci d can w@lﬁsﬂ@s@ﬁeﬁuﬂwh@%@e@ﬁ%m mﬁwgmmcaahef@n m Wafpanst 1N,

about 2N, @Reitt GRbke .ﬁ@@ié@tzé l&ro@p HDrgBMNe f’f@%?og 4PMg. %9 @9@-92%“![0]3@19@1&& &N,

or about 10N. [n some enmbodi ments,_the t'ecti on can be perf or ned
in an al cotgr Ne( ¥k, 2808. slaﬁ%fp%mlzﬂdameﬂrSnP% Grrebealsiarhonyldsuck efgrtk  or

K' can be Wx@gﬂ;@g}&at a tenperature fromabout -10 C to about 60 C,
e.g., fromabout -10 Cto about 0 C,_ fromabout 0 C tq about 25 25 C,
from atut 25 Ehe FRERETRtecHBE goursdesrpid ahptnfen hscarv ey smovahrsEs

Appropri at ﬁa@laﬁrhﬁabE&hﬁﬁﬁeﬁi@ie@ﬂﬁé&g@dtﬁhkﬂ%e&ﬂc Qe ﬁkibdsl g@shph MedtitBedr t

and can ing¢l ude, chropat ogra stal i zati on, tion nd t he
e T SRS CHOUEP o diief ediera LA FOBE b Foreppyoarbomy
chr omat ogr @gplpycad Be SinloveR(e@e hydrdRgedpitom the dfogbh oL OfiP&ARgR, byt tfeatment

with an acid (such as trifluoroacetic acid, toluenesulfonic acid, hydrochloric acid, and the
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K' F12R3F121R3 Am no deprotecting agent Schenme 2 In sone

enbodi nents, the conpound of Fornmula FIl (Schenme 1) can be obtained
by treating a conpound of Forrmula F10, or a salt thereof, wherein Li
can be sel 8¥@ 24093858 al kyl sul fonyl (such as net hanesul f @6FIUS2005/049794
hal oal kyl sul fonyl (such as trifluoromethanesuffonyl), arylsulfonyl
(such as toluenesulfonyl) and the like; with an azide 5 reagent to
afford the corrpound of Fornmula FIl (Ste Q In sonme enbodi nents, LI
is all cyl stfPcrym mﬂ&?ﬂd%f?ﬁé%%ﬁﬁsmlﬁwa weivhshloridggadmetbanshtermio

produci Ng genbide!8QHRI drlaGeRii a0 (4. 2IBF Rt g?p 88 b&ry184)ctBorlyP BYRHAR be

include alkali metal azides (such as_sodium azide, got assi um azi de,

etc.). |n ¥BREeddper B}‘F'é?g"'é?}ﬁf’él fierp the nitfogen aiom der pamgienty EaenEEts odi um
azi de can BErdgsRshd arbafagxatxlsmtah PAllaWunlbn S QBbMMIA Qeederho RO Rk Aifo

sol vent f‘%‘? this transf]? glglal on are_ 10 pol'ar sol vents incl udi ng DIVF,
DVBO, EPIYCHRE 2goRlan P ritlyeraacs b B semae exdiodpnentscthip ampiao denrotpciige
out in DVFageStcoftaihs ﬁﬂﬁoﬁ@ceﬁ@é&&ﬂﬂ%%%ﬁvcﬁlﬂn@é%% L ries A Jlige of
e.g., from abou%sﬂé%yc to L?E)out 100 C, from about C to about 90 C,

or from ab&ife" golmsaf waer 2 Otabysphvme ofaien #@Wtaéc’“’f 8yadtp abrub Hito pe

carri ed ouby wllun@bsuatedGrom abolit HOMB aBéﬂ@Q@%'B?%lﬁmeSEﬁﬂeﬂo% ABuCA; fhed
out at abo %{OHS O/q??"%? The conpound of For a_F10, or a salt thereof,
i

can be obt wmaRieRee Bsowe %Eo%mﬂ?ﬁm%ﬂéﬂ‘@tegmg?ﬁ@t canbea’
prepar & i omixaire btheflhdtbREMRMidAne wattr A OBmNRE bt 88:2- In some
oxadi azol e- E'b%arb X] m dam de F2, has be% gl(gscg]ﬁl bed in J. Heterocycl.
Chem  ( 196B}0dsucnbsthe o dRprpigciing agheind Suirpbiasicqcigyertighally o lient
its entir efsysh aamdtet ﬂmcwnz@cram)om dubh éxﬁﬁﬁ)dﬁﬂiﬂn&[ O B¥dré8R1drd a&laSant& sent

S0 her ot n B PR TR 48 bt R AR L e ol P Zﬁb‘ed

secondary #boutr¥as, dabowttl8diahent &M, aeshottidtN. clantas émlp:rdﬁﬁ@cst e deprotectlon can

f t It
et b oot 2 S et T MR P U PR 8 Smat 1y 1 1
sol vent ( s{fchenmsl) ednhhel peefaeted ey temparhthevieth diputadtitC oabonfs0 &b, ey, gaai ¢

pace (suchugs A6ICLINAD-Borgn PLTFA- Loy aonch Ahe tbl, aenciated: o

t he reactlon rovide am doXi ne co
t he corrpoumdismsaboht%s’Cﬁdabduma‘}Canspose the am no group on the ring

b dth t d

carbon and | he SL0BSLAUR €L 15 BLTE L3800 4 RSN SomaUnds

NaOH, 204 0H 14Nt tc@pdl 216 aftdido@NSBin s cptiemally ke)solvept(Stemd] Sohema 1)a Ths oI vent
h k f.l

g such as Wab@lon@k L ha aakdoxﬁﬁe%{thggﬁ?cg&mé %a%%g use%ﬁ ¢ I'mge)m %d%?ge rrégcno%sxolf

80 C, abouthe Bgir@y! grioepier thyof G alahﬂglsime 24 Qwile. a’ﬂmhaselcﬁﬁ bE&eitteboutrgabB80 C,

about 100 € SPF M anBROLE, ol Bt Rl tes AR PR ora
act :j vat ed evslicarsing tsreo mplwbnempmdlmeh@c At it inougami¢ bafEs such apsikadideeous
ot 0 AHO% S0P OB NGONRIAEN 8 b S0 0 PRBL il Bk U 26

acetic aci ss for

aci di ¢ m xushes dmbesite znd fe likpaetpniedingher emprditaents the dfisc gtrotstprapided in
such as ab@utRQr Qsol@tlﬂﬁ% wélgr $rch ADBH ZﬁQsoﬁtl Dtk 0 G Guli, AR ﬁQ{e

Dl AR
di ssol ution. Sodi um chl ori de can be add O{P%a solution and t
treated wi PRGOS solsige gbout W@ﬁlua@m ff@’@tab@ﬁéleya@ét 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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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 nitrite reagent is one capable of providing a
nitrite aniVoA2018085PT% e reagents include al kali netal ni PETUS200K045794
sodiumnitrite, potassiumnitrite and the like) and organo nitrites
(e.g., tetraethylamoniumnitrite) which includes an organic cation.

I n sonme enbodi nents, ethyl acetate, THF or dioxane can 15 be used as
a co-sol vent. TR&tgRk (Behsme). e rpewnd of Borawlpdi1a gambe dhtadiied hrtrpadinafi nes

such as anidrfesd of%ﬁhwﬂ@?ii xragauahepéak  ith TR XENLabSHEN oS, SRR o
water, ethanol and the likeé) at el evated fenper at ures such as about

50 C, aboutolwot 69110&%\2ﬁ tf%n@t ofthossul G nextuggwith angwsagic bassdaeffard theC,

about 110 femRlnddiPetmull2P1C, Tmta;m%imafne 1 thhGorRk § SRRGS :8inedN2 to a
i nor ganl c base (such as | CHCO3 Ié:hg)r ovi dp aryl'am doxi ne F7.
L

In some’ enBbaryhure 13 pyieg ryoiesisd yane-eul gife e §8d Thepretsated

form of ana@ﬁ@@@mymmue%belp&p&@mﬁ%ﬁ%ﬁgnﬁ& intiiGedc- A SRNFE. ARSE
can be added to the reaction mxture at an el evated terrperature The

ani doxi me PARETIBEHAPICEYd bF setepted diom ans Af e Piotes g RRps iaovern the art for

oxadi azol op@tebiBighthirks r su@ﬁﬁ&ﬁaeél(s@m) NindaAe kRbédiklots, PR @n80kvent (such
as ethyl acetate, djoxane, and the |ike) at el’evat ed

t enper at ur@léoxé’&a&ho“é@sg&%ﬁ‘ﬂch%‘ed b%%%b"&@l)énsaﬂbﬁbo‘?’@“eﬁs thhout 80 C,
about 90 GCalk@ycatBongMtsulié hloride Rar Wi dBONREd BF wé@ea@ﬁon'-‘a% afe @BoHoN@AchE,

cgent. knourlbergh (e Alcof ot Pl il SheRedton mpstaiel DO aha

G eene, G aBfepriass BIvekte &r kileretdtion pRlule) by Gadtit azmswtohmgematéatsbivﬁds , PP

24- 30, John W & Sons 2006. . For addi ti on of
o o 11§ e S S Be an B R iR ranie Ao en Doy esie AL rRLH i .
e. g].c , f I’Oft;hﬁbﬁltﬁe éhg]&)l@eﬁ@atMgﬂﬁr%ﬁmdﬂdemequﬂyoc amifle fuch & 180 aacbmut 0
C, from abou to r om about to

O om oo St d St StRgl ol The sk otman b R o ambiss Sk
such as a ksai—:(:[gg}aﬂ@mmb geﬁiethﬁzhm(j}ne d;@@dbpydﬁmlhmﬁ@(m?mplanﬁlﬂe: likbye) or

et hyl acet at Dr.i in E9 c bse

acti vated gs?ateﬂ?&(f ”3?% g )f\é’@?g%“ )dlaﬁ}”%y@%&e%ﬁog?&t%ﬁg‘g
with LICl, amigbs ldm;ilﬁl)sommrabcslahenmnthe oganbbas c@iHMetHﬁlﬁmaé eInGOmDCM
and an organ ba to 10 ner at ed such o
triethylam nnbecdor % %IeolfedtP d%?a F:‘mperé%lﬁe ?atgtofaibgm 60°C,
al kyl s@0f oayl fi¢re alyzui -I9EChanestd f@© rflyotn)a,boﬁté)l °Gab kbduszﬂ ‘TCblﬁyin apant@s ’Cto
trifluoro anesul f i~ (e.g., toluenesul fonyl) and
the Iike. ”%12 corrp!e)rf?%’x@fatﬁéett%ﬁgﬁl?g% cf'r eated wi th any nucl eophile
f or di spl acener¥g{mueimpasndyparbiiedmedtanileyg onflizing etatedansing regnang L'

Caaryi D RERPRRRRBN I o8 e bR P o (DBl P

- - - 1. . fia2gragp] 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 carmried out in the presence of sodium

30  iodide, chlorotrimethylsilane, and methanol. In some embodiments, the molar ratio of
sodiwmn 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 ¥11, 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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H2ZNL N...(-c-OCH3 -....... baseH 1) H3C0.__ }... H3CO.----ThynNin
11H2 1 2) base/ \ finAN N _DF4 5Al ternately, the compound of
Formul a F12 can be obtai ned through a sequence of steps depicted in
Schene 4. WERREWGHPHFO5958PCT/ US2009/ 049794 N-OH 0 WS | | PCEQIS2009/049794

about 10 °C to about 50 °C, from about 15 °C to about 40 °C, from about 20 °C to about 30
°C, or from about 25 °C to about 30 °C.
The amino compounds F12, in some cases, may prove challenging to obtain in
substantially pure form as determined by HPLC or NMR spectroscopy and the like. While
5 not infending to be bound by theory, it is believed that some of these amines might be

difficult to purify by silica gel chromatography due to increased high affinity to silica gel or
due to unwanted degradation during purification. In such embodiments, referring now to
Scheme 2, the compound of Formula F12 can be purified by reacting the compound of
Formula F12 with an amino protecting agent to afford a compound of Formula F12°, or a salt

10 thereof, wherein Pg?N is a protected amine. This protection (Step K') can be followed by
purifying the compound of Formula F12’ to provide a purified compound of Formula F12°
and reacting the purified compound of Formula F12’ with an amino deprotecting agent (Step
K"} to provide a purified compound of Formula F12. Amino protecting agents and amino
deprotecting agents are known to one skilled in the art, such as those in Wuts and Greene

15 (ibid). In some embodiments, the amino protecting agent is di-t-butyl dicarbonate (Boc,O).
In such embodiments, Pg°N is tert-butoxy carbonyl-NH, In such embodiments, the amino
deprotecting agent is a reagent capable of removing the Boc protecting group (supra). In
such embodiments, the amino deprotecting agent is an acid (e.g., hydrochloric acid,
trifluoroacetic acid and the like), optionally in a solvent (such as water, THF, or dioxane), In

20  some embodiments, the hydrochloric acid can be present in a concentration of about 4N, e.g.,
about 1N, about 2N, about 3N, about SN, about 6N, about 7N, about 8N, about SN, or about
10N. In some embodiments, the deprotection can be performed in an alcohol (such as
isopropanol). In some embodiments, step K’ or K* 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 25°C, from about 25 °C to about 45 °C, or from about 45 °C to about 60 °C. Appropriate
purification methods are known to one skilled in the art and can include chromatography,
crystallization, sublimation and the like. In some embodiments, purification can 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 extrancous 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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CO TFAA H2N NHH2NF3CN // V111 0 NNG 00 N'N R2R2 F260 (C61-16) 3NH
TFAI (i1 -Pr)3Si H (C6H5) 2=NTEA Schene 4 Referring now to Schene 4,
in some enbodi nents, -the conpound of Fornula F12 can be obtai ned by
reacti ng aVZwomivesessof Fornul a F24, or a salt thereof, RABUS2G9/PEIN
is a protected amne (e.g., (C6H5)3C-NH, (C6H5)2C=N and the |ike);

wi th an am no deprotecting agent to afford the conpound of Formul a
F12. Treatnent of a conpound F24 to replace 5 PgBNwth NH2 (Step Q

can be acconpl i shef: by ds for the depP gtl o] é; oharticular
amine protecting g ijugwn t d' 4R ERM | ed i t, such as
eantl ve u@n Or gani ¢

those in Wits and Geé@el
Synthesis, 4'h Ed., pp 69 ohngW 1l ey & Sons: ¥ork, 2006. In

some enbodi ment s, when rzhe 3N is (C6H5) 2C=N, rirhe depsotecti ng agent

can be: an acid such as a organlc acid (e.g., hifluoroacetic acid,
net hanesul fonic acid 10 a colgppoy ganic acid (e.g.,

hydr ochl oric acid); hydrogen and pal¥adi um or acidic hydroxylam ne
(NH2OH). I n sone enbodi nents, when #ShkeesRgBN i s (C6H5) 3C-NH, the

deprot ecting agent, Caboki (élltggft%&ppﬁrglat?%m‘gﬁopt ((§&h%{i‘1]e§§ca§1%fs MrrRanst | c

aci d net hanesulfonic aC|c i‘ona
or ganosi | arretingnepmpgent ofFdropdd Fiddpranalt Sreroo aibenqini Ly cha bnnelﬁctadrﬁr@:m a.

I -H bond and
Or ganosi afitsu %’ﬁ’e&g%%g’gg%ﬁﬂcﬁé@%&wﬁm g%hagne Si -H bond an

the 15 rest of to SI I CO re alkyl, aryl or a

combi nat i offleeremetbinesutionylp petsulinybisuchrs stlraawtfondond the like; with an azide
triallcyl sllapg, Qﬁmﬁ 'the cbﬁlb&Ln%PF&RMla)f&h '(@@@) In sfoﬁie%lsbcﬁinlzﬁy glfe. 0.

tri phenyl si|;ane | met k% | ane he step Q can pe r f or med

at a tenpediafyt @nyrl r W%lmtslq@l apiprepgsatnapade cépr@u@ng a nwﬂwlamde 10
C to aboutj,f) ﬁﬁp[&@ﬁ%qgi%gntgnﬁzﬁd@ﬂ%tméé agdesf(ElQH‘a%% a%@g%o&a@smm

about 45 C, or from about C to about C. 20Conpounds
are pr ot ecizsls dek dnaursoRiaPa eabedimeTe s egigarcagrnbyich treofmze R be

reaction Otfset?-in(b@ﬂgin&id:anﬁth%glﬂm%d?&ee p%g)pﬁﬁtb B itsFHA tH8 FrasfAmbiibnlahe
presence of a coupl.ing reagﬂ:nthé he coupling reagent can be

a conbithatRuH sefrenss ipdpdipgly @dé‘ﬁ%@ borsese GRpEREH: AP { eang. |
tri phenyl phaspizi 8&in OME. Jtd J QY bOORSIINuNA af Blehted temperature e.g., from about

49 °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 HCI 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 F5 can be achieved by the treatment of F4
with a base (such as KOH, NaOH, LiOH, Mg(OH),, Al(OH); and the like), optionally in a
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tributyl phosphine) and a diallcyl azodicarboxylate. Diallcyl

azodi car boxyl at es possess a general structure: ROOC-N-N COOR, where R
can be an al kyl group (e.g., diisopropyl azodicarboxyl ate, diethyl
azodi car boWQ 2118005818 di - p- chl or obenzyl azodi car boxyl at e PCTANGRG08/049384
intending to be bound by theory, it is believed that am ne protection
with trifluoroacetyl 5 noiety (such as in F22) prevents side
reactions and i nproves the yield of the secondary am ne F24. The

hydr oxyl gPHEH (Bich a3 Verertiansl stylsae ghyosl endrihqlékey aid spdieng the reppfion
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t her eof , \?\ﬁék e geidig Hiﬂ’(%?‘?d”fg? cqedEbgated tppdemnsratuge ababputidh 8¢ cysh asghept 30
coupl i ng reageit 40 T, BoRViEHE, bAdoGBIPOUN sbhale Fodtba Sethm HloRREEn be
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about -10 %d?difo Hvietutgy a‘l‘%]th@l. fated pitg giig ggesentodushraapeiipnally ke, from
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\(Ni t hh1, 1 -ceﬁa‘olm:lﬁbl tovillirgt ri@izaingn( &ah)area%lentgﬁbiug@akdwm&ﬂ nﬁl‘iﬁ%.g’.?%ﬂium
such as et cetate .or THE), .at .an el evat te rature, such. as
Chout oo citte pRRSiR St BehpBho SRt e, SHREL B TEE e or
about 90 Gyhithondodey e brgiiecaginh, disbive ehbodanmpoethd Scdtdd, THF @Xrdimrzek one
F26.in .turn can be treated

prese i n._conpounds .F26.. . These co nd .
Wi th UF f ISOPRRS B TS, TR GYPT ARy cripled O AR CEREHSHS SDoM
THF, di oxaniliags, optioaslhyih a pclet mivept (suehbhmethirel snes edindandihg dkd) et base

compounds T30 PSSt IO b AT ik TR0V ol

be obt ai né€, hput YEAEE] abgutal 16 6F o awht 630 FH optichallyRR the posserge sfdntindriice of |

with carb L im I to.afford .a.conmpound of Fornul a. F26,
or a salt %{a#e(ﬁgi&]@ %Tlf@am% ptr%vé(%c%}ﬁ%%i&%x &f T FOYRUF & WY fre
trifl udr odewsing ashiad be devided afthofoon bfem aqusvpotshdions InfomereinbodsRhts,
Schenme 5 the inozgax%{)afeogkﬂ %ag&)\é’té fe %%h@o%éml(e%{t %Pelgra}ed?endpep SredTh%n the
above description o "t sdnobu” react | on, anot Rer aspeé‘% or ¢t he
i nvent i on apyidpxingeiinctiopality oY dan thep bepratettadasanosniiaulode winglol mattan#ls,
or a salt 4. ' et el 0
et udi ng SARLE0R CUEL SclenTa KAt iSafls HESR IPHEY Bloppeea
a conpoundemperayeniurhasibog 50 *grabaquthRI°E, dbhetr78@SE, abmirt 80 °6, abowH0iGgor
r eagenys, i bk Y i . r

N5 WBbia0Fd YR 0leBR be Kbt Be Jfierddl il b PLBSY in 18

di chl oronet hane), to provi e conpound of Fornu SOme

enmbodi nentusing g fictoxy daproteptingegepdmbwn treeheakilled indhepet such pethésednVasoud

-10 C to ahede 6Rekers HoMerive GHARY BRMnic SRt Q2 8ROHS 203 roil B, about

0 Cto about 25 G from abf)ut&‘g}S Cto about 45 G gé t?r 3m. aboﬂlijgty 45 C

t o about @n@}\]e}a@{qﬂgzm (‘opexample, by addition of boron tribromide to a cold (such as from
about -78 °C to about 25 °C, e.g., from about -78 °C to about 10 °C, from about -78 °C to

30  about 0 °C, from about -78 °C to about -10 °C, from about 0 °C to about 25 °C, or from about

0 °C to about 10 °C) solution of F8, optionally in a solvent such as a halogenated solvent
(e.g., DCM, chloroform and the like) or ethyl 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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\. NO H2ZNH2N Hn basel\1'O N R2ZR2 F14Ft3 0"0 HZN NHn / \ N F15
Schene 6 Schene 6 delineates an alternative route for the '

i ntroduction of the sulfonam de group to the am no conpound F12.

Tr eat ment W0 F1R00APIBh sul fam de in the presence of a baB€T/[US0804R)94
such as an organi c base which can be a heterocyclic base (e.qg.,
pyridine), or a 15 tiallcylamne (e.g., triethylam ne, DI PEA and the
i ke), each of which zan optionally be used ,as a solvent for this
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can be cardikygalifonl (ad., edieiadnEenyl e RGIBAMITES/] SUE, NriBsorahbinesh B8O,

T8 6 ﬁﬁ%ﬁ%ﬁ@g 2*3 ey Pac&g@%éﬁ%ﬁgamza@@#s i@%ﬁﬁé%ﬂﬁw th
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desired ani doxi nes F15% h the pN éence 6)fa NP e ( fép N' . The base

can be either an_prgani %t base suc as an acycl ic am pe (e g.
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(e.g., pyrrolidine, pi Berl di ne ﬁhc , or an inorganic hase such 25
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like). In some furtkher enbodicﬁ‘énts the base can beNprMovided in the
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Scheme 3
5 Alternately, the compound of Formula F12 can be obtained through a sequence of

steps depicted in Scheme 4.
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sol ution, about IN solution, about | .5N solution, about 2.5N
solution, fromabout 3N to about 5N solution, from about 5N to about
10N solution). In sonme enbodi nents, the base can be an al kali netal
hydr oxi de Mezho/aE9s8sodi um hydroxi de). I n sone enbodi neRCs/USLdIR0{92%&e
can be a 2N NaOH solution in water. In sone enbodi nents, the sol vent
can be methanol or 5 tetrahydrofuran (THF). In some enbodi nents, the
deprotection can be gl?nrformed at a tenperature fromabout -10 Cto

about 60 C, e.g., about -10 C t@-@bout 0 C fro abqut) 0 Cto
about 25 C, fri a NG 25 Codio amgu_t(ud}& O T OFE 5?= €to
about 60 C. Henéel phis asyect off tiherinpventigorr pr V|Ndé,$ rocess
for preparing a conp reof Formul & F a salt ther®of rein
R2, R 3, and n, are asjdefined herein; ipcluding 10 reacting;a
conpound of For mlFa F12, or a salt 'fhereof, with sul farffte and an
organi c base to afford a corrpounok ef For rrul a Fl4, or a sg|l.y thereof,

and reacting thveﬂucmqﬂbund I)a=0F14 or a sal/t\%};h\g_rgpf\ﬁowth a

base to afford_thE5coppsitd | a F15.R7%1 _ HN sént

i nvention furthepougg'rgow des a cd:wp f Fof-!rrul a F9, , J_F14, or
a salt thereof, V\,Eereln R2is d, or CN R3 H or F;
and nis 1 or 2 151 n sone enbdiai menpfs T 3 1f2 F, Féatnd nis
1. In some enbodi nents, R 2 is Br, %l%l I n sonme
enbodi ments, R2is O, R3is F, and n “TN She enbodi nents, R2
is d, R3|sF andn|52Insorreenb - i s CF3, R3|sF

and nis |. 20 In sone enbodi nents, Sghepg 4; CF3, R3is F, and n is 2.
I n sone enbodi m&f&j&gnﬁﬂrw ScHend 4, B%oméerhbodﬁﬁlﬁtsnthbﬁorﬂ-pouh@o%la F12

OO o ek e o el S e S 2
F, and n igotdcted\iddit @il K HMCINEHESAMINN &4 tHelide]) @sithibh ﬁmﬁaﬁﬂaroi@hfﬁlg
ON'---13n 'iliégntl}g a'1¥ford the compound of Formula F12. Treatment of a compound F24 to replace
5 PN with NH, (Step Q) can be accomplished by methods for the deprotection of particular
amine protecting groups known to one skilled in the art, such as those in Wuts and Greene,
Greenes Protective Groups in Organic Synthesis, 4™ Bd., pp 696-926, John Wiley & Sons:
New York, 2006. In some embodiments, when the Pg®N is (CsHs),C=N, the deprotecting
agent can be: an acid such as an organic acid (e.g., trifluoroacetic acid, methanesulfonic acid

10 and the like) or an inorganic acid (e.g., hydrochloric acid); hydrogen and paliadium; or acidic
hydroxylamine (NH>OH). In some embodiments, when the Pg’N is (C¢Hs);C—NH, the
deprotecting agent can include an organic acid (such as triflnoroacetic acid methanesulfonic
acid and the like) and optionally an organosilane; hydrogen and palladium; or sodium in
liquid ammonia. Organosilanes are compounds that contain at least one Si~H bond and the

15  rest of the groups attached to silicon are alkyl, aryl or a combination thereof. Examples of
organosilanes include trialkylsilane (e.g., tri(isopropyl)silane)), triarylsilane (e.g.,
triphenylsilane) or diphenylmethylsilane. The step Q 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 § °C 10 about
25 °C, from about 25 °C to about 45 °C, or from about 45 °C to about 60 °C.

20 Compounds F24 which are protected secondary amines can be prepared by the
Mitsunobu reaction of alcohols F25 with protected primary amines F22 in the presence of a
coupling reagent (Step P). The coupling reagent can be a combination of a tertiary phosphine
such as triarylphosphine (e.g., triphenylphosphine} or trialkylphosphine (e.g.,
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199 Schene 7 Referring now to Schene 7, conpounds F19 can be
obtained fromprimry am no conpounds F12 by treatnment with

nmet hanesul fonyl chloride (Step S), optionally in a solvent such as

et hyl acet 3®@201¢60568enat ed sol vents (e. g., dichl or onet hBAEUS2009/049794
chl oroform and the |ike) or ethereal solvents (THF, diethyl ether,
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PR Lt L L e e R e e S e
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enbodi nent the solvent can be nethanol or tetrahydrofuran (THF). In
sonme enbodiTtents, the deprotection can be perfornmed at a tenperature
from about - 10 OGmpoumgbhB2R calbe 6Ad«T)y atwg step prooess fiigue G’ adDOr¢no about 0

C, from abg f or
from about %%%, %d&i b%%?p%&[b%%zgg%noﬂ;e nt ?‘3% }a.’%ot %%n?%%ﬁgg%zoégcﬁﬂé
i nvent2n qptiondlly ésa wlygndewbd s ftbyl am't@paﬂPﬁ@ faandnpmdﬂdnmaﬂﬁ'@swhlaa F19,
or a salt Q i n a af-i
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conmpound of Forrmula F20 wt ase to afford For mul a
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embodiments, the compound of Formula F22 can be obtained by treatmg 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 triflucroacetic
anhydride to afford the compound of Formula F22.

N-O OH N ©
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7\ e
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2 =
. R P’

30 F22 R F8 R?
Scheme 5
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C'0_D F3F16 F17 R3 2F279,45) NH2 CHC NTh F19 Schene 8 Aryl or
alkyl sul fonam des (e g , nethanesul fonam des F19) can be obtai ned by
t he sequence of steps shown in Schene 8. Mono-protected 1,n-di am nes
such as F40VQ &01§/00598 commerci al ly avail abl e PCT/US2009/049794
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i ncl udi ng am nes t'#at @'ﬁ(g\ pr ot-eeted—f UMt |ﬁ0/\§ 711‘&)\ et hyl

am ne, b QRZ

F12 R? Fi4 R®
N'JOH R?
base Q\szo H i /@:
N HpN" N 7—(]\N R2
H n AW oy
N, N
o
10 Fi5
Scheme 6

Scheme 6 delineates an alternative route for the introdnction 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)z, 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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20 2-net hoxyet hyl am ne, di methylam ne or F33) can be coupled to the
chloro oxine F3, optionally in a solvent (such as ethyl acetate or

et hanol ), followed by addition of an organic base (such as

tri et hyl aniwie2089/08¥3BEA t 0 quench the HCl1 generated in t RET/HEHBY48TH
to provide am dwdnme conpounds F16 (Step C ). In sonme enbodi nents,
this step can be perforned at a tenperature fromabout -10 C to about
60 C, e.g

& o SissitioD abdte P Sarisdon o1 Sifinen rout AN Shioe o shon i Babeat

Rear r angen@hdohoibn.tflven ﬂmnm{mdsom oM sastidnd Antsomé EARSIHNSE, ihlaeasamm

o ovt de. cbhBELHERE % e Ept DSl oAl ity B ke ssr *°

treat nent befa 2R16aQH sdiutmnhxaﬁael( Sl sdmecesntis i entafid-folstehiCiah bé@é@uﬂoﬂor

Al h RL I I t h :
Gt hanol”. - QRFOY SrbS e Thra ritaf, BEIE e rb e kg PR et i on
m xt ure atterezb@atabédmtabnq:tet(h‘t(lmebmtgwc &l filomAbo@,-1 b tab@6 0 O, fadaout

90 C, ab Q 2 ' ' 10..140
&, abour  125t0 Cyafbely B8Nt baRoltas i e o 200 et e

or about Z00 HenceTthés agprctetheneveRlioh mavid@garaedsdorardanieg ecngsumd ofhl or 0
OX1 me F.:I'Sgﬂ%#m{ljlgg 1%?9& gallt%er(%g vﬁaJeZc tlgz ﬁlﬂ & ueous gaicmeglhgrem i>1(101u

cont ai ni n oric aci haII acetic am%l (Step
E). I thestipg ooegpsuddo! Fma:lazﬁﬁvezramabmembf Mtﬁ sﬂ@nﬁd&ndtanergaruc bhse to

m xture of, Ut
30 C aboutﬁ%gldo %ﬂﬁ}m%ﬁ @%ﬁ% }Blgf(g a out %gf Wt o ac ﬁ&le%owggﬁ%%‘ﬁ?
di ssol uti dii4, @@dﬂbﬁhﬁl@bﬂ, with elbase torefived thel danponnd @frﬁogmsi@FLﬁl on and

treated with aTHéﬁrEéeBﬁn&eﬁﬁ&eﬂ}merﬁﬁHvﬁfés %@c{?nc?%%dbout L%% SUC %}{& gﬁdoﬁas

an aqueous solution, at a te el ow
about - 10 sdlf theesph wherio R’ is G, B}' B ICHly aalsdUR’ & Hoor E;Iﬂncbéisdwrabout 10 C.

The n|1t5r| te reﬁgs%%ebgom@ntﬁqz{a Dﬁstpz{n‘a‘ﬁ'lgl ng a nitrite anion.
Nitrite reagents include al nitrite (e.g., sodiumnitrite,
pot assi um ni t r ftmgsELediments, RS )s %rnﬂ sFgadaiobnitrites (e.g.,

tetraet hyl am!@éoﬂie@m@b&ﬁbﬁt?kzmlcﬂs ik FC;JnH‘E‘?él an organic cation. In
sonme enbodi nents, { acet’ate, T di oxane can be used as a
co- sol vent . Th@%’ﬁﬁﬁq edimpRsh Rofs GlR IéﬁiaéiFlﬂld%?-l n F18 with aromatic

am nes such aspaRideleRBsdifdds R@gg(g;qnlaﬂllgy dnﬂn@s pol ar solvent (such as
met hanol , water, ethanol and the roomtenperature can

af f or et haneﬁﬁ%ﬁ%?%%ﬂ@ﬁ)m(@%% 1FF)an P& Zome enbodi nent s,

t enper at ures smng%mamgm;@{iz@@gapguﬁndms@ about 30 C, about 40
C, or about 50 _C can be_enp S%i his_reaction can be optionally

carried out |nI"(9r?BleﬁF3@§@WE’§S lsaq:ﬁtlﬁdﬁga?ﬂddubase (such as KHCOB,
NaHCOB) whi ch mmta%m%ameﬂaqkzhsrcmﬁw {s91 andafis an aqueous sol uti on.

Accordi ngly, anot h t, e ntl on provides a process
for preparing g“ ‘Ii?bﬁsré}ﬂ Iisl% ndp1sd-salt thereof, wherein
R2, R3, and n, are as, defl herein; 30 includi ng hr’ tlng a
conmpound of For rul a 0saI tMst;|hereof {, )A%{r}‘l Bhl oric acid,
optionally |nasolveri‘t as d@ka O2 t r eat ment vvlth
a nitrite reagent (such RUM nitrlte) optl%n@#n the form
of an aqueous sol ution, to af Eprd a conpound of _Fornmnu F18, or a

salt thereof, and reactifg the conmpound of For mif'a F1§ with a
conmpound of For mul a F27, or a salt thereof, tauaff@rd the conpound of
Formul a F19. I n sone enbodlct:rpnts Ht hel'co und of Formula F17
can be obtained by treati ng_ﬁ_comﬁ ©Orword "6, or a salt
thereof, with a base (such a¥ pot assi um h“ﬁﬁgf"om de) in a solvent (such
as et hyg ene glycol) at a tenperature suffggient to reflux the sol vent
(such as 130 C), to provide a conposeiknef7 Formul a F17. 5The present

i nvention further provides a conpound of Formula F18, or a salt
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0 Methozy H3CO-r-4-1-N "n /Odeprotecting agent HON N ,0, R4 pl /0
\-N HZN N m Hh\ N R4 Schene 9 Conpounds F28 can be obtai ned as
described in Schene 9. The chloro oxime F6 10 (supra, Schenme 1) can
be coupl ed W ed1ome# ocycl i ¢ am nes (such as conpound ofPCRAISALEP/A49794
F38), 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 DI PEA) to provide _

aryl a?n' doxi ne E?%en(lf@'tr@ﬁ tpSyheme;y, eosprouRdsid 8 Papehstobtaine  EOR PRTPETIHRP of
F6 to F36 @apohelsTar by @shuBsH: wath niemwdngr&&nwmeﬁsa @Jﬂ@ﬁ&lls%@a Selvent
about 20 C, about .30 C, éS about 40 C, about 50 C, about 60 C, or
Lyhasein

about 90 CUff parEReSSoleRE (§-hofiduriprethaneshioarfompand inlikad
in the fordnetferealsobante OIIEF, dithyl dthdd, didtAnSaAEhNRY) 1 tHB PeSencd d¥8n organic

It 2%2?2 Er]%%g @71%1%3 ul? &e %gxgesagedtI?CIS Quech r:;tse %%élgﬁiﬁcy{gni%eu(gg., ?r}eth?z?ameﬁlle,e]\slal}li%j
and the like), or pyridine to afford sulfonamides F20. The methanesulfonyl group can be
replaced with other alkylsulfonyl (e.g. , ethylsulfonyl), haloalkylsulfonyl (e.g.,
trifluoromethanesulfonyl), arylsulfonyl (e.g., toluenesulfonyl) and the like, without altering
the procedures. In some embodiments, this step can be performed at a temperature from

10 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. The
sulfonamide compounds F20 contatning the oxadiazolone ring can be deprotected (e.g.,
hydrolyzed) to the desired amidoximes F19 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

15 (DIPEA), etc.) or a cyclic amine (e.g., pyrrolidine, piperidine, etc.); or an inorganic base such
as alkali metal hydroxide or alkaline earth metal hydroxide (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 solution, about 1N solution,

20 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 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

23 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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am doxi me functionality of F36 can then be protected as an

oxadi azol one using 1,1 - carbonyl diimdazole (CD) in a solvent
(such as ethyl acetate, dioxane, THF and the |like) at el evated

t enper at ur 80 WEIPSHS about 50 C, about 60 C, about 70 CPCHESIHYBOTHE,
about 90 C, or about 100 C (Step G'). The nethoxy group of F35 can
then be converted to a 5 hydroxyl group in F34 by nethods known to
one skilled in the art for the deprotecetion of nethoxy group (Step

H ), such as those,, \Bseerped.’ bve Goups in
Or gani ¢ Synt hesi seHZrli tFEj"Ed %’ %mohn W e3§/ %W New York,
2006. For exanple, by add|t| on of boron tribrom de to a cold (such as
from about -78 C to abowt®™25 C, e.g., #P0m about -78 C to about 10C,
from about -78 C trgnabolif 0163 mﬂ‘?—fgﬁﬁ“’_”mﬂ@ t dasmabout -10 10 C,
fromabout 0 Cto ahplly 25 FseeOr KO out OC to about 10 O
solution of F35, opti®%nally kn a sol%ent such as aPhal ogenat ed

solvent (e.g., DCM chtorof ormand the 1P ke) or ethyl acetate. The
primary hydroxyl group in F34 san t hen be sub)sgquently aCtivated as a

| eavi ng group L10- (see Step 0, Fgz) by se u‘éfnt ment with
LICl, optionally F'T’;S%zH's/\Hk '@*u%aa@ma:t hng' %CI\/) and an
organi c base to nop up t he™ erat ed ¢#Cl 15 (such as ‘trl et hyl am ne or

Dl PEA). I n conpounds F32k*7 LI can be sel ected from afRyl sul f onyl

(e.g., nethanesulf hal oal | cyl sul f onybx

trifl uoronet hanesul f gyl §2 ar ylosQJI fo 7_{% toI uenesul fonyl) and

the |like. The conpdtind F3® cams ‘h!t,{\t’he; et &d Wi th any nucl eophile

for 5N2 di spl acenent of the | eavi. ng griawp LI O In some enbodi nents,

this step can be perforned at a tenpermature from about -10C to about

60C, e.g., from about -10 Cto 20 aBdume® C, fromabout 0 Cto about

25 C, from abo %g%”

C Wien t alﬁé}su(i’ﬁon%nﬁés s(e g h]%g.t%lgr{ athfogar?lﬁ%gfggbég bg lgtgm %1

J'). Azi desema@exﬁstsps sho\trmdueSChmreii @dgmitrotcotpahh@amﬁneps@had”rﬂgea,

nucl eophi | I tS | -2l I
Rhi RlHS ol Bt RO gggtggtnb%@aﬂoﬁa% [ 8 ta&ﬁeﬁg(%%gbgdgu

|
netal azi des as sod SS1 um azi
optional ehivodésrseeitas ar)ﬂdné?om Fideridee apdyisuifors clderides (H gurmebaneruliowh be

used in complAgty ép%n Hh | rﬁtgf dgﬁ&r Bﬁ%gﬁété‘ud\%%ﬂtg for this

transformation’are p ar so vent's “and t he
like. In mt@rmhm@mlw@orm mdsh%lﬂ@bor@étwreb@wamtﬁ (T, digthy] sthepidioxane

some e”bodinmtlﬁe),%n %ﬁ& F 30 oRECBE | tsrgmgufs th@tge&patat MRbRE as

tenperature out 40C"to about C, Trom about 50C to

about BOC, mohiflam@mpab@m, THBE fanchthe i, o meeyisle sgtioamidss kbl SHBSI At s,
thi s Step aBihe oAl bh Bl $0. Famikd FAOERy BIRAAITRALS e 1bs St ep

can be carried out  at ani ¢ azides such as F31 can bhe reduced
t 0 organi AR me@ct@acgrpuasaqdzﬁgw lo demrogeginm GoBditiens cp/br g@Rtiatdy sakesiedi n

the form R ALmibe SN cﬁm)ﬂgcﬁta@ﬁsr&ﬁ& SH6B bas
NaBH4, Li g\%tf%)q andrat he ??%:ge&%bl\ggl ng u]?%ghen hos hlﬁjri:éegi{) using a
f

conbi nat i gikazycaghogylisHch éﬂ?eﬂé’“toél‘ﬂaﬂ’toblfl t ﬁ‘i‘?‘l“sli qn%t’ﬁé‘mea‘ﬁdhenaé?lﬂ%t nol

(Step {5') - depfotet RiPageRTROMH RGBS ¢, @ os1BEHEGERGr GFRREACHR R, @FtidHIy nN
t he presence_ of soc§| um i odi de, chlorotrimethylsilane, and nethanol .

In sone er?o%?&’ehtéﬁtcéasthﬂ’éan?)eductl on can be perforned at about room

t enper at ure €. Ohe Feﬁﬁﬁﬂo@@bﬁlorﬂ;@x&etm habwﬁ d&@n&dlﬁmm abarin. 198G, t 0
about 40 from about 20 C t g about C. or from out Cgc to

about 30 d 14927 s Heh 15 ineQporRSidRTem byr emlatts entety, ANSHEIR T PR
and chl or Oérrsbdﬁﬁaﬂybﬁmkaﬁau&ﬁghlbﬁesamwmln Profcigd funcdvblitied) e, e@pDdiiine,

0.95, about 1, 1.05 r .abo enbodi nen

chi or ot i r?eaﬁw’aietabaﬁenteaﬁmsﬁw R FoP) e RoRHE B T [‘T’Eﬁ"’“‘%

i odi de andopiBhdlgoh scdfent(stoblaybihPrhcttite Bﬁt]ﬁhﬁal@,lfollo'ﬁfeda? aRlfion@lf aﬁ&ganm th
sulfarai debalsen (s{wtbeas Ec)ne a?x%ge c%fDEBE ?osqeueg lﬂctg'e 19181 g%gergtlo é: regc Se) to provl <|3 ch
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(e.g., NaOH, LiOH, KOH M(OH)2, etc.). The base can be nade
available in the formof a resin (such as Anberlite(r) and the like).
In sone further enbodi nents, the base can be provided in the form of
a sol uti on wWa2meneess( an aqueous base) such as about 2N PETMSRAOM049794
(e.g., about 0.5N solution, about 1N solution, about 1.5N solution,
about 2.5N solution, fromabout 25 3N to about 5N solution, from
about 5N to about 10N solution). In sone enbodi nents, the base can be
an al kal i 3efeimgamroRRddd’16 EStep ¢ )sbdbmnﬁmmﬁdt&déﬁs stdpreass byyperformed ata

embodi ment gy, &Bﬁre%ﬁﬁab%“m)ﬁz aBOke B ! SO ti] ffdud - 3@% ea'i;out'om S

enmbodi nent s, the sol vent can e rrét anol~or tetra furan . In
some enbodibREM°S to ebpst Ao SoarbrsRs Cat @eufp’ér"ﬂomﬁﬁm aoutdSt°Ertp etroat &Y e

f rom aboutec, #@m(;antggnaﬁg%e@cgn cﬁsgch’as 9%‘&%@%&33&&&1@ glguggn%pﬁﬂ% 0

C, fromabout O Cto about 2 from about Cto
f r om abbutcaisn end He ahign grosp On:the oxime cm@e@?omr%gdeyzommmh sich aspEdBtep

the i nventih9Ba.He-QuhiRs b?th%rt&gtﬁ:%& Jf‘F'i6 mtﬁmse mc@as@eﬂﬂ@qmﬂ{ @iofror nul a
F28, or a salt thereof, wherein d , " "and n"is 1 or

2; i ncl udiMgOrBadd(Ory: ﬁldd}wti@h ﬁﬁﬂqsrﬁllsp@ra’rmlwgm részgh asoratss, sinel, ethidensol
wi th sul f aggdeaanek 148 2R Ay Q@-ﬁa@cﬂoﬁ ﬁ%ﬁ@%@&@%ﬂ&é&%@é F&Hoﬂ%’ﬂoa

F30, or a salt t her eo reactl n he compound For nul a F30 wit

a base to &BFWHSQ‘W@&QS’@FT%%@JQ% 1300 Enehort HIS! qbﬁu@éﬁecéﬁ%dﬁ%%@hom R4

is O and Moks, sbout! 180 SOBoR THOL: q&ﬂk%m 434a15c§1t ﬁ{o °@”5’ooﬂt 199 &, orét&éwe
enbodi ments, reacti ng a conpound of Formula F29 further includes

heating t he- réaaniderimedilé rrupgaidr AgivARE povrblam prima§i &by Bayddition of FiT

anot her a&@@ﬁﬁque&d%%mﬂja\ﬁﬁ%feoébn&'bﬁryg ]ﬂ@ﬁnc@oﬁé M%&&Qllﬁ?&l@dnﬁ%&b@t;é L
conpound of Forrmul a F29 by reducing a npound For mul a or a

salt t her d&teP En InBisgressisden %Wm‘f"h%f ’r?léla%w.&eeaﬁw BRx e of Fb'/o“aé e

Wi th a corfehBdiol tepepdturs astivdas ‘?G)@nhdﬂ%s aldt SO BRfuk A0S, deu$5d Syl ab%ﬁ‘td
met hano In anothr as ect of thelnventlon the co

For mul ® FPP ‘Cdnaghievefie gy ehipridesambeasiipihi s wﬂuf%e%fe&ferlm or

ﬁ isal It kt P&i’lﬁ?ﬁc reaizga@rr ﬁhiﬂh Lén dpﬁoz&ﬁj; BEHOGided RAh alle6vsl sehtib0 BYd temperatulfe |
al Oa Yy ony ony 'o a2| e rea ent 1o a or

t he conpoﬁ?fflf WP ﬁ&r %’fﬁj ‘méﬂ%ﬂ@f’ ﬁ: belay 0‘15? Kplor belghen
used alho Neabot 1t)egetm£murm¢ ﬂﬁbgdeadel bid @ﬁdﬂeddf%tcgicyngtﬁigﬁ% anicf @lit?]ltetr_eagant?
strai ght anc tur at.e rocar.bon, gr Vi n rom
e B imetd BPECF P B il oo S 2 (6 P8 st
Exanpl 2 aldigyds (€. mmﬂiyhﬁimtdﬁlmtﬂwmmmhﬂﬂﬂdﬁs zﬁrq@gzmmdanoﬂ smpaﬁmoyl

n- butyl, isqbutyl ec-b and the use n ke
Torors o St AR i TR ST GrienE pe s b Sohualf b B b R B,
bonds. Exahptidorii keFisl ngf@mmahciaﬂﬁ)iesl cgehat mmeb FI'N bstitndlly ip & @plengotventand
the |ike refers agl aronati c

er ei.n N
hydr ocar b gF metlﬁa Oﬁj(%a Fsropd aﬁ%%%ﬂ(e fatﬁ%%%wffrf‘%reﬁ%\l/?fﬁoé from6 to
14 carbon mttthanssulermrzqhds@lﬁ(gtép Kjy. dupeme em&addmenphtemyéramapjmh taydlhout 10

ant b asemie, BUPERL KA o LOSERY o, L BAETe 800 il o B
addi t i onal can be optionally carried out i the presence of an inorganic base (such as KHCO;, NaHCO,)
which can be provided in the form of an aqueous solution.
Accordingly, in another aspect of the invention provides a process for preparing a
compound of Formula F19, or a salt thereof, wherein Rz, R?, and n, are as defined herein;

30  including reacting a compound of Formula F17, or a salt thereof, with hydrochloric acid,
optionally in a solvent {(such as dioxane), followed by treatment with a nitrite reagent (such
as, sodium nitrite}, 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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25 noiety, refers to an al kyl group substituted by one or nore

hal ogen atons independently selected fromF, O, Br, and |. Exanple
hal oal kyl groups include CF3, CHF2, CH2CF3, and the I|iKke. As
used her ei WO 20/¥0058¥m "al | coxy" refers to an -0-al kyl gPSLPS20B{EATHe
al I coxy groups include nethoxy, ethoxy, propoxy (e.g., n-propoxy and
i sopropoxy), t-butoxy, and the 30Iike. As used herein,

"al kyl am ne" refers to an am no (NH2) group substituted by an all cyl
group. Exanpl elnsone ginhedimenty thgwpmpoung lofiBampiatiiy carbervbtaided ky treatinpe,
and the |i s

ni trogen atglg usnggglt:(ﬁlﬂtée%gg hes ‘ﬁ{rtgeere%ff {Z'Jﬂ?!‘l ta(r%tfqgﬂ @Owgwﬂﬁ&%ﬁ%a
triallcyl apivend (sgpimsmhyimggbrd@) attmtmtetawramfﬁrecnt tcrm@;m¢ mhwente(swzhds t3%e

like. "al koxycarbonyl" refers to CO
substltuteSL yﬁ%vﬂ§?€m§ﬁﬁ%%%ﬁ%ﬁﬂﬁ%%gf 0-al kyl . Exanpl e al koxycar bonyl
gr oups 3i ncl udeT?@qm&WaavebmwﬂmhweMWWbt&gleo (Bl 18, or a salt thereof,

penzy! Xy GRS 1007 cofle bLUREREN H‘?ﬁff;ﬁilagﬁfﬁﬂ% Aty £F3C) . and the

| i ke. 5As use ereln, the term ers to a sul fonyl
group substituted by an aII@ylmgL%ﬁiﬂ‘allcyIS(O)Z - o4 Exanpl e

al I cyl sul f onyl groupsHlnprde nesul f on hanesul&ﬂpyl and
the like. As usedcdietig] de Term hal eedTEK] nyt3 rg$€rs to a
sul fonyl group substltUQ¢H by a hal oal kyl Mgr'bup anpl e

hal oal kyl sul fonyl grougs include, trifluoromethasesul Ronyl,

101, 1, 1- tr|fluoroethanesuh; él and the |ike A& used her ei n,

t he tern1 arylsu onfi 2%= to a muhﬂon I ?tuted by an
aryl group or a '<ub ngﬁ@d\aizz1 Ing rei 1 e\su uents on
the aryl group are sel e ed hal o nitro, Cl4 alky \ d Cl4
hal oal kyl . As used hereisn, the t rn1"heterocycllc mase” refers to a 4
to 14 nenbered, optlonally 15 substituted, heterocycle wherein at

| east one ring form ng nmenbgy |$' itrogen atom TheN rocyclic
base can be ar omatdugseor 1oy %Tga %ﬁ%ﬁ Nﬁa@éﬁaqﬁgﬁLg bases

i ncl ude pyridi ne, pyrrolldlﬂamgplﬁeﬂ;g%neJ nDrpho N%I Fe@%?xanple
substituents on the heterocycle inclU 4alky z¢and Cl4
hal oal I cyl . 20 Met hods of Use &bnpounds of the |nvent3bn can inhibit
activity of the enzyme indol eam ney2, 34~ Qxygenasé MO . For

exanpl e, the conpounds q@m&geHbﬁwqﬁ aq)be g " i nhibit
activity of IDOin cell O-Th an ih 1»1 “Qf‘nndulatlon of
the enzyne by adm nistering an |nh|b|t|ng a nt ok a conmpound of the
i nvention. 25The present invention fur®her provides nethods of
inhibiting the deg qpatlon of-ot r ypt ophan |noqjsysten1go ai ni ng ceIIs

expressing 1 DO sych¥ é%Lik. \EO I|V|@g or ;%Lﬂéﬁ ulture.
umeeMmmrmMS esﬂ ntom—p t /aHeHng
(e.qg., |ncreaS|ng) extracé?lular yptophan Ievels Pn a ma

adm ni stering an effecti V& anount 6t a conpound ofF%onp05|t|on

provi ded herein. Methods of neasuri Agtemefbt ophan | evel s and 30

tryptophan degyagaliQiea &n bOLthiR&I dsBedchbeddh Scheme 9. TROGUARE BBRRB TG
i nvention further provides nethods of inhibiting i munosuppression

such a¥ | owiedckamned) cameresrlphvidskataeryrlie aamwﬁuews wyraushohFyreR ng

to the patfgbp,@ha D@ {fn%gfola}‘?ol%ﬁ%ﬁ'ﬁ: 29 fneMaf PR NhaQb] A0 HRBR)! i@
recited herei'n. ed
presence of a base such as an inorganic base or an organic base (e.g., E:N, pyridine or

DIPEA) to provide arylamidoxime F36 (Step F”). In some embodiments, the conversion of
F6 to F36 can be carried out at temperatures such as about 10 °C, about 20 °C, about 30 °C,

15  about 40 °C, about 50 °C, about 60 °C, or about 90 °C. In some embodiments, the inorganic
base can be provided in the form of an aqueous solution. In some embodiments, the

inorganic base can be added to the reaction mixture at an elevated temperature. The
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i mrunosuppr essi on has been associated with, for exanple, cancers,
tunmor grow h, netastasis, viral infection, viral replication, etc.
The present invention furt her provides nethods of treati n& di seases
associ at ed WP EHYABP™i ty or expression, including abnor F&I/USE0PAHSI
and/ or overexpression, of IDOin an 5 |nd| vidual (e g., patient) by
adm nistering to the i ndi vidual in need of such treat ment a

t her apeut i gall, aQk dos a conp d of. t pr esent
i nvention or %mﬁyfnrgrgécdgﬁ ic g})éu 05| |g°ﬁt%§ﬁsearue°5{ azﬁ)?ﬁ?‘rﬁﬁ“é’ seases
can i ncl ud%ﬂﬂm@yl dimgérasle (Clai)mwenmucb@mthyha@suatt Iiatcanies THF pugtbtid yker)at
indirectlyqldpke i [ RY Y,

as over exergsm%nr#eor a ngf%aaﬁ&tg @%M{ﬁi C’% Z’gs&é(??%‘{%%é geagg‘igg
can al so H%I%@i@ll‘tlwoéﬁ)@tdw §e)a§féemﬂ@mgtemp @fiF36 oacthtn tervotthatd oan be
prevent ed, p R4 £5 a i1

Exanpl es of Dg%s%gm at ed d| seases mgFE%féédgg%%g%%g&h?g OY t}e{\)(l:ltc’fon
such as H meﬂlwwampdﬁtep BOvstch etbesedn Wuthapd Sssio ﬁremeuf’r@cbe@er{bvmlwe
O Sor aer S DRl B AN M 2440 SRAR By SO NRSK AN 2 5683 e by

trauma, age-related catara organ tran ant at’ion
t r anspl antadddios ef basen) mb@?nﬂeldﬂagﬁeﬁﬂdﬁﬂyﬁleascﬁ@e@@e@78 PC tortibut @5 é@,temrefxom

rheumat oi dab@ﬁtt hg "(F io(sjlboﬁltﬁo gl ddnPliRus ek 6¢ ddb§ut o ﬁglg'aﬁodt n7f8| BT

|nflannatogﬁ | Sease, sSOoriasti s an sys
er yt heMat 0% §om abest 476 | teakeahiaieiCs ot fravmabet @ °(hip abm; 1Bré¢}malgom@?Fé|5n

i ncl ude cagggRal9fin § RfveaClORas AAREEARR o lbélﬁﬁéé DAUOSHALH ngﬂﬂe & n
ovary, cervlX, est es, renal head an nec npho F%U

mel anone, AR agefaie. | The@rinmrychydiomy sravedn B4 qan dep hy absdanently astivated os de
useful in IE%gtgrr&%tL”@DEse@éteﬁp@ﬁ Wy &QQenhQ%%eﬂtm&OLAél Y al gin,

the term"” ceII i S nmeant fer toacell that is in Vit ex vivo

or in vivcolvent (gshas @WBG@H"%?RQCM& Anda QFEW h?éf-l 1o MeRAP e gsmrf!teﬁ‘diic}a

ti ssuersanpia a@iﬁ‘eﬂﬁrﬁ:@uﬁéd} mmgo ﬂQ@d?ﬁp%%cﬁlP@f' La%a@ber@rmé froth Ak§RMFonyl
enbodi nents, an_.in vitro cell can be a cell in a cell culturée. In

sone embodFe meglaneéwfqnﬁl)ah%u%]é?lfonﬁk(eé Eﬂupfomeﬁaﬁf?ju}iﬁyasrﬁrﬂ?l@fa?ﬁl $hg-

such as a tgRexEEdIfon ﬁ@&ﬁ tHS Bk, e %xi&aouﬁcﬂ"??:i(ﬁﬁ Plen 6&RE AR W iGny h&l@bBild O
WQIetIeS inan in vjtro system or

the bringing to(gws er of indicate

an in vivo syt EmacrRt elhnisreane sreyht S (7 same eediponienbiy Hep Gt a

corrpound qferfbﬂﬁdlaﬂa/%ﬂipb@ﬁrd fiosh bihas- 10h@t&@eﬁﬂms’tr@g | Bdin Qctou@-m@mpund
such

f th t t di tient
P, 2ha AP 156y HEE bl G et ek i eoot AF RuaaersgS Sots ApEahert of

the i nvent450’(]3tbﬁ'$dﬁtﬁ)"5}1rrp| e containing a cellular or 30 purified

reparation co i ni ng the DO enzyne. se rein, the term
pl ngl vi dual " %hc gti |Dg‘ﬁlf?p%ﬂﬁ§éaa?‘ﬁ? @Pcﬁ?&ﬁ{j’é(%fél @@PEQSA%ISB HAgFnLs
animal , | I"lﬁéll]ﬂ]lﬂ ang rm&ipﬁble pf @bdicinh by&uﬂtdpﬁlhc addSion. (Bxﬁﬁﬁlei eaemt s,

20011, S8 SRl A SR SR 0 SR LS @

"t her axﬁeutapuaﬂldl ymbddimattd, the aaidoisadent suell &'s8dit@ akile carmaupdd i® Eondtilakivie
conmpound or. rmaceyt | ent licits the biological or
o o nal ERBRERSE LA o BYE Sl or et el SErSal s Brastas
that is bedMg, BMS@hNI\/ﬁ’;anatHedﬂrearncsbme pmbc&hmnm&ﬁsmcamwaﬁ&kl odﬁﬁlD(MF or
ot her cli rei theterm trea " tre
refers tomﬁf%&%g%]{l/%nfm i Ssealcgnee?scélme SPaLy %aedt P@V@ﬁ??ﬁgg%fn ot
di sease, c¥rfditt rigmt 040 °d), fomdbout 50 °@iv abodti90 PALR fromhabourey O @ about 80 °C.
predi spps t| n r but .daoe (o]
exper i gﬂcgﬂoéﬁ é%d%&%h% sm? ofi %gtya?r%¢ %%?/m%cgjqeﬁgg %1%%559
2) i nhi bi tdange Qdmeedchusaéééc ﬂmgam@)aaudpi sgeh dsiBi bazthengiuaedib seaseamines

condi tion [ 1. dugl
di spl ayi ng(a%:' g @g %g g{eﬁg 8&{;)0#0 9 @Og rzrl‘f)%igjer '\tm?eogy et"L eggﬁy&%en using 2
condi tion }%Yﬁlﬂ‘én reepedidpuchios WaBHa ELiAdH) andighd liked; hisng tiphetytpbosphine; af ugityes

combination of sodium iodide, chlorotrimethylsilane, and methanol (Step K”?). In some
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Combi nati on Ther apy One or nore additional pharnaceutical agents
or treatnent nethods such as, for exanple, anti-viral agents,

chenot herapeutics or other anti-cancer agents, inmmune enhancers

i mrunosupprEsEANPE938, adi ati on, anti-tunor and anti-viraFf® T/QE%?PEH%@-"M
cytokine therapy (e.g., 20 I1L2, GWCSF, etc.), and/or tyrosine

| ci nase i nhibitors can be used in conbi nat| on with the conpounds of

the presenty Bk {s'tﬁé‘reﬁu?c!ﬁ]ofaﬁﬂég%?édo% rcoﬁn‘% gﬁﬁﬂu g ases,

di sorders or conditlons e agents can the pr esent

conpounds hprefrimpethysitang,sod gethtent.nin some pieodieny, thecetiictiva camlbr periomeeded
si mul t aneoyigbaht %mﬁﬁgw@' gl Yroﬁ'lsabétﬁ @aﬁéioeabggr%@@e frih Q%uhﬁ}uctt@%cﬁlt

antiviral agents co rrpate for use in co nati on

conmpounds 49 CoBomigbous 2@ <etptabpi3B AE. a5 AorahoE SAPE itsaboniAd "o &t wameand
nucl eoty defiRHRIAR, thd ABRFL|P sps'a@iumsﬂléu dn@ BlolobRIdiRsita it BLSROSH de

reverse transcriptase Inhibitors S), protease 1 nhibitors and

ot her ant i %§-raPut@Sgout 0.95, abgmg Ay é“tsltHS‘c aitsbent NFT s someembadmentsiov udi ne
(AZT); di danESHMem{IGHN candRa8didPIHE ik Gl 73 1S btiadoBfe &M&maﬂm asa

| ami vudi ne (3TC); abacavir (1592U89); adefovir dipivoxil

[ bi s( POM) - mmessgelavi r ( BVS- 180194); BCH- 10652: emtrl m t abi ne
[(-)-FTC]; bet ardafmihe 6@2@%1&%1&&91%\%% HE PR EhsB AR s B @mlethse

3 dlcleoxy 5-fl uoro-cyti dene)

) - bet al®- 2¥igch @p &ap Reetpticlinbasg (%ﬁ(s(ﬂyﬁﬁ‘éﬁ)( orgritallogeBng & srerigindemipe,

Typi cal subtpall-ed Méllm)sedoﬂsfm@h a@v) ﬁnﬁqﬁ] s asRGEoRent o thig! avi r adi ne
(BHAP, U-90152); efavirenz U-142721:  AG 1549; MKG- 442

( 1- ( et hoxyTREPAALPD & Rrqwl %W%%SHW?S %wie BN RRR Ry [Tjis reaction can be
(B 2, 4T1(1H 3:‘&nﬁﬁbhtrﬂltélbﬂﬂ£ﬂt auua@ﬁh Bﬁds)a—bsalla@fxt g@eaﬁo&m&@ oAb cand
ypi cal  sul e ease 1.nhipit clude s Inavir (. .
31- 8959) ; @P?t&ﬁﬁg? rab§ %O?o‘fé@yab%ﬁwn vﬁvch( g@g@?quvm w&%" using
(B |\A/g %gg&;éztgﬁfﬂxfg_r@@@fd?) Hititidn]l 444 hve ﬂrg:ﬁm&ﬁ\ﬁhﬂ bf(ﬁ?ﬁ'ﬂ%ﬂ‘hfra? am'm&ia_-nﬂi&fawéve
- er antiuvira e Nncl uae
e ooy G3en (8 i iieRT, pYagebIq o BIodie] eraraing s Sl Sy SERERr o) et
No. 11607. Sshpoaldsa3o b@ﬂﬁhlh@ﬂﬁl@mﬁazﬁloﬂd’m@tdaﬁbe Gepidteced i€l hydgdyred) to

i ot ] oroe A RUBERC TS 26 Lo BEAPaR SheoB T vatihe s O ioran

sul f onat esSgrgdnid Ba@Swikdli m:&ycﬂh dmﬁn‘el; &zgnﬁal)ylmmé) désopripgleihllamitet(BIPEA),

chl oi | ai n clo ham d f ox i fosfarai I l.an,
il or aatbuctt S ons s £ O pAins NP, R iortaitt Bike offE aPARh
triethyl er(etghiNaOHoE@Hm(a)ﬁ meg(otmsctbn aThe bagerdam b4 inade, avhibibiesd thaéorm of a
strept ozocl esm saa]:f eﬂf{% %%je I}k% thl)rr?e%gﬁer embochmeq ttl%ee{‘msec nlg rent  of
nmel anoma, SUI e agen g FOrUSE i'n Condi nat on W tH ounds
of the presevidedinverfonmoel aspiotiedie watta Gakipapisissd) s¥bBCrhounN Bcdmtwhl(syg,
along with
ol oprat ] n ORA PEERARR AELAROALHE Soa FINAGAA] BRLS 89 sh i hof by
ci spl at§ n ¥nth abardRi sblakion, a:roumipbmtrﬁa&tp @bpugiON: podydoal: iIn somyd emidlodmnteiniagthe and
DTIC, or t I e SO
o Comt nestoar o ey SRIRQUASR. ROL WA EBBE 1) MHEULORERY o
i nt er f er onbaa¢ gﬁné;e aiZNtI‘éqqfémhmon ipwatem do samermbndimeysjtee Solyertepn g NF) in
the treatng ng&, H@&a&?&ﬁﬁ: Eo%meoécmbtoﬁﬁiehﬂvt kdpRReclBYcalhs 0 be
vacci ne t hera In

used in co nat 1 on e treat ment of
mel anoma. o] @ A terweiphiee frore sbogt 40 °‘i3|"ﬁp @@Wé%ﬁy@g aomppboyt - 18 6Clthe

antivi gyis érb%ﬁ@d d@?%oiﬁ%&ﬁ oab‘%o &b%ﬁﬂzst% H&ﬁ‘éﬁ&& zﬂbé%aa%&ﬁ 45888 GoVabout
viruses such ol 1 o, neasl es, nunps Weakened nel anoma cells or
parts of n‘éﬁ?ﬁﬁ@ 0w 69 fG cal | ed antl gens may be injected into a

patient to stiml.ahfelnmoBRMp&t bfiﬁyaeen%wg@%&soa ﬁ#@o%ssrf@ypreﬁhag@rm
cells. Mel anomas thaF are conflne he arnms_or |egs nmay al so be

treated wi tgpguobeiiermiinBid, orp Bit ﬂ&ge@ﬁt“éwﬁew& deirid, Biner lotndpds bor 2;

including reacting a compound of Forraula F29, or a salt thereof, with sulfamide and an
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Sui t abl e chenot herapeutic or other anti-cancer agents include, for
exanpl e, antinetabolites (including, without Iimtation, folk acid

ant agoni st s ?qv;ri m di ne anal ogs, purine anal ogs and adenosi ne
deam nase YAEBPPEPH) such as nethotrexate, 5-fl uor our a&CR/US2009/049794

fl oxuri di ne, cytarabine, 6-mnercaptopurine, 6-thioguanine, fludarabine
phosphat e, pentostatine, and genctitabine. Suitable chenotherapeutic

or other apkhmCERERrafREE Yok BM{dto??Bnﬂlﬂhcﬂ'fi}rég&’a shiPfhefRS 2 IR @achﬁ%ﬁ tain

natural products and their derivatives (for exanple, vinca al oi ds,
antitunor SFROBIGREFeanula B30 wigha basq iesiferddheempaundsiFomadmtasl | ot oxi ns)

such as vi nbl agh ki emioblehi R NECI Madesi ne, bl eonycin, dactinonycin,
ci aunor ubi ci n, doxorubicin, epjrubicin, idarubicin, araC, paclitaxel
(TAXOLTm), i t HP SAmfcTorhodimeaityle o BRI ] nai t onycin-C,

L- aspar sigi nase,in sdtdnftabmitets(1@SBash e&:ﬁﬁbuﬁ@ﬁ%)muls}:m&%g@%emg

t eni posi de, 10O her cytotoxic agents_include navel bene,
anast r azol B eeioRiDich &s uspgsaisoways iRediatiog) oxaf i ne, cycl ophosphani de,

i fosan de, and 1€ kdole®¥pbdtNtBe inMdrBin Sl AN BoRESrEOYh RN thdcof@siSf such
as epi dophg(l | of %xgg an antineopl astic enzyne; a topoi somerase
i nhi bi t or ; *EPBRAFDEY refRcing companitd f fesmuk B onaspl Ssreaf dasemn

conpl exes &htplin@BisCths radhdhd dAn BB BarGT KO PARE bonbikiieh 08-aRkN ib@dpoNse
nmodi fi g(gs; hgjrowt h. 15 inhi hitqrs; antihornonal therapeutic agents;
in

| eucov chlqratgmetylsilaps.pnd mefiaidnoi eti ¢ growth factors. Q her

anti-cancer ageénidoMer hspedt dtie aivtitROdNe APOMIHFLES1SIE BafBe obtained by

trastuzumaé) gHercg[ﬁjtl n ,ffantl b %IPGS tf costiraul atory nol ecul es such

as CTLA- 4, THURE BE: 8'”?9% ormpla Bige P dereop vihgtem leithislscied fromo,

TGF-f 1,  etdkylsulf2QDHakelkeRblfongRaGRiyIagRASwEl £0azid8 edadéle td AFREEME hat

bl ock i nmune cell .migr t'qn such as antagoni sts to chenol ci ne
Ry

r ecept or s, ‘TR and CCR4. Ot her anti-cancer agents

al so i ntl ude t hesedHesdn, disgemitblkiTewhdmisdie sy 5t bt GhthaddiAcalMaslys
or adoptive T rcegalrs! i

transfer.. Anti -cancer vacci nes .i n¢cl ude
dendritic B EEY ﬁtsﬁggl?tb&’?}ﬁ?ﬁ?3@@%@@?&%@’?&‘8&“@;\%%?’?@%%ﬁé‘ht
viruses. 6 carbonlBiispti® 4 @rbohhensadra taB darbdd fahs. \BxadplealiSdrégph indldef
nost of the chenot herapeuti c, agents are kn to,those skilled in
The art.  IOSHRBTaHPoPRaRA e F ARG ooPledl, PV o84 B BES, 1t ne
standard | it er atswsel hefedr, “gkannilrefprs tdven dldirpioins haviigions oxahordmpleafartiohe
chenot her I gent s s.described,i.n the, " Physicians' S
Ref er e%g e a&ﬁé&gﬁg g??n%%%mégﬁr? o clﬁ% celt;'}%n F (v%% ECORG) P(r%? ?:nsd[%bﬁ%a ny,
Mont val e, NJ), Ashesddiesal, deuerm “afyl vafesho hrsarbmeter iydroadrbeh drexpeiichogn be
reference i r LRl Lrety.  Phar eutical .
For nmul at i oﬁgnoé%@%éa%ehtaggé %g]!ntﬁo Tt en e %%?"r‘g@gé‘?%%‘ Gups include pheny],
phar Lracfeutliﬂpéf:l}sl, antiveceognpouamdsenyt, itdagyliindeeylf andrihedée. be admi ni st er edf
inthe formo ‘ Iy» i conbi nat.j.on,o
a conpound of tpﬁgg%%%%?ﬂgﬁ%nﬁgg%ﬂhy%%gﬁwg a??rfggféﬁlglévﬁ abt agddmonal
carrie?? Theis®, relsrajo st elkdresoupanbstietedibg par @dndrahaograntoss independdadpwn i n
the phar mageulh 68k FCl, 83081 $30mPE nAHTL b RLSY fiflude CFs, CHF,, CH,CFs, and

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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5 by a variety of routes, depending upon whether |ocal or systemc
treatnment is desired and upon the area to be treated. Adm nistration
may be topical |nclud|ng ophthal mc and to nucous nenb

i ncl udi ng Pﬁ{%é& vagi nal and rectal delivery), pu|ﬁ§ﬂ§39m%%?63,
by inhal ation or |nsufflation of powders or aerosols, including by
nebul i zer; intratracheal, intranasal, epidermal and transdermal),

ocular, oral ofng B?erd@l@{‘eﬁ{ ﬁa'ete%hﬂ&@ﬂ»%a&&{yl’%f&s% coalibfss b6 afodyncl ude
t opi cal administration (eye dro subconj unctival, periocular or
@gﬁﬁﬁﬁ

i ntravit r &P T ERtP-alvbEXampls oAy LOUps iclgn chakabepl, Gt

opht hal m chutdk§@EoRyITEEY] TetbdkyRABSOH AL, 93@0&%%91&96%01%@%110@ and
Par ent er al adm nistration includes intravenous, intraarteri al

subcut anedh"s “ ntraperitoneal, or intranuscular injection or

infusion; or i 'Nsh%ﬂn@ﬁhﬁlhete@mg‘a}kyhﬂﬁlﬁt’ kesato a%szﬁ éx@ﬂﬁﬁﬂﬁﬂt&tbﬁ ®an
admini stration. Parenteral administration can be in formof a

singl e bola¥e! gu5uR) GUS( Gl nixangpe alifydgul TehEopRs, m%sﬁeamethmqlfa%ﬂ

perfusi on ¢muRulfRRRLIBEEULE Cal conpositions and for mJI ations for
topi cal adm nistration may include transder nal oi nt ment s,
fersstﬁf‘av@

| oti ons, creamés Wfdihereiny g fam “bjpalisdtigni e ny} gropp sty by
powders. QQﬂuﬁ]}Hﬂ Q6. Hihﬁﬁlﬁﬁﬁleﬂkj’lﬁﬂifonﬁ@fdhpﬁhaudeaﬂim&‘éﬁwthﬂﬁwﬂﬁih jor
oily bases, [ keng%tl ﬂgm thett5 l{i}fe may be necessary or desira e.
20Thi s'4 nveh P h&f°maceut i cal composi tions which
contain, as thesasddihein, ﬂ]@l’s@ﬁl“&fylsulf@ﬁﬁ’ rofers iDL ﬁllﬁflyitgl‘tﬁp@mmttﬂﬁﬁaﬁ)f
the i nventiqn above in.co ation, Wt ?r maceut i.c

accept abl U AFBY? SHERIER Y P‘we%rﬁlﬁ@& PRy P B at BURET ST o
active i ngr@ah6)tnitios Cly4likyt,abd ¢ fhakatkyld t h an exci pient, dilut ed by an

exci pient or enclosed w thin of .. for
exanpl e, a caprélﬁIu%e?i%f?f%@?,terﬁag%t?mcy&ﬁa% Ffeﬁsg%f’ g%‘hL‘f lﬁer%%pzwf“}lulg
exci pi Ent sabstivesl, Aseracydlelwerin atﬂdast@ﬁﬂniﬂgfoﬁmﬁg)inbﬂbersmmsghiatd:m dihe
a0t d matery ol WL, PRy AR SntehBhE, SRR EL. AL AEULU QL (e
tabl et s, ppyhli&a, pyovkiiines p1prmgm@holﬁ&®tmeﬁsampiasibetﬁts¢ntsejm thg Iregerocycle
suspensi ons ups, aerosols (as a solid or in
a liquid m%}l(%@‘b?ﬂ% ‘r?eﬁc?' ‘Cont? zﬁ?lﬁﬂ‘% for exanple, up to 10 % by
wei ght of the active conpound, soft and hard gel atin 30capsul es,
supposﬁ Ongtﬁodso‘ﬁﬁré le injectable solutions, and sterile packaged
powders. I'n"preparing a formulation, the active conmpound can be
mlled to provildepbinds afthe pertiat earpalnbli ottimiteoizes ey inflgeurdl.hi ng
with the o 00 Hish das s s tARLbR! | Y

i nsol ubl e, éwggﬂgn 8%%?%&“1 E)e g;lé%% ef?%gg‘%o% ess H%an 2001 mesh.
| f the actdciieity déRPouedl drén m}b@v@mlmneb@/oﬁm@hﬂgmﬁ}m @Eymhey particl e
size can b, agd gt%{%%ﬂgﬁx gdnso%ﬂtctfgceﬁlpa{meffﬁe&uaﬁbant' ally uniform

distribution in atlon e.g. about mesh. Sonme exanpl es of
sui t ab?® exci pilépprsanpisepdion ﬁﬁ@ﬁfdﬁ@/ldeéés@ﬂ@é%@ inhihineghedegrdationiof)| |

manni t ol , Wpﬁm’a sdR, M]% ceﬁ@kﬁk&éﬁﬂlmmﬁﬁﬁs@a tisdhed liNAS &?amsm or

tragacanth gélatin, "calciumbsilicate, mcrocrystalline cellul ose,

pol yvi ny! pSeilcaliure dmgomessbogimeste, thepresnt invepHepprowd megony of alieng (e gse.

The formul RL00%) GaRcar: wgﬁbﬁ sevemﬁll %mzh yhhdigiatieNge ﬁﬂa@f&&tﬁre%ﬁi@ﬁt as
talc magnesmmstearate m ner al ; Wettln aen

ermul si fyi ngf SHABEPRUNS 96 PrIFRTS LR BIRYiged fr?reé% Mﬁﬁ%@ofd@@ﬁlﬂ@gmqap%g lovels A -
and prepyl hyfimxyidaazRatsonsieeehenitng agents; and flavoring agents.
The conpositions of the invention can be fornul ated so as to provide
qui ck, The present invention further provides methods of inht ztmg Immunosuppression

such as IDO-mediated immunosuppression in a patient by administering to the patient an

effective amount of a compound or composition recited herein. IDO-mediated
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10sust ai ned or del ayed rel ease of the active ingredient after

adm nistration to the patient by enploying procedures known in the
art. The corr(}305| tions can be fornmulated in a unit dos&ge for
each dosagé”?:%%f”ﬁ Mg from about 5 to about 100 ny, nof&T EP&P’P&P
about 10 to about 30 ny, of the active ingredient. The term™"init
dosage forns" refers to physically discrete units suitable as unitary
15 dosagesming{n 0 uni t .contai ni ng
a predeterm ned glgglgn%cﬁhm §SS?§QE&)& Eec?r:gggﬁéi?%nﬁ ort% “Grﬁoduce t he
desired t hestagssist Yiel efdcBern, virdlmeplisgionicdti on with a sw tabl e

phar maceut i cal Tﬁégfewn?ﬂ%nnon furthe Svidh§ eiﬁ%dsc &H@%sg%gs Q?ocﬁted%ﬁﬁnl ve
over a wi de dosage range and enera ere

phar maceutdcgs of esgresion Lv@uchmgﬁ])n@rmal ctiwity ¢nd£§>e ovamekprestiarg of Iﬂﬂmev er,

that the 2Qqpu re&go%nm)eb}%aﬂma 3&9{h‘é%cﬁx){dvﬁfiﬂ"n@%dsc}f%cﬁ%ewekt Aisual 1y
be determ ned by Sician, accor ere

ci rcunst aﬁé@gpeun%ély eﬁmge mmt:@rquqf@ﬁommé of the piegegit invéngiodrasen
route of aguiicsifAleb@Pesitol & Q ,
wei ght, and r esponse o?est1 he 1n IVI ém%%@aﬁgg%@%ﬁg%)g‘?}%gfef%g%?&%ﬁ
patient's @9@&3%@%ﬁ is gippgtly prandiferidy linked tosrpigssidnmy acivity of thoMfdeizyinans
such as tas*ﬁbl?ﬁs%vertéiﬁre&'idnrb? hﬂ%&‘mﬁ%&tiv\f@ %ﬁ.g%6ka%@itateﬂ ?lséée égh)égg m\MuIdg' a

phar maceut i cal exclplent to forma sol pr e-formulation conposl tion

cont ai Hl ngpod dkeripglesaeister canditianthat 64n b Reeviepiodi Aarekiratedh er pireshyrpodulating
i nvention. en%@é‘acﬁ%ftye er'aﬁlEIeE & ]bbﬁé%cgﬁe% dﬁs@is%h@ﬁ&e@ﬁn&? FROShLLRA §ucf@scls

honogeneous, the active Ingredient iIs t@gl cal 'y di spérsed evenly
t hr oughoutHiVhigteeinppSViipigrHos orlopieation, prredseRsersfits diser &wu@@sﬁé@@mys

subdi vi deohlseageq_n@;m@ﬁdgwn%fdﬁs%bl%ﬁmu Nigh réjﬂéﬁg%rfic@sr @aﬁ&&@@ AplLets,
pills and capsules This 30 solid pre-formulation s then subdi vi ded

into unit VHSEES %Fmec%?n)ataﬁéa%tylﬁ@ﬂvaé%?aﬁﬁé%pl%w@@aﬁhw%wm
for exwplxﬁumﬁe dc1drBsi by cﬁ@l@m%u&i‘ infhemaek) %%uel d}%&dps%ﬂss@ndfsﬁ?em

pr esent Q’\r‘/entl on. he tablets or pills of present invention

can be codt@i CBFLCBIEHEISRT- s%‘a%ﬁﬁﬁ‘ﬁﬁ@éf&atﬁtéeb‘f@wnd@o‘ég IHEFé“a’Q@u‘hﬁaﬁ%er of
af for d: Ing thdeol @ Yaiotead Breadt, p?és&ltfg n@gdorﬁﬁtdva@, ceEQ}E ttﬁfé%%ﬂaﬁ heddhfd hak) ?t
or pi conprise .an er a an outer_ dosage conponen
the latt eclwﬁ@?%& leherie melmRapnEad e gﬁ%%ﬁ@ﬂlﬁ%ﬁse fithe Ehe can 52 5¢ wo
conponent sgseiarhnlﬂ&t&emhadfe:deshyams@eﬁﬂl c Iayer whi ch serves to
resist.disinteqgrati %[rg n.the stﬁfgach and Q Ltrll]e i nner conponent
to pas% i nt act HE Hjﬁéed’é“nﬁ O e tPéﬁél RS PP @vivopor
vari ety Ofvzﬁmtlﬁﬁdnﬁﬂ éntodimehie, 4% divh 641l dan Seipdit cﬁ'lﬁttl@d’ub@aﬂl;ﬂy@d‘c&ed)ﬁom an

coatings, such materi aI S |ar5] 39 ing gdr}unber of i’

m xtures oVEPSTYHER %P P SRR A 1 aeeliep by agel Baed

al cohol , anilweeld wieembadiatms, @n inhihe dell (pui @11 livihg i anmrg&hismhuct}:hﬁ a
corrpounds and clorrp03| tions of the present invention can be

i ncor por at’8d™PSr adni ni stration orall y or by injection include
aqueouss sol uti Mmed:ll:@rmttbadmhycdntaam@ mﬂeasmrﬂtmngag]wgah& oﬁmdmaﬂed
suspensi on d red.emul si.o ils sye

ot onseed T B AR SHETHR TR Hlom 35t Satinl ‘SpHRE B MO o
elixirs ambzsnawitias cqnﬂmumhdehﬁmwhon/mbin@dseﬂsa admlmstratnﬁnf}a@smpuuﬁmfther
phar maceut ot SR UL B A S0 b LR SR BROCA R i s
t her eof aerxdmp]gyﬂ@qcbcmg a compou.nd of the invention into a sample containing a ceHuIa.r 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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15 The liquid or solid conpositions may contain suitable
pharmaceutically acceptabl e excipients as described supra. In sone
enbodlnents the coppositions are admnistered by the o |
resplratory(}%ﬁwgb? | ocal or systemic effect. CbnposiF&@HQ%Pﬂaégﬁ
be nebulized by use of i nert gases. Nebulized solutions nmay be
breathed directly fromthe nebulizing device or the nebulizing device

can be attached to fac ks“tent iptermttent .positive
r Bsour o 0. br b BrRES dsr bRy el Tiauiob” o Rl afountof
conposi t i onrgveampbendaa phmeen@ﬁaganﬁha!tyh@fs thedseddioal ifnrmmioﬁiaweqmssanh ech

o e o Nl R0. L P PSR B Shy o ] e RS o
upon what mshcbédwgnadmﬂmw%amd t he purpose of the adm ni stratl on,

Sueh 25 PrOPYL NS Bl ELARAca 7 LU R L S P51 kS sy mnr
conpositi dqsemplekme@dmga difeeseechntitiomophidordenin anlindadyal whd fney bang from
a di sease n f t ¢ | east. parti al.l

arrest tnr AR EispL chl o bl Ry Ry CRBlucR A il e
doses wi | | patiopghdr symptohetdégyed de doasei ) nrtbrblttrgltlmgimeaeafoeckaasﬂwwhibniag
by the ju . an. Ndi. n... ors
stch a5 ¢ neLebi, HodBE oAt 18 s Baf bR LSRRI RER PR 0

condi t 1®&n refhotag owmpématolmctf thediskdskeconddi@orire disontprds ¢ 1 drgsigng further

adm ni ster t

conposi ti o‘%gelIj SCI’I dﬁ% Z%Jfﬁeﬁp%g%ﬁo ig')‘[”qlngjrgs E%}%g%dé% il fzméd by
‘convent i orsmBlecanieliprang aofiscptre tryiliige ot disrderinentiedigdent wheisfelperienoing or
Aqueous SOkl aRShER moﬁgﬁemgﬁguﬁ% BEE d%§asb Sondifion oFGRBYLA z£d, the
| yophi | i zed "preparation bei n noi neé) a st erlci e aqueous carrier
prior to aFGYﬁW%tiJ?aﬂl@?ﬁyﬂﬁfﬁefmpwnat%%onpound prepar ati ons
typicajdy will be between 3 and 11, nore preferably from5 to 9 and
most preferably from7 to 8. It will be understood that use of

certai n of Camdaior Eibityy excipients, carriers, or stabilizers wll

result in the fpe Bﬁﬁ;bl‘%@d&ﬁoxﬁhﬁi’aﬁﬁé‘c@&ikhl%@ént&%'ﬁfe&neﬂhﬁetﬁ&? ERR8Y kdrC
dosage of the cor&ounds of present rnvention can vary according 5

to, for exaAWPl, autitydalngents. e%ﬂ%theﬁ@éu%?r QAT arfi-eaRecrEpEsy NERIReieBhaR e |
t he mannerjfunadiphmBisaitt, 4didon qhtlkmr@mu&ql vakOBeshQaliid? u@Rtby (e.g.,

condition of t he pati ent and the, j ment of the _prescribing

physi c?n. ‘3H&Mr pEEY; aﬁwob‘ﬁ’roé’&ﬁ@é‘ﬁ%e biigF g beused IrgmBaim Yifghe

invention dopuideaf ﬂﬁaFﬁant Rddntic O TP @&dthkR Bf TRNaMadidteBRENE I INGrdeRON A
nunber of fagtors_inc dosage, chenmical characteristjcs (e.qg.,

udi n
hydr ophobi $RgRgos- Elpﬁftgfrﬁ%ca,ngaf@n e yifh thy ReseRt SoFROUngs aleé%éio‘?Fr”&Fé‘mt he
c ﬁ mpou Inds &fﬂlmt a@e?t!; Euies hil9iistadd sheulRhavild Sﬂseq&nﬁdlly?ﬁl st dosagi tg)(;m:\aN/
physi ol ogi cal hu TS0 tion cont ahout to ut o, W Vv
Y e oo e asiiet b SR e P aih 8 FomGtion S e dpmgees of
ranges2ar ethé pﬁﬁﬂnﬁﬁ%ﬂmﬂ.cdﬂg:biﬁgnieﬁxu&m% add @iclegtiddretend fraviigde ifebitoday .

100" mgy g QR BUap b B oot e R terg- R Ton

such vari adnh&&m&aratd’regst ype 15and extent of progression of the di sease

or disorder, t t%,eam les 1 {)lemlt hclflé]ezulljovu&)me Q"-%efg t:?sgn(lf?l(gélb ?A tF Ont o

rel ative biol ogi gar I'cacy o €' Cco of
t he exci pi @ic); stamﬁmct(sct'lr)ﬁumﬂfudxhe aa); I’&b&h‘l’lﬁ(lﬁmfﬂﬁ faéefovwap:doxabs can be

extrapgl at [.es m..in

ani mal % d@fsa{dﬁfbsys IObuc ufr@?%sgfrgg‘é%ﬁﬁéjﬁ%fﬁﬁé I nvcétﬁ meodg_s_(li:: g%j)jaj so be
f or mul at edFh{atso whiielda:bﬂadﬂDW byl roned beta-R2', Abdielcaggeh- fhcomnatidare); DAPD, ((-

i ngr edi ent 1 t

antiviral );gen %\%lgagnéjill Onéjrﬂ Q&O?&%%gqgéﬁgn%%@gﬁﬁgﬁ@@gﬁgﬁmg fs
suppr essaninslpdemtvirapinef (BRRERISG); pelagering (BAAP {80 152K efavira ¢PHEE-266);

PNU-142721; AG-1549; MKC-442 (1-(ethoxy-methyl)-5-(1-methylethyl)-6-(phenylmethyl)-
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ti ssue sanples, including human, and for identifying |IDO enzyne

| i gands by inhibition binding of a | abel ed conpound. Accordingly, the
present invention includes |IDO enzyme 30 assays that contain such

| abel ed cofpBaHGa0s958 The present invention further FAA({FQ049794

i sotopi cal | y-1abel ed conpounds of Formula I. An "isotopically" or
"radi o-| abel ed" conmpound is a conpound of the invention where one or

mor e at OB (£, Bﬁpbﬁrﬁﬁém%m&%% L %Bl%ﬁohﬁé’ A%ﬂsé%?%ﬁ%d@m@cﬁtsﬁgbﬁ

mass Or nmass nunbe f erent romthe atom c nmss’ or
typi cal | y PiFAY intibitosy inpledesaquinavir (e -850 ritnnevir (ABIyS38); Sudinaybi(MK-

radi onucl i g8s; deltat - TRY- B%3). Qﬁﬁ%&%%ﬁﬁ%%? ]d\ g5 m“%&éﬁ 291475 SR ERENT

i nvention include but are not limte witften as D for

deut er i um) BMSrP3E28 AR 37 $:and £6- 11%@ @ﬂ:@r @Emraimn%mlw&ydrmmeawl:

353, 368, , i, AS2, T pehtaiibid! Md Vidsum Project o3RG 76Br, 77Br, 5123
125/ and 1311. The radionuclide that is i'ncorporated in the |nstant

radi o- | abel ed SEHPBuHEROthE ’IaPe“B%B@ﬁ]EFféﬁl'ﬁaﬁlée@&@éﬁ ingledeafoprieamte divleing
that radi Oadead @h@ ks WA Emith®n, ﬁﬁ@é@lnﬁlsta; eﬂiy’fbnﬁ:bﬁé Qerpgn%pég(g?

| abel i ng and. conpetition assays, conpounds ,
125, , i ncOtipeites; wirapgueasiagd Eﬂaé?nes)ﬁgctws wacéwétﬁrél ¢h}01@ethwsst usef ul .
For radi 0- iyeRghdighaaide ﬁc%:%?aéum , 58 mide, neMPhiaf %iﬂopaﬁﬁauédl?lpoﬂl%ﬁan 12 1311,

75Br, ZGB 77Br will generally be nost usefu i s under st ood
that a aH'F@YIF%%FIé]amedFe*hﬁaﬁéil%O%%%%&uSwléanepawm%immﬁww has
i ncor por at @@p@tocheafhrbense, katteapdniige. | n sone enbodi ments the

radi onucl i de i el ected 15 125, fromthe %roup conS|st|ng of 3H,
14C,, --S and %Fh'ea‘mﬂt flapRng, suisble Rarats Togise infombpaton Witlyhe

radi o- i sot @pesulddbothe pgadit BvEaaBR RS @Eeﬁbﬁﬁiékb@ﬁiﬁﬁynb&u?%@%ﬂs of
t he |nventug?ﬁgnd ar e Il kpown in th 15A radi o-| abel éd

conmpound of COGRFEARY (OB Sugh ahearustge 20 giaplrtiy thes Qaymeush

i denti fy/ eM@[hua,t’ @mmm DTIO, BIBﬂI@rc@sblaﬁﬁlﬁﬂﬂiam@uféﬁ‘Vﬂ dmbiabdyessi zed or
identified c n be evaluyated for its

t co
ability t o° é” ‘i‘sf’rm Ay Bﬁf H%tc’i“ E%b(gqngﬁu’&dd RHGUTRE 18 fheripyention
i nventi on ey ﬂi&elcﬁ@omazyﬁmzmn&ﬁmﬂkﬁpﬁ@hgs, ichuding Bytbkihas s6dh 23 ift@fekon

conmpound t th . the radio-labe conpound fo inding to
Che’ D0 eryi THIeBEH Py A e e e o0 TR S b e K ¢
The present i m(bn:tpnmm!s af memmﬂou dag alphee wsad Ritbinbahtidei vith ws@hdtheradyai
ST 3 o Bkl SALTER Ol R SR 0:i0h JRARIT S0l SFRSER. ©
virus vaccmes which are used to prevent diseases caused by viruses such as polio, measles,

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 fumor necrosis
factor (TINF) (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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25 di seases referred to herein which include one or nore containers
cont ai ning a pharmaceutical conposition conprising a therapeutically
ef fective anpunt of a conpound of the invention. Such k'é n
further i n&YUHEYPP8gesired, one or nore of various conb ﬁi"?@ﬂ%ﬁ‘m
pharmaceutical kit conponents, such as, for exanple, containers with
one or nore pharmaceutically acceptable carriers, additional

cont ai ner Spurfk Qnaiogéﬁnd"ddeﬁosﬁg dERaRlsk ihRRPAY KB adife L%J&]Q)?ﬁe %lﬁéll)}oggpﬂ n 30

the art. | nstructl ons ther as inserts or as I catlng

quant i ti esflgpr %CWWQWQR@PB@H%WW@%@GWWNW@Q f or

adm ni st r abdnRBatiNHdPer@itibtil i Nnes for mxing the conponents, can al so
be included in the Kit. The invention will be descri bed in

greater detail Bya%she@fﬁthgrp@‘@m preothe anfpeaser agents fdher Bnfudey feresamities

are of fer egrhi@hattal b&%&ﬁo@édn&%eﬁ%:@ﬁﬁ@e% (£oR8 Ieevﬂ@dtama%&n&%ﬁ()Q limt
the invention.in any manner. Those of skill in the art wl| readily

recogni ze %m{?‘éfl?se?%?’s Fawaekings aag GWM%I@P@%W@HS viablapiae. vinsrigidg or

modi fi ed t@ngekiat @1&%&9tdaactﬂomyelhedaﬁmla@w&ﬁbmﬁ f@umémq&w&&&fmt he
Exanpl es were found he inhibitors of I'DO according tg one or nore

of the as SQ%CWWGT@‘EPII']& Spifhrangygis e oformygin, anitpmycin-C, L-asparaginase,
4- ({2-] (A%ﬁﬁ&ﬂéhé(@%&}ime&éﬁébxh@%d\t@ﬂlp&dé br OTTD 4 f1uorophenyl)-N

Lhydro (}/1 2, 5- oxadi azol e- 3- car hoxi m dani d

4- Ami nbE N - hy d B Sftotoxig a%%?%?%%ﬂé@@&%ﬁs‘a&%ln%%@é leazele // \ N, N
0 Mal ononi dapeditgbifieAkdlsxiatibe, crl@dophanitddyifQfide m&oﬂﬁné nol) was added
to water (7 L) reheq}ﬁled to 45 C and tirr,gd f mn. The resulting
sol ution was cAObIPSHRYP AR URKIH TR SHrd 21 BPILWHY xt’ﬁﬁ?ﬁt@e?%aﬁ@c g, 5.5

mol ) was aggpte; M@alsbﬂaaaseeﬂmatoa,tpﬂdscarbaﬁa& Redxdfdoke; pRiNDDYBIRERLON i C
acid (55 rnr %wa 51 %axot %’t’ q reaction_ensued with the
t enper at ur &P Esfﬁu%basfég atingnd gar folpgige] cpopsp BT M8 Hoved and
the red®t iinhibinrtattienwatl tibiapdueicladents; lduddvdring teghfud GndlifheGatopdidicigR@ak i on
m xture wa,!tsg cooled to 13 C and 50% aqueous hydroxyl am ne (990 g, 15
mol) was add®d all at once. The tenperature rose to 20 26 C. Wen the

exot herm ¢ reaﬁthaalntﬁcdnmrdgﬁt(tshﬂclmladnmylfhempa;ﬁcesmheﬂraamduﬁdbi rri ng
was contl n d f

oo™ b ety SRR Py Al AR R R BRI R e

was al | omeﬂub@im@@byt@wmﬂgm TGFipeett pacti on m xture was stirred | n an

ice ba and 6 h drochl ori ¢ aci.d added ortio
over at monCt o s S S abs B SuseadE Bieet bR R el iy s
The preci pittabsstivaschanditinctegoly n2hdihg CCRAhOACRpashed wel | with

water and drie vacuum oven .( 50 t ive the.desired product
(oaa oS00 © DekRefti R BEb it Hogt Sehuer B iERd SRR SETEEL
CD30D) : 8 ddsfafys orlaibpt®e Tlodll h8nsfer.

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

25  recombinant viruses.

Methods for the safe and effective adminigtration 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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Step B: 4- Am no- N hydroxy-1, 2, 5- oxadi azol e- 3- car boxi m doyl chl ori de
OH H2N\ Cl N 0,N

4- Am no- N - drox -1, 2, 5-oxadi azol e- 3- car boxi m dam de (422

nmol ) was a 19/8 5338 xture of wat er (5.9 L), acetic acP§T f“giq??m’a?ﬁ% 6
N hydrochloric acid (1.475 L, 3 eq.) and this 5 suspensi on was
stirred at 42 - 45 C until corrpl ete solution was achi eved. Sodi um
chloride (518 3 eq.) was added and this solution was stirred in an
i ce/ water/ meth eggtoped 98 PEymacquisnlv theserpammdyrithe ipenfiamgnge g 0. 98

eq.) in Waddinifd@Qinthd fo¥¥a &t HAHEL NS coRpitthh widdh {8 FRLALA YA the
tenperature below O C. After conplete addition stirring was continued

in the i ceBRPMdS theinusniignand 4 gharmareutisally pesaptehloerrigr xThgreccomaesitins owed
to warm t GcadBe &epéfglﬁm%anﬁﬁ&%eﬁ'kh&?&m‘@@e%hﬁﬂak&ﬁ%ﬁ%ba)ﬁdfchﬂ e AAbiered

washed well with water, taken in ethyl acetate (3.4 L), treated with

anhydr ous SGdidiRY Sfiforiss.depasdine yonaphkeiher jopal geisypiepticirepimentrip Hepired and
suspensi onupdR shefatdat®becbaten! AUt YHItE P (kARG DphRRIchid /R to

filtrate was concentrated on_ a rotary evaporator. The residue was
di ssol ved PYFOHBRARPrages Refuding datrpapsaly Bassﬂatand r%ﬁ*%éﬁéf&ﬁ%ﬂﬂhﬂ@ﬁ%{r(eéaw (40

g), stirr e;dhdwonéf)mmfﬂa@ﬂefﬁd&deﬁroedezééars%ghd@w AeBulizER nt@horen)l Was
renmoved in a r%ﬁ'ary 15 evaporator and the resultlgqgugro uct was dried

in a vacuuRrggeah cpideme) anddragidgrnallneruliecrd eepaseiar] adsdorpeulgedelivayry

LCVS for (GRHChNE O2ichiMiklinistfabZ(eve &6), JubchBndiViR, fekidblldVidZ intRQD) © 5
155. 8, 143. 129,

4- Ani no- N m’r‘?%’ﬂ‘d’)‘?f}‘“ﬂﬂ%@‘ﬁh’ﬁ?@?%ﬁﬂﬂeﬁ oropbthalmic inserts syygically Hagehglicy dam

ide .0-0H c'bnjéiﬂ&tiva]/sa& Paﬁhfcfaoadﬂumstfatm% mclud%s mh-averg:us lmtraﬁrltenal éubct(ltgnoegus

4- Ani no- N-hydr ox oxadi azpl e- 3- car boxi m doyl . or i g,
1.23 mol) Ferol chreenoy @?%an'zoruﬁltrac%fu e trathecalor

2- met hoxy eihdgvemntula, ddliistaibn. Pﬁfeﬁdthﬂ)hdrﬁml%ﬁﬂ% l:(clﬂ.&c@or&&lf a sthgldBola®! )
was ad dAn one@%)rtgi on vvklli e stirring he reaction eratur.e
ose 1 b 410 SRaP i Lo B a8 « SRl Bt on P, a@‘f"r‘i’f} SHPRRSEDS 8
m, 1. 84 2dnd frtolavies faddgichl acﬂfﬁhsﬁatﬁnhin{ajylmglds trmsﬂemia%hbmdmﬁﬁned
reaction CIO{TEP| etion. Thgr reacti on .sol utl% ﬁas vvasla th watler (500
m) and brihES(ETT T TgPs SHPEURES s B AT PR Wiy %’ﬁl&f\)ﬁ?rat ed
to give thhateseutied cpriedyciied? Pdwder ot diPHasasthvkarerscad dadike miay be LCVS

for %HlZ%%%gar%yd%I%i z6= 202. 3. I HNVR (400 MHz, DMSO-d6): 5 10.65

(s, 1 H, .10 (t, J= 6.5 H, 1 H, 3.50 (m 2 H,
3.35 (&) J= 5. Ghisapvetidd)alsoIncdBles sharBackijtical 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), cintments
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 miiled 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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Step D

N - Hydr oxy-4-[ (2-met hoxyet hyDam no] - 1, 2, 5- oxadi azol e- 3- car boxi m dam d
e "OH \NH2 5N, 0, N

4- Am no- K- m%%%}k’?\ls(Z nmet hoxyet hyl ) -1, 2, 5- oxadi azol e- PCHPRIR N B
de (248.0 g, 1.23 mol) was mxed with water (1 L). Potassium

hydroxi de (210 g, 3.7 nol) was added. The reaction was rel axed at 100

C overnig %élg)oxr E@%&B&Qnuﬁﬂ}\%t&‘ shinRO%e g%ﬁ% siAGEh 8L & &s‘t‘eﬁgﬁ/ ﬁ%fmegg, 1%

anmoni um hy exane | ndi cat eaction co npl pr oduct
Rl = 10 O.p&vidstagubstangalivamepinnfistRbuiiop isthe fqnonetien, 6. dbpei‘@amed r eact i on

conpl etion. Thg, Iﬁé‘é&%HpQE‘ o%ﬁa!ﬁé’ Fp%nis%dizﬁ@ MoloSiTRSALL herRl doBitdll act ed

with ethyl acetate . The conbi ned ethyl acefate solution was
dri ed overmansiol arehgs, fgamecﬁamcaéem ebasphetep alzingtey impgacerily selady, palgium

d al 1m1 S | defhulo e 3
(pr OH;JCtS (?sﬁ& 1, @flac@y t@l_?ni@cl\lc‘ﬁﬁl%keacﬁw Mivzrfgyutoﬁd&le d ﬁul ée% IE%&UW&EQ

6.22 (s, zeilﬂloseeThféorerulahgﬂs g eddrqwnal!y lpeludesluheca@eg agfets Jeehgs 91 2 H,
3.35 (m %na!é}_resnél %garz{té an ral Gil; %ttég agents emulsifying and SUSpendmg agents
N-Hydr oxy- 4-T ( 2- met hoxyet hypam no] - 1, 2, 5- oxadi azo % - car boxi'm doyl
chl ori de” NFSEMuEepenfy socins Aethybang P@ﬁﬁé}‘dmrrbénzoates Sweetemng agents; and

N - hydr ox )f'faf}dlil{g%%gfﬁst @'ﬁé@fﬁ%ﬁéﬁ%@of‘% inkertion cAXRHo AL Bas t’%garowde quick,

car boxi m dam de | ). was dissolved in 6

hydr oct orsPeaiag d%laxrééﬂ%aseeﬁ tha ach¥e Ieeeeerﬂﬂﬁerfde%%qasl@e éhe@ﬁﬁlf'@h%r i de

(39.5 g, n@y@l@r&em@g\q@m@gd owed by water (250 ml) and et hyl
acetate (25 At 3-5 C a prevr ously prepared agug us sol uti.on

(100 m .) of s&8F {MmPRFitiegsean ergmenlajed igangiy dosage forg Sach A9eage SRIDE over
1 hr. The gRa&doh03ko\bB&t $60 xhg,eﬁbraﬁsuanyabBuf.Qoft@éboat Joaug, %f&@dctiv’@en room

tenperature o er he ekend |ca 5_reacti.on Iet ed.
The' T cact BHCUGT R Gt Gxise SOPBrort i PErHyY SeeRa Lo BeBRe)

The corgbi Qﬁgbgesif@ﬂmm%ﬁl@&ﬁs @ lothet BEMAVES, edt}(fﬂl&dcemamngﬁﬂteﬂé&mﬁeﬂat e and
concentrated to give the e r oquct 1269 s.ac

O e e CaERet i el RPN e e s mp%@%& iR 400
MHz, DMbO-wifly)a sufiablSplhandcButicdl dxh1pzeﬁt 85 (t J=5.6 Hz, 1 H), 3.50 (t,

%t: eg' E: e, 2 H)Fhe gdti:xgrg éo%:rpound cafl ge effec?lve overd lede Iags’age range agnﬁ is gene'?glly

N- ( 3- Br onmxdérinfidtered mplpdaynbeubicallly y ey adiednf. 2¢ will thh andeestdod fawdeno) tha ti, 5-
N Fydr iy RS e RROFE AO  ap ol el e, gefringd B B Py
chl ori de (aé&:rﬂlngto the 2R8anroikcumaascen indting thdconditien to(td Gated, yhe chdren

br oduct s, BYSaLE A Gra0 T Hy Rt sab B Wk B ek R 4308 oncgof
stirred fahe ijnﬂlvrdualpammyalnermwﬁtr afrthdpatenth ematians, 261 tBe lgke. 0. 313 nol )

sol ution (300 ek

ny@ﬁa%ﬁg 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 mto 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

37



was added over 15 mn The reaction was stirred at 60 C for 20 mm
LCVS indicated reaction conpletion. The reaction sol ution was cool ed
to roomtenperature and extracted wth ethyl acetate (2 _x 30

The conbi ng}g‘) BHY1>Fcet ate sol ution was dried over sodi GHF%F‘F)%(P ¥nd
concentrated to give the desired product (76.7 g, 98% as a crude

brown solid. 15 LCVMS for Cl12H14. 13r FN503 (NH—i) ralz 374.0, 376.0.

%ﬁ gl N8R I(_rzlocJ)J:lL Wdom?urwﬁg‘an% g’os%g]é 55 _ang oxger%i %%é chn en(t,éhgléﬁel(l_%fmg_m‘ﬁ fbgn 14

(t, J = 5. &fldn pn\faiob& pved th@&"or(ﬁer The tvén édmiganen? ckf) be Spdhted bithn ehrerid By&, 5. 6

Hz,
w3 e om@ig‘} 1o (iRt e st AR PR ROk o8
ol - 3-y1} - iftack idke (ﬂ:)ealdof&nmh-oﬁ'(olbkﬁ):la}mden releagk. Alvatiety ef mdterials can be used for
gl:(gxg r aZO4h énée b%s )??%/ﬁaaén%si %18 %r%ls 1nc£1 Z%g%[lm ﬁr%?p&%ngn% aclldgl e(l)xjd 1.2,
1,1 -car bom)(hldssmﬁpcdm@iceac(dé@utﬁ swg:h mme%ﬁlz aQEheﬁm:L ;te;tylalmdhcﬂ,tdngt belmitvet at e
(720 m) was ‘{geated to 60 C and stirred for 20 mn LCVS indicated
reaction conpleted. The reaction was cooled to room tenperature,
washed with 1 NhefBjuid s in5ehich the cothpoedls enderonposliionmof ik patent inpention

o own ol 1 9t GREPY e 1 S FR G RRRE F by byt erune ifon P54, 1

NVR (400 Mu@ablﬂ@@ued@ympss adqe®u of bil su]spnen&o@s betr] eotell emlsipgs WidhokditlewoiB, 1,

é 2 ﬁ’ 1 s:E_%h as ca%%m%e@oﬂ%ek%ﬂ%o%%oéﬁ Itzbl £7 géﬂiué (1 éas %ﬁ_}%eiugrsé‘gd gi}nﬂar‘] =
4-(3- Bronwhﬂnﬁabﬂmdp’hledyﬂ) 3-14-[ (2- hydr oxyet hyl ) ar ai no] 1, 2, 5- oxadi a
zol -3-y1}- 1, ZC%%IP ?oqllﬂhgl(a?gnsc{_r (%Hﬁlau%n mclud solutions an sufpeémg 1 i az0

4-(3-Brono-4-flu eny oxyet ypam no
| -3-y1}-1, PiiamnaCMC@ Fd¢caizdle, BILABy ovprgan{crRlvants, or guxpges 9f awéswwders

di ssol yed 13 lﬂ{nﬁr& %ﬁgﬁﬁ:ﬁ'&kﬂﬁné lgggcdrﬁallqn sujtable ﬁ]llrn%cplgfc écE | Eﬁ)ggkggeﬁtg 7

m,, 0.392 nol) was a over The r'eaction
-10 Cin 38 dﬁﬁCﬁde@% Insenearlodineatscthp mmmﬁgm@@wmmﬁerei bwie phowas

stirred alpabP %]&a@(ﬂ? SSuRd AdF BCFII QF sygtegﬁ%fect%otgposméﬂs% E:Qﬁ)e n%ﬁﬁitzécpcgr wdes

slow y quenched sat urated sodi um bi carbonate sol ution .
over 30 r Afipertpages Nobukized ﬁolﬁmé}aabmbréath@sﬂ@eﬁkyf%ﬂ@enqhﬁlbl% Vg OF ihen

was ext r acleeglizMoldavied f¥lbe BGRIAL 6 a Fe %028 Qenlbr interfultleipoSititd BEkdON _
organic layer is on_ the bottom and second extraction organl c lager is

on t he2® ogyreathipemachinsi Spbeiosr YeasnEon, QYR FORPoHtiens 4 refhRrally

sul fat e ang neQNE 8BkhIdBHEH WithGleN@r iR CordRRtiseH 2Rk b';ﬁ{ate(zzza%néh 999 as a
crude brown sol | d. LCMS for Cl1211|10ar EN504 (MtH) +: raiz = 386.0,

388.0. 1H NMR (Lhp@meims of qopmesndey compsiggn %%mst&md@ patigntavillyary 1 )

7.70 (m ]deandmé uBén ’Maat 1st311:§ aﬂmﬁﬂsﬁer@d i) pm@es%%f fHe,adlaQu]sﬁ'atgbnGSuEK as 1 i'l) )
4.85 (t, J= I-%S Q.b ﬂ}06 5.6 Hz, 2 H), 9 (.dd,
J= 11.5, gxr@p xis Qr ﬁ)erap Iﬂg:ﬁtalte of the patlent € manner Df administration, and thc like. In

2- ({44%43 t&x@;ﬁmnelaﬁplw@b@aoaﬁﬁpo&ho&—o@me AofnicteRY & Opalierd allea@X adieAZOkom - Y
1]-1, 2, 5- o&(ladl azol - %I ;u%ﬁrglnoz et hyl r'ﬁet hanesul f onat e

sease il an amo ent to cure or at partially arrest the symptoms of the
disease and its complications. Effective doses will depend on the disease 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 conveniional
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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25 MO Br To a solution of
4- (3- brono-4-fl uorophenyl)-3-{4-[(2-hydroxyet hyfl am no] -1, 2, 5- oxadi az
ol 3-y1} -1,2 4-0 i.azol -5(4.H-one (1.5 kg, 3.9 nol,
sone of th@"%‘P?@‘?gﬁnm ng brono- conpound) in ethyl acet g?t’%l@%ﬂg}g?%
added net hanesul fonyl chloride (185 ml' , 2.4 nol) dropw se over
at roomtenperature. Triethylamne (325 n , 2.3 nmol) was added 5
dr opwi S€ OV mofSpridbty ik 910 9l £t philEaiP Roh6a6 b PRI REREL AL Gt
: e

i ncreased to . r h, the réaction m xture was was

wat er (5 Lyse oppertaim of theff L‘;regcenﬁ XefPisYiercanisei errpfabibizera el repdip ihedefmagiontpf3

nore react haAscefichingsane size, and the solvents renoved in vacuo to
afford the desired product (7600 g, quantltatlve yield) as a tan

sol i d. LCIVB f orThe thereppitic gpREefkangempRINS pf the Fieseat Bgetion caagzrygecordipgvR

(400 @“@Q}Q@}Jk} @e garQ&ﬂa}Qééjlgr wHith fe greau%erﬁ 1§'Eadelﬂ1!§Qnann%r d2 (m |
H, 7. 58 (t 1 H, H), 436

5.3 Hz, 4“5‘“"“?@8‘1 (’HBC coypoyg, §1e hsalé apg COHQIUPE of the R%lelﬂsaﬂd(‘ahq-l)légﬂépbfﬁ J:
3-14-[ ( 2- Atéb 9&%9&% il Tﬂe opRriNae bBQltmion/deha cémfx?tmh BPﬂEQmQ'eJu*oHQf op

henyl)- 1, 2, 4- oxadl azol 5(413) - one 15 To a solution of
2- ({414- (?W%ﬁf QEPSWIRE R ya s depsrrdiog uponr Rybe of fagtow ingludinga z of - 3-
yl] 1 2, %@%@%@Mr&aﬁﬁéﬁdﬁbﬁkeh?&bp}ﬁ@% N&d el BRnabLadbinidild F014 6

tainin | so so §§f e correspondi ng brono- compound)
d| rret h f o AEP &I %CC(’JK’OE‘)‘ ﬁvﬁ‘&lopﬁaréb%ﬁoldqdll’é%a%é@s a%@@%lcﬁ“éfﬁ‘i
azi de ( 380solitioB cdifaiiBy AboutTmEtora@aﬁtzOQW\A@ﬁh@aﬁ;@dn@for ée@en@:rilor 6 h,
poured 20 into ice/water and extracted with

acet at e: hepSfupgrafion Spye ty?ﬁ’él Q?P@’éﬁ@é aref{pat bRl I'Wé@féaé’% { E’kﬁ/ﬁf]@tdy( 5 L)

and brine g§ghthper APdn khiBe SMMBMNS, the BT 86 émﬁ\bmeuttomlaﬁg/ﬁgtgag&ﬁemo
desired prod ct (1464 , 779 _as a tan solg LCVS

C121103r FNBES8E! Yorw Risistt e QaY—The 493@6@6 hkétéfso éepe&drmvﬂl (%@ewe type
DVBO- d6y : #hd@x@8 c& gﬂgreésmnﬁaf Zhe ddselse H?-dls&déﬂ)the 3ve7a¥l h(eéﬁh sattdlof thé p@%m(l&r
J=8.7 H, 1H 675 (i | (f, J= 5.3 2 H),
3.45 (dd, EFHBI?S(EEI‘E%UV% 19105Ea1 e%iciiﬁy @eéﬁmkound selected formulatxon of the

3-{4-[ (2- Asicipasat, Bﬁﬂﬂ:sﬁ*ﬂﬁt@@i]ad&mﬁsiﬁn@m et @ dos3s Yahbre 4xttapolafe® FOm4totd- UOT O

henyl ) 1, 2, 4- oxadi a é K) one h dr ochl or| de Sodium i odi de (1080
g, 7.2 nol 535%%" CHH’G% ”t"i") G %‘" PRJFYSRYIEPS 1, 2, 5- oxadi azol - 3-
y1} - 4- ( 3- br onD-The toupnadhe Iﬂ:}élz)veﬁho& cén D RGLIY faﬁﬂilatﬁilﬂlcbm‘mﬁ:&mﬁﬁﬁlﬁ oge orl. 22
mol ) 1pn. methan The .m xt a to sti mn
dur I) ng QM‘II 18?{‘31&?‘%}8&331 ar#q/edmgr)?%lfuﬁ%\rv 11,8% aceutmafagent suc% as anti-
Chl or ot r i neitahydesis) vatends GdBbatlies, ﬁfmﬁﬁe am:laﬂcemnﬁmaeﬁbpaﬁsaatsmhutl on in
met hanol (1 L% %B%pv% e gt eqﬂ(%at e so that the tenperature did not
exceed 35’6{1 H&" e tﬂ?o was allowed to stir for 3.5 h at
anbi ent tenperature. The reaction was neutralized with 33 wt%
solution o m t hi,osu {ahydrate in water (-1.5 1),
diluted w Cf%’eggcgmp?uﬂdﬁndlfﬂs cﬁ{%@%pH adjusted to 9 carefully with
sol i d ot assi urAmotebopat ef thopesegt inveaticleriaten tosfirmidscent dye, spin label, heavy

metal or radio-labeled compounds of the invention that would be useful not only in imaging

but also in assays, both in vifre and in vivo, for localizing and quantitating the IDO enzyme in

tissue samples, including human, and for identifying IDO enzyme ligands by inhibition

binding of a labeled compound. Accordingly, the present invention includes IDO enzyme

30  assays that contain such labeled compounds.
The present invention further includes isotopically-labeled compounds of Formula 1.

An “isotopically” or “radio-labeled” compound is 2 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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10 portions: watch foaming) Di-tert-butyl dicarbonate (318 g, 1.45
nol) was added and the reaction was allowed to stir at room

tenperature. Additional potassium carbonate (200 g) was added in 50 g
portions oVEP2UVAIPF ensure that the pH was still at or PEBEFE0G049754

After stirring at roomtenperature overnight, the solid was filtered,
triturated with water (2 L), and then MIBE (1.5 L). A total of 11

runs were rformed, (5.5. kg, 13.38 T ined 15 solids were
triturat ed[P %er{nﬁ mlthérﬁ&mﬁ’”gﬁf SR A mt?%\ty?fgﬁyl_f% 1p gfure; (e pasyplly
rotary evapowstgr Sﬁﬂtﬂ:&l«adl&ﬁlcﬁdes thabmoay Bd mécegsceded i RempAS et 1M é%ent

di chl h f t
cr ude. mat Pt A5y adogs SEE obtcsle T ool i e aieria) @f wain
treated widsi fdem@hm} i ‘2] Hg, ¢ay e’y 25@;11%, '8@981:33?3 Peca ) "0k BBr, and

Lol o Co1Doh Lok o sk oot e Al WG ERIG] e A Rlndt el ' ©

filtrates asepeurclewdbdpemt audhe speaificanplicaticn cfthﬂmmﬁa;gba@imdlpéﬁdk@osl l'i ca

gel, hept %eth ceta di e 30 L fford
nore pr odﬁéggm%%’égr 2 vgm'lllﬁ ln]%(ciflnéalfdtcﬁm% tql a%f?? 8"”?1’8)’%&3 st ant
wei ght in mcmeﬁi |"t§h gzavéﬁl ,(%’B&S”g Wil gdprally he a0@ sdfulf FashdivdBaging
So 9ot BYAPRARHSSIE, OF) 9, of M, Sof ub} by dnfYefi AR e wbstusetl ™! )
[ 2- ({ 4U4- ( 3- br dripuntlefsiond haph'@adid-)abBled o “4abbled tdvyehond s Qg:ainzmmatihazl@d 3
-yl]- 1,2, 2
was added Lgcs %a)%%(fﬁdé asgnglﬁh‘??%ér}gg %QX&%%&%%”PAISEQ ﬁ&onucﬁdmgez% rred
at room teﬂmﬂﬁagtwecmdtuytzf ddal'Cy bl “Br. t hi ck past e that couI d
not be stirredg I 0 r [ t he
paste was sl urr e ét?'rjlmg%oﬁﬁ Opglc %{é{;dg?j% %)tompg grélg'% cf;i%ﬁ'% %Srarr? ed in
et hyl acetaapl@ablgtq_()OmPDllIhdSef@elmVanmn@@d&ipweldknmvm@mmst ant weight to
af f ordj4 he desiyr.gdl,Ried geg% er
uns, B g st artTag e acomtndotth ol i by D athallak sl 8
C12H11Br ENGOUD{qyRMpte coraponnds. 38aen©ra1 BEG:, @nevilHSNﬂRSI(Mi):@ ICFeAhﬁ_ddz:ompound
E)M;g ((jt6) J(5e gteélc gmﬁﬁﬂmﬁ) da be gvaﬂlgt é TJ' its ;'bd'%r 1o %dlﬁ:% bﬁnrdmg%f'thg ra&dﬂ%eééd
H . 5Step qgmpglgdtof @@ﬂxwentlon t0 theI O enzyme. Accordmgly, the ab111ty ofatest compound
({[2 ({4 [téc&%pewa@pmélmfdiou%e@éafb@ax&)nd%m rfh to i 1BY Ah Qb dredryOx adi azo
oxadi azol - 3-yl| am no)ethyl] "am no} sulfonyl )gar bamat e
A 5 L ?r urfﬂlTﬁléie%@ﬁﬁstFléglgamycharged wi th chl orosul fonyl isocyanate
[Al drich, product # 142662] (149 nL, 1.72 nol) and dichl oronet hane
(1.5 L) and cooled using an ice bath to 2 10 C. tert-Butanol (162 ni,
1.73 nol) K di chl or onet hane (200 ralL) was added dropwi se at a rate

so that the tennepeiefBvditich awmame@gﬁhra&e@cama ub&81Ufot bRehpROIUkd ON
was stirred at roomtenperature for 30-60 m.n to provide ter7-buty|

[ chl or osul MR ¢ RFaHian et I0-oyogiated disspsenasdizqdsy é%PSW {digbetes and other

3- { 44(% andiRert Rydrea® Redin Whidh &clﬁ&@@he&ﬁ SHoredoMhtherd véndaining a pharmaceutical
15br ono- 4-f | uor opheny 4- oxa -5( 413% one hydroc | oride (661

g, 1.57 rmﬁoanp%%fméoapﬂgﬂaﬁ %‘ﬁ?%?%l %CUV%?‘?%P GgrrRgrd et the suventigps p
an i ce/ salSuchbritdtan ﬁﬂ&eﬁﬁilﬁﬂel, Fdesnd, toﬁé briadt ¥ various conven’aonal pharmaceutical

[ chl orosulfonépéﬁ ar ba é:)r red as abgv ‘H% added at rate SO
that the t'% At . Foll W?’a OFPigH DERHRECoRteAly  Af t or
stirring fe(bdiepﬁa@lerdfhllﬂlﬁrs]: gmﬂabgﬂ%mS («:&Qa&wm r%d%ﬁaﬁgﬂgﬁt tms@éﬁdeallxgt 28
rate s t e tenperature did no - addi.tion tine

min). ik bR £ b FRORES oF 0eb SR AUMS AT S 1o6 S QRO 1 o
10 C, spl i e afimintstdran) gy delineOfosadniictration tahdbi gneddlivds it nidite €RREmpaEnt,4. 5

L each porti ch .po n was transferred to a 50 L separator)’
funnel and®df OIIS%JPee’BaI (E]etd %‘Fw acetate to conpletely dissolve the

white sol id (- Tbeinyentibheill eydessibeingraepasnal Bdyayal pecifie c0dngadii Thel ayer

following examples are offered for illustrative purposes, and are not intended to limit the
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30 Step M

N-[ 2- ({444- (3-Brono- 4-fl uor ophenyl) - 5- oxo- 4, 5-di hydro-1, 2, 4- oxadi azol
-3-yl]- 1,2, 5-oxadi azol - 3-yl }am no)ethyllsulfam de To a 22 L fla
cont ai ni ng YB2B09B) yor cacetic acid:water (8.9 L) was 5‘83@82009/049794
tert-butyl ({[2-

5({4-[4-(3-brono-4- quorophenyl) 5- 0x0-4, 5-di hydro- 1, 2, 4- oxadi azol - 3-
yl]-1, 2, 5-.0xa |azol n h a alnol ul f on ecarb mat e (1931
g, 3.42 mory |ld1n por fng?%r ov%stpo%ﬂeﬁmnyn%%ar{ ILfFla & |er?‘gv P{Jre was
stirred aterticdpatmatps mémhrcm baorrhaﬂgea ohmodified tsgieims@tial@rrm/@dw multsac uo,
and chase The sul

reated a Bocslppiu iR RPRESe Gy o I RRbER b Guntiiier (s o
L), heat ednéropfmehssamptt@iclﬁ@h@;mt he sol vents 10 renoved in vacua, and
chased i th dichloromethane (3 x 2 L). The resulting white solid was
dried in a vacuumdrying oven at 50 C overnight. A total of 5409 g
was procesBRAMPREShi s manner (4990 g, quant. yield). LCVS for

Cl121- 1128r@gé%gsl(l\/m—l)+ raiz = 463.9, 465.09. 1H NVR (400 MHz,
DVBO- d6 8 (dd, J=6.2, 2.5 Hz, 1 H), 7.72 (m 1 H), 7.59 (t,
J8.7 Hz, 1-f- [(A&llﬁﬁ‘su(fm,lyllimiﬁz]@hﬂiamiﬂmlf)’-,ﬁ-ﬁrﬁ@-ﬁﬂuormh&m-ﬂzhydnoxw ,

ﬁf 38 (dd, ﬂz,s:-o}a%iazmlegughr'b'gﬁm%aﬂn?@’ 3.11 (dd, J= 12.3, 6.3 Hz). Step
4- ({2-[ (Am nosul fonyl ) am no] et hyl } am no) - N-@3_k
'- hydroxy-1, 2, 5- oxadi azol e- SQ\é%r;r boxim da :* To a crude m xture
of N42- ({444-(3-brono- 4-f | ygroPpRENyL) jchydro-1, 2, 4-

oxadi azol - 3-y1] -1, 2, 5- oxadi azol H3-yl INaﬁmn(’)‘b et hyl ] sul fam de (2.4 nol)
contai Ml ng residual anounts of trifluofacetic acid stirring in a 22
L fl ask weseppdldéhniid¥N {5y dkgxy-1 R oxadmizdié-BRebonidaineie Wwas cooled to 0 C
using an ice bath and 2 N NaOH (4 L) was ded at a rate so that the

tenperature did not exceed 10 C. Af t:i;gi i ng at anbi ent
ed

- 4- f | uor ophenyl) - N

tenperature for 3 h (LCMS 25 indi ¢gf starting materi al
remai ned), the pH was adjusted to 34}wilt hNdoncentrated HCL (-500 ni).
The THF was renoved in vacuo, and th‘é ﬁésul ting mxture was extracted

wi th ethyl acetaterEél15 L). The or anlc | ayer was washed with water (5
L), bri ne Yaopopitrildfidrig pegperdid F’b@%@/é&filﬁC’lQ/%(éiPédf’fbtoé‘raf%WoLa solid.

The solid p@sakd iot415r°@ta§&isﬁﬂ'feﬁ|?orl\5ﬂ§ﬁﬁ Th%rasuﬁmghoiumrm B&fedth bbick B4R Snd

ot her reactlons of the and dried overnight in a convection

300ven!d o sefFEiE (il Q’é 5%911 Uas(agﬁ@fa“@?n by rErsBMrrcorked Fer Nt al 1 i zed
(3 x 22 L dyuaskssic a?sid]{SS\?ﬁl)%s £1dB@ MOhild dxébthbimhic fRAEHbnfchasd witRnE dried in

a 50C convection oven to constant weight to fur meﬁaﬁlé he title

conpound JEPBFRIBEFeAfRPE &6 sQ) PYgE 3heyoldhsghy wasir ©APRERRr FN704S
(MrH) o 1 ai ixfrdhdsk. sBired39 1 9 hrsXat MR . 480 retion @M&@\ﬂ@);@ol@ 313 &dadgs, 1
,890 o 7,17 (t, =8.% , 1 , J=6,1, 2.7
1 1y, Qe o $90 g B pifos sl o aigneb Y aqpmegiitssofyed
6. 23 ( 20 J26 °§. Whkl the txdiberma. réoti¢riabsided tHlooR bath \Gash‘imovzd Ed stidink@vag dd,
J=12.1, 600x21tm|jlzeﬂ fo% 1@‘ 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 C3HgN507 (M+H)": m/z=144.0. 13C NMR (75 MHz,
CD30D): §156.0, 145.9, 141.3.
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The final product was an anhydrous crystalline solid. The water
content was determned to be less than 0.1% by Karl Fischer
titration. The X-ray powder diffraction (XRPD) pattern was 10

det er mi ned WERYHPBEEM ni Fl ex Powder Diffractoneter; Cu BETASHEABHBEA
with KP filter; start angle = 3, stop angle = 45, sanpling = 0.02,
scan speed = 2) and is shown in Figure 1. Alist of 2-theta peaks is

provi ded ig). Tabl below The nelt.ing tange.of the solid was
determ nedSq fc3§)n1§"a']'1 %@%ﬁﬁ grhy%'\%fye?l’g’s[ﬂxfi #%Zrogn ) CQW%F%BH%aI oi metry (DSC)
822 instrunment. The sanple was heated from#0 C to 240 C at a heating

rate of 10 C per mn The DSC 15 t hernogrfam (Fi gure 2) showed a Trnsel
at 162.7 C and Tpeak at 163.8 C. T vimetric analysis (TGA)
(Figure 3) showed wei ght |oss of O. 9/\,&1eati ng from20C to 150C at a
heating rate of 10 C/min using a TA |IRAstrument BO00. Table 1 2-Theta

Hei ght  H»%BARinbdvhydroly-2,2 51RadiaBlelBeAbokERidZnie 442 0, A mal) Wasladd 8%
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 nitvite (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 sodivm 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 C3H4CIN4O2 (MHD™: m/z=162.9. 13C NMR (100
MHz, CD30D): § 155.8, 143.4, 129.7.

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

H2N7_('ﬁ\ /\/0\
N
N

20 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 m1., 1.84

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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CsHuNsO3 (MHH)Y': m/z = 202.3. 1H NMR (400 MHz, DMSO-dy): § 10.65 (s, 1 H), 6.27 (s,
2H), 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]-1,2,5-0xadiazole-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 ovemight (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 sodinm sulfate and concentrated to give the desired product
(201 g, 81%) as a crude off-white solid. LCMS for CsHoNsO3 (M+H)": m/z=202.3 'H
NMR (400 MHz, DMSO-dg): 8 10.54 (s, 1 H), 6.22 (s, 2 H), 6.15 (t, /= 5.8 Hz, 1 H), 3.45 (t,
15 J=53Hz 2H),3.35(m,2H),322(s,3 H).

Step E: N-Hydroxy-4-[(2-methoxyethyl)amine]-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). Sodinm 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
stitred 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 C4H;oCIN4O3; (M+H)™: m/z
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=221.0. |HNMR (400 MHz, DMSO-dg):  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 I: N-(3-Bromo-4-fluorophenyl)-N"-hydroxy-4-[(2-methoxyethyl)amino}-1,2,5-

oxadiazole-3-carboximidamide

r, LK
~o >N 7—(LN Br
- H
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 [Qakwood 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)
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.

LCMS for Cp,H;4BrFNsO; (M3H)*: m/z = 374.0, 376.0. L NMR (400 MHz, DMSO-dg): §
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,
1 H), 6.14 (t, J= 5.8 Hz, 1 H), 3.48 (t, J= 5.2 Hz, 2 H), 3.35 (dd, /= 10.8, 5.6 Hz, 2 H), 3.22
(s, 3 H).

Step G: 4-(3-Bromo-4-fluorophenyl)-3- {4-[(2-methoxyethyl)amino]-1,2,5-0xadiazol-3-yl} -
1,2,4-oxadiazol-5(4H)-one

-0
H N =0
~ /\/N7_(j\
o % N
N. N
0

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
mol), and ethyl acetate (720 mL) was heated to 60 °C and stirred for 20 min. LCMS indicated

Br

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,
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98%) as a crude brown solid. LCMS for C13HBrFNsOQs (MHH)': m/z = 400.0, 402.0. 1H
NMR (400 MHz, DMSO-dg): 8 7.94 (t, /=82 Hz, 1 H), 7.72 (dd, /= 9.1, 2.3 Hz, 1 H), 7.42
(m, 1 H), 6.42 (t, J= 5.7 Hz, 1 H), 3.46 (1, /= 5.4 Hz, 2 H), 3.36 (t, /= 5.8 Hz, 2 H), 3.26 (s,
3H).

Step H: 4-(3-Bromo-4-fluorophenyl)-3-{4-[(2-hydroxyethyl)amino]-1,2,5-0xadiazol-3-y1}-
1,2,4-oxadiazol-5(4H)-one

i) Y=o
HO™ VT(LN
N. N
8]

Br

E
4-(3-Bromo-4-fluorophenyl)-3-{4-[(2-methoxyethyl}amino]-1,2,5-oxadiazol-3-y1}-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
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 temperatore 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
brown solid. LCMS for Cj,H;oBrFNsO4 (M+H)™: m/z = 386.0, 388.0. 1H NMR (400 MHz,
DMSQ-dg):  8.08(dd, /= 6.2,2.5 Hz, 1 H), 7.70 (1n, 1 H), 7.68 (t, /= 8.7 Hz, 1 H), 6.33 (3,
J=5.6Hz, 1 H), 485, J=5.0Hz, 1 H), 3.56 (dd, /=10.6, 5.6 Hz, 2 H}), 3.29 (dd, /= 11.5,
5.9Hz, 2 H).

Step I 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

’ -0
H [\1 o
MSO/\’NT(LJ:
N, N
o]

h.

F
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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- ({2- Rnethylsulfonyl)aninoleth
yl }am no)- 1,2, 5- oxadi azol e- 3-earboxi m dam de 'OH ct, 43 / \

The title SUNFBUAY®as prepared according to the procedgpgnﬁ?mﬁQgﬁﬁle
17 step E, using AP-hydroxy-4-({2-Rnethyl sul fonyl)am nol et hyl }
am no) - 1, 2, 5- oxadi azol e- 3- carbwdm dam de and 3-brono-4-fluoroaniline

[ Cakwood Proslestitn of41(:3 broﬁbﬂcﬂt@)io hényglﬁ 3 hydr@@ethﬁ nShA1td, ﬁ&amaioﬁ-

materi al s 0 SBrF 04 7 0 10
NVR (400 Mﬂl&"‘% 5 ~ope (ke ?ﬁ)mohscogfem(ﬂg 3139 famye of’fhwnesfppnm
:7% (])-g (dd, slem6cdmpoind dﬂéthyljabatate 6l. 22'_@ wab adddd nﬁth&nekmfon}wﬂonae 835 m 2.24H) ,

4-({ 3 [( An‘PﬂgérﬁP‘F‘a%?/‘lej g#athPlﬁﬁﬁ‘éﬂ?rﬁt% ﬁ%ﬂ‘hy&%ﬂ{%e @5%% 23 meliSrppliedy | ) -
AP- hy drox ydi&pwlise2yvbr 43xai] duzak ehdh GialelioxtdntiteRing@atufethdrEiBede 32¢C.\ AféN Vv
N

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) as a tan solid. LCMS for

C13H) 1 BrFNsOsSNa (M-+Na)*: m/z = 485.9, 487.9. L NMR (400 MHz, DMSO-dg): & 8.08
10 (dd,J=6.2,2.5Hz, 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).

Step J: 3-{4-[(2-Azidoethyl)amino]-1,2,5-0xadiazol-3-yl}-4-(3-bromo-4-fluorophenyl)-
1,2,4-oxadiazol-5(4H)-one

H N =0
~_-N
N
7\
N. N
o)

h.

15 F
To a solution of 2-({4-[4-(3-bromo-4-flucrophenyl)-5-oxo-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 irn vacuo to afford the

desired product (1464 g, 77%) as a tan solid. LCMS for C12H;BrFNgO3Na (M+Na)*: m/z =

433.0, 435.0. 1H NMR (400 MHz, DMSO-ds): § 8.08 (dd, /=6.2, 2.5 Hz, 1 H), 7.72 (m, 1

H), 758 (t,/=8.7Hz, 1 H), 6.75 (t, J= 5.7 Hz, 1 H), 3.54 (t, /= 5.3 Hz, 2 H), 3.45 (dd, /=
25 111,52 Hz, 2 H). '

Step K 3-{4-[(2-Aminoethyl)amino]-1,2,5-oxadiazol-3-yl}-4-(3-bromo-4-fluorophenyl)-
1,2 4-oxadiazol-5(4H}-one hydrochloride
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Step A
3-(4- Am no- 1, 2, 5- oxadi azol - 3-y1) - 4- (3- brono- 4-f | uor ophenyl) -1, 2, 4- oxa

di azol 5(4%(9@3%{%% desired corrpound was prepared acc%gwagmbgmg%g

procedur e 5, step A, using

4- am no- N- ( 3- br ono- 4-f | uor ophenyl) - N - hydr oxy-1, 2, 5- oxadi azol e- 3-carb
oxi mdam de [see U S. Pat. App. Pub. No. 2006/0258719] as the
starting material in 98%yield. LCMS for ClOHGBr FN503 (MtH): mlz =
342.0, 344.0. 1H NWR (400 MHz, DMsOud6): 1\15 06 5(dd, J= 6.2, 2.5 Hz,

1 H, 7.72.- 7.67 (m 1 H), 7W N7, 8.7 Hz, 1H),6.60(s,
2 H. Step B: o\

N- {444- ( 3- Brono- 4-f | uor ophenyl) - |5Cioxo @I 5- vdro-1, 2, 4- oxadi azol - 3-y
1]1-1, 2,5- oxadi azol -3-y1}-2,2,2-trifl uoroat®; af"de 10 The desired
corrpound was prepared accor di ng to the procedure of Exanple 5, step
B, using

3-(4-am no- ih ufl 1§d1de | a or lgo?/?ffs %d?%to {3%2'%140Ieth61|) ﬁoényzﬁ Oﬁadﬁz% oxa
di azol - 5( 44B}(dhemast-fudiephstydr 1, 2. Agxabazel $(aH)-one (8, | 122 loh]) mfﬁl&ﬁaﬂod)fé

deé
?1355? F4 '\%}0? g Mlﬁk%f »Ji!]ﬁﬂreé gbft]gg)r ?é %Jl%d\ﬂ;ipﬂ%ﬂgég M_g;btherm Was ) 5
4- ( g Brl? rrmbaerwm &hbmtemym)’lﬂ@n{b @3p 8-, ﬁé_ﬁ hobyps efled asa Wdl]tloﬂ n8harbdi az
3 met Koxypr 0 %\pn 1%%@? tiagéhgs‘é é&ﬁpﬁ%%dlggﬁgé? © é!; Q(Elnagé th§§ea0tignl Y%%an
triphenyl pﬁibé’pfﬂ teistiefof 85 4 apamigent tempkipture "Ehetmmdv@fnmhze(d%ﬂl@)\w%t 0
C was trealftobi sfadl%% Hhhser %Qaaﬂyd&éqg LaRy P?@% %ngte@vi% v!liler (4 Badgmo! )

dropwi se. The reaction mxture was stirred at 't eat ed

wi th a solthe PR adipstedNo P garpiplly yrith s idmomssiyry ea'rbtph‘@rﬁ%c’iﬂ)gﬁaddxcbmmﬂ
di hydrqy 1 &rﬁon@&@a@dhafgﬂlngj b]-lfertlb I%icgff)%ﬁgt@-é@é §31 %][%ol?w aédr dnf gﬁor oac

etarai de (10 g, )i n tetrahydrofuran ( stirr
25 C for 7zagion Wh%albératéhswtmqm tgmperaRits ¢Widienl petatstim @rtopate @00k} h

ethyl ac et@as%dé%%smgbom@ﬂs%a&ﬁ% Wiehdhrd tilhtftl!ié-ﬁ-f QAGENI2Corabdd o 28epl ) 25
and wat er §20g@a , and heated at 50 C fo h. The reaction m xture

was conce room teIgpara e QVERRiEh. e PRI “fi*é S%t%rﬁfé uitpigtsd ith wakes Glals#ed
Wi th wat erméversBQ1.5L)., A Sl ¢F ot Rds w66 beBrRtearnenad & 1681) XTHRGofXbihe@Nd

bri ne f 80 s%?is wg‘g Ll%uq'atgc\i/ \%Ith ?rll %rd?éjh?orgnqgtina%?(ilsdru{l, f4ar;[mes in ]:1 20 }_,?cl;ta%g' evaporator
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
with decolorizing carbon (2 wi%) and silica gel (2 wit%), and filtered hot through celite to
afford the product as an off-white solid (5122 g). The combined MTBE, THF, and
20  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

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)-3-0x0-4,5-dihydro-1,2,4-0xadiazol-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 graduvally 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

47



and concentrated to a crude residue. This material was purified on
silica gel to give the desi red product (6 4 g, 54% as a V\/nite
solid. LCMS or Cl4F114Br EN5O4 (M+H): ni z 5414. 0, 4168 gtngg)

4-( 3- Br omo 2 14! W?)q:%ﬁ?henyl) 3-{4-[(3- hydroxypropyl ) am nof EIU /%Q?dl a
zol -3-y1}- 1, 2, 4- oxadi azol -5(4H) - one 10 A solution of

4- ( 3- br ono- 4- £ uor ophenyl) - 3-{4-[ (3- met hoxypropyl )am no] - 1, 2, 5- oxadi a

G chi or ot iRk FAERE AR AlAdas B3 ¢ Op ey TR gy (e s

tribrom de-isa. 9dssrh§ dﬂmmmamz?&bm@ d;)85 mmt:h m}hs& {1, r1ez@) aks §5J=C

for 2 h. T ti was _CoQ quenc hed with

sat ur at ed ﬁ%b? 2&@&) gt(l &z¢h 3r§|_)(dd ‘Itﬁéléq@é@ﬁsz Hhy & ekt

separ at ed and extracted with dichloronethane 15 (2 x 150 nlL). The
conbi n I shed with brine (100 ralL), dried over
annydr dus e e e Bode - Do otat Vg 1 tesst
of f - whi t e 3sgll- ud,s-dzmx&olraiygamaio)eﬂ@ﬁaﬁma}sﬁllfadl)@ﬂbasmdtd ca gel to give the
desired product (4.0 g, 73% as a Whl te solid. LCVMS for C13H12Br EN504
(M+H): rniz = 400.0, 402 0. I'Hy Wl 400 oPVEO- d6): 5 8.07

(dd, J= 6.2, 25 Hz, 79—7@ , 7.59 (dd, J= 8.8,
8.6 Hz, 1H), 654(t J- Y (t, J= 5.1 Hz, 1 H,
3.48 - 3.43 (m 2 H), 332-326(m o) - 1.67 (m 2 H).
Step E Br

3- 14-[(3 Azi dopropyl ) am no] - 1, 2, 5- oxadi azol - 3- y1} - 443- br ono- 4-f | uor op

ne (5l o a LapR TS eny%(‘ﬁaél%%%ﬂ?(*ﬁfhﬁ&%%@%w@ﬁwﬁrﬁfﬁancﬁ POt i

zol - 3- y1142662] A48 xddil &2 olol)afdliiklanmethdned1 §,L) chﬁcoﬂ‘m‘} kijing an ice bath to 2

di chl ofonef-h t.e onvil | or.id
(075190 ™" PEnihly Uk g1 0 B aS e Habore A GAFRE) 3 el iao
and st | r r gae at chBhﬁeﬁlpcraiﬁrded ﬂ'dn exaeeBt 100 ﬂhwmﬁbngSMn d:iai sﬂned atybérh
water (20 h The
organic | a ergmgg@%éo’g)gpa ed’ pq%y\ée i ut& anﬂrST'g%onali alébo fitﬁm sul fate,
filtered, and concentrated to gl ve the rresyl ate which was used

i thout 1 W ERESBU L Chagl ko frasbiban Sbl i SRS AL e
11 mmol5) ém@nﬁé@v@dplsmym 23-dxodia2-H(4Hore dzshlodde (X e,Urs wvd)%ndiSISLIt ed

wi th ethyl 1&51%1

sat ur at ed dé I car %ljr\lég%leﬁg t@(r)lg &@ﬁm n%éy %ﬁ? ékﬁsﬁgmrrr%f%%ﬁ d over
anhydr ous [aléd’pﬂﬂﬁosﬂlcﬁmate {Hrm@ri@daboaﬁdva@ odrsd at a ateed thebthey tevperetyee did
desired prnfaﬂé;l&&ed( o % QddiflNBme 7B 3!1% 8 enqetwléxﬁﬁ 2&% her

purification. LCVS for CL3HLOBrF 03Na = 446.
15St ep F: 7.78 mol) was added at a rate so that the tempcrature did not exceed -5 °C (addmon time 10

3- { 4- [403- aqhﬁon%ean@@@m}emkved &eqae%@@alanéwaa%awn% 1*@%@%1144 dgr op
henyl)- 1, 2, 4-oxadi azo| - é’/ (r oi odide H A solution o
0 %@é%ﬁ

3-{4-[(3- é’fmab%mﬁ%%}mhi 49 & cach Rprtjan) - Fagh pergamwas.

f I?)gor og he %af?éed%? 450 xaliaptR fR6A Fhd BR8] adtate BERMPIER dlENRANO]
( m d) \Atll?es white sohd {(~25 ). 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): 8 10.90 (s, 1 H), 8.08 (dd, /= 6.2, 2.5 Hz, 1 H), 7.72 (m, 1 H),
759, J=8.6 Hz, 1 H), 6.58 (t,J=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).
30
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20 with sodiumiodide (4.2 g, 28 rnnol) and stirred at 25 Cfor 5 mn
The reaction mxture was treated with a sol ution of

chlorotri ilane (3.6 n, 28 mol) in nethanol

and sti rrg‘(i‘;&;%‘(d@gda%%for 40 min. The reaction m xture vvagk?lugéaggwgﬁ
poured into a solution of sodiumthiosulfate (5.0 g, 32 nrnol) in
water (200 nlL) that was cooled at O C. The solid that precipitated

was filt erw% M\A@quqga m@mrmsﬁrﬂm% ?Jsec&omcs -Blhyo-t, b@—cﬁ@cﬁéfoﬁ%gr@f’m ]

pr oduct (il 93%. as a solid C131- 113Br FN603 ( M+

= 399.0, 4> %ﬂﬁazolﬁnxfe}a(ﬂ%@efwui TNED- d6) : 8 8.08 (dd, J=6.1, 2.3
Hz, 1 H), 7.74 - 7.70 (m 1 H), 760(dd 8.8, 8.6 Hz, 1 H), 7.22
(br s, 2 H, 6.69 (br s, 1H)\w 81%27 02 H, 1.86 - 1.79 (m
2 H. Step G HNTT N7

N43- ({ 444- ( 3- Brono- 4- f | uor ophenﬁ) 5- 0@(01\[4 | hydro-1, 2, 4- oxadi azol -
3-y1]- 1, 2, 5-oxadi azol - 3-y1}am no) pr opyﬁjl su A sol ution of
3- {4-[(3-am nopropyDam no] -1, 2, 5- oxadi azol - 33yl|l -4-(3-brono-4- 5

fl uorophenyl) -1, 2, 4- oxadi azol - 5(411) - one hydr &i odi de (150 ng, O0.28
oD and Stela 2T gk ¢Jfodinin®98: 2 triflubiedatit ReiPyhiefliBIVEL) (rAs Bddel jer Nﬁ@l hgat ed

Lonaentt e e AT PUL M DI RH A S e

prepar at i Wah%tﬁy@am%ulfbﬂlﬁﬁﬁm&zﬁd(lmbgjum n(c@)ﬁn Bortionk ki @SniautsOl i d.
1H NMR (400

LCMS f 3 14B FN7058 X i = 478.0, .48
Ve DO B U IaEE o piRs s bigo marais fon 1 5, (s SOt serhed 1
H), 7.59 (vdéio, akd cBas8d wih Gicldzrombthhlie (2 6.). 5The resmiting s¢li) wak tiebted 3FtondIini26

2 H, 2.92 - 2 87 L 1 79 - .17 2 :
47 3- [ it 75 iaahithests Py Redeay ik B a0 5 BB ey ) - n
' - hydifox yerlov2d 5r excadaad olhaeed}mdﬁdldﬂxmrbmt&aﬁa.’i gl L1 5T raalting iwhite alid
N43- ({444-(3-,b 4-f | h 4 Lh 1.2, 4- |
169, L4994 bt oAb RPLGNS & Okt ViR bty rongd g
i n et hanahis mnﬂea{APQQ\as;uamaaﬁ@)dLMtforxlﬂ\ﬂilb&t@%(()ﬁ (BIHAY': nfiz © 468 KY5. %nd
t d t 25 C f 0 t
Scet| o acra Mg (M By S SoF Ry 802 2 A LR Ay BdEnp T A AT ve
20 LCOVB t g gy @ H)h@md %4&9'%1}9%52@%&@&412&9 338 (@, $olipd 64 8NE for
Cl21-1168Br EN704S }-g no/. z 451.8, 453.9. 1H NMR (400 I\/HZ

DVBO- d6) P@iil@dff 133,93H8. g9 (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 1H) 656(dd,

J= 6.1, 6 6.17 ,

3.27 - eP'(ﬁn *%{Eﬁ%m%ogﬁoﬁﬁmﬁ%bﬁl g"dé bf%noj flue)rfplteﬁyl- “H) . H)25
Exanpl e 4 hydroxy-1,2,5-oxadiazole-3-carboximidamide

N- ( 3- Brono- 4-f uorophenyl) -/ W hydr oxy-4-({3-[ (nmet hyl sul fonyl ) am no] pr
opyl }am no) - 1, 2, 5- oxadi azol e- 3- ear boxi m dam de WO

20101016 9 3BR(CERdISZA 1T A 29 44-[4-(3-bromo-4-fluorophenyl)-5-oxo-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 stiring at ambient temperature for 3 h (LCMS

25  indicated no starting material remained), the pH was adjusted to 3-4 with concentrated HCl
(~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 (2x 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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Step A: tert-Butyl {34(nethylsulfonyBam no]propyl}carbamate 131,2 0 N
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 pm%g’O%gﬁSGQQZ] as the starting material in FOGUpzaap/eHo794
LCVS for C4H1I3N2025 ([ M Boc+1-11-FH): it* = 153.1. Step B:

N- ( 3- Am nopr opyl ) met hanesul f onam de hydrochl oride Ct? H2N HCl 10 The

desired corg:)o_u d vlvas prepared according to the procedure of Exanple
17, step B' e bo,t]élr]tLBq(j §lpsk) and dried in 850 °C convection oven to a constant weight to

{ 3- [ (et hyfusitsh iieniBashpahg kom0 RtDBIRIEIAS 781G 1SS for 0Y HIRLBY,03S -
LCMS for %&{;&SNZOQ %Mﬂl%ré .z = 153. 1. St eg C

4- Ani no- M oRy= R B2 et FVNBI ORIy DN Hpr ©pYd (1l B). 8984l ol
e-3- 15 cariyqx i/ dent degy, 99Hdd, 7=6.1, 2.7 Hz, 1 H), 6.76 (m, 1 1), K71 I, JRBoMN The
desired corrpgund was prepared according to the Er ocedur e of Exanple
17, step & u3? g2 Nb 633 4hi ndpr ey bt HEhST 5D AdZd é Fhnil0déh/ o7 i2de
and 4-am g iy, hygr oxy- 1, 2, 5- oxadi azol e- 3- car box. i mi doyl chloride

[ rade according to Exanple 1, steps A through B] as 20 the starting
materials in 19%yield. Step D

N - Hydr ox yrd fip§l3rd dubmedd ih Sitlybo0ydrysMiRlcnelid Tapwhier content was dgterén’\ilned o Rle

am no) -1, 2, 5-.oxadj azol e- 3- car boxi m dani de O - I

The. desi t dir BRDt Y VAt HELRAE. dbt Sreh Fy deb i THES T QRSB PEaTes

Exanpl @ 1 fectefrhi@dd (Rigaku MiniFlex Powder Diffractometer; Cu at 1.0540564 with K filter; start
angle = 3, stop angle = 45, sampling = 0.02, scan speed = 2) and is shown in Figure I. A list
of 2-theta peaks is provided in Table 1 below. The melting range of the solid was
determined on a Mettler Toledo Differential Scanning Caloimetry (DSC) 822 instrument.
The sample was heated from 40 °C to 240 °C at a heating rate of 10 °C per min. The DSC

15 thermogram (Figure 2} showed a Tonser at 162.7 °C and Tpeqr at 163.8 °C. Thermogravimetric

analysis (TGA) (Figure 3) showed weight loss 0of 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 13
18.4 903 13.9
18.9 1469 22.7
21.3 519 8
21.8 6472 100
22.7 516 8
23.9 2515 38.5
24.8 804 12.4
25.3 182 2.8
274 476 74
28.6 354 3.3
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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usi ng

4-am no- N - hydr oxy-N-{3-[ (net hyl sul fonyl ) am no] propy1}-1, 2, 5- oxadi azo
| e-3- carboxi m daraide as the starting material. LCVS for C71115N604S
(M‘I‘H) - in/ ivo:zoze/@{]agps S St ep E: PCT/US2009/049794

N- (3- Bronp- 4-f | uor ophenyl) - N - hydr oxy- 4- ({ 3-

[ (et hyl sul f onyl ) am no] propyl ) am no) - 1, 2, 5- oxadi azol e- 3- car boxi m dam
de The title conpound was pr eparﬁ% accor dﬁzﬂg t03'51he procedure of
Exanpl e 17, step E, using {6 . -
N - hydr oxy- 4- ({3- [ (met hyl sulfenyl 3% nolpr o‘@ﬁ? y 72
ani no) - 1, 2, 5- oxadi azol e- 3-—car boxiditHani o 23
3- bronmo- 4-f 1 uoroani | i ne [ Qakwood BfdHucts 138l 2hPloduct # 013091] as
the starting materials in |12%yield0 | ovs £ 58] C13887Br FN604S ( MkH) :
ro/z = 451.0, 453.0. |lI|_-\NVR (48 1My COE3D) - 89, 12 (dd, J= 5.9,
2.4 Hz, 1H), 7.05 (t, J= 4.7 Hz, TR 6.83(#7 1H)813.39 (t, J= 6.8
Hz, 2H), 3.14 (t, J= 6.6 Hz, 211) 443 94 (si0%H) 16787 (m 15 2H).
Exanpl e 5

4- ({2-] (A@ﬁ‘ﬂﬁ}l‘éf onyfl am no] et hyl } am no) - N- ( 3- chl or 0o- 4-f | uor opheny1l) -
AP- hydroxyl, 2,'5- oxadi azol e- 3- ear boxi m dam de 20 Step A

3- (4- A no¥-(3-Brauept-dlpropbenyd- 1hydtoxy3t-G ol rethydsaf foudyappivd et 11} antipd)- 4- ox
adi azol 5( X . o) i on. .

4- am no- N—4f(%sg I 5@%##&%%&%@61) -N - hydroxy-1, 2, 5- oxadi azol e- 3-

carboxi m daraide (80 g, 0.29 nol) [see USsPai-._App. Pub. No.
2006/ 0258719] in tetrahydrof®%n (580 nl eat ed with a solution
of 1,1 -earbonyl diimdazol e'(%&’g\,/ﬁ. hget rahydr of uran (200
m.) and_ heated at reflux for 1Mh. Thg.rgaction nmixture was 5 cool ed

to 25 G and concentrated to the poi nt Shere al arge anount of solid
pr eci pi t at’Bd titl§ henjraheé wegeaecidsceordihg o ehanpscedirt of Bchnwild 17 sép ) lusing

acetate (LS and. wash ith 1.N 2 m ter (300 inT
Cand’ bt 1Tt R RS At Dl e a5 L 0ver
anhydr ous sdakinidasnidd il S;brémd-#-Suedanibned Oelomed Rrodatte dnd. ergiuvet G13€91]
desired product (88 ag .quantitative) _as of f-white solid, Thiﬁ

an
materi al vELUEEPeRNHB LM RECBuPrOs NGHD 1 gV 46790
C1OH6 Cld-NSGRR (Mo mse-29 8 1.4k 18V8.9040 @uhHz,7 (VES: 909 (dd87 469
(dd, J= 6.6 2(.3 Hz, 1 IIQd%)Q7.69 J( 7.?5@ ﬁ] 2 Ij) (6.60 Ss,(z %
B: 2.5 Hz, 1H), 6.26 (t,J = 6.1 Hz, 1H), 3.33 (m, 2H), 3.13 (q, /= 6.0 Hz, 2H), 2.89 (s, 3H).
N- 1444- ( 3- Chl or 0- 4-f | uor ophenyl ) - 5- oxo- 4, 5- di hydr o- 1, 2, 4- oxadi azol - 3-
y1l]-1, 2,5-_oxadiazol -3-yl1)-2,2,2-trifl uoroacetam de 15 A solution
of Example 3

3- (4- am not-{3-3Aamia i ARl dolifopyHadito - (S heofe-f iver PRBSMY A hylir dyd - OX
adi azoLS- 5{2{1-4(132 - one %%gﬁ%; 5% },#rlgill) ?ﬁ d(i chl o? omet hdeilﬁe (120 Y?EL)yélwas
treat et? wi b PFIdIRlr e eximidamidsir i de (14 ni " 100 mmol), cooled to O

C, and treated with pyridine (8.2 inL, 100 Jmsppl?. F
Br

S
Step

\

HaN ﬁ g
2“8’\"/\/ ﬁ

/AN

(A
NN
. O
Step A: 3-(4-Amino-1,2,5-0xadiazol-3-yi)-4-(3-bromo-4-fluorophenyl)-1,2,4-oxadiazol-
5(4H)-one

8]
Br

F
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The reaction mxture was stirred at 25 C for 10 mn, cooled to 0 C,
and quenched with 20 water (10 nL). The reaction m xture was dil uted
with ethyl acetate (500 nL) and washed with 1 N HCL (300 niL), water
(2 x 200 nmYYO2HABOB?8 ne (200 nl). The organic |ayer was P§é‘ﬁ§?@t’féﬁ’794
dried over anhydrous sodiumsulfate, filtered, and concentrated to
-50 nL volume. This sol ution was war med (-40-50 C) and treated with
hexanes (600 under orous stirrin foll pet rol eum et her
(200 ) - TR ERPEop SRR eresiring & hemoosghis af RXoBIS Ao 1SBE |
was col | ec4-admbw @tﬂramamfmampmshedhymm hexaﬂmazotambad:rok@ﬂdatﬁdquaee

t he desir white so f
012%01F4ﬁ@05£5° 3&%?@%2&15@3@6%@ ng!’ﬁ%%dg‘;m@r? 82
(7 d?w 21— 61@ }%B%ijg, (imlﬁ)t ]?a/z5=‘9342dﬁ34430 h‘Hﬂt\ﬁ{@@e ReZonvbotdy): §3.88 -

4- ( 3- Chf’:or(ddAf=f62Leri)Hi]é@17723~’(m@1{ZI{)tTSS(‘,ﬂH,am&O)&aIHgllt]I@nﬁm)ﬁs A7R, 5-
oxad azol -3- yl)-1, 2, 4-oxadi azol -5(41-)-one A solution of
2-(trityl.araino)et hanol (10 g, 33 mml) [EP599220 and J. Org. Chem
(2001), 5 BB 75@5}[4@Brdmd-1}ﬁeasryﬂ>tphﬂp@hkme,S(ﬁyarogt, 2,33xatacl-3-yii-n,2,5-
tetrahydro e, treated with & sopropyl

azodi car bo&‘&?@%}) @]?}'-%E%%maﬁu,or %f’) dropwi se. The reaction m xture
was stirred at 0 C for 15 mn, treated W'%:a sol ution of
N-{444-(3-chl oro-4-fl uoropheny,_l

5- 0x0- 4, 5- di hydr o- 1, 2, 4- oxadi azo\Pf{;»J -1N2, 5- oxadi azol - 3-y1}-2, 2, 2-t
rifl uoroacet am de (9.3 g, 24 mmolg |Nno»t\1etofuran (28 and
stirred at 25 C for 16 h. The reaction m ¥ eerl0 was concentr at ed,
diluted with ethyl acetate (350 nlL), cooled to 0C treated with 1 N
HC1 (200 ralL), and stirred at 25 C for 1 h. FThe reaction nixture was
Tr eat et wi Ty dasieil coroprand vap\prej@ted(atgadingito the mectdart of Exsdnpde 5,38p®, figng 3

h. The or | I L t

bi car bonata (S06° w0y AR A O Mo S BB S0 8
sul fate, fthéttﬁﬁﬁ@lmataﬁnihﬁmeiamrmmﬁcmﬂsﬂﬁmgdﬂmq{mnﬁah;%s9
reconcentrated from hexanes 15 to give an oily solid. The oily solid
was treat e3NRi tHNMRIﬁ%ﬂOMHztDMS@%) St 7(8BmnLD), arvd - St (meiH).0 gi ve
a heterogeneous m xture. The solid was filtered, washed wth nethyl
tent-butyl ether (30 nL), and dried to give the desired product (10
g, 74%5 asStep @hﬂ{ieBsmid-ﬁﬂud;@bﬁnsﬂbB-{G&ﬁﬁﬂaﬂ@x&m&hﬁﬁowmﬁxamwozsﬂyl}-
605.2. 1H _ \ ) O d6) : 5 7.97 (dd,J=6.7, 2.6 Hz, 1 H,
7.71 -7.66°C °)(‘a%%%5’1%6@¥5dd J= 9.1, 8.8 H, 1 H, 7.40 - 207.37 (m
6H),7.28-723(m6H) 7.18 -7 C%? 6.59 (dd,J= 5.9, 5.6
Hz, 1 H, 3.37 -3.31 (m I—D/O\Z/Q\G/N%\;LWL O6 7.6 Hz, 1 H, 2. 27 -
2.19 (m 2 H. Step D 3-

{4[ (2- Am noet hypam no] - 1, 2, 5- oxadi azd¥iv,d¥y - (3-chl or o- 4-f1 uor ophen
yl)- 1,2, 4-oxadi azol - 5(413) one hydrochl ori Br prem xed sol ution of
trii sopropyl silane (3.4 m, 17 mmol) and tri f't uoroacetic acid (44 m,
570 nmol ) was added to

4- ( 3- chl ordsAvtines P opsHhenyprypag:=1cd [Fipka preduct §, 3447143 ) elh §7 paebreod -

1, 2, 5- oxadtigralpRssyfire &4, ﬁ%%'ﬁ&%hﬁfo%ﬁ ?@lﬂﬁ)ﬁpﬁ%gas ttle;te[:l@}[};ﬂal)

and t he resultln suspension was stirred

reacti¢h rAiReRIpPRY méwtrmyé@tfé@ T4k Aﬂm@hd@wet hbe reapticRapigresyas stimasi d.

The filtralke was 18ME, %tt@@tvﬁgafsau@t o@NL{qy{fm@JBmma ﬁtdrwhe&ttw b5
met hanol (25 m_l cool ed t ated with 4-di oxane

(14 nl), 2 petfedigzobls ylérlf?@ﬁw?@élaﬁﬁlﬁ yth&%@tﬂtﬂf%acvta@lde éwtﬁeﬁit r at ed
to a soli ctntabgtn M@ehydib R ey m?]tan@stetehxt zseat:ttelrvz(lﬁmre@@lmfnmkﬁf‘er@éé

The solid was washed with djet et h (50 nmL) and dried to give the
desired prq?a?ﬁgfrate% d{ll_utgd Wélga)élylégetaée (<RP 1), ﬁp@@wﬁh%op@eetm acid (20 mL)
C121- 145 Clmi&Re: 0 chiyidi hestbd & 55 ° 4ok 64 ThErdNRN (3 90reM& codoMRed6) : 8
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A solution of chlorosul fonyl isocyanate (2.0 nmL, 23 mmol) in

di chl oronet hane (70) was treated with t-butyl alcohol (2.2 m, 23
nmmol) at 0 C and stirred at 25 Cfor 1 h. This mxture was added to a
suspensi on Y&t 2030408238 2_ ani noet hypani no] - 1, 2, 5- oxadi azol FGTA/§300U9D
(3-chl oro-4-fl uorophenyl)-1, 2, 4- oxadi azol - 5(411) one hydrochl ori de
(4.3 g, 11 mol) in di chl or onet hane (70 nL). The reaction nixture was
treated mﬁt% a solutlon of triethylamne (6.3

di chl or ongEHIRE YW jeekfe (éo‘bn%hzﬂ‘déﬁaﬁlreldé‘ﬂthéffatezg ’CSQ ’6@ ?“Hateq'ﬁféh“m

reaction rbidrithgte (S SEnLaRIGiNG {80 nil.) 1drNd ek aAyd:RX tdaaed i fikAL hyl
acetate (2 ﬁ 100 nL The conbi ne ggnagqllc | ayers were washed wi t h

brine (10 Queeniated fo & Gafle KRR aLweR RRTed rpsalica gelte givetied, and
trat ; ) {
G ht or o hsdAulIbLE, SObls vERE] EoMSIH € MgniN el A

and sti5rre414@t41255) C for 3 h. The reaction m xture was concentrated to

a crude residue that was purified by silica gel chronmatography to
give the desired product (3.7 g, 78% as a white solid. LCVS for

C12H12C1FN#QES 4-4a4~BYomord- ﬂqup(hEﬁ)ylp3 {4103 IR (36861 Mdao |- DAEOxalfdzo]- 33?1}98
dd 'J— 70 - 7.60 (m 2 H), 6.66 (t, J= 5.9 He,
{ ’é‘*o"afmﬁﬁ%(%&)s"?(t J—59Hz(1 H),Hé 42 - 3(35(m 2 H),

313 306(m 2 H. StepF 4({2[( 1 osulfonyl)arn'no]ethyl}
am no) - N- (3- chloro-4-fl uorophgn

hydr oxy-1, 2, 5- oxadi azol e- 3- carb Xi d’amﬁle\ sol ution of

N42- ({444- (3 chl or o- 4-fl uor ophenyl) - 5\1\8>N) di hydro-1, 2, 4- oxadi azol
-3- yl1]-1, 2, 5-oxadi azol -3-yl)am no)ethyl]s gde (3.7 g, 8.8 nmol)

in methanol (70 nL) was treated with 2 MNaOM (18 ml' , 35 mmol) and
stirred at 25C for 2 h. The reaction nmixture 10 was quenched with 6 N
HC1 t olGH-4 scdwiipnioh é(?rb@hﬁaf#oﬂuwmem@lﬁa%wmdexym@d’DMObk B§swadiazolThe

the S;s.*‘?t%ﬁé?%hﬁ%%ﬂi%%‘i’éwﬁ- bl 5 3% o HARIE otk g, LY L 95 € VR
C11H14C1FNeaigd withik M borpe ramigoan, dehlommqtlme (28(nal0 @8 Mo)) 2DI/BBred B) 25 °C

(5(7jd 96‘J (_ dg vfor A 'ﬁne&eacaoémﬁzuﬁg gasgéafgélz o ofa ngnd qélgncg&i V(’l S&&r&e(?'%%m%) 186 o

-6.66 (m E@cagg)nap.qy (108 r83. Theraggeoug gyeqqyas sg)agtgad agd g(;(agﬁsd glth-shchlgrogp@thane

3.06 (18 Z2Khso E&ﬁn’ﬁ{e@:o@bmed orgamc layers were washed w1th brine ﬁIOO mL), dncd over
N- ( 3- Chl or o- 4- f | uor opheny dr oxy- 4- ({2- 1(net hyl sul fdny[) am nol e

t hyl } anmi ngpbydgous Seile& a'&faéez ltee@ae%%%ﬁ@fr#rz rfi cepisle otf-veyife golgl. Tiis'meytayalyy
was purified on silica gel to give the desired product (4.0 g, 73%) as a white solid. LCMS for

C13H12BrFN504 (M+H)T: m/z =400.0, 402.0. 'H NMR (400 MHz, DMSO-dg): & 8.07

(dd, /=62, 2.5 Hz, 1 H), 7.72 - 7.68 (m, 1 H), 7.59 (dd, J= 8.8, 8.6 Hz, 1 H), 6.54 (t, J= 5.7
20  Hz, 1 H),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-o0xadiazol-3-yl1}-4-(3-bromo-4-fluorophenyl)-
1,2,4-oxadiazol-5(4H)-one

H [\1 O>:O
Na\/\"NW—(LN
N. N
o}

5

25 F
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20N., O,N The title conpound was prepared according to the procedure
of Exanple 17 step E, using

. 7?P- hydr ox [ (et hyl sul fonyl ) am no] et hyl }
am no) - 1, 2\%%@&%?33% e- 3- carboxi m dani de and PCT/US2009/049794
3-chloro-4-fluoroaniline [A drich, product ft 228583] as the starting
mat eri al s LCVS for Cl21- 115C1FN6045 (IVH -H): raiz 393. 0 FIVK (400
MHz, 25d6): 511.50 (s
(dd, J— 6. f?solﬁﬁzslqﬁff GWO@WOEWY&%{“ &fé hzémﬁpmwgmem?] -1 oziui)lazols3 32
(m 2H) 3yll3 2(42]0}:&&132015&%3 2 g, 75 880l ﬁm&éﬂ@r@m&ﬁﬁﬁ@ﬁnﬂ) was treated

4- ({3-[ (Am r%tcl)sutlh 6?}/%) gro yl }am no) - N- (3-chl oro-4-f1l uor oghenyl )
- AP- hydr ox {12 5§ i{&@m O @k O el m%ﬁr%ovr@y@&y Jgmine (
g [(Di phinyﬂ mbbﬂl;@ﬁﬁ)eAl gaﬂ ﬂﬁbﬁbma%;&it;ﬂh64oﬁof§&g&%¢%éd9g% water fzo ml) .

am no ano ric ct in
di chl or%ne%‘?ig ¢ E?QIM%C%@ f Tk t1Re PRER e e arriaied ﬂOYFrnL
26 Mol ) aﬁﬂy&bmsrsbadm&tufa& fifiedeand boentrhRE td @OCthe ﬁlasylﬂté«ﬁzkiélﬁﬁﬂﬁféed

filtered an iltrate wa oncetratedto

b oduct - ( ey Rghinm Beoy o} sAE e Gt g M R (24
wit hout f uﬂhL]’l'ﬁﬁs tekited f+ith addien azidd VB3 gor1 LehO iGNt cCTh2 & 1840. 2.
10Step B:

3- [ 4- [ ( 3- ARSSPFOHVE Yanfigd vithete! aseipty GOl yand ashed withsyqtes (0021p; o
ophenyl) - shnatét odinai @ onsé (lll)ﬂl)nl()md biid (100mDR Agtddv@r Ahs@butsb@mof

3-[(di phen ne),an no 3 . and .
tri phenyl p%yé@ﬁl]%ée% g@c%pen 2!1)%]#-388{0 ﬁff'g% %’f%ap‘;gmr%’imﬁﬁ_?alé‘fas
C was treaﬁs@du&%&u\?‘ﬁé@eﬂﬂuﬁﬁ%ﬁﬂ%&@?&dﬁ%ﬁ g@%ﬁ ﬁ\ragh mé% 36570l )
dropwi se. The reaction m xture was stlrre for mn, treated
with a sol4B8in of N-{444-(3-chloro-4-fl uorophenyl) 5- oxo- 4, 5-
di hydro-1, 2, 4- oxadi azol - 3-y1] -1, 2, 5- oxadi azol - 3-yl1}-2, 2, 2-t ri fl uoroac
etam de (100 ng, 0.25 mmol) in tetrahydrofuran (0.5 nlL), and stirred
at 25 O fo¥tepB hr{4-TReAmisepropybamitiokl A eoxadiszot-B-gbte @3- wpmbr4-fluorophenyl)-
trifiuoroacekl red at 25 C for 3 h, and
concentr at g%l’atogacgﬁéfrjsugﬁn ggo telrsol§0 lj% This material was purified by
preparative LCM5S to give theHilesired produ (18 nmg, 15% . LCMS for
C13l | 13C1FN603 (M+H): ink = 355.1 Step C "ﬂ%ﬁo
4- ({3-[ (Am nosul f onypam no] eré'E)y‘t’i\azrﬁd ) 3-chl oro-4-fl uorophenyl) -
N - hydroxy-1, 2, 5- oxadi azol e- 3-car boxi\:[g,dar e

Br

E
A solution of 3-{4-[(3-azidopropyljamino]-1,2,5-oxadiazol-3-yl} -4-(3-bromo-4-
fluorophenyl)-1,2,4-oxadiazol-5(4H)-one (2.0 g, 4.7 mmol) in methanol (36 mL) was treated

20 with sodium jodide (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 C13H3BIFNgO3 M+ m/z = 399.0, 401.0.

1H NMR (400 MHz, DMSO-dg): §8.08 (dd, J=6.1,2.3 He, 1 H), 7.74 - 7.70 (m, 1 H), 7.60
(dd, J=8.8,8.6 Hz, 1 H), 7.22 (brs, 2 H), 6.69 (brs, 1 H),2.81 -2.77 (m, 2 H), 1.86 - 1.79
{m, 2 H).
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25 The desired conpound was prepared according to the procedure of
Exanpl e 15, step G using

3-{4-[(3-am nopropyl )am no] -1, 2, 5- oxadi azol - 3-y1}-4-(3-chl oro-4-f| uor
ophenyl ) - 1 W0 -19"0@ di azol -5(411)-one trifl uoroacetate ZSTARWIN049794
starting material in 34%yield. LCV5 for Cl12H16CI FN704S (MtH): ralz =
408.1. | HNWR (400 MHz, DMSO-d6): 8 8.90 (s, 1 11), 7.20 (dd, J=

9.2, 9.0 _ 6,.,(dd = 6.4 2. 7 Hz, : 12 - 6. m 1
H, 6.55 (TP é‘zkpé.gé?‘tg":@lﬂ ?‘g‘él.“g’ff’l’{‘eél?’nf'%?:""5613‘.‘”‘1_%{"('??’4305‘3@?@9??121,(1" 1
H, 3.28 -1352fadial-Rylmin@pSBysulfaiide5(m 2 H), 1.76 - 1.72 (m 2
H). Exanple 8

N- (3- Chl or o- 4-f | uor opheny1l) - Nr - ydr oxyy 4-({1\{39 get hyl sul fonyl ) ami nol p
ropyl }am no)- 1,2, 5- oxadi az&Nes- \ea&bm«,_mﬁéa de The title conpound
was prepared according to theyfyocedur qd/o yy EX le 4, step E, using
N - o

hydr oxy- 4- ({3-[ (et hyl sul f onyDam ncdpropyl } a o)arl, 2, 5- oxadi azol e- 3-
car boxi m dam de [made according to Exanple 4, eps A through I)] and

3-chl -4 iy . ' . t £t 3 t tarti
matorials R BhRD et BB e S Ehadp e T gl i o L
407. 1 151- 1NRphaG0- Wi-pxB3AD)4H)She 0Gdrbipdidd € 56 ni@, ¢-28 mink) andsuBm{dm

ng_nD ' 2% ?0 (ﬁ@(zg%(gl)%méoﬁ% Igﬁ}din% %21'% mLsg Wgéahégh hizal_pnicro%.fagg' at(1§0 °(§ wr 10 1]:b1n28

4- ({ 2- [ ( Aihsosutidronixivranistodentyiéd @ugive e prile fedidhd. uBhio mBtefisirviab purified et h
yppheny| pkﬁgt?%gﬁg%mm%o avonQuadA4RLR: Bs SR, PR M L8, 4RfPsH2N 31 N
N44- Fl uor O 3H( BN 08 QvreH]TY Inv/p any.0]480.8- hydmnex y40d-MEE2 Dxesdgyy 88y Dam
inol- 1,2, 5-oxadi azol e- 3- car boxi m darai de The desired conpound was

prepar ¥l dé€ddrth-hg iz B, hlocktiie 16D, Bodpe &8 8.6z p I, 6.3iki Gy (m,

N- hydr oxy-#gj 631 08k ¥R Rty b 1), P79XReh 82,91 3- car bwdmi doyl
chl ori de [rraic’ie accor g?%??o Exa?rﬂ%’j%ll,%’ gggpg%A&t;’%r}?ugh E] and

3-trifluoromethyl-4-fluoroaniline [Aldrich, product # 217778] as the
starting naéemd - [ AmHd S Hoh 319k i NSyl athin 5 2. 4503
(MH): Taig o Nk 1H Yrih 400@%3,@%0%%%@ ol f%nl%ﬂ’ﬁze]’ 547. 08
(m 1H), 3v8xyd;%oexadiazplep-carpoyijpidamidgs (¢ J= 5.3 Hz, 2 H), 3.38 (s,
3 H. Step B

4[ 4- Fl uoro-3- (trifluoraonet hyl ) phenyl]-3-{4-[(2-nethoxyethyl)am no]-1,
2. 5. oxadi AsOrioasy 11T ah d7brrshery iy MBS L o

ggs [ ; teg ) c %npp,m,p@xmomm ahRe)pAfpe Pttt (35 hi) 93 RROD etMEGaR (1 EXaWRL e

N4~ 1 uor JHeated PN DR ORD Agal i erlkac skt 525 Gy 60 miet B xspeiony | ) am
'7300/] -1, 2, Snix@¥aflisanale@ with SAEDONA gﬁo%”@.ﬁ%p%ﬁ) EifiGed bl fu-B8a %r/g!a}a%e in
oyield. LCM5S for  Cl4HI2FAN504 (MrH): m'z = 390.0. 1H (400

MHz, DOMBO-SYS tosige hedgsyel prgduck(14 meg 4236)as pisolid] LGMS Rr Gz H rsBrENAQuS
.76 (t, J(f/{+%)§: E/'Zz’= %51'.@, 215359.411}1 &%vﬂz (9450 I%[H??. g%fso%d.;)l:') 3 11:.)’5' é,g 1 Igl';[ ’8.8‘9] fs 15 >

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).

25
Example 4
N-(3-Bromo-4-fluorophenyl)-N -hydroxy-4-({3-[(methylsulfonyl)amino]propyl}amino)-

1,2,5-oxadiazole-3-carboximidamide
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Hz, 2 H),

3.39 (g, J=5.7 Hz, 2 H), 3.25 (s, 3 H. Step C

4-[4-Fluoro-3-(trifluoronet hyl)phenyl] 3-{4-[(2-hydroxyet hypam no] -1,
2, 5- oxadi azol -3-y1}-1, 2, 4- oxadi azol -5(4H)-one -0 HO- \ 11 |1 \ N oCF
3 20 The dé‘é‘??[ﬁﬁm({,ﬁéﬁpound was prepared accordi ng to thePSTEEAMYPLTYf
Exanpl e 13, step C, using
444-fluoro-3-(trifluoronethyl)phenyl]-3-{4-[(2-nmethoxyethyl)am no]-1,

2, 5-oxadi azol 3-yl1)-1, 2, 4- oxadi azol -5(41)-one as the starting materi al
in 99%yield. LCVS for 0131110F4N504 ( M+H) #0H F 376.0. 1H NWR (400
MHz, DMVb0-d6): 5 8.22 (m F]ﬁ 258H05 ( 7. 76 (t J= 9.9 Hz,
lH), 6.34 (t, J- 5.7 Hz, 1\ 3.56 (q, J=

5.5 Hz, 2 H), 3.29 (q, J= 50’7‘o|—|z 2 NSt*'bp D:
24(4-{444-Fluoro-3-(trifluoronet hyl)phéhyl] 5- ox0-4, 5-di hydro-1, 2, 4-0

xadi azol

- Stely A} BB { D@ g Eolfonyl) yhiacjpropl@tdiydmaret hanesul f onat e

N.CINC) / CF3 5 The desired conmpound was pr %Dar ed according to the
procedure of Exanple 13, step D, Ldsiing \w

444-fl uoro-3-(trifluoronet hyDphen

- oxadi azol 3-y1}-1, 2, 4- oxadi azol - 5(41-")-one s the starting materi al
in 95%yi elh. detigNBothpyund WY prEpatdEANEO6S theviebdeture af Exampl& 47, 6tep B NVR

S b ot Ay o il
5.4 Hz, 2 ifteriaBilBOU Feldf ECHMSFolz HANGD,S AMBoSH] B w/stap3.E: 3-

{4]( 2- AZi doet hyDam no] - 1, 2, 5- oxadi azol - 3-y1}-444-f| uor o- 3-
(trifluoronethyDphenyl]-1, 2, 4-oxadi azol -5(411)-one \ 15 The desired

(400 Mz,
7.76 (t]

conpound Wag, B R-PARRBRHMHRBFAREIPHAREAHEG Of Exanple 13,

1At Ny dr oxyet hyDarmi no] -1, 2, 5

step

2-[(4-{4-[4-fluoro-3- (trlfluororrethprhenRs’lz,Q 5- 0x0- 4, 5- di hydro-1, 2, 4-

E, using
oxadi azol -
10

15

20

3_ H2N/v\ N \
HCI
The desired compound was prepared according to the procedure of Example 17, step B,

using ferf-butyl {3-[(methylsulfonyljamino]propyl} carbamate as the starting material.
LCMS for C4H13N202S (M+H): m/z = 153.1.

Step C: 4-Amino-N"-hydroxy-N-{3-[(methylsulfonyl}amino]propyl}-1,2,5-0xadiazole-3-
carboximidamide
~OH
f\1 Q.0

HyN /\/\ \\ I/
T\ N
N, .
0
‘The desired compound was prepared according to the procedure of Example 17, step C,
using N-(3-aminopropyljymethanesulfonamide hydrochloride and 4-amino-N-hydroxy-1,2,5-
oxadiazole-3-carboximidoyl chloride [made according to Example 1, steps A through B] as

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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y1l}-1, 2, 5- oxadi azol - 3- yDam no] et hyl net hanesul fonate as the starting
material in 100% yield. LCVS for Cl 3HOF4ANG603 (M N2+H) +: rﬂz =
372.8. 1E NWR (400 MHz, DMb0-d6): 88.22 (dd, J= 6.2, 2.4 Hz,

8.05 (m 1WQ201600288(t+ J= 9.6 Hz, 1 H), 6.75 (t, J=5 @C”F&TSZOSIW ) |
3.53 (t, J=5.9 Hz, 2H),3.45(q, J=5.6 Hz, 2 H). StepF '
3-{4-[(2- Am noet hyDam' noj] -1, 2, 5- oxadi azol - 3-y1} - 444-f | uor o- 3-
(trifluoronethyl)phenyl]-1, 2 4 oxadi azol - 5(411& one hydroi odi de The
desired conpound was prepar ed accf_’ordl ng, to t|411‘é procedure of Exanpl e
13, step F, using ,N\/\/N

3-{4-[(2-azi doet hypam no] -1, 2 gﬁ\gxadl azol- -y14i2414-f1 uor o- 3-
(trifluoromethyl)phenyl]-1, 2 4- oxadl azol™ '\2110 one as the starti ng

mat eri al % Vil el d LCMS fo 111 4N60 Vi 7

1H NMWR (4oghehﬂ%z s yras %@P%I"(C ]‘E If"“'%“fﬁ% ﬁ@a’&ﬁ?&% S@’gk

1 H, 7.74ustg, 4-élﬁaqn6}]\’8hjl‘dzoxy£w KD- [(mEthSzEqudmyl)&mn&pfbpﬂ} lZ@S—@&dﬁiole—Q— =
Hz, 1 H, 3.42.(g, J=5.8 Hz, 2 H), 2.95 (t, J= 6.5 2 H)

Step G carboximidamide as the starting material. LCMS for C7H]5NgO4S (M+H) m/z = 279.0.

4- ({2-[4Am nosul fonyl ) am no] et hyl I am no)-N-[4-fl uoro-3-(trifluoroneth
yl ) phenyl] 10 N -hydroxy-1, 2, 5- oxadi azol e- 3-car boxi m dam de The title
conpound \AﬁfspﬁrféﬁhB@le&bﬂwchhqgﬂIMhyldwxp#d{;bdure of Exanple 13, step

G’ 3 m O )T a C. A
{4] ?SI Q?al [rﬁoé‘}hﬁs‘flﬁc’ Wm}]l ]}_;Lo%yl}aammogdrz_ﬁ ¢ d]§7‘ ?L? %2%1?1 dul(l)nfdg 3-(trifluor

onet hyl ) phenyl k 1, 2, 4- oxadi azol - 5(4H) - one hydroi odi de as the starting

mat e(r)i allHl '?Nhl\)cgﬁféoc&hﬁdtﬂd ﬁ%&ﬁ&gﬁ%@%ﬁ‘%@%@&@&f Ete%uﬁg
7.30 (19 oA~ kmféroasyﬁz(ﬁ Xmpephylsilfopg qrefoIp@ ey landino)?, 275-padiagolpfp; 7. 03 (m 1

lI:P) , 6. 7 1 gcaarbojdzméanﬁdé'gnd 3%151910—4%@1%51&1&3 [g)a%%oolczix%&ﬁftg tI&c ,‘]proa%mz# (H%OQ]%

N-[4 FI uorn—@(tmmgmmmadnmﬂtﬂﬁly)qmérqm:} f&dmyﬂfﬂmgﬁ)gﬁ{(%}l)"' m/z = 451.0,
[ (et hyl sul f onypam nol et hyl } am no) - 1, 2, 5- oxadi azol e- 3- ear boxi m dam de
gz, 49 S. /45B.0NJGHOVMR (4001Maz,t¢m3D@)caﬁrpa(dddma§ Dt EalBd7.086,0t-d8. nHzt 0

wﬁyS; gisdiﬁ)( ? g§ @%ﬁ% ljf]f onyﬁ‘f %@ L#S]]L}ggf{y%fsalrinz r%Idl)) 2 9453 gbeleﬁ]l(aZOI e-

3- car boxiHbdani de and 3-trifluoronethyl-4-fluoroaniline [Aldrich,
product # 217778] as the starting materials. LCMS for C131-115F4N604S
(MtH): nth = 427.0. 1H NWR (400 MHz, WD 2010/ 005958PCT/ U82009/ 049794
DVBO- d6) : Bxamplg® (s, 1H), 9.07 (s, 1H), 7.30 (t, J= 10.1 Hz, :

Zi—|)18 é t, - (({9. [g)uhﬁmsuifﬁﬂ-)l)anﬁnéj@th&ggmn n%-Ngs thogu gh‘%ropﬂlé?yl)- bgﬁpéxl}l 2.

2.89 (s, 3],,35 ogaeg(zg}pp’j gar]pq_mmldam]de
4- (134( Am nosul f onyf | am no] propyl } am no) - N- 44- fl u%ro 3-(trifluoroneth
yl)phenyl I -N - hydroxy-1, 2, 5-@xadi azp| e- 3r15ar dami de
H N’S“N/\/N N
H 7N H
20 NagrN

Step A: 3-(4-Amino-1,2,5-oxadiazol-3-y1)-4-(3-chloro-4-fluorophenyl)-1,2,4-oxadiazol-
5(4H)-one

.
HZNw_(koﬁo

N, N
O
Ci
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Step A

4- Am no- N - hydr oxy- N- ( 3- met hoxypropyl) -1, 2, 5- oxadi azol e- 3- car boxi m da
raide .0.0H H2ZN.". H 10N, 0, N The desired conpound was prepared
accor di ng 0 MHE5PHcedure of Exanple 1, step C, using PCT/US2009/049794
3- et hoxy- 1- propanam ne as the starting material in 93%yield LCVS
for C71114N503 (MrH): ra/z = 216.1. 15 Step B

AP- Hydroxy 4-[ [ 3- et hox an di a XI m dar a
ide ' 2/ \ Nt lkf(‘ ]ﬁ%‘g{%@é%" ?P%S‘H’H%"aﬁ i% Oé‘adl?%@ “ding to
t he pr ocedmlmxﬂﬁldﬁmamsbg, 129 sbl EedXJS ®Bsi Afp. Pub. No. 2006/02f8719} in g
4- am no- AP- hydr,o t haxypr,o g(ad .e: 3-carhoxj m da
rai de as ttﬁg‘%g &a%émws tfe\éﬁofii“%% Q}P%cind)?lq I %ﬁéﬁ@@sﬂlﬂ
(MtH): chd) Rut6trahydr firadVED0 rﬁU)(a’ﬂﬂ@ed\édZa,tleﬂthard &) Thérei&hoﬂ nfiSre Wwakl)

? g% ?5 70 %mi tCEZS:_i)_DC an co%cf&.ra’ted‘{o the pomﬁz }iere a mg’e amoun% of sohd precﬁ){:tr%teds 'Il'ﬁ)e

N- Hydr oxy- hbte[rcéggams moonypwemuu)edrmﬁnm}hylaczta&—(mad ndirodshed3vicar N@G1d doy |
EELOLL gge d%J §\ ‘%ﬁg (%quE)l N e??é)%%:[@oxge or\évg'nﬁc Igjr(c? Rt s%garg't%g,%gé cr)]v%rt 0
Nr - Hydr oxyanhyC[rQu}sn@umeul;?qw @MMm@e@ﬁ%&m@(wihm&;ﬁedﬁaﬂ‘(ﬂg)gj m dam

(le(;lii 22:2%4 Qtir%}wé@asrggtoﬁr v'vh% ﬁ%lgi q'ﬁ?‘ntaé%naE \Iv%eus w1th0ut ﬁ% puntgcation

NA4- Fl 1mor oe@MS tdrid {Hpormonet Hasheay k kdé e, hwmméem@ PRIstoxy s 2oyl ) a
nainol - 1, 2,5 0xadl 8201803 o531 OPK! Tdam e o p,

Step B: N-{4-[4-(3-Chloro-4-fluorophenyl)-5-0x0-4,5-dihydro-1,2,4-oxadiazol-3-yl]-1,2,5-
oxadiazol-3-yl}-2,2 2-trifluoroacetamide

-Q
ol
O NN
O

h

15 F
A solution of 3-(4-amino-1,2,5-oxadiazol-3-yl)-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 ol.), 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 C12H5CIF4N504 (M+H)T: m/z = 394.0.

1H NMR (400 MHz, DMSO-dg): & 7.82 (dd, J= 6.6, 2.5 Hz, 1 H), 7.59 (dd, J=9.0, 9.0 Hz,
1 H), 7.52 - 7.47 (m, 1 H). ‘
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,OHul \' NNO .N The desired conpound was prepared according to the
procedure of Exanple 1, step F, using 10

N- hydr oxy- ?N)‘;g, met hoxypr opyl ) am no] - 1, 2, 5- oxadi azol e- 3- car boxi m doyl|
chloride a U0/ 0- 3- (tri fl uor onet hyl ) benzeneam ne ESTURW09/045794
starting materials in 87%yield. LCVMS for Cl4H16F4N503 (M+14): raiz
378.1. 1H NWR (400 MHz, DWMb0-d6): 5 11.5 (s, 1 H), 9.05 (s, 1 H),
7.30 (dd, Jdz.&0,04 iy : A d 3o s | . e 0%- 7..00( 4
[ e 22 (T G G- Mmogteitdhyn LR bl eypiige iy 3oyt
H, 1.79 -ylkl.22-quadiaz2]-p{pH)-08 St ep E:

4[ 4-Fl uoro-3-(trifluoronethyl)phenyl]-3-{4-[(3-nmethoxypropyl)am no]-1
, 2,5- oxadi azol - 3-y1}-1, 2, 4- px§8i azoly 5( 4 -ngag The desired
conmpound was prepared accordp i gdure of Exanple 1, step
G using 20 H N
N-[4-fluoro-3-(trifluoronethyl)phenyl]-®-h XY 4-1 ( 3- met hoxypr opyl
)am no] -1, 2, 5- oxadi azol e- 3-carbndm dam de as¥thé starting nateri al

in quantitative yield. LCVM5 for C151-114F4ANS504 (MtH): rnk = 404.0.
Step F: A solyti ~(tri i

a[ 4- Fl uor o- 3 éutorni FUoronat Ryl S Phenyi] ‘é’fngif.{ﬁ%??%%aﬁgiy%’ﬁbc’ﬁ S o) - 1
, 2, 5- oXadf%aZol5] sdyinhenylphosplyne(di7a 3} w84 1 fetrghydrofuran (6Fmd.) aieds (G was

E f) rmg g In ﬁ gV\@eiteE RS FTLAbaESEL Rl ol 95 R RirSwideX 8NPLeftPn nliER

54- [ 4- f | uoV#&-s80ed 30 Cern lSrraipHyantep éthy spluden(of N-{/al4ridchleseyhleynbaniino] -
1, 2, 5- 0xa0s.g700k 5-dihylrbl1;3l4-ExAiaON BNAT 850k dthFbr- 098 - 252 tdifioRh & dudif 9.3
material in 97%¥|_eld. LCVS faor ) . . )
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
HC1 (150 1) 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 ferf-butyl ether (50 mL) and

gl

stirred to give a heterogeneous mixture. The solid was filtered, washed with methyl feri-
butyl ether (30 mL), and dried to give the desired product (10 g, 74%) as a white solid.

LCMS for C31Hp4CIFNgO3Na (M+Na)";: m/z = 605.2. THNMR (300 MHz, DMSO-dg):
8797 (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 -

20 737 (m,6H), 7.28-7.23 (m, 6 H), 7.18 - 7.12 (m, 3 H), 6.59(dd, /= 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 ) -
N 7—-—(I\N

7\
N._ N
o}
Cl

25 F
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CL4HL2F4N504 ( MNH) : ra/z = 390.0. 1H NMR (300 MHz, DMBO-d6): 5 8.20
(dd, J= 6.4, 2.6 Hz, 1 H), 8.06 - 8.01 (m 1 H, 7.75 (dd, J= 10.0,
9.4 Hz, 1 H), 6.53 (t, J=5.7 Hz, 1 H), 4.59 (t, J=5.0 Hz, 1 H),

3.51- 3. 42WOR0IQOHPIB 3.32 - 3.26 (m 2 H), 1.73 - 1.68 PRI/US2009/049793

Step G
3-{4-[(3-Azi dopropyl )am no] -1, 2, 5- oxadi azol - 3-y1}-444-f| uor o- 3-
(trifluoronethyl)phenyli-1, 2, 4-oxadi azol -5(411)-one -0 The

desired c oqnpmamhdd walstiqarod pitopcbpaleitoe @.4a1Lt 17 hinel) pidoiei@derbeetd ack@smiie

3, step E ) X _

T5af a- 11 oy BRI eRded o PP AR E e D (S T PSS BRI A no)
-1,2,5- oxgatdl Szxidialel-ydl}-1,2 423;44&1&0&6@4&2-011@-(5(5@1 1) maiol aadthe hsulgib@rt i ng .
ga'zgr?I 8" Isﬂsp Hsaé‘c?nt v{rr)a:[s%ﬁnvde at %5 6& gor 3!3’ CNB ﬁ%rrm%énHé&Eﬂchgs%Q%dgnwwg eq ez
3- {4- [ (53- Amibrofuaypagtticaaridn Ghe fijtaiebv o xattedzedd-13aydill whidid wid dilnted w3th
20(trifluqr 1 on i de H
CE3  The dléés%l:; :ﬂgl Bél m%.,rg Qgg%ilt% 0 Cztreate%angl 4:1%[3%(%1 éé fu{ ]d%ox eﬁl‘b %Efj gmgsg]irreg of
Exanpl e 3,at 8% ¥pfoF ]S mé. rifee mixture was concentrated to a solid that was treated with diethyl

ot ones o S CRy A AR i A b o o L e 1
mat er i al  igive8hddoyiral modubiQVS gf 98%)2% 4 MEBF &RIB0BCMS(IHEHINCENE0389. 1. 1H

NMa. (300 Mz, DMBO-d6): 5 818 (ad, J= 6.4, 2.3 Hz, 1 H), 58 06 -
8.01 (lﬂ J{M#I) TmiEr 343d; BH\H@RX%OQNIHZJ-I&MS@QH) 58705328Q0Hm,§HZ7H)5 78971

ghz{g, [ (Aral n?}gﬁ o(?ld?? ) am nog]%{ro@’ljﬁﬁﬁ no)j?\afzfrgﬁ{g IT% 3§¥ e3p4r,l(m 2 1),

(trifluorcri%-RAN PRy KN - hydr oxy- 1, 2, 5- oxadi azol e- 3- car boxi ni dani de
10 The desired corrpound was prepared according to the procedure of
Exanpl e 15, ste usin

3-{4-[(3- a%ﬁ%ﬁ%%)[éﬁ {%Fbljor%*@u@oﬁ;@aﬂ} -Srp-4.3:-Afyriroqlig 4 pragipzel-Byll-

(triflyoromes Bygd)agawggm&@)gthﬁ]sgﬁ%@zol 5(411) - one hydroi odi de as
the starting material in

NS — N
H
o Q
O
Cl
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-aminoethylamino]-1,2,5-oxadiazol-3-yl}-4-

20 {3-chloro-4-fluorophenyl}-1,2,4-oxadiazol-5(4H)-one hydrochloride (4.3 g, 11 mmeol) 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 HCI 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 concenirated to a white solid. The white solid was diluted with
dichloromethane {100 mL), treated with triflucroacetic 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
C1oH]7CIFN7O5S (M+H)*: m/z = 420.0. 1H NMR (300 MHz, DMSO-ds): 5 7.98 (dd, /=
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60% yi el d. LCMS for CL3HLI6FAN704S (MH): miz = 442.0. 1H NMVR (300 Mz,
DVBO- 15 4): 5 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. 0WQ201400%S8 ¢ 52 (s 2 H), 6.17 (t, J= 5.9 Hz,{’ré'l‘fﬂﬁ%““?éfﬂ%‘é’*‘

-3.21 (m 2 H, 2.94- 2.8/(m 2 H, 1.79 - 1.72 (m 2 H), Exanple 12
20 N-14-Fl uoro-3-(trifluoronethyl)phenyl EN -hydroxy 4- ({3-

Rret hyl sul 5- di e- 3-

o 11\ 0 RO R B st Ve B epieiineoatel ng o

t he procediy; & Ff3.42xam3l (&, 1 60),8513nG.@-({nd2 H).

[(3-am nopropyl )am no] - 1, 2, 5- oxadi azol - 3-y1}-444-fluoro-3-(trifluorom

et hyl ) phenyl] -1, 2, 4- 25 oxadi azol -5(413)-one hydroi odide as the

Z'z (ilr '?L i ngHri?ilépd? ita({24'[M%ﬁﬂﬁm@%l}h%%no@iﬁ%ﬁ%ﬁg@g{gﬂ%%ﬁ#{ﬁ% I’?i g 0:
S , 9. S, , 7.

(dd, J-éld‘%Rigg%Mgi&m%@ b%‘%‘“? J—62 25 Hz, 1 H, 7.05 -

7.02 (m 2 H, 6.19(t, J=5 327-3.21(m 2 H, 2.99-

2.94 2 1.7 2 0 le. 1

2 (1ot (adk Whefrptigey éﬂ%@wﬂwﬁs&%@%?—8@%?@%@%%r ore

t hy1) phenwl]},2,3-023dkezabCapl) aziab)ethgH eifubhidx {317 g @ maoclCanOhddoH20dn®) Wb /

\. , N e"

s ox oI B 2 M N S8 i L) R 1628 16 67 B b (TS FePiRR AT o

, 5- oxddi aze Iqeenshedanﬂncﬁ(hi iiCH gor pd~Jen@tie bheladdl was removed under reduced pressure.
The solid that precipitated was filtered and washed with water to give the desired product (3.2

g, 92%) as a white solid. LCMS for C11H14CIFN7O48 (M+E)*: m/z = 394.0. 1 NMR

(400 MHz, DMSO-ds): 5 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 (brs,
15 1H),3.35-3.27 (m, 2 H), 3.10 - 3.06 (m, 2 H).

Example 6
N-(3-Chloro-4-fluorophenyl)-V"-hydroxy-4-({2-[(methylsulfonyl)amino]ethyl} amino)-

1,2,5-oxadiazele-3-carboximidamide

)‘S’iN'/\/N\f_\A /@
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 C2H,sCIFNgO4S (M+H)": m/z=393.0. IHNMR (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, J= 6.4 Hz, 1H), 3.32 (m, 2H), 3.13 (q, J= 5.8 Hz, 2H), 2.89 (s, 3H).

Example 7

4-({3-{(Aminosulfonylamino]propyl} amine)-V-(3-chloro-4-fluorophenyl)-NV'-hydroxy-

30  1,2,5-oxadiazole-3-carboximidamide
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N- Hydr oxy- 4-[ ( 2- met hoxyet hyl ) arai no] - 1, 2, 5- oxadi azol e- 3- car boxi m doyl
chloride (1.3 g, 5.0 nmol) [made according to Exanple 1, steps A
through E] was stirred in water (10 nL) 10 and warned to 60C for 5
m nut es. 3WQ2016PESWonet hypani |l ine [Aldrich, product # RATRSAPI/-BEG
ng, 5.5 mol) was added in one portion and the reaction stirred for
15 mnutes While remaining at 60 C, a solution of sodium bi carbonate
(630 ng, 7.5 nmmol) in water (10 nL) was added dropw se over 5
m nutes. The reaction was stirred at 60 C for ditional 50
m nutes, and then allowed \c;{b}l/%d}ﬁ%g—n%ke ture. Ethyl acetate
(20 inL) and brine (30 15 mM.)Swere add Wofthe fl@sk and the organic
| ayer was col |l ected. The aqueo®s Iayeera'% extracted with ethyl
acetate (2 x 20_nlL) and the conmbi ned organics were dried over sodium
sul fate. THE Aopl@Hrbepdmethylgpn)annelaropaic (el t o gi ve the desired product
as an orange solid (1.4 g, 80% . phbCVR_cal cipted for CL3HLSF3NS03
(M1-H+ nmz = 346.1. 11-1NMR (405[4 : 0D): 57.36 (t, J= 8.2 Hz,
1H), 7.23 (d, J= 7.6 Hz, 111), 7.09N"(s, 1H), 7.02 (d, J= 8.2 20Hz,
étH) , % : Gg A bolutiba 08 3-2mitd, 1 -ghohanoB.d@ich broddet #7840 (22K, 263m88]) (5, 3H) .
ep B:_ 3-.. : -
{ 4- [ (2- Vet B erems i Bl 1assreated wifh bepzonhenong frying (at ol 26prel) Biifet hy ! )

phenyl | - Istidedlat@3 adif@z6/h: Thd deadtlofMBxtare was filtered and the filtrate was concentrated

Y- Hydr oxy- 4- - net.hgxyet h m nol - Nd3- (trifluaronethyl)phen -1,2,5
Y orcadh oo 2t SRR PRI 6 ) & B il ot o] ek bood Wibdit

1,1 -car b%ﬂe@?mmoqé@nolmmséfo}@l&x RO @u-1eme! Jneb g gi ssol ved in ethyl
acetate (20 nlL). The reaction mx]ture was heated at 70 C for 40

m nutes.. Additional 1,1 -carbonyldiimdazole (0.26 g, 1.16 nmol) was
added. ,After Stiryi t 7 5. f n er ] putes, ,t reaction
nas ol 1Gusin s L ORR ot badisel LR e oo S R ¢ 305b iR
added and 1 3éoxadisdel-H@detnedmilwascagshed with 1 N HCL in water (2 x 20
n). Brine was added to aid in the separation of the first wash. The
organic layer was dried over sodium gul f ake concentrated in
vacuo. Purification by flashHghLermategr on silica gel with an
el uent of ethyl acetate in hexanes gaye ‘%t he sired product (1.3 g,
90% . LCMS 10 calculated for Clalii 3F3NB A4 . rn/z = 372.0. IH
NVR (400 MHz, DVSO-d6): 38.07 (s, 111), 7. m- 211), 7.79 (t, J=
8.1 Hz, 111), 6.42 (t, J= 6.0 Hz, 111), 3.47 §¢t, J= 5.8 Hz, 2H), 3.38
(q, J= 5.0 s 2 24 (S . St ep G

811071 (o v el ok g e Gk iemine Ry PO me QAN B wor ot hy
pphenyl k lEfhedyldhmgrlizoe @3 olg 686 hiel)omerH@drofurNe(CmI()ait 01°C wad trédted MithQ | n
g‘_ E 2{"[‘ 2?%{5%&%}3{% ?ﬁ%’gic%gg’?{%’%%‘jnb% tﬁg?(g?& %EIQB %R)?J%Esg.’ The reaction mixture was stirred
oxadi azol -B0yCerd4Ieif tirebed with @ st of phEry(}-cHlpd 4flaxadegt)ed-ox(43-1) - 0

ne (1.3 g,,43,.6 Myl s, stinred in. di.chlorgnet.hane (11. Th
Cemer ot ordme MO BR) S Loty SO 05 BTN AR Srcbdic g ol 2
tribrom demmnpl) i etrhydofmedn@nenl) /and stitred a7 29°Grfop 1§ hwdls: matdetmikhopwes e
over 15 m%‘é&ﬁ%ﬁtﬁ%’u &{%@&%a'a&ﬂ( },‘é‘%—rfe aﬁ?z%‘b%o??@&nﬁ%%c% ak‘e(rﬁigo ?\C/l%ae 45
m nut es and continued 16 StiT ‘a oomtenperature ror an additional
45 m n2 esesidifre Thsawtdarehwasgsrifablyquetamtite MA d givetht desatdprodst (18 san

of sodium pi ca e .| (25 M) was ed dropw se over 15
m nut es. Agt rmﬁﬁlﬁﬁ\gﬁ@ﬁ%%@at%lﬁéﬁgghyl acetate (10 nlL) and
25 water (10 n¥ ) were added to the flask. The organic |ayer was
coll ected and the agueous | ayer was extracted with ethyl acetate (2 x

20 nL). Af¥ter Cdfy{higAmmesudriiiarderlpropd Hming) 2 Sralose éiluagehan®-30l f at e,
the sol ventyg$- 11 IDMad-dif3 N aes8midmiieve the desired product (1.0 g,

25  The desired compound was prepared according to the procedure of Example 15, step G,

using 3-{4-[(3-aminopropyljamino]-1,2,5-oxadiazol-3-y1}-4-(3-chloro-4-fluorophenyl)-1,2,4-
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81% . LCMS calculated for CL3HL | P3N504 (M+H)+: mz = 358.0. | HNWMR
(400 MHz, EMGO-d6) 68.08 (s, 1H), 7.93 (t, J= 8.2 Hz, 211), 7.79 (t,
J= 8.2 Hz, 111), 35 (t, J= 5.7 30Hz, 111), 4.86 (br s, 1 3.55
(t, J= 6. 0%201[2‘111}?9383 28 (m 211). Step D PCT/US2009/049794
2-[(4-{5-0x0-443-(trifluoronethyl)phenyl]-4,5-dihydro-1, 2, 4- oxadi azol
-3-yl}-1,2,5- oxadiazol -3-yl)am no] ethyl nethanesul fonate / N.ON To

a sol utiorbga‘[-az%I_ 4 _ RO
{4-[(2-hy erOXIy ot (yH) one tn]ﬂuoroazcetSa‘Ee 83 g_hgiStaa%F 313\,3‘53;/1%1{13?{: g?eld. LCMS for

5(trifl uo@@%@@@pﬁﬁﬂlw}lﬂf d/A=asntli B2 OMIS@0 MEODBRISOLS 88.9R¢:91

mmol) in ethyl acetate (8.5 nL) was added net hanesul fonyl chloride

(0,28 raL 5130 Gors 5rd e TG 6P e b B3, b A5 SEP Emalch s 665 5
m nutes ang jrd.ethvimng, 9?@@1—153% 167 =390, @@'92%1@@% 29435%7“

one portion. After stirrihg for an additional 10 m nuteés,

reaction Was2§hdridndd26ms AFhe addition of water (5 ni). The pr oduct
was extracted with ethyl acetate (2 x 5 nL), dried 10 over sodium
sul fate and concentrated in vacuo to give the desi red product (1.2 g,
9999 . LOMVB*@EIPaf ated for C14113F3N506S (MrH): miz = 436.0. |H NMR

(400 'VHZ z@;ﬁ@hloﬂa«t ﬂﬁo&gﬂ&y{)w ﬁ&%%&xy-ﬂ({?-f{’(n{emgls%k&nyl)%n&%]ﬁxtopglgamﬁoﬁ

2H) 3 17 % 735-0@1'132016@%*@&1@@@1&&

{4] (2- Azi doet hypam no] - 1, 2, 5- oxadi azol - 3 Y1 4- [31_. (trifluoronmethypphe

nyl]- 1,2, 4-oxadi azol - 5(411) 1pne 18-'; I\/I€p£l4l N NO N 0
S'N\’/\’/N 7

ZE\

\ m Cl

10 NN
The title compound was prepared according to the procedure of Example 4, step E, using N
hydroxy-4-({3-[{methylsulfonyl)amino]propyl} amino)-1,2,5-oxadiazole-3-carboximidamide
[made according to Example 4, steps A through D) and 3-chloro-4-fluoroaniline [Aldrich,

product# 228583] as the starting materials in 10% yield. LCMS for C;3H;7CIFNgO4S
15  (M+H)" m/z=407.1- '"H NMR (400 MHz, CD;OD): & 7.06 (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).

Example 9
4-({2-[(Aminosulfonyl)amine]ethyl}amino)-/V-[4-fluoro-3-(trifluoromethyl)phenyl]-N'"-

20 hydroxy-1,2,5-0xadiazole-3-carboximidamide
«OH F
% . X ICX
HaN“Z N7 7—\(LN CFs
H
Step A: V- [4 Fluoro-3-(triflucromethyl)phenyl}-N“hydroxy-4-[(2-methoxyethyl)amino}-

1,2,5-oxadiazole-3-carboximidamide
Tr\f Q

MeO’\’N



2-[(4-{5-0x0-443-(trifluoronethyl)phenyl]-4,5-di hydro-1, 2, 4- oxadi azol
-3-y1}-1, 2,5- oxadiazol -3-yl)am no] et hyl nethanesul fonate (1.2 g, 2.9
nmol ) was dissolved in NN 20 dinethylformamde (2.7 nL). After

sodi um azi §€0 12¢00SPAE, 4.3 mMmol ) was added in one porti oRCTURY09/049794
tenperature was brought to 65 C and the reaction stirred for 6 hours.
After cooling back to roonttenperature water (10 nL) was added to

quench the_reacti.on roduct. was.extracted wt eth | .acetate (3
2130 L) | aHs P EmRT RS PP e b Garear sbEguete Lh SRR
sul fate. TisegSGhydendy- WMeMyeeﬂl)va]anm&okm@bme daftexaeddvi eﬂlorpreoduct

25 (1. 05 LCWEEC ed for -1 603

355. 0. i‘%&@mﬁt& X éﬁ%ﬁp 950"%1??33? ,“""?F’@%%‘%“%mlm? 79
(t, J= 8 2[All-&t10h,];hbducﬁ# 275’7’63] as the startidg Materidlkln quantBaive tyield) LYoz, 2H),
3.44 ( J= 5.5

3214 [ (5- Bl HARTING) 1 2 64, ENMROHORMYi CRARY 7% 6 ot Gy
phenyl] - 14217, 8%0¢, 22613 3 AH)- DRee ols Dhodide3 Bk &1 - -1 HIN H

To a soluﬁtonﬂ%f 3@% [(géé2| oé?ﬁypanlno] fﬁg 5- g&gﬁ?azol 3-yli- 443-
S(trifluoromethyl)phenyl]-1,2, 4-oxadi azol -5(413)-one (1.05 g, 2.8
nol ) in n@thenols- ma&omhﬂﬁa@n@dggﬁheﬁﬁﬂwm (;Zgﬁiétﬁiﬁ(yétgylﬁnﬂmg-lﬁ somol ) .
After stirring for_ 10 m nutes, a sol ution chlorotrirae hyTS|Iane
(2.1 i, 1o7HAE-$-Yinl, Zeroraienel- -{{Hranen) was added dropwi se over 15

m nutes. The reaction continued to stir éor 40 m nutes and then a

sol ution of SOdIUﬁ]thIOSU|fate ug, W7 ranDI) in water (12.5 niL)
was added in one portion. %aqil reci pitated upon addition
of the sodiumthiosulfate solutlon amdy t %pllected by vacuum
filtration. The solid was rinsed mnt%* x*10 nL) and was dried
under jppcuum overnight to give the de5|red pr0 duct A solid had al so
preC|p|tat d fromthe f||trate was coII cte b a

P Por ot ontieAPTg QEEHPA e B egoqeRty Sf Famle FhARRR: t he
pr oduct Mﬂﬁ;]ﬂéW—E@fl@V@B{ﬂiﬂhﬁmM&ﬁﬁ}phvm meﬂaey—g{ﬁdﬂlﬂcthm@etﬁﬂd)ﬂﬂ’u;b washed

¥1}Pr:trgk a&@?i%?F?ﬁ§#ﬁﬁbm#%% %?ﬁ Pn% '%3$ lﬁé#&gﬁﬂ drying

over ni ght , cgdgdriN.op gdmwo@yg!:sm npiRiv@de Ntﬂt DMS@Ldg) 7@@20@@ 6.3,
desired product vias_obt ai ned as_t he hydroi odi de sal
cal cuIbieoP‘fHF mzvewgwtﬂt%@m R TR S

DVSO- do) : 8.1303. ﬁﬁ(';l }_1.3)7}1272@12 3(55}%% 7.81 (t, J- 8.1 Hz, 111),
7.68 (br s "2H) , 3.49 (m 211), 3.03 (t, J=
6.7 Hz, 211) 20 Step G

44( 2- (A agsgl £ ttram&ﬁ]uetome cBR)-3 /(Y. -1,2,5-
(trlfluorongfhyl 11-1.2 gﬁgg}ggolé‘gacarbOX|n1dan1%e To a

sol ution of*ediAFo ﬁ@}ul %ﬁl’?ﬁf‘dl?@bé(ﬁgh%’iee (9.2 pL, 0.11 mml) in

di chl oronet hane (0.24 25 nL), at O C anﬁ;uqyer a nitrogen atnosphere,

was added tert-butyl al cohol (10 nnDI) in a dropw se
fashi on. The sol ution was aIIB%EHMt S |W at roomtenperature for 1
hour to obtain a solution of tert- bu y rg%ulfonyl]carbanate. In

a separate fl ask,
3-{4-[§@-aninoethypanino] 1, 2, 5- oxadlazol 3-¥1}-443-

L Vo oS RARRRE bR P Ol kS BRI, Bopf 20 1o
at nospher eusiigst-[@shabl-1-aHigtsbranethilpRenyl]-3- {4-{(2-methoxyethyl)amino]-1,2,5-0xadiazol-
3-y1}-1,2,4-oxadiazol-5(4H)-one as the starting material in 99% vield. LCMS for
CisHiFNsOs (MHE): m/z=376.0. 1H NMR (400 MHz, DMSO-dg): 8 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, J= 5.2 Hz, 1 H),
3.56 (q, J= 5.5 Hz, 2 H), 3.29 (q, J= 5.7 Hz, 2 H).
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tenperature brought to 0 C. The tert-butyl [chlorosulfonyl]carbaraate
solution (prepared as above) was added over 5 mnutes to the sti rred
suspension of the amne salt. After 10 mnutes, triet hyI am ne (37 uL,
0.27 mol ) WALIYYIEE dr opwi se. The reaction m xture wasPSHUFIRHNME{4
roomtenperature for 1.5 hours. After concentrating in vacua, the
residue was treated with trifluoroacetic acid (0.5 nL, 6 mmol). This
was stirred for 1 hour and the 5 m xture was again concentrated to
dryness in vacua. The dried solids were suspended in nmethanol (0.5

nm) and a SeDN- l‘{\la@t‘-l[4-Hlumt£@1ﬂlgzr&%ﬂ{ﬂ9phehyqrgroﬁﬂmS)dﬂdﬁﬁod : ﬁgggﬂadlzﬂzomle
portion act to 45 C and stirred for m nut es
Af ter neut’}}}iﬂéga‘?‘f‘ W&F’S’ﬁ%@ﬁﬂ@“&%ﬂm 2% 1.1 mol), the product
was purified by preparative LCIVB to gi veot deS|red product (8.5 ng,

39% . LCMS cal cul ated for Cl ,N?O tniz = 10 410.0. IH
NVR (400 MHz, CD30D): 37.36 11) 7.23 (d, J= 7.8 He,
1H), 7.10 (s. 111), 7.03 (d, J—78 8(m 5H), 3.29 (m
211). Exanple 14 11" - Hydr oxy- 4- “dwbz”[ 3sulfonyl)am noj

et hyl } am no) - N—3 (t rifluoronet hyI )phenyll 15 F

1, 2, 5-0xa - ear hox The

compourti WL (VD S L s ST AR et e (Rt R o EamRE B 4D o1 ep
E, using MShang é-)ﬂjdt-311¢43 @!ﬁﬁ%dﬁﬁ)&)b@bﬂﬁﬂ&ﬁ%@}@t&ﬂhﬁn}o} 1,2,5-oxadiazol-
am no)-1, car boxi e

3-trifluor oﬁét h%d %°§3§4ﬁ24°&? ?Sc Smarg ?n%mAff%lfl]d fgr starting

(Zgogat eri &tlﬂiult@%@sf +}§i3mm0@mwom/mso%g 63823J(Aé.JNNR

e, 1H). ARE e 1306 o 16076 G Hlag 1Das Ta ke 157, 1) 497 (67 g
(t, J=1b. 4= S04, 330%@J(=CESI:I2-25{)83W(S 2&4), 3 17 (q, J= 5.8 Hz,

2H), 2.91 (s, 311). 25 Exanple 1

4- ({3-[ (Am nosul fonyl ) am no] propyl }am no) - Nchydroxy-N-[3-(trifl uorone

t h)(/l )phenyﬁt&p]E:%r@=[Q%Aﬂiﬂ&aﬁ3}lﬁm&o?a,&b®kbm%]?lﬂjyﬂe4 [4&1%?& heny! ] -

3-(4-Amno:-1, 2, 5- i a rifluoromethyl)pheny 1,2,4-0

xadi azol 5( “PE?ﬁ’éaﬁ;%EE 524'%% g %ﬂn%orrpound was prepar ed

according to the procedure of Exanple 5p.step A using 5

4- am no- K- hydroxy- N43- (trif 1uQL%h¢hyl Wphenyl] -1, 2, 5- oxadi azol e- 3-car
P

boxi m dam de [see US Pat . D006/ 0258719] as the starting
material in 97%vyield. LCMSfor Cll H: rn/z = 314. 1.
Step B: Negr °

2,2,2-Trifluoro- N—(4 15- oxo 443- ('t ri fl uor ongt hyl ) pheny1] - 4, 5- di hydr o-

1,2,4- 151 O%ae %ﬁrzeg mgchm& was prepm‘e% cor 1%g0 tlo ﬂ§e 19331%@ %Pﬁ}:ﬁiﬂ%le 13, step E,
using 2-[{4-{4-[4-fluoro-3-(trifluoromethyl)phenyl]-5-0x0-4,5-dihydro-1,2,4-oxadiazol-3-
yi}-1,2,5-oxadiazol-3-yl)amino]ethyl methanesulfonate as the starting material in 100%
yield. LCMS for Ci3HgFyNgOs (M-Nz+H): m/z =372.8. 1H NMR (400 MHz, DMSO-dj):
68.22(dd,J=6.2,2.4Hz, 1 H), 8.05 (m, 1 H), 7.76 (t, J=9.6 Hz, 1 H), 6,75 (1, /=5.9Hz, 1

20 H),3.53(,J=59Hz 2H),3.45(q, /= 5.6 Hz, 2 H).

Step F: 3-{4-[(2-Aminoethyl)amino]-1,2,5-0xadiazol-3-yl} -4-[4-fluoro-3-
(trifluoromethyl)phenyl]-1,2,4-oxadiazol-5(4H)-one hydroiodide
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CF3 The desired conpound was prepared according to the procedure of
Example 5, step B, using

3-(4-amno-1, 2, 5-oxadi azol - 3-y1)-443-(trifluoromet hyl ) phen |%P-1,2,4-
xadi azol - 5V 1010/8¢5858 as the starting material in QO%PW%JS 09/P4ERA
for CL3H6F6N504 (MtH): ra/z = 410.0. 1H 15 NWR (400 MHz, DWMBO-c/ 6):
87.91 -7.88 (m 2 H), 7.76 - 7.69 (m 2 H). StepC

3-14-[ (3- Met hoxypropyl )am no] -1, 2, 5- oxadéaz -3-yl}-4-[3-
(trifluoromethyl)phenyl]-1, 2, 4- oxadi asz-‘&(’@lS) one CF3 20 The
desired conpound was prepar emzamﬁl n t he procedure of Exanple
3, step C, using

2,2,2-trifluoro-N(4-{5-o0xo- 443 (tri JLN)r $F9 pheny1] - 4, 5- di hydr o-
1, 2, 4- oxadi azol - 3-y1}- 1, 2, 5- oxadi azol®- 3- ypacet am de as the startl ng
mat eri al in 49%yield. LCVMS for C151-115F3N564 (MtH): raiz = 386. 1.
1H NVR ( 30DheMekired C@IBNd weFpr8Birddhccatdin@tolhe prizgeddre o Exafopd2 13, s%p(ﬁ? (m
2 H, 7.5 P - H). 08 - 6. 3.57 (t, J=5.6
He, 2 H), -7 ﬁzid"(%’d)%“%], 1,%_5-26ad(a§$1-§ﬁ%(4ﬁ14-§1}18¥23~: 1.93 (m 2 H).

Step D 3-(tffbfc@eetiyhplosnylhi Gplydxpdintalo4-)-0Rs & thx siattiagohtesal yﬂammyi[:la.-

L e
p % oYH e

D, using 3dd, =62, 24Hz 1 H), 803(m 1H), 774 (t, J = 98Hz1H),710(brs D4H)668(t.f
oxadi azol 413- (trlfluororret hy

(4-[(3-neth ro

pphenyl k1, 7933@0&&% ?gzﬁ J5(54%§¥ ZJ@ezﬁyt%e‘Ség{éﬁi{hg material in 69%

yi el d. LOMS for Cl4HL3F3N504 10 (MtH): mz = 372.1. 1H NWR (400 MHz,

DI\/BO dé 7 5- 90 2 7.79 9, 7.9
o1 F) e gisbilymingety Togicy ¢ sion 3y opfiorama tenily

3.42 (m 2N'|rﬂ)ydr03y—3Q 5~ox3dizdld-IrarBoxdhidahidéd2 - 1.65 (m 2 H). St ep

E:

3-(4-[(3-Azi dopropyl )am no] -1, 2, 5- oxadi azol - 3-y1}-443-(trifl uoromet hy

pphenyl k 1Bi,tifle deropmdd aaoprefmfeliRrcondity © thedprddeaurd eSELREbl€ (BT G ustas

repared he dur.e l.e 3,
LaT (5" hyar bRy BBy P SRR AL AT 5B -GSt ¥ Dol et ny
pphenyl | - 1, 244xa®za@(¢ﬁpd>ne5:@dﬂ:ﬁ>)hdenethastamhgmsteﬁmlhmﬁl‘g/ameidermMS foﬂ 92%
yield. LCMVS for Cl4H11F3171. 803Na 20 $
3- 14- [ 13- AneHd 6%%%%@ opvar %284 o 2(6 O ME ’ll?MﬁQf}iﬁ)(tﬁrlllfqol%rléﬂEt hy
|') pheny1] -9.d6 &, “epr80(iazoho.2 (4B HYna shydreisodh der-H mhidN3@a31 1), 6.71 (1,

J=5.3Hz, 1 H), 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-(trifluoromethyljphenyl]-V'-hydroxy-4-({2-

[(methylsulfonyl}amino]ethyl}amino)-1,2,5-0xadiazole-3-carboximidamide
~OH F
e _n XX
- \m/\/’ V/—\(J\ﬁ CF3
No N
The title compound was prepared according 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 Cj3H;sFaNsOaS (MAE)': m/z=427.0. 1H NMR (400 MHz,
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The desired conmpound was prepared according to the procedure of
Exanple 3, step F, using

3-{4-[(3-azi dopro )am no] - 1, 2, 5- oxadi azol - 3-y1}-443- (trlfluororre t hy
pphenyl ]-1 %2 %P ?)‘Egﬁl azol - 5(413) - one as the starting nmafEFU 3100?197‘93’2%
yield. LCVB for Cl4HL4F3NG03 (MtH) +: raiz = 371.1. 1FI NVR (400 MHz,
DMSO-d6): 5 8.09 (s, 1 H, 7.96 - 792(m 25H) 7.80 (dd, J= 8.0,

. 5 3 Sk 5AE g R e STl o) 1 Fod- bl g

St ep G 4-7{3df,(ANG.0eSUE aHY,|)@RIN olp 6Py JasBmR) 11, 3.8y 5oy, Ml’{q,
(trifluor ongétg%g}ﬁ?gwé} , 2, 5-oxadi azol e- 3- car boxi m dam de 10

sol ution of propypanlno] 1, 2, 5- oxadi azol - 3-y1) - 443-

(trifluoronethyl)phenyll-1, 2, 4- oxadiazol-5(41)-one hydr oi odi de (1.5
g, 3.0 and sul f am de (1 7 9, 18 mol) in pyridine (60 nL) was
heated 1 n MG Bwave at 130 C for 10 min. The reaction mixture was

concentr at@QS{@l@inmifbﬁ’gﬂ)aﬁﬁMprdpﬂl}ﬁﬁﬁB}iNﬂH&lubi‘o{-ﬁ(thﬂﬂol{oﬁreﬂiy!)phenyl}—N -

154[3-(tr|fluor di hydro-1, 2, 4- oxadi azol - 3-y1)-1, 2,
5- oxadi azdlY95¥ E%?#d%‘%?@%y‘f“}'gﬁﬁ‘ . A solution of the crude
intermediate in nethanol (90 nlL) was treatgdiwithg2 N NaCH (12 nm, 24
ninol) and stirred at 25 C fory30 mp. Th r| on m xture was
treated with 6 MHCL unti feNsotut-N astdrgeand extracted with
ethyl acetate (250 nlL). The PHuganic IﬁQe Was vvashed with water (100
nT ) and brine (100 nlL), 20 dried over®anhydrous sodium sul fate,

filtered, waconcand Nakgiehy W@Lﬁi&h@(yﬁfob‘ﬁﬁl b 8SxEMlzoleTbSooXBhigshial  Was

purified by preparative L gi ve the desi r ed product (1.1 g, 82%
as a gummy solid. LCVs for 0131 117F S (I\/H—I) m z 424.0. 1H NWR
(400 MHz, DVSO-d6): 611.6 (s 1 H, 7. 37 (dd, J=
8.0, 8.0 Hz, 1 H) 7.21 -7.18 F s, 1 H, 6.95 (d, J=
10.0 1H), 6.52 (br s,3 H), 6\1\1]\1( J-60Hz 1 H, 3.28 -

253.222(m 2 H, 2.93 -2.89 (m 2 Pl) 1.77- 1.73 (m 2 H. Exanple 16
Nr - Hydr ox yrhi¢-dedi®d corappdupd wad iirepaydd)aagoirding torlsppddedure nDfxade 1, step C, using

(trif 1 uor okl PRShANHiehs heSRitd daithnt i o3 SRIC PEVE £RE Ao

M+ m/z=216.1.

15  Step B: N-Hydroxy-4-[(3-methoxypropyl)aminc]-1,2,5-0xadiazole-3-carboximidamide

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 C7H]4N503 (M+H)': m/z=216.1. IHNMR

20 (300 MHz, DMSO-dg): 510.4 (s, 1 H), 6.21 - 6.13 (m, 3 H), 3.37 (t, /= 6.1 Hz, 2 H), 3.28 -
321 (m, 5H), 1.82 - 1.74 (m, 2 H),

Step C: N-Hydroxy-4-[(3-methoxypropyhamino}-1,2,5-oxadiazole-3-carboximidoyl chloride
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78 A solution of

3-{4[ (3-am nopropyl)am nol -1, 2, 5- oxadi azol - 3-y11- 443-
(trifluoronethyl)phenyl]-1, 2, 4- oxadi azol -5(411) - one hydroi odide (from
Exanpl e 15 wW@eEp0rE9ss25 g, 50 unol) in di chl oronet hane @CTASIOONSETI4
treated with triethylamne (17 pL, 0.12 raraol) and net hanesul f onyl
chloride (6 nL, 70 unol) and stirred at 25 Cfor 2 h. The 5 reaction
m xture was concentrated to give the intennedi ate,

N-{3-[ (4-{5- oxo-443- ~OH
(trifluoromethyl)phenyl]-4,5- d|h dro 142, 4- pxadi azol - 3-y1}-1, 2, 5- oxad
i azol - 3- yDanlno]propyI}nethane’ a crude residue which
was used wi thout further purlflcatlon g@lutlon of the crude

intermediate in methanol (1 m) was treafed with 2 N NaOH (0.25 ni,
0.5 nmol ) HErdested compbuad wabprépat@irac30ding to.thelffrecei@a ot Eﬂ’inp’lt x,tswpeE weisg 10

t ted t 50'L.. 1), filt d. fied b
pi gga(raat :Mv]gni i !43[(911\9% %Wéof’aé%‘ﬁmf’glﬂlg%gjmﬁ?éz lfjf g urﬂ% Isgl i dy

LOVS for GlLAHLSER . ,Mfm, MR :
DVBO- d6): B 1T & (e ﬂﬁlﬁ feai(l“m{%g@"ﬁl%dﬁ?dd ﬁ%ﬁg%&zzéﬂm,

H),7250(d J—78Hz ,707-701(m2H) 6.96 (d, J—80
! £

( m 2 ) 132]3 MS[ - Fél ﬁ§53 %Thg?g’m}‘it@'}%’h? r#] Ig t‘_‘?{og% g%@m&ht{%prf[}y}%mo]
N- (4-Fl uorb2 3—on®ind?¥91b13kp@fop&i;mfﬂ¢nmﬁwdr oxy-4- ({2-[ (met hyI sal fonyl ) am g(zll e

thyl)am no)- 1, 2, 5- oxadi azol e- 3- ear boxi m 1 de
Ck..0ss" S N-\\__ \ NHH\ NG 20 st ' t - Butyl

{2- Ret hyl sul f onyl ) ami nol et th%w\H 7-1 0 NH
N- ( 2- Ami noet hyl ) (tert - but oxy) car boxa f17.5 H: 0 11 nol)
[Alfati L19947] was Stl rred in dichl dY\ngst hane (320 n1) and
trlethyla %1:3 0,24 m)lz#L dded A sql ut|
met hanesul W '35 RPTBPIUER " pgprepaad acgpr ”;‘Lg 'i%‘i‘e)PrP‘??g‘éfFE ’fﬁ“ﬂﬂ’rﬁ R B
m ) wal) addagiroxie[(3-methoxypropyDamine]-1,2,5-oxadiazole-3-carboximidoyl chloride and 4-
fluoro-3-(triflucromethyl)benzeneamine as the starting materials in 87% yield. LCMS for
C14H16F4N503 (M+H)T: m/z=378.1. 1TH NMR (400 MHz, DMSO-ds): 5 11.5 (s, 1 H),
9.05(s, 1 H), 7.30 (dd, J=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=5.7 Hz, 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-(irifluoromethyl)phenyl]-3-{4-[(3-methoxypropyl)amino}-1,2,5-
oxadiazol-3-yl}-1,2,4-oxadiazol-5(4H)-one
-0

T =0

H
/0\/\/7‘57_8\51

7\
N. .N
O
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}aminc]-1,2,5-
oxadiazole-3-carboximidamide as the starting material in quantitative yield. LCMS for

C15H14F4N504 (M+H): m/z = 404.0.
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25 resulting mxture was stirred for 1 hour and water (30 nlL) was
added. The product was extracted with dichl oronethane (3 x 30 nal),
dried over sodiumsulfate and concentrated in vacua to give the
desired pr&qua0pR3S8g 819 . LCMVB cal cul ated for C3111 REVASIPHE49794
(MBoc+H)+: ra/z = 139.1. Step B: N-(2-Am noet hyl) net hanesul f onam de
di hydrochloride / 2H CI 5H2N tert-Butyl

{2-[ (et hyl sulf | am_nol. et hyl } car ba e , 88 | ) s stirred
in a sol ut#t%i:'o‘?'?%ﬁﬁo lﬂfd@b@’@ﬁ%%ﬁ@?@%ﬁ%ﬁ%@i@f%@ﬂ%oﬁﬁ=,5' 388
mol ) for S@dimradadtys],2 Froxadidzal-F(@H)-wiet h et hyl acetate and hexanes

foll owed by diethyl ether and hexanes gave the desired conpound as a

gum (19 g, 1009 . LCMS calculated for C3 I%L[.\@OZS (MtH): mz =
10139.0. Step C HO~_~_-N

4- Am no- Nr - hydr oxy- N-{ 2- [ (et hyl sul fih?@

-3- carboximdam de / /11 150 kel

4- Am no- N- hydr oxy-1, 2, 5- oxadi azol e- 3- car bo%gh cﬁfyl chloride (9.7 g,
60 mnol) was stirred in ethanol (460 nT ) and

N-( 2- i t f i d i h hlqrid 19 0] I
hasagded R TEbAARE S oA R N SRl Pty s 8D, i)
cool i ngf bakk-Juwr®3-Crifluerpmethyl)mmiyiies- (6{3 methoSHBopyliahinojah 3, 5-asalickol-3-

d i 5 0. \ t.ion. .St f

adar 11 ona it S8R0 116 SEREAAREER IFCB TER 10500 )
and brine ¢30Q;RIN504(MeHDTgan -€3doay 6 H NWIR (20 }adz,anes0sRdis\emosad, frat e

and concentrated in vacua to give the desired product (16 g, 100% .
LCVB cal cui-hReédiz &) SA0-1%3N601 S F) N (dd, ai 19.0:926%, 1H),16/93 (NWR 5(1480 1
VMHz, DMBO- ' 0 . )2 2F- - (S,
2 530 (o] AHET A B8R 4 o b Bl g B

N- Hydr Bky- 4- ({24( et hyl sul f onypamni nol et hyl }ani no) - 1, 2, 5- oxadi azol e- 3-

car boxi m dagg @e3-(378laAdRopMariing: 1Y, FoAddiabbiB -y1}-4-[4-fluoro-3-

(trifluoromethyl)phenyl]-1,2,4-oxadiazol-5(4H)-one

-0
H 0
Na\w/\\/l\]r\el-\{\l\s):
N, .N
O

o

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]-1,2,5-0xadiazol-3-
yli}-1,2,4-oxadiazol-5(4H)-one as the starting material in quantitative yield. LCMS for
C14H1oF4NgO3Na (M+Na)*: m/z =437.0.

N
mingQ] et hyl1-1, 2, 5- oxadi azol e

Step H: 3-{4-[(3-Aminopropyl)amino]-1,2,5-oxadiazol~3-y1}-4-[4-fluoro-3-
20 (trifluoromethyl)phenyl}-1,2,4-oxadiazol-5(4H)-one hydroiodide

" %o

/A
N\ /N
e}
CF3

F

H
HaN~ -~ -N
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HN/ N ,N

4- Am no- N- hydr oxy- N-{ 2-[ (et hyl sul f onyl ) am no] et hyl ) -1, 2, 5- oxadi azol e
-3- carboximdam de (0.47 g, 1.8 mmol) was stirred in 1, 2-ethanedi ol
(38 nmL). P@zEd/aFISydr oxi de (600 g, 11 nmol) was added PCH/USHE/049794
portion. The reaction was heated at 130 C for 5 4 hours and al | owed
to cool to roomtenperature. 1 N HC1 solution (60 nL) was added and
the product was extracted with ethyl acetate (4 x 40 nL). The

conbi ned orngasdies cmlfcﬁnmmgde accPdhgintisd frécathee aNExBGNEE Rtep I, &dng N

t he . d | d,.f
G511 2n00 s Finrsecermy D ERisL P45 Shadeqe Ry o i S R e Bh o
(s, 111), 122,4-8xddimzollstdl)-ork.a2 the Giafting Jibie)ial i 8BS yietd. 1M for 8145 sFaNsCH) ,
2.87 (s, 3H). 10 Step E

N- ( 4- FI uor(d=3DHe by weln)ﬂﬂ)Nm (a@whvfﬁxyDMSo{aQ} Rrfet$yd.six 6.8 Haiitho] et

L, S AR D e 210671 s 1.2

am no) -1, ZZ.B(ﬁxaﬁ),a]z&ﬂ»el-’B%(mlear boxi m dam de (35 ng, 0.13 rrm)l) was
stirred in 1,4-dioxane (2 nL) and 6 N hydrogen chloride solution (4 )
was added. The solution was cooled to 0 C and a solution of sodium
nitrite ( 1Stemig,4-(@3-1@orimshlfonyham@bipropfi3amind)-Mabflsdrodt y added. The

XU e g An Rh ARl O G EYARA AR Y 1. 4- di oxane

(2 m) évaporated two
solutibh of 4-fluoro-3-nethylaniline [Adrich, product # 20 559415]

gt2|5r pgd ?o&gf%h%& ur| 9’%{"‘?&%@%‘6‘%&9‘%ar ig?c\(}eﬁﬁgﬁéﬁ?]dﬁ%% %gvé t he
desired c;mpeaﬂ{d [(GtaminepropyDednino] -CRES-wxadiaag]-2yB et-Feffuoi-3Hi 8EN6045

Mt
I R T L o R W R
111) 6. 2%0(%8y1&1&11¢MS&01&213HﬂF4}2®DS O\B]'H]}‘L (nm = 24'3)0, IE IM((SOO I&]Hi,)DMSOO5

1o TY AR GO Br Bl 308 6 LB T IS 10 P42 LR A3 i@y  ne

Rﬁ/?g Ogl 2579 fo.xaslb@@;ﬁlleI{)Ssﬁsl\l/Etbmsmmam{g@ 252@ eﬁi)As 17 (rt] JDaS9Hz]II~}-) 3 285
ano- u phen r.o t hoxyet hyDam no -
oxadi azol e- }sﬂc(ﬁ’r’ g%ﬁ a?n%?cfgl E%? - 1472 (g‘ 2%

’I

Example 12
20  N-[4-Fluoro-3-(trifluoromethyl)phenyl]-N"-hydroxy-4-({3-
[(methylsulfonyl)amine|propyl}amine)-1,2,5-0xadiazole-3-carboximidamide
o Or
8 N\/\/N7—H\N CFs
O
The desired compound was prepared according to the procedure of Example 16 using 3-{4-
[(3-aminopropyl)amino]-1,2,5-oxadiazol-3-y1}-4-[4-fluoro-3-(trifluoromethyl)phenyl]-1,2,4-
25  oxadiazol-3(4H)-one hydroiodide as the starting material in 70% yield. LCMS for
C14H17F:Ne0sS (MH)T: m/z=441.1. 1H NMR (400 MHz, DMSO-dg): 8 11.6 (s, 1 H),
9.07 (s, 1 H), 7.30 (dd, /= 10.0, 9.6 Hz, 1 H), 7.13 (dd, J= 6.2, 2.5 Hz, 1 H), 7.05 - 7.02 (m,
2H),6.19(t,J=5.8Hz, 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).
30

70



5 The desired conpound was prepared according to the procedure of

Exanpl e 13, step A, using

N- hydr oxy-4-[ ( 2- met hoxyet hyl ) am no] - 1, 2, 5- oxadi azol e- 3- car bndm doy|

chlori de [ NRIZIHEESBdi ng to Exanple 1, steps A through BfTER/049794

5-am no- 2-fl uorobenzonitrile [Aldrich, product # 639877] as the

starting materials in 100%yield. LCVM5 for C131-114FN603 (MtH): mz =

321.0. 10 Step B:

2- FI uor o- 585uple [ 2- met hoxyet hyl ) ani no] - 1, 2, 5- oxadi azol - 3-y1} - 5- oxo- 1
, 2, 4- oxadj-gzq Aﬂﬁl%ﬁ]ﬂ*}ljﬁﬁﬂ@]@ﬂﬁﬂ}ﬁﬁﬂﬂ@% K’hﬁy(ﬂ@ﬂ fVE[g (ﬁﬁﬁBfUﬁib@h fenyil)-

prepared accordin rocedure o I'e 13, step usrng
N ( 3- cyanoleSTOF‘%FBH?lﬁ%Pﬂ}'HmN&%i’%xy 44(2 rret hoxyet hyl )am no] 1,2,
xadi azol e- 3-carboxi m dam de as ghe startingqmaterial in 91%yi el d
LCVS for Cl4112FN604 (M+H): N_‘@Q? 0. 1H, I\/R (400 MHz, DMbO-d6): 8
8.25 (dd, J= 5.7, 2.6 Hz, 1 H?® r}@ 1My 7.77 (t, J= 9.2 Hz, 1
H, 6.41 (t, J= 5.7 Hz, 1H) 348*(m OF(q J= 5.4 Hz, 2
H, 3.25 (s, 3 H. 20 Step C

2- Fl uor 0- 543- {4-[ (2- hydr oxyet hyl ) ari no] - 102 5-0%adi azol 3-y1}-5-oxo-1

, 2, 4- oxadigzal N%&%);y xl[dzt&ﬁaﬁ&@b&ﬂhbé:&no]-}ihﬁ (@ﬁﬁiofo%éth% 9%?@'2‘@85

pr epar ed accordr n procédure of "Exanple 13, step usin
2-f | uor o- 5¥adipzpie g’‘ﬂ%‘t1“11#81;@91‘@{‘1FlyDam nol -1, 2, 5 oxadi azol - 3- y11-5- oxo- 1, 2
, 4- oxadi azol -4(513) -yl ] benzonitrile ag he starting mat er| al in

gquantitative yield. LCV5 for 5 ClSlllQ,FN604 (NH—|)+ ink = 333.0. Step
D:

2- ({444- (3-Cyano-4-fl uorophenyl N - i ydro-1, 2, 4- oxadi azol -

y1] -1, 2, 5- oxadi azol - 3-y1}arai no) et IN | f onat e 10 The

desr red conpound was prepared accor t hg procedure of Exanple
step

221 1 vor 0- S ERT 4 ;ey%rlre’lpl%ernln%ﬁ-ew%e- SAhPTeYshioie d g o 1
2,4- oxadi h&mmolﬁb([ﬁadc)acydrqhbgtmzlhmntpla 1, stepsA ttlreugit E}Wisrsgrr&fbih&rai:ea[winﬂ,)88%
ﬁlélgl ? 4- o%d"gt 7 %&i(%‘?%g%q% %Né ](oxa Oglze %"P’U%Pﬁmf}[&ém 0%?‘3 ,%fg%?(%ldi az
- 4( 510 @aq mg, 53 mowoD vanadsied tordok portion ﬂ'ﬂdeh@empmstumdrmdﬁ mdnwgss While
D ([a1a- (S aga B, REuRh RF COHE R lodrt @ Wloin s b P a vl Bl o
yl] -1, 2, 5- W@@dMMPa«me@’ Syrhingies. nGeataiidn weststragved éﬂ) T(E)fnameacblsmnﬁéo
starting r@ﬂa@ﬂfeé, ahq f.hEh ARy icoE{Jogl' 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 C;3H;sFsNsO; (MHH)": m/z = 346.1. 'HNMR (400 MHz,
CD;0D): 8 7.36 (t, /=8.2 Hz, 1H), 7.23 (d, /= 7.6 Hz, 1H), 7.09 (s, 1H), 7.02 (d, /= 8.2
20 Hz, 1H), 3.60 (t, /=15.2 Hz, 2H), 3.46 (1, /= 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]-
1,2,4-0xadiazol-5(4H)-one

OO0
N\ H N,
O’\’N}-X-N
F
R i > !
N. N F
o F
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Step F:

543-{4-[ (2- Am noet hyeam no] -1, 2, 5- oxadi azol - 3-y1}-5-oxo0-1, 2, 4- oxadi az
-4(511)- yl1-2-fluorobenzonitrile hydroiodide The desired conpound

was prepar &0 236610A%Ng to the procedure of Exanple 13, $SEEHSH09/04THg

5-[3-{4-[(2-azi doet hyl )am no] -1, 2, 5- oxadi azol - 3-y1}-5- oxo- 1, 2, 4- oxadi

azol -4(511)-y1]- 2-fluorobenzonitrile as the starting material in 57%

yield. LCMS for C131-111FN703 (MtH): 5 mz = 332.0. 1H NWR (400 MHz,

DI\/BO d6) : B-Bydd&y{4d2-mdthobyetyl)dmho e[ 3-{trif)aroBethid)pheayl]dl , 4h-oxadiaBde- br
3_3 6. 4 e cagb ’gbm_ldain_lgi( 1 (04 n%H§ 50 Ebm!_c')l)’ ang "léz-g%ltaﬁyljdi:im?dagol!c_%’. 16:L 2, lf!)l(i m%io?)oweg'e ’
4-({2-] ( Andmobacl nathyl Jcarie(dd @LhylHe reaction mixture was heated at 70 °C for 40 minutes.
nvar oxy 1, SHBR (o ISRATAR 0 A S e e et s 70 C
543- { 4-3 ( 2onmictheeithyinp@sitreobactio?ws abbvaci 1az;od>l4:<8ropﬁ1}texﬁpematm~e 1E@ylhcetate
oxad az0l 448 iy Lty Shencanii 16 bl ode. 29,10y 0, 044

ranol) an Wer e 'suspen APy
(0.5 nL). Hitre weeaédedmlwasthmgamtmbntaﬁ e 2Dst @adlb ’ﬂ‘herorg‘aﬁhc ysutas slriedovar

m cr owave d ol

or v 55l KR RODARAL 58 SRR Bt % 0 6

0. 44 mmol ) witlesn chebded ethyl oretepohdenn ga\?EHhe ciee]aezﬂtpnnﬁmcw@.§ gs80%)y éCME room
t enper r t rall I
the pr ShucelfbBh M ad G o0 apr 37 0ol g P ERa Yl FReP )
conpound ({4, SDNT92 @O, 77GNGJ Er1 1T, 2H],6HBI8045 G(ONEEA-N F0), 3rt7Zt, £=38310. 1H

NVR (400 5.{sS, 9.08 (s, 1H), 7.34 (t, J=
9.1 Mz, 1%35@%3%% 2B, gijz‘“'gs %ﬁlﬁz 7.13 (m 1H), 6.70 (t, J=
5.9 Hz, 6.59 (s, 2H), 6.20 (t, J—6 1 Hz, 1H), 3.34 (m 2H),

3.09 (m

N (3 o,an%’ OB RO Dt b5 T e By PP el e
hyl } anino) L2,4-02adbzolx¥éiaers! e- 3- ear boxi mi dami de  The title conpound
was prepared according to the proceduresof Exanple 17, step E, using

N- hydr oxy- 4- ({2- Rret hyl sul f onyl ) am nol Pﬁﬁam no) -1, 2 5- oxadl azol e-3
- carboxi m dam de and 3-cyandd Dﬁéﬂm ine [Aldrich, product #

639877] as the starting materials. f Cl 1114FN7Naa4S (MtNa) :
raiz = 406.0. 111 NI VER (400 MHz, 5BNGO- F11.65 (s, 111), 9.08
(s, 111), 7.35 (m 111), 7.18 (m 313), 6. 56 (fm 111), 6.23 (m 1H),

6. 24 (s, Zhhroundbdforh finskAhder nitdegdndatbngphétt])3- {4 (BohethsxyeBIDimino]-EX&npl e
20

a- ({2- [ (ARG PR ol her RSP RS2 R g ShED2nf (Yot Emyrh - ap

- hydr oxy 10wds, sBsr&d ipxdad]campdtien3(1é antl}o Theriechasrnide: vias brdeghiiss -7 Chkhd 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 C3Hy FsNsOy (M+H): m/z = 358.0. "H NMR (400 MHz,
DMSO-dg): 6 8.08 (s, 1H), 7.93 (t, J= 8.2 Hz, 2H), 7.79 (t, /= 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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N,N\ Br Step A tert-Butyl [(4-brono-2-furyl)nethylicarbamate )ci
Br 15 4-Brono-2-fural dehyde [Al drich, product #666599] (10.0 g, 57.1
nmol ) was di ssolved in ethanol (50 nit) and water (50 nl)

N- Hydr oxyaM & 19{94P¥chl ori de (7.15 g, 103 mmol) and sodPUMUEWEYHPE4
(8.44 g, 103 mmol) were 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 coll ected and washed with cold
wat er (2 SRPTANA-{rRgorPrlperongyipbendlkd-edibydovid horediaga-3atkel dde
(3 x 25 nidxhdigpdshanmerbnasholadthde | ayers were washed with brine
(50 nmL). After drying over sodiumsulfate, the solution was
concentrated in vacuo. The re&giaue was oned with the precipitate
and dissolved in acetic acid %O-\rrk ) ter placing in an ice-bath,
zinc (14.7 g, 225 mmol) was added ™ ion-yi serover 25 mnutes. The
reaction warned to roomtenperature vé,(, ps and was filtered
through Celite. The solvent was 25 reifbved #acuo. The residue was
stirred in.tetrahyd 72 . AS tian aof NaCH i n wat er
(179 inL, 0@8‘?/?{%‘Eﬁg@&‘%&“&%@?ﬂlw"g%gf’xa?i‘?z '3ﬁ¥2H'g's[. “After 5

m nut ess,  dirifuerotnethybpltopy 3l 0 Ardradiadob SEHS of 0.0 &7 7.9 darmitpintiyBsciar ¢esl

dropw se. The reaction was,stirred f 2 rs and the . .
et ranydr P ool OB SO SR oy P ieD Rt e et e wasgon
added and wadhetissidpenminoes waktribthylbeine (0.5ZThb, 30T gewol) ovab added, alva$n one

col l ected t r.odu ext.r.act W t thyl .acetate (2. x..50 mlL).
The. corbi Hog Bt et BT BB RGLERtial s M Pass PR B Py e g
wat er ( 10Cdditipn oftivdtedS oig r Tieqeddunt waslektedced awittl ethgheetnter(2ik 8 chli)drigdcuo

G ot 4"y 3 RROB T PRf S 4 tphockd oo s RV EEMINAUZR . 4

7.79 (s, LGS calo®ed(for 0iaH;BNBORY (M) H)my/z 6 4360.( §I NMRHA00 MIEBEDYISO-

J=6.1 Hz, 2. H), : ep_B: - -
1 (2 Br omdPs RN FHbTio e BT T B S DS T s SR D45

ni trogen dthiishigr3ess (a, 318), AtV (n38Bf. tert-butyl

[ (4-bronmo-2-furyl)nethyl]carbamate (15.3 g, 55.4 mmol) in

di chl oronet hane (86 nL) at 0 C was treated with trifluoroacetic acid
15 (431571 )Step/dgn3- 9 rmdoatisyDatfine]-1 8 detxpdimzobd i} eA-B-(viftuosdhetly ) plwoyi] -

t enper aturlﬁz&’-}{»?{diagg- yut es. The sol vent was renoved in vacuo and
chased wi tH’t ol uene X 50 nL). The product was |yophilized for 18
hours to give the desired pridduct as a @3&\@ solid (13.0 g, 81%.

LCVS cal cul ated for C5H4Br O (M,\NH%)’H '3 § 158.9, 160.9. 1H NMR (400
MHz, DMBO-d6): 8 8.34 (br s, 3 H), S'ﬁﬂ_l\z?s W, 6.70 (s, 1 H), 4.08
Nf\ N F
0 F

(s, 1 H.
2-[(4-{5-Ox0-4-[3-(trifluoromethyl)phenyl]-4,5-dihydro-1,2 4-0xadiazol-3-yI}-1,2,5-

oxadiazol-3-y)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 suifate. The solvent was removed in vacuo to give the desired product

25  (1.05 g, 96%). LCMS calculated for Cy3HioFaNsO3 (M-Nz+H)": m/z = 355.0. "H NMR (400
Mz, DMSO-dg): & 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,J= 5.7 Hz, 2H), 3.44 (¢, /= 5.5 Hz, 2H).
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20 Step C

N-[(4-Bronmo-2-fitryl)nmethyl]-N -hydroxy-4-[(2-nmethoxyethypam no]-1, 2,
5- oxadi azol e-3-carboximdaraide OHNH O/ N, ,NO

N- Hydr oxy- %@ 21oveishasxyet hyl am no) - 1, 2, 5- oxadi azol e- 3- caPBTES2OYD49794
chloride [prepared 25 according to the procedure of Exanple 1, steps
A through E] (4.5 g, 20.3 mml) was stirred in ethanol (20 niL) at
roomtenperature. To this, a solution of 1-(4-brono-2-

f uryl ) met hdeahi ne-i(2-Abdinethyboeinelt b2,6-x&ligol-291} 4-[irtoiilhotomethy vai]- ( 24
m.) was ad stirred for 15 m nutes.

Tri et hyl amp%g % g&hﬁiﬁﬂ éﬁfj&gmma) was added dropw se over 10

m nutes and the reaction was stl rred f rO addi tional 15 m nutes.

The sol vent was renoved in and r adding water (50 nL), the
product was extracted with et?‘% ix 50 ralL). The conbi ned
organic |l ayers were washed w bri ; i ed over sodium

sul fate and concentrated to give the desi pgoduct (7.5 g, 100% .

::‘)CNB cal Cu{"oazg s% utrfog rof ’9 {Jl t(&—am@oelg'?y?) &W%,S oxadaiazol»B- ﬁig[ ?’ 361.9. 5 Step

4- [ ( 4- Br onfifRrofontestyiiplidayll-1;23~duddibtod-5 (e oax fletshy b aithdloh mkthdndi {12xal) az
ol -3-yl1l dla one.c

N-[ ( 4- Br on%asfﬂél‘?ﬁ*rsﬁ )’%?‘ﬁéfl(? gr%c W8Qyﬁ%%r ?‘Z‘%&?ﬂ?ﬁé‘l%ﬁ%ﬂ?&ﬁf 1,2,5-
oxadi azol &b&rotﬂxﬁieﬂ)alslbmx (Zrl ohd 1 7emOlj iidmerhandD(1411 mlymday adied dropwise over 15
1,1 - b d .0 30, I di | ved t hyl
avotato (o TUAABR Boechtida s s o Rk sl e £308n PP '

m nut es. Ehhydlfaax(éﬁ gt 137 r(ni‘mel) il Watevg$2. S chdle o aanided in@ne:pcmi@l rAcedgd sohd was
WaShedldM t%ec?pe%te%lu nof; ttﬂc qlf‘d&utctine t]ﬂog C} ale s%fuug an tlte das cﬁl)lecteggg vé)cl;.l ant ¢

| ayer was um su concent ra
Puri fi cat i [dhatipp. ffhaspﬂudmhs md@gha@twy(:’onl(smmemdugeﬂnammheramueinuent of

LoNB cal ool SRRt AR o Byl AR IRt hoy ben S,
(400 MHz, CBROBYted®Y v@Rundiliration) Afté vBiphifg with whier (36 199nI(tin thg furel7thpiz |
1H, s 07 r&cﬁmt @as@‘ied g’ve%ﬁg]:{t mlde? mem?’TﬂéLSO id Was] s'_Iur‘X:’y »Zaskgd wi%n elfp:yl ac?e‘ta%eS

a0 réggnlﬁ)lfmylphm w@lireqolleetqdby[f{ization.d pBrurissing Wita thrioketate 22 62 oadi a

Ol - 3- Y1} -ank afyidl R¥ AR 2@dincdar b duNFas obtained. In total, 760 mg of desired product
(57%) was obtained as the hydroiodide salt. LCMS calculated for Ci3H2F3NO3 (M+H)™
m/z=357.1. "HNMR (400 MHz, DMSO-de): § 8.10 (s, 1H), 7.95 (m, 2H), 7.81 (t, /= 8.1
Hz, 1H), 7.68 (brs, 2H), 6.74 (t, J= 6.7 Hz, 1H}), 3.49 (m, 2H), 3.03 (t, J= 6.7 Hz, 2H),

20

Step G: 4-({2-[{ Aminosulfonyl)amino]ethyl} amino)-N'-hydroxy-N-[3-
(triflucromethyl)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 fert-butyl alcohol (10 pL, 0.11
mumol} in a dropwise fashion. The solution was allowed to stir at room temperature for 1
hour o obtain a solution of fert-butyl [chlorosulfonyl]carbamate.
In a separate flask, 3- {4-[(2-aminoethyl)amino}-1,2,5-0xadiazol-3-y1}-4-[3-
(trifluoromethyl)phenyl]-1,2,4-oxadiazol-5(4)-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 [chiorosulfonyl]carbamate solution (prepared as
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HO\\A N,0"c,0\ NO N "ONBr In a round bottom flask under nitrogen
at nosphere, 4-[(4-brono-2-furypmethyll-3-{4-[(2-

nmet hoxyet hypam no] -1, 2, 5- oxadi azol - 3-y1}-1, 2, 4- oxadi azol - 5(4H) - one
(8.2 g, 21WRA0RES 25 stirred in dichloronethane (68 RET/US2099@i9794
tenperature was brought to -78 C and a solution of 1.0 M boron
tribromde in di chl oronet hane (43 nalL, 43 rrrml) was added dropw se
over 45 m ut T reac ti.on stirred at C_for 45 es and
conti nued 1 aF %}gd Bveﬁ FEPg o thggrTsd &H%?Ien%(@ %ﬂtﬁi’fné%e W

r emai ni ng zainuﬁs Gietly1SEheIGAEC0. SDhbHb]) Mas &ides 8dhwize. bTIEaERaNALR rd Pas
wat er (120 %, was added dﬁoEY\n ze OV% 25 mnutes. After warmng to
r oom t enpe HEGRECT FRPEREEHOE P AHas AR CRUBFIEHRSH At TRESHRYESUS

| ayer was toatetl atthegiusidaberR b (0. 8.6@1 @fenof)2 This 3R Bined fIeceomaimned
organlc layers were washed with brine (100 rala drled over sodi um

sul f at @ and EBHESREFCARFeRIRISIAR dnesyngrene- (he fidsaveps Yamrsadedoy . 7 g,
97% al ongmé&hatdol (0.5anBS)reak b 2@TFONAOH f water (0.53 mL, 1.1 mmol) was added in one

3-{4-[(2-Db 1) ami nol - 1, 2, 5- oxadi.azol - 3. 4. b .

Fut ypret I Ihgranas bl Gt it o bl gpseton

é?l égr (N503w1(]:l\&bbﬂc*amd’ (80 AL, Brhdol, th@ﬂl@d&t w&dﬂNMBe e;Mr'gmve mﬁ@‘t@i%ﬁ 5
S

O 68 (B biredroguct @5t oo oL battuiied B Co NS OIM (M DRE Tost ep

F: 10 410.0, ’HNMRMOOM}IZ CD3OD 87.36(t,J= 78Hz1H)723{dJ 7.8 Hz, 1H),
2 [(4-(4 - 5- 0x0-4, dlhé ro- 1,2, 4- oxadi azol - 3

P 5, a8l (513 B e 1ok aahm. 2Hasaatey Slonat & p-0.0 N 1
0\ _ANON-NTo a solution of
4-1 (8- brorm 2- fur pret hyl ]-3-(4-[(2-byciroxyethyl)am no]-1, 2, 5-oxadi a
zol 3-y1} - EBmMPIGLe di azol - 5(41-0-0one (7.7 g, 21 mol, containing al so

sone of t hwen Hﬁra@ﬁmqm&hﬂl&uﬁh gﬂfﬂ? aﬂ)noomgt(ha'(ftuoa@@ttﬁ&lﬁah(eﬂﬁp

m.) Waf? addegl met hanesul f onyl 96 m , mmol ) in one
portio b PEaiazelsr- %Q“’é‘t‘f@%‘& for 5 minutes and triethylamne (1
6 mM, 11 rrrml) was added, also in one porido After stirring for 30
m nut es, additional net hanes;)u,bfonylH chlafid .4 nm, 5 mol) was
added, fol | owed 5 ninutes IatSe,(]/WN ' ¥ (0.58 n, 4.2
mol ). After 15 minutes, the rieacti sHquenched with the 20

addi tion of water (100 nt) The produoct was extracted wi th ethyl
acetate (3 x 5@ h%ﬂe&%oﬁ&h@wé&%@ﬂ%@ﬁ’cce{ %ﬁehﬁ’%é‘& nge%ts tepdl, | ne
vent véd

(100 nm). After drying over sodiumsulfa e So

in vacuo tWingiNevdrere-teiltredbindaudepmnig] @Yéﬂﬂmﬂt%z S-qxafigrotead-cul at ed

for Cl121- %m&@&%@ﬁﬂu&%&hﬁaﬁlﬂ% [ﬁtdna? %rc%uct%li%ﬁ} Qé‘\@@m&%g
DVMBO46): 67.88 (s, 1

5.08 (2) 2m#rialsd LEMS fqr cz;wm&s@%@* Jn/@a:so%t 8 ttm/mz(sm Mta mmsos 3
: ds): 5 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, J= 5.4 Hz, 1H), 3.36 (q, J = 5.8 Hz, 2H), 3.17 (g, /= 5.8 Hz, 2H),
2.91 (s, 3H).

25 Example 15

4-({3-[(Aminosulfonyl)amine] propyl}amino)-V'-hydroxy-N-[3-(trifluoromethyl)phenyl]-

1,2,5-0xadiazole-3-carboximidamide

ot D
HaN- ,N\/\/N7__(L

I/ N\
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Step

-{4-
I
(

ep G
3-{
t hy
2- |
-yl

[ (2- Azi doet hypam no] - 1, 2, 5- oxadi azol - 3-y1}-4-[ (4- brono- 2-furypne
]- 1,2, 4-oxadi azol -5(4H)-one NH N -11Br

4-{ 4- [ WO Bnonee3s- f ur ypret hyl ] - 5- oxo- 4, 5- di hydr o- 1, 2 PETAS28P/8490%4+ 3
yl1l}-1, 2,5- oxadiazol -3-yl)am no] et hyl nethanesul fonate (9.1 g, 20
mol , containing al so sone of the correspondi ng brono-conpound) was
di ssol ved in dimethyl formam de (90 ni). Sodium 5 azide (1.97 g, 30 3
mol ) was agdadsi Jﬂ-A%ﬁﬁ‘o P9 Btdxwaz%nﬂyﬁht[@r(uﬁua;oﬂle gﬁpheﬁﬁﬁl ﬁa%ns‘cﬁe%yr e
was brought to 65 C. The reaction stirred for ours and was al | owed
to cool ba%ﬂakﬁwroon1tenperature Water (200 nL) was added to quench
the reaction. The product was extractedpw th ethyl acetate (3 x 100
m.) and the conbi ned organic |ayers e shed with brine (2 x 150
m.) and water (150 rya). After } over sodiumsulfate, the
solvent was renoved in 10 vacuo t e ginve the desired product (7.7 g,
96% . LCMS cal culated for CI 1HOBr NdNaa &a): n z 418. 7,
421. 0. NVR (400 MHz, DVb0O-d6): 67.88 (s, H, %6.71 (t, J= 5.7 H, 1
H, 6.68 (’Ene desiteyl coBpa@8d (ves prepakfd, ac@rding (otthe p}aceaurz of—Exangll«tﬁ, step Aj Bsifig,

J=5.7 ) ]

Lo LS il votdro N PP g hokmettyobenyl 12,5 oxpdiapcfe-3-onbosigidamide [soe
hyTh 151, U bt 812103\105%0%?)02@%@9 o eheoleoitisciarial RRTNGD BAME K0 O To
a solution.o

3-{4-[(2- a%%‘ﬂ&%%“‘r@f’- 22= 814k adi azol - 3-y1} - 4- [ (4- br ono- 2-

furyl)methyl]-1, 2, 4- oxadi azol -5(4H)-one (7.7 g, 19 mmol) in nethanol
(80 rnL) was added sodi um i odi de (17. 4 g, 116 mmol) After stirring
for 10 mi rteRB: 2.42sBiflupioctr(bfs-om- E%r@vfbmqm?&yﬁyhew Adedipyim-B2.4., 116

nmol ) mﬁs(ﬁggggygggpmgg%xgmﬁglﬁy lcBut.es. The reaction continued to
stir for 1 hour, at which tinme it was slowy added to a solution of

sodi um t hi osul f at e (23.0 g, 145 1) ter (800 raL) at 0 C,
resulting in a precipitate. nﬁig_wﬁgél rihsed with methanol (10
m.) and the precipitate was coII cted Wt hrpugh vacuum filtration. The
solid was rinsed with cold water (2 xf gf:iﬁggd was dried under 25
vacuumto give the desired product (5.8 gs s as the hydroi odi de
salt. r .
1HNMVR (400'11@2&}&{5%33&5%?% %a%édaa‘:m%%&j w@‘%"é’% °fE§aZ‘§’ E@ Sﬁ% g”{‘% ,
J= 5.8 Hz,3-H-ag)ino- 6,25@!{@@&2011:3{31}) ;4-5-(0fflupromethyhhhengd]- 11,8,4(cqad1@2ﬂ1-5(48)-9128 2
H, 2.98 (t J=58

5 DO st oY rio) S S GBI AT 0% R 1 -
N - hygy oxywk, (ZGO?W%,W%%}?'S%.@IW%W @ﬂ,”?.%e 7.@'&:.?? H).

Step C: 3-{4-[(3-Methoxypropyl)amino]-1,2,5-oxadiazol-3-yl }-4-[3-
(triflnoromethyl)phenyl]-1,2,4-oxadiazol-5(4H)-one

T
/0\./‘\/N7/_\(LN
N. .N
O
QCFQ‘

20  The desired compound was prepared according to the procedure of Example 3, step C, using
2,2,2-trifluoro-N-{4-{5-ox0-4-[3-(trifluoromethyl)phenyl]-4,5-dihydro-1,2,4-o0xadiazol-3-y1} -
1,2,5-oxadiazol-3-yl)acetamide as the starting material in 49% yield. LCMS for
C15H,5F3N504 (M+H)™: m/z =386.1. 1H NMR (300 MHz, CDCl3): §7.83(d,/=8.1
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H2Nr, NH Br 5ln a m crowave vi al,

3-{4-[(2-am noet hypam no] -1, 2, 5- oxadi azol - 3-y1}-4-[ (4- brono- 2-
furypnethyl]-1, 2, 4- oxadi azol -5(411) - one hydroi odide (30 ng, 0.060
ranol ) and VEQPFIHMSES (29 ng, 0.30 mmol) were suspended PATHHROLAPEE4( 1
m.). The reaction mxture was flushed with nitrogen and heated at 130
Cfor 3 mnutes in a mcrowave reactor. The sol vent was renoved and

t he crude 'n%gbnediate was suspended i n_nethanol (1 nL} A2 0N

sol ution o NaGH {1 Wardt: (07 G0/ i’ 1 680+fH016) 04 Rs ! Bitded ¢ A=drfe

portion anHziy, 3.98C3.4Dfh, a9, jﬂme_ﬂHj 0.0451G3{@r2 80 mnutes. After
neutralization with acetic acid (68 pL, 1.2 nmol), the product was

purified by preparative LCM5S to give the deS|red product (10.4 ny,
419 . LCIVSteraDCBl{ai[@d{ﬁcﬁéxyﬁrbgﬂﬂa‘i&id}lﬁ%ﬁm(a%wlﬁ yii73.= 423.9, 426.0.

111 NMVR (4 7,75 I11), 6.83
J= 7.3 ( 8fiﬂ °‘ﬁe§1Dg§‘e€§1?13’4 8‘%?1 4%’)19515 6. 56 (s (Z 15H)) 6. 30 (gt

J:'6.0Hz 1 H, 6.23 (s, 1H) 456(d Ja 3.32 (q, J=
6.3 Hz, 2H) 3.07 (q, J = Hz%l—l)"{efxcanpleﬂ

4- ({2- [(Am nosul f onyl ) am noI e -NH[ (4-chl oro-2-furyl)met hyll
-N - hydr oxy20 1, 2, 5- oxadi azol e- 3 car blox,Nm de C3b, (OgOH H2NN r\-NH
tNH ... :0H \\\ aN 0 ,NStep A 4- Chl%r o- ¢f,dehyde C 25 To a
stirred suspensi on of al uni num tri chl ori de 9.8 g, 0.223 nol) in

di chl or onethsaigdred porapoupd yag prereredmceordagie tanresspire pEEXgmpleaddte D, using

2-fur ancarﬁwgﬁ%ﬁ%%ﬂﬁbéﬂmﬁ}l 28. o;{%zm I}Qt\l[@r(uﬁﬁof&c@!:ﬁgﬁﬁxenﬁii &h-

stirring for 30 m nutes hl orine was into the i’on

using a piPradiaeel-oltEd-one asithestaEng et H’S@%rﬁlﬁét ESMSTprCr4Fa
| ed d f h
Feact: Bh koS bl o MEBTA RS B Tk & 7 (0 886 150 (. 2

H), 7.79 (dd, J="7.9, 7.9 Hz, 1 H), 6.5 (t, J= 5.6 Hz, 1 H), 4.59 (t, /= 5.1 Hz, 1 H), 3.47 -
3.42 (m, 2 H), 3.30 - 3.25 (m, 2 H), 1.72 - 1.65 (m, 2 H).

Step E: 3-{4-[(3-Azidopropyl)amino]-1,2,5-oxadiazol-3-yl}-4-[3-(iriflucromethyl}phenyl]-
15 1,2,4-oxadiazol-5(4H)-one

-0
N
H | 0
N. _N
(@]
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-y1}-4-[ 3-(triflucromethyl)phenyl]-1,2,4-
oxadiazol-5(4H)-one as the starting material in 92% yield. LCMS for C14H711F3NgO3Na

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 )

@ o=
N e &
i\

N. .N
O
QCF:’,
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5niL) in a solution of 1.0 N hydrogen chloride in water (300 nL).
The m xture was left to warmto roomtenperature over the next hour.
The | ayers were separated and the organic |ayer collected. Additional
product wadv@expese¥d with di chl oromet hane (2 x 200 nal PCT/DR2009/0495794
conbi ned organic |ayers were washed with water (250 ralL) and dried
over sodium sulfate. The solvent was renoved in vacuo to give a crude
m xture containing the desired product 10 (14.0 g, 100% 60% purity).

1H NMR ( 40ﬁleM'Ered @%vas ]§‘8]]33§<§1 deSording fd)ﬂne Ig‘ec%ﬁur@ of Eﬂan‘fﬁle 3 %teg@NﬁﬁéJilg 1

H. Step B tert- But oro-2-furyl) yl ] car bar nate 15
4- Chl oro 23 {%E(é%éwﬂmmbl &5“06@%2}911?1&’3;7“ E3éﬂ1f¥ﬁ¥9|f%e%%hea¥ Eéditved in
et hanol  ( Skafihdol-3{a%7) 8R4 &fthd EtiRd thaterdd HYBPORYANTORISHYEE (12.6
g, 182 mml)a ar?d sodi um acet at e (?Ltz 9 g, /51)%2 nmol ) mer%qgg?N

fsequinth i al wmmdmt/:{mnaad&{mrmmm msohféplﬂﬁm(téoa BE])?WJQHWBZ @ C
or our ol ution ti oncentrate t

w) and ety SaeBh At 800 Bo M) Fhara bu b S7Re S it 1o g L b 332
col l ect ed -aml (e HAEOWSTINRS 2 el Irgsctiest 202wyt h et hyl acetate (2 X 25
m.). The conbi ned organic |ayers were washed with brine (50 nm.) and
water (50 ). After drying over sodiumsulfate, the solution was

<(:oncent r ;atadp Gn4s{|@c[lqammmafohma@|:1ﬁrgﬂiopﬁﬁmw@ Mﬁ@ﬁi}dﬁg}i n ac<(ati c acid
115 ralL e sol.uti.on cooled. in an i th and zinc (33.1 g,
506 mmol ) Q}Hﬂ‘ ?(‘ﬁfg%f ﬂvg% 5\/\?@@@5\%’?‘"?& §. The reaction war ned
to room tenperature over 2 hours and was filtered through Celite. The
25 sol vent s.re i n.vacuo he i du tirred in

t et rahydro’%\é\@‘é & fgﬁg?%_ ml%f’pé?ﬂyawl&ﬂ] L??-@x@ﬁq@%@gﬁ{ﬁl— “water (152 inL,
304 mmol) Mﬂhoﬂﬁiﬁﬂﬁl)ﬁheﬁpl\]ﬂlﬁ&t—@&&hzd&@(%ﬂﬂé Bglroiddid: (1 Sa¢3.0 @maii actur e
was pl aced ath

i o £ob rlaRE g EE R B bR lon BT uB b i amisanres et S5 e

over 15 mnimint &he reddiidn llzﬁﬁmtelvma cmsmateldw\gde ﬂ’na civde miermediooM {Béﬂ#p{ércabur e
over t t hour rof ed in
vacuo. r% ZF‘S eutoéotnée%(y%lge ?[rlltjjﬁ vaﬁg'sy %g 'fv:@ suSpg}ﬁaéifatz)n\éwas
filtered. ﬂl}aemmj;gamﬂ}(sullf@}aéer M/atﬂutmlotfémtceuﬂealndnieﬁeteaqmemmi (S8 ydy) was
extracted (

| ayers mr%ga\ﬁgg'ﬁéégﬁwﬁﬁgal%’ zrg'ﬁ’%f“t}}? r%&ed er/ ?‘?ﬁggﬁjo 62%3{1&1 i ed
over sodi umxeug Vaitteeatmd vith 6 861 nti! de spintivawasacidfeund £itzated wiih Bylf | ash
chr omat ogr N el W : i
hexanes 5 ﬁgt\%%eé e]ﬁﬂ‘ 'elsIlﬁgg %ﬁ? %ﬁﬁ%&%@%&h@%ﬁbﬁ%@ﬁ%g@{%, for
Ci OH14%T1L NNk@Q ofevienlsrdrous stdrm-siB®, Blterad-iNVRot0GMHR SivERWEOdd nyidU@ 71'1331
(s, 1 H) :

5 31 ot rmp e e R oed oo (i

trif I uor oa@eixﬁﬁ @1iE3rc fdﬂﬂgHﬁ&}dﬁﬁS(Mdmbrmﬁm4ﬂaéHmma¢oed&Iz
according to the procedure of Exaggl e 20, step B, using tert- butyI

[ (4- chl or oDBISPeday 1§ Hed (il Hs ArB&HAED, BY Ehe <¥arskd By 1Bt 631 .18 @. 1
quantitati c N _
quantitat 731'78&0@'%@%% ?(g’&)ﬂEeidHf 9"5%&5%'5'4%96(19/& ﬁz)m}{znl ﬁi 3;)‘)8
6.69 (33 1329 (m,2 1072.9%-2.80 (), 2 H)51. %t eb7m, 2 H
N-[(4-Chloro-2-furyl)nmethyl]-N -hydroxy-4- [(2 met hoxyet hyDam no] - 1, 2,

5- oxadi azol e-3-carbwi m dam de
Example 16

“Hydroxy-4-({3-[(methylsnlfonyl)amine] propyl} amino)-/¥-[3-
(trifluoromethyl)phenyl]-1,2,5-0xadiazole-3-carboximidamide

on
I 7\ H 3
00 N, N
30 o



OHsr \__ N\l N"NC O The desired conpound was prepared according
to the procedure of Exanple 20, step C, 20 using

N- hydr oxy- 4- ( 2- net hoxyet hyl am no) - 1, 2, 5- oxadi azol e- 3- car bi m doyl

chl ori de aiP 2010/9M96h| or o- 2- f uryl ) net hanam ne tri fl uor oBEBUSI089/H87H he
starting material in quantitative yield. LCVS cal cul ated for
Cil-115CIN504 (MHH): mz = 316.0. Step E

4-[ (4-Chl oro-2-furyl)methyl]-3-{4-[(2-nethoxyet hyl)am no] -1, 2, 5-oxadi
azol - 3- y1}A sohfiibn 2f 3{x@idd@top9li o 0NES-odddezelesylf-@d3conpound was

prepared accordin roce Ex | e 20, . st D iNg ..
bt M R el RS e S e
5- oxadi az @56, @ [RON iddicladrah B $1 ﬁqﬂ?w&i@d’aﬁeﬁ ﬁtgthmfeaﬂgnainﬁhc @iimpbloayi el d.
LCMVS cal cul ated for. C121-113C1IN505 mz = 342.0. Step F
4[ (4- Chl ornal) pugygthanesaon] cidoride (p pb. MW@WM f°12§ %heoxadi az
-3- Y1 - rdacRedtmBNACHAZRhceR 4k QAR e intefinddialiONTy 4%4—‘5( desired
conpound was_ prepared accordlngrto t he procedure angle 20, step
E, 10 usi r{glﬂuoromethyl)phenyl]—4 5-dihydro-1,2,4-oxad1iazol-3-yl}-1,2,5-oxadiazol

41 (4-oh! Qe MRk oA Bash i yaaBlhou2ifingxac o

zol -3-yl1- oxadi azol -5(411)-one_as _the starting materj al |n

quant i t at |%ﬁ%ﬁev o seleting of hecmdg triermediate & methangli] RENXGS Tealedhfb 2 Huk =

349. 9. NaCBt QS%L 0.5 mmo? and stu'red at 25 °C for 30 min. The reaction mixture was
2-[(4-{4-[(4 | oro-2-fur met hy - 0X0-4, 5-di hydro-1, 2, 4- oxadlazo

- 3- y1)10 1, topatd Wit agsiic AGid QI 309%9%% ﬁB?r@q WP%%W@@W%%% 98l N
rNO-- N Qg Nl product (13 meg, 65%) as a solid. LCMS for C14H} gF3NgO4S (MHH)*: m/z =
423.1. TH NMR (400 MHz, DMSO-ds): 8 11.6 (s, 1 H), 9.11 (s, 1 H), 7.37 (dd, /= 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 (¢, 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)-NV’-hydroxy-4-({2-[ (methylsulfonyl)amino]ethyl}amino)-

1,2,5-oxadiazole-3-carboximidamide

Q -0

20  Step A: tert-Butyl {2—[(methylsulfony1)amino]ethyl}carbamate

Nﬁo

>~NH ©
>L

N-(2-Aminoethyl)(tert-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 chleride (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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The desired conmpound was prepared according to the procedure of

Exanpl e 20, step F, using

4[ (4-chl oro-2-furyl)nmet hyll- 3-{4-[ (2- hydr oxyet hypam no] -1, 2, 5- oxadi az
-3-yl)- W@e/o0se8i azol - 5(4H) -one as the starting mat ecirais2aosH69%

yield. LCVS calculated for 20 C121413CIN507S (M+11): mlz = 405. 8.

Step H

3-{4-[(2- Azi doet hypami no] - 1, 2, 5- oxadi azol - 3-y1}-4-[(4-chl oro-2-furyl)

met hyl ] - va%mﬂfo%m%é RERl Rl d) 5,219, '\téiw@'élslgulme@fo'r\@, H, JIOE' desired

conmpound mas EDepare according to the procedure o 0, step

G usi ng 2 m/z=139.1.
(4-[(4- chloro 2- furyl)nethyl] 5- oxo 4, 5-di hydro-1, 2, 4- oxadi azol - 3-y1}
-1,2,5- oxadi azol - 3-yDam nol et hyl met hanesul fonate as the starting

nat eri al ﬁem%afﬁ{% f’«ﬂlew@fwéfh@esmf@mnétaﬁ@(ﬂr%@a #or CL1HOCLNS8Naa4
(M:Na) +: m z 374.9. Step I: /

3-{4-[(2- Anlnoethypanlno] 1,2, 5- OxadH&ﬁDk;3 yl} 4-[(4-chloro-2-furyl)
met hyl ] 51, 2, 4- oxadi azol - 5(4Hkone hydranodlde NAINr N O, N oCl The
deS|red5conpound was prepared aciddrding to the procedure of Exanple

20, step Hepligiy Q?. (methylsulfonyl ammo]ethyl} carbamate (21 88 mmol) was stirred in

3-{4-[(2- a2|doet%%§an1 noj - 5- oxadi azol -gﬁé 4- chl or o- 2 furyem
et hyl ] - 1 xsohtiopQ é}i@Pg%\(chanyle Bl digxonn©Tonla PBY wgw ere0imiputesn 5794

yl el d. LOMBite@liGiskal Qi1 hedtatd haGkekdnbd RFNAAS ddyrbiherThd héxamd §a theSt €P
4 ({ 21( Ami 78535 PRI ARR AR &1y 190%m AEMSealqulatedifprdsBh DL @af Y RB EKR T | -
N - hydy oxyeb, 2, 5- oxadi azol e- 3- car boxi m dam de 15 The desired
conpound was prepared according to the procedure of Exanple 20, step
I, using 3-

{4- [ (2- am sigethwRamo0iydsody-w= SHlifoiy] Wikl 1,8BlRERazdretr yl ) me
thyl]-1, 2, 4%3%xa ia oI hg A(f)lj-r -%ﬁggéh%rm?l de ngﬂli}g}ﬁe startlznga3

material i|$E5A0R! LCIVS cal cul ated for CL01115CIN7055 (M+H) +:

ra/z = 379.9. 1HNNR(4OOM—|z DVB0-4): 8 10.88 (s, 1 H, 7.77 (s, 1
H, 6.83 (t, J=6.8 Hz, 1 FD 6.68 (t, J= 5. 9 Hz, 1 H, 6.56 (s, 2
FD, 6.30 (t, J= 5.9 20Hz, , 6. 22§§* L“H%h .55 (d, 211), 3.32 (q,
J 6.3 Hz, 2 H), 3.06 (q, J— 6.3 anple 22 Alternate
Preparatlon of the Internedi ateyy

3-(4-(2-am noet hyl am no) -1, 2, 5- oxX T zoI-3-

yl) - 4- ¥§ br ono- 4- quorophenyl) 1, 8(§Noxadiazol-5(411)-one hydr oi odi de

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 mI.} and
brine (300 mL). The organic layer was dried over sodinm sulfate and concentrated in vacuo
to give the desired product (16 g, 100%). LCMS calculated for CeHysNsOsS (M+H)™: m/z =
265.1. "H NMR (400 MHz, DMSO-dg): & 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)amine]ethyl} amino)-1,2,5-oxadiazole-3-
carboximidamide

80



Step A

4- Am no- Nchydr oxy- N- ( 2- met hoxyet hyl ) -1, 2, 5- oxadi azol e- 3- car boxi m dam
de "OH H2N1L NN 4- Am no- N- hydr oxy- 1, 2, 5- oxadi azol e- 3- car boxi m doyl

chl ori de (®&n2&0439B8pared according 5 to Exanple 1, stepET/ASBIYRIDH0
g, 1.23 nol) was mxed with ethyl acetate (1.2 L). At 0-5C

2-met hoxyet hyl am ne [Aldrich, product # 143693] (119.0 ni, 1.35 nol)
was added in one portion Wmle stirring. The reaction terrperature
rose to 41 C. The reaction was cpgl ed to OOH 5 C. Triethylanmine (258
m., 1.84 nol) was added. After,smrrln mn, LCMVS indicated
reaction conpletion. The reacti onN§b~L_u§ washed with water (500
mr ) and brine (500 10 ni), drlea over diumsul fate, and
concentrated to give the desired produc (94 g, 119% as a crude
dark oil. LCMS for C61-112N503 ( M+H) rTPz = 202.3. 1HNMR (400 MHz,
DVBO- d6) : BARGogs-hydroxytNHp-[ (nge (fgnyi)zmmy]eﬂefl}im Broxadinzole35 Hz, 1 H),
3.50 (m ?cafdbxmﬁda%ﬁde,((d A7 #,th R s st%réd)m 1 §aeﬁ1§n€fd§)l (3% o). P&éss%?p B:

Nt Hydr oxy- 4-[ ( 2- net hoxye pam no 5- oxadi azol e- 3- ¢car boxi m dani de
JOH NH2 Myﬂroalde 600 g, 1T mmolg was added in one portlon The reaction was heated at 130 °C for

4- Ani ngy N'¢ﬁmf&ragaxnd%eazc B! ﬂ%ﬁeﬁemsbr)amae 4, }5!—1@1(56@{!&%@30%13) WARLBRY LM dam

ide (248.0 g, 1.23 nmol) was m xed wat er L). Potassium

hydr oxi de ﬂe?%dlﬁf wag e?m‘i‘ﬁ‘é‘?d)“’%a%hyéém@éi’ (41‘}1"8 nlga ? ernbiRed oreaips e drigd

100 C overdybiatinmbbriOMdbncedtdicdt: b0 @V6i0s Y HesB 6O BERY (%Qs(gcm)al ni ng
1% ammoni umMg/dr oxi de) in_hexane indicat ed reaction co

(pr oduct Bt s C g ot AN e 295 L NVENEORN Bl PNt &
reaction CI@”@' S1hpn.18Themeast 19%}1?’3353 349 (h efgt ure and
extract ed vvltrg eﬁ:y -a(cet a)?e (g R hlgjjcorrt()l (I’)lﬂg] em’l }gcet ate
solutith was dried over sodium sul fate and concentrated to give the
desired proaghiotv-(429dor83-Setifipia TANCE Qf (2. 158184 My
C61112N503 H)€r ror/z = 0p ﬁyji 3"!9(53( (f{ B@GH@S [l)ik;gaémld%@yg 10. 54
(s, 1 H), "’631“22 (235-072*&13506-6*3&@0’(@1 85 8 Hz 1 H, 3.45 (t, J=5.3
Hz, 2 H, 3.35(m 2 H, 3.22 (s, 3 H. StepC:

S oY b g ety Dk ndefiy Farmina) ] 28 Sxsdiazoie 3. °OX! M Ao

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

sodinm nitrite (11 mg, 0.16 mmol) in water (3 mL) was slowly added. The mixture was
stirred for I 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 Cy3HjsFN6Q4S (M+H)": m/z=373.1. "H NMR (400 MHz, DMSO-dq):
6 11.25 (s, 1H), 8.61 (s, 1H), 7.18 (m, 1H), 6.91 (xz, 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-[(Aminosuffonyl)aminc]ethyl}amino)-V-(3-cyano-4-fluorophenyl)-N'-hydroxy-

1,2,5-0xadiazole-3-carboximidamide
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At room tenperature

N - hydr oxy-4-[(2-nmet hoxyet hyl ) am no] -1, 2, 5- oxadi azol e- 3-

car boxi m dam de (50.0 g, 0.226 nol) was dissolved in 6.0 M

hydr ochl or iw0 and/dosasgueous sol ution (250 ral, 1 5 nol). S8owiugenos/ 049794
chloride (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 mM,) of sodiumnitrite (15.0 g, 0.217 nol) was added
slowy over 1 hr. The reaction was stirred,at 3 - 8 Cfor 2 hours and
t hen room tenperature over the \wgekend i ndi cated reaction

conpl eted. The reaction sol m&m xt’?‘\act ed with ethyl acetate (2
x 200 m.). The conbi ned et hyI so ut¥lon Was dried over sodium
sul fate and concentrated to gi ve the es\h r ct (49.9 g, 126%
as a crude white solid. LCMB for CeHLOog\ 14 (1 1+14): mz 15 =

2210 1HNIVR(4OOM-|Z DMVS0-14): 5 13.43 (s, 5.85 (t, J=5.6
;'Z 2 5 (S g Jgg?: CyzBo 4 &uorop’henyi)l-_pi-hygro:% 7~£1f[]&qnethoxyeth)%)6113151110‘? 1!_2%5 2 H,

N-(3-Br onm:ddlﬁim—omh@anyﬂi)lmiuc hydr oxy- 4-[ ( 2- net hoxyet hyl )am no] -1, 2,5
- oxadi azol e- 3-car boxi mdam de ,OH/ 20

N- Hydr oxy-4-[ ( 2- met hoxyet hyl )am noj-1, 2 %Hoxadl azol e- 3- car boxi m doyl
chloride (46.0 g, 0.208 ml)mped ith water (300 nmL). The

m xture was heated to 60 C ro or oani | i ne [ Gakwood
products, product #013091] (43.6 g, ég cgas added and stirred
for 10 mn. A wai m sodi um bi car bonat 5‘(6 g, 313 nol) solution
(300 nL water) 25 was added over 15 m n The rpeactl on was stirred at
60C for 2 icated reacti ion..The reactiqn

ol ut § o vES Bt ST y5Eh B GREE TR B ditit FE St

acet at e ( 2using30kydndxy- 4-[{2}maﬁ:omﬂ1yédnmb]qw S{a:sahea:bh 3suaihokmatoy1/vaﬂorﬂﬁei ed

over sodi he d

e 7o bl BN SONE SRSl ) K 405 S BERMHE"

(MHH) +: r rﬁAidmh,aMdum # BP8TQ as mbistmm (m@ealmzwowm OBJMS For L HENsS; 1

885( _}_é 6(t J=8.8 Hz, 1 H, 7.08 (dd, Jr 6.1, 2.7
@d ( z'1?’ ,'614(t, J=5.8 Hz, 1 H, 3.48 (t, Jr 5.2

21-@ 3.35 (dd, J=10.8, 5.6 Hz, 2 H), 3.22 (s, 3 H. Step E

-(3 Brorm4 4- tho AS 0], ,2, -.oxadi azo
B O BB b Bl Il ol 1.2, 50

N-(3 bronmﬂd;ﬁidmts@phﬁ&;&&:ﬂﬂﬂéﬁydroxy 4-[ (2-met hoxyet hyl) am no] - 1, 2, 5-
10 oxadi azol e- 3- car boxi m dam de (76.5 g, .0.204 nol),

1,1' -carbonyl diinidazole (49.7 g, 0.30&'my¥P, and ethyl acetate (720
i ) was heated to 60 C and tdaTxefl fof~#0 nmin LOMS indicated
reaction conpleted. The reaction was ol o L O roomtenperature,
washed with 1 N HCL (2 x 750 nmL), drnedNo &8 um sul fate, and
concentrated to give the desired prodLF?:t (80 4 g, 98% as a crude
brown solid. LCMS for Cl131112Br FN504 (M+H): ifnk = 400.0, 402.0. 1H 15
NVR (400 NBte,defiivBOomdBiund $as ﬁépa(retd,acdo;diﬂg@thdzpmcbdﬁ)a of Bxapapl¢ 1) step B, 9. 1,

g 2 x 51 LE‘%H %(33% xéo”h ﬂ%or'é%hcg)q?:é’z-h)%!}w4—[§25§%th8}geth§l)ﬁmo]3l #8 (Lttazdis
3-carboximidamide as the starting material in 91% yield. LCMS for C;4H;2FNgOg (M+H)™:
m/z = 347.0. 1H NMR (400 MHz, DMSO-dg): 5 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, J=5.7 Hz, 1 H), 3.48 (m, 2 H), 3.40 (q, /= 5.4 Hz, 2
H), 3.25 (s, 3 H).

|_|)
Hz
Hz
4

20
Step C: 2-Fluoro-5-[3- {4-[(2-hydroxyethyl)amino]-1,2,5-oxadiazol-3-y1}-5-0x0-1,2,4-
oxadiazol-4{5H)-yl]benzonitrile

82



Step F:

4- ( 3- Brono-4-fl uorophenyl) - 3- (44( 2- hydr oxyet hypat ni no] -1, 2, 5- oxadi azo

| -3-y1ll- 201, 2, 4- oxadi azol -5(4H) - one

4- ( 3- Br ono WD t1¢eNse8henyl) - 3- { 4- [ ( 2- met hoxyet hyl ) am no] PATRSBIYKATHaz
-3-y1}-1, 2,4- oxadi azol -5(4H)-one (78.4 g, 0.196 nol) was dissol ved

in dichloronmethane (600 m.). At -67 C boron tribromde (37 m "™ 0.392

nol ) was added over 15 mn. The reaction was warned 25 up to -10 Cin

30 min. LCVMS indicated reaction conpl etfﬁﬂEJhe reaction was stirred

at roomtenperature for 1 hou‘a? 0 -N the reaction was slowy

quenched wi th saturated sodiu b+d&r bgnat e solution (1.5 L) over 30

m n. The reaction tenperature rose t \he. reaction was

extracted with ethyl acetate (2 x 500gfL, rst extraction organic

| ayer is on the bottom and second extractionzorganic |lager is on the

top). The dor icla ersweedrledo d|u ul faje and
Comkent r ot 0o SPreS SormoPRT e pr bRl Sect Rl € oo SRR P B
br own sol iwding BENBrofBI3- {41{21%&5@5&604&111@%1—95 okeﬁﬁaZOI-B-}'ﬂ% (ﬂ.p 1388. 0.

11- INMVR ( 8408..( 7. 70
Y @9%%4?4(592%@@ St taft %’Eepfllm Guanfita vwéld L(';gas f

(t, J=5. Qi FNOfM+8) 15 6n/k edt33.9= 10. 6 5.6 Hz, 2 H), 3.29 (dd, J—
11. 5, 5 9 Hz, 211). 10Step G

2- ({444- (3-Brono-4-fl uorophenyl)-5-oxo-4, 5-di hydro-1, 2, 4- oxadi azol - 3-
yl] -1, 2, 5- St@@.@i—(ﬁ[l@ (%y&:b&@u&%ﬁéds} I5-svetdrmeedid-i QEads@diazol-3-y1)-1,2,5-

4- ( 3- br ono droxyet hyl arai no) -1, 2, 5- oxadi azo
| -3-y1)- 1°Z‘a‘11az°g£“éiﬁgrﬁ ﬂ%’ ’ﬁ‘ﬁj‘:‘an(?gl’ifof‘%? 2 g, 0.188 mol) was mixed with
et hyl acetate (600 m). 15 Met hanesulfoay ghloride (19.2 m ..

0. 248 nol) was added foll ome%%y,\ehe mne (34.9 nL, O. 250 nol ).
The reaction was stirred at erat re for 5 mn. Wen LCVS

i ndi cated conpl etion of reaction (M T QO rnL of water was
added into reaction. The reaction wa¥cext ed with ethyl acetate (2
x 500 nL). The conbi ned et hyl acet ate sol uti @&n was washed wi th brine
(500 Qver sodi um sul f at nd concentrat gi,ve,85.1 g
20 crué)e brS%ﬁSEse(gfonéﬁouﬁ by VEFIY O%lé & EET e urKeam &froll?dsete DEI d
was 97 % usiGlB-flugro-5-[3- {4-[(BhFasQ6BNantihdiNe) 3-oxadiazol3-¥1B5-080-1487. 9. 1H

NVR (400 72 (m 1
H), 7.58 ?gt%d‘ﬁﬂ RO g&be ”Ei}“%%é h%‘a(t#’g '"?“B%EI 3%& %id ﬁ(}dﬁ%fo 6 (t, J=
5.3 Hz, 2 df)H.@NDes (M) T3242105. 6 Hz, 3.18 (s, 3 H). 25Step
H:

3-{4-[(2- Azi doet hyl ) am no] - 1, 2, 5- oxadi azol - 3-y1}-4-(3-brono-4-fl uorop
henyl) s 1,SRerE:oXadud@ohzifdedy))a0in6]-1,2,5-o0xadiazol-3-y1} -5-0x0-1,2 4-oxadiazol-4(5H)-

yl}-2-fluorobenzonitrile

The desired compound was prepared according to the procedure of Example 13, step E,
using 2-({4-[4-(3-cyano-4-fluorophenyl)-5-ox0-4,5-dihydro-1,2,4-oxadiazol-3-y1]-1,2,5-
20  oxadiazol-3-yl}amino)ethyl methanesulfonate as the starting material in 95% yield.

Step F: 5-[3-{4-[(2-Amincethyl)amino]-1,2,5-0%adiazol-3-yl}-5-0x0-1,2, 4-oxadiazol-4(5H)-
yl]-2-fluorobenzonitrile hydroiodide
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2-(4-(4-(3-brono-4-fluorophenyl)-5-o0xo-4, 5-di hydro-1, 2, 4- oxadi azol - 3-
yl)-1, 2, 5- oxadi azol 3-yl am no) et hyl net hanesul fonate (50.0 g, 0.108
nol ) was dissolved in N, Ndinethylfonnam de (83 nlL). Sodi um azi de
(10.5 g, Ow®20inodspsavas added. The reaction was 5 stirr@dTaS205087¢40r
5-6 hours. LCMS indicated reaction conpleted (MtNa = 435). The

reacti on was quenched with water (250 ) and extracted with ethyl
acetate (2 x 250 nlL). The conbi ned ethyl acetate solution was washed
with water (250 m, |ayer separation wasgsl ow 100 nL of brine was
added to inprove the separation), dried ov% sodi um sul fate, and
concentrated to give 49.7 ¢ cridde\biown) skl i d. O ude yield is 112 %
LCVS for 10 C12H8Br FN80O3Na (MiyNa): rgiad = .0, 435.0. 1H NNwW (400
MHz, DMVb0O-d6): 5 8.08 (dd, J= 6.2, 2N z’F-Iz, N772(m 1 H, 7.58

(t, J=8.7 Hz, 1 H, 6.75 (t, J—57 1F354(t J= 5.3 Hz, 2
H),345(dd J=11.1, 5.2 Hz, 2 H). | :
3-(4-(2-a Lrﬂylcarﬁil%siwaésEe@r%@@amr&%rathew)edu:e(o@EmmlmsteplForophe

nyl) -1, 2, 4usink%-@X@d {24 7 -
3-(4-(2- azﬁdoet%xﬁam no O?éﬁﬁmﬂgad?g%%m@ ﬁ?oxoézﬁr%xﬁglaﬁc’lﬁ ryophe

nyl)-1, 2, ﬂﬂu@dbm@iztﬁ(elkbi)hecmﬁmg&ﬁitdﬁlagp 5@%1;1% oINS <, 98 RHOWM-HD ™
nmet hanol V\EP Sodl um i qdi de ggf 1.17 nol) was added. The
reacti oh wi& s%-’f?rﬂr SH YR (H9HHz $%1de9ré Brddd =mrd 273, 1 H), 8.09 (m, 1
Chl or ot ri ney, hgb strlsgang), 6548, =5 ol 1 1D) 0. 7M@Y 04 889 ) hargl,
(100 m) nmdpﬁggéosl tg)the%r eagtl on1cII');!\?er'ﬂ\:,’qug)1 m n. Tzhl\g%(rj?éac%c{rgn ?

t enper at ur The reaction was stirred at roomtenperature
for 30 mn LCVS indicated reaction conpleted (MtH = 386) The

reaction uen vvlthsdlumthlosulf (190, : 20 nol) in
wat er (90\(,)\?5’13’8 ‘?Féqg‘@m&ﬂ%‘gﬂ? B@@&@Y&a&“@&s}&ﬁﬁ"é’d’ W%Phﬁ’llyé)dN ct was
col | ected yrdxi 112 Rbta0RzdlE-BlcbbatimAmsgeeed 25 was slow), rinsed with
water (200 nlL), and dried on vacuum overnight. The filter cake was

slurried in ethyl acetate (500 nmL) for 30 mn. The product was
filtered (Hhialrhit@ivaevidREd{4-[§2-a8in0sthylRthofH [26e5oxd Biake-3 WHC SLuX8- DY,8f

kend t f-whi.t | f Cl2 1 603
(TR | LT S el oo B o el A SEES
H) , .76 (@p mfg 6 mﬂmﬁ&ve(et suspbaddd. il pj*ﬂiiimeIO bm1.) 6 THSEreddtion das Keatkd k21,20 2C
;\Ii) ,E er ng% (%‘F éOprgi,ngEéF Sjna 181|pr0wave x’eac%orH)l“he solvent \gfas ren%g'v]é?i anc? the rea'gge delssol%ed
4- ({2- 1( Anin mﬁmﬂuﬁl@iﬁlw @i MS@leﬁdm)df}l@rN NoQH i («aeluﬂamme 44 mmol) was added

];_l)g? ;gpge L ]O}]e portm dlrhe rééctldn Was S dalt xao%g:ll tgmg’cra e %x%(nln t,d %’Regx?eutr&ﬂaﬁm

4- ( 3- br onowidh ddetioactise p.IL)l,)theEbrc(d&et(vﬁhs Ipydlfi oy hiyepamived)CMS 8, ghveabeaiitieaz ol
-3-y1)- 1,2, 4- oxadi azol - I—A)
compound (4.9 mg, 29%) T.CMS for C12H14FNgO4S (MH+H)T: m/z =385.0. LH NMR (400
20 MHz, DMSO-dg): & 11.65 (s, 1H), 9.08 (s, 1H), 7.34 (t, /= 9.1 Hz, 1H), 7.22 (dd, J= 5.4,
2.8 Hz, 1H), 7.13 (m, 1H), 6.70 (t, J= 5.9 Hz, 1H), 6.59 (s, 2H), 6.20 (t, /= 6.1 Hz, 1H), 3.34

(m, 2H), 3.09 (m, 2H).
Example 19

25 N-(3-Cyano-4-fluorophenyl}-V'-hydroxy-4-({2-[(methylsulfonyl)amino]ethyl}amino)-

1,2,5-0xadiazole-3-carboximidamide
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To a sol ution of

4- ( 3- brono-4-fl uorophenyl) - 3- (4-(2-nmet hoxyet hyl am no) - 1, 2, 5- oxadi azol
-3- yl)-1, 2, 4- oxadi azol -5(4H) -one (can be prepared according to
Exanpl e 1, v Ep&008938; 1232 g, 15 3.08 nol) in di chl or onBEHERWOFMITH)
stirring in a 22 L flask at OC was added boron tribrom de (354 i,
3.67 nL) dropwi se at a rate so that the tenperature did not exceed 10
C. After stirring onice for I h, a solution of saturated aqueous
sodi um bi cBrebitinadrepofid twys peppredaceiding ty tadieddat ofExaaipte st B} usidae

tenperat urg 1 e ad n.ti 0 The resul ting
mi xture was hg«':lrgx ?gze@ Etﬁ }gm%%%’g)a%msg t%?’lg q&u%ﬁxéqﬁlaz%? “Puted with
wat er 20 (ciaﬂaoki)mdaandje 4nh 8-cgddoet- ﬂadmsmﬂmelwliscﬂ anpdiict #3223 T)ed tHersatinet 0 8
usi ng solid sodium bi carbonate. The ers were separat ed, and the

organi ¢ | dYF é’q;\‘%%ﬁéﬁﬁﬁﬁﬂ\}@é%‘%@dﬂ'@ L)I‘/Z ZA-¢ hdl SMR @R MHze oy ed
in vacua trsvebigr ¢ @a. 65%51 1&?'9'0@(4,2141) f’ﬂ?,ls @RI ﬁ@)e’s‘a%@én'm) fﬂﬁé(haohﬁ) Blzﬁl?mv_ .

9. 54 kg, ant |ele; The material was slurried vol unes o
hept ane: ety 6 3u(me 25 311 4(madfios 3- ,89f5r$111)ered, and dried to
furnish the t|tIe conpound as a tan solid (8679 g, 94% . The 25
product was a mxture of the hydroxy- and the correspondi ng

br ono- spedi*@&Plesie

2- (4-(4- (Str(qzmlﬂosmfmn}a&hm&ﬁm;&@&)wﬁai,rdmbm%pﬂ)h&hﬁmx% ggp! - 3-
yl)-1, 2 5- oxadi azol - 3-yl a anesul f onat e a solution
of 10 1,2,5-oxadiazole-3- carboxxmldamlde

4- ( 3- brono- 4-f | uor ophenyl) - 3- {43\[&2 hydroxyéﬂ hyl )am no] -1, 2, 5-oxaciia
zol 3-y1) -1, 2, 4- oxadi azol -5(411)-fne (1.5 9, 3.9 nol, containing also
sone of the correspondl ng broro- cimouygpd) thyd acetate (12 L) was
added met hanesul fonyl chloride (185 m_,, 4 | ).dropwi se over 1 h
at roomtenperature. Triethylamne (32 2.3 mol ¥" was added

dropwi se over 45 mn, during which ti me @ he reaction t enperature
increased to 35 C. After 2 h, the reaction m xture was washed w th
wat er (5 LSegp fb:rtfemBui(yIL[(&—b:ondFﬁ-ﬁcylmﬂeayl]whﬁmm sul fate, conbined with 3
nore reactions of the sane size, nd&he sol vents renoved in vacuo to
afford the desired product (7600 antitative yield, containing

al so some of the 10 correspondi ng B¥onm< ound, Caution: irritating
dust!) as a tan solid. LCMS for C131-103r GSNa (MtNa): mz =
485.9, 487.9. 1HNWR (400 MHz, DMSO-4): 8 8. (dd, J=6.2, 2.5 Hz, 1
H, 7.72 (m 1 H, 7.58 (t, J=8.7 Hz, 1 H)Br6 75 (t, J=5.9 Hz, 1

H, 4.86 (‘&Bromﬁ Zsfu@@ydez{Akyich PraigetEdens93K1a.9 5257 5m@opwas @saebvedﬁi 18

( 5: 3 H) nd water 1l
3-(4-(2-azi oet @y )n‘iiI r(1io ' (520 D%L)ofya ?,%cz)}gam?e hﬁmﬂﬂ% 187 lsn% 1P ?Pagrao%he
nyl) - 1, 2, sodigmaeitaie 6. 443 JHP%) mpyal were aﬁéﬁdeﬁe%mﬁtﬂbf @rd e reaction mlxmre was

2- ({444- ( BB LuQfe Violit. i zol -
yl]- 1,2, gbr(?){( adi aéz%u% 50 @gf‘ﬁjnﬂt no) e?ﬁﬁ )gglrré%na(‘é%g mﬁ?jfi}g%oé%% At%?al&%q’liea

mol , cont aﬂf?ﬁlm@tea’fﬂé eolbe%m@m%hedm@ colsrvas fondP mg)- b%r%ﬁ@@wﬁaated n
di et hyg f o gﬂﬂ q‘_’:)x z%m)raw@le 'c&n@ne?d%ré‘anjcli l%%éw?sﬂ%@ﬁ?%‘e%ﬁ

azi de (38 Theé reaction was eated at 50 Cfo

pour ed i nt 0("8 spdium gHfptes e seleiagvagicenpentraieddy pagpo. The remdue
acet at e: heupgs@aﬁb,ﬁé’@wia)mema @Jta@daldfssélaea% al¥aS 2 MBEI08L) mﬁ@rﬁmhfgrméé L)
and brine (5 L),.and the sonents renoved in vacuo to afford t

desired pribubidh Zng 447 g 227 poppD) s added pordign-Pipe oyeeRfmpingies. The action

C121-18 13r@ﬁ@§ﬂ&o&cﬁ/@%ﬁaﬁﬁ Ferl. 2 BotahdHas 4BSre®ihrolih Ol (PRGNS wadt 00
MHz) : 858 08(d J=6 111), 7.72(m 1H),

remove in vacuo.

The residue was stirred in tetrahydrofuran (72 mL). A solation of 2.0 N NaOH in water (179

ml, 358 mmol) was added dropwise over 45 minutes. After 5 minutes, di-ters-
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7.58(t, J= 8.7Hz, 1H), 6.75(t, J= 5.7Hz, 1H), 3.54(t, J= 5.3Hz, 211),
3.45(dd, J= 11.1, 5 2Hz, 211). Step D

3-{4-[(2- Am noet hyl )am no] - 1, 2, 5- oxadi azol - 3-y1) - 4- ( 3- br ono- 4-f | uor op
henyl) - 51W0 2pga@eisazol - 5(41i 1) - one hydrochl ori de St epPOI/UBZN$/04D794
tert-Butyl 2- (4-(4-(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 car bamat e 10 Sodi um
i odide (1080 g, 7.2 m)l%%was added to

3-{4-[(2- Pt eappnte 416 e [77.4 mandd) waeadadAgopydse. The reaction was stirred for 2

y1} - 4- (3- hjoarmadtmb kéﬁ%ﬂmﬁﬁﬂ {N}ls I%mgvef& iR¥Rb, aﬂtﬂ&l’a@étﬁ‘ta’ %I)OU%JS waS 0 ergand
1.22 nol) in methanol L). The m xture was tir

mi n dur i ngGiPReESien Vs terﬁdl ah@szr@emfé}amrms c@bgtef# wldhe product exiracted: wnh

Chl or ot 1'i natyidetitd (3RS0 6830 THl contbined offRthik 12 83 waR v &Syith LRk Qfo

met hanol (115 L2 dropwi Se at a rate so t he tenperatur not
exceed 35 284 vaiTH(1PA@L).slaed pishsagien %ﬂﬁ@mcqnée@ﬂeﬁ inFygpucelo givh Gygdosired

ambi ent t gARREALSIS B, 79%7%(:%&9&3%& @&HEHrﬁN'aé?dAMé)h nﬁé—%@é’/e 'H

sol ution of sodiumcthiosul fate Eenta rate in water g

di | ut ed wWiNMRERIHE DNSO-daindl 7 7R s, pH)-deh7ds VP -8 2. B é“ﬂl RATGH
sol i d potassi v, CarPoRa(LoBS0 g - added in small portions: watch

foaming). Di-tert-butyl d| carbonate (318 g, 1.45 nol) was added and
the 20 reaction was allowed to stir at roomtenperature. Additional

POt asSiUMGA HAN@IH 029 Fud)mbBs-addadido@ag POrtions over 4 h to
ensure that ‘the pH was still at or above 9. After stirring at room

t enperature overnight, the solid V\B‘SI-IN §d, triturated with water
(2 L), and then MIBE (1.5 L). Ato 1 yuns were perforned (5.5
kg, 13.38 nol). The conbined sold, mr%urated with 1:1

THF: di chl oromet hane (24 L, 4 runs in a 20 Lerotary evaporator 25

fl ask, 50 tadeda Immgeﬁ 'a!nid‘s‘;?lﬁ% %Tﬁo\f’@ﬁ E&?tdo }Iq_,"] E(h—b@dngchi Qﬁﬁﬁﬁéﬂﬁﬁﬁbéﬁaﬂr

each run) toa an_o white solid hée crude erial” was

di ssol ved (&t 855¢ Itné@la jehiospmethae (3 mLyayP "Cryag Heasesl with trifluoroacetic acid
decol ofsi ZiBPmERERENS fndras. %rheaze&ugﬁ G %xlmee%o Mot tem@idut bl 89 €d hot

through celite to afford the product as an off-white solid (5122 g).
The conbi FRERATBRS sofifet wahgmardin sranetdraned pithiqane & el el). The

cotncr:]ent {) atpe@iiubtrwaﬁ | mgeimctopm}g&%&@g?@&eg@uié@%&euo??gaisglamgwhd( atne
Wi a acet ate gradien o afford nore uc
(26 5. M sLeUsisrRbaed b CORP M paryr 1585, 1605 MR §

2- (4- (4- (DrasomRy: 885k ueKsoPhE R Xs, D H0X0704s 1), BYe (01 1) 2, 4-

oxadi azol - 3-y1)-1, 2, 5- oxadilquol X3 yl am no) et hyI ear bil)rrate were dried
to a cdhstant wei ght in a convection oven (5385 g, 83%. Step D,

Part 2. 34%fed ¢ 2-A0IBAaLs-D) 1 oxradl hadel: Dbrono- 4-
LDt %?4%%&3neﬁﬁydroc}ﬁlag?%%ﬁht§%od A In

10f|uorophen 4- oxadl azo

az22lL flé§%¥%%?3%W§ 2YI4YdF ogen chloride (4 N solution in
1, 4-di oxane, 4 L, 16 nDI) tert-Butyl oH
[2-({444-(3-bronn-4-f|uorophenyl) 5- OF% 4,5-di hydro-1, 2, 4- oxadi azol -3
-yll- 1,2, 5-oxadi azol - 3- yllaﬁb Ehy bayate (2315 g, 4.77 nol)
was added as a solid in 15 portion er \pnn The slurry was
stirred at roomtenperature and gr ly becang a thick paste that
could not be stirred. After sitting 6Mern|ght at room tenperature,

t he paste M&dﬁkﬁ#{l@ﬂthbfyeﬂiyhﬂmo@& eiéadiaddle- L);arbifnhdidyﬁdi%de [Iﬂep%l'dér ried

71 o B S5 bl oL B e iR s R af St Aok

a u 2 SH ] Br5 Fllilgn gﬂaa:rdl (mgn+m_ ': tbibtznaémlﬁeli’f&mgzﬂo ﬂn-i‘sl&&;hgson %ﬂ %(4-bxlgﬁggof or

VB0 ) ao b ilicodzga b e it i ol gl Ay e
ED 78 Né : hogméﬁu?ﬁﬂftnééd fiol) 15 @inktks. (ﬁ@hth;damxﬂél(ﬁa mk 43 8tzmolPwid) addelt Dapwise 2

over 10 ndinutes and%he reaction was stirred for an additional 15 minutes. The solvent was
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25 (20 L) and 4 NHCL in 1,4-dioxane (10 L) at roomtenperature. 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
conpl et i onWa¥1HEFPBat ed by HPLC, heptane (10 L) was ad8€HUBHIY/HET4
bat ch. The batch was cooled to 25 C. The product was isol ated 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 Cto 30 give 4344 ¢
(93. 4% yi SFRPVEIFn ¥asEo ack after adging oata (SOnd)MBe profici s exgestpdvith efnd HPLC
data of thicgtafe x‘é@fm@."ﬁ%‘%bﬁﬁkd&gmﬁbﬁ Qbre bR HAH ¥Ghe @6%@?}&% by
Met hod A. WO 2010/ 005958PCTI 11JS20091049794 Step E: tert-Butyl

({[ 2- ({ 44VeBsoBBYLiate p1d copespieipd tp)eivs thpdssitpdprafuphy@f 8- 100%).4LeMadi azol

3-y1] -1, 2, Grcantditaaq|m,B:xld ):.el/bykkagizgob sul fonyl ) carbamat e A
5 L round bottom flask v]\r/as ﬁ%ﬁged wi th chl orosul fonyl isocyanate

[ Al dri ch, product # 5 142662] (149 niL, 1.72 nol) and dichl or onet hane
(1.5 L) anglef0olRolBushag faf)hasy Rt i dbRaknl, 1
73 no!) in dichl gromat harﬁgﬂbggym %&%o&ﬁﬁﬁa%ﬁ?&%&%xa&%ﬁ%gﬂsO
that the tlehparadaarleo@lhonsot exceed 10 C. The resulting sol ution was
stirred at roomtenperature for 30-60 npn bo provide tert-butyl

[ chl orosul fonyl ] carbamate. 106, A 22HL f \a§‘ﬁ was charged with
3-{4-[ (2- ani noet hypani no] - 1, 2% exadi azol- 3;94) - 443-

br ono- 4-f | uor ophenyl) -1, 2, 4- oxadi azgr35( 4IT- 8ne hydrochl ori de (661
g, 1.57 nol) and 8.5 L dichloronet hineN After c®oling to -15 Cwith

an i ce/ sal th, e solution of tert-butyl . )
[ chl or osul&%@%r?‘ﬁ%é%ﬁwﬁ@@%&i%%’%' 2-psoerthaninalied Saradezrlade so
tA ][1 at the toefaaﬁm:aaauﬁﬁc (di3¢, P04 mEXD) eaaiai 11 i&r&ng{ﬁoda%i dam@(sgd g;@%i o) were

ter stirypi or mn, _triethyl anm. ne | , . nop .was
foden ot diooed St aebeflid mhi Y BB e Posed g S e TS R on
tinme 10 mmhyl'ﬁbm]tsabdﬂb&tah adiag adhosedt re:iclcfiien ﬁrﬁﬁﬁés}n&hvl‘éﬁiﬁl Hlﬁd_y&m to
warmto 10 ..split intg. t ortion an eytralize it 0% cone
(a5 LengsigR Bstaber B o il ARG aiveiRe PRdhif s sthieando |
separ at or ycohwenngbd ardeudi Pulifdtion yhflash drdmacgipdly n biliccgeiplite iietliyent of
di ssol t he ite solid (-2 . _The.| rs ara .and the
or gani i(gsel S \é@v\:’/ga%e ”\/1\2'???3%1'; %(i‘vlV %e é%jﬂa%lgrg?m%- 18 9@ ﬁh(%&%%ali"}a,?%gﬁld t he
sol vent s r@pRA-OnM-aEiante 38600889 .0aMH DIMR (400 MES CDLOD): ShesgglliH), was

triturate j 2. X.1. dri ed a n t i.ght_to
At ford a H{EE 9o e O T ST b1D-30143 1B 2 e TRt f ey e 2 16
processed 3115 &8 H). manner (5409 g, 98% . 111 NVR (400 MHz, DWMbO-d6):
510.90 (s, 1 H, 808 (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, J=5.7 Hz, 1 H, 3.38 (dd, J= 12.7, 6.2
e, (2{:53,4 s?epm 46[d@Bzoho%ﬁnsﬂE?]&thﬂ%-%ﬂ—hyﬂziﬁ;thguﬁﬂéle,S-gdel)azol%_ﬁp X

- -3z Br.ogm- 4= jhuor ophenyl) - 5- oxo- 4, 5-di hydro- 1, 2, 4- oxadi azol -
3-y1]- 1, zl,’é‘-‘gﬁéﬁz%zé{“%)s‘?“;‘?l}am no)et hyl ] sul fam de Method A using
trifluoroacetic acid To a 22 L flask conggioni ng 98:2 trifluoroacetic
acid:water (8.9 L) was added t-putyh ({[2-
({444- (3- brono-4-fl uor ophenyfgofig\oﬁ1 - 4 5'—"@_@[\0- 1, 2, 4- oxadi azol - 3-y1
]-1, 2, 5-oxadi azol -3- 5 yl }am no) et hyl Fam no f onyl ) carbamate (1931
g, 3.42 nol) in portions over 10 m nut¥es. The r%rsulting m xt ure was

and chased™ e g ng DR los gl PRL KRR BERKGH S R C 1O
treat ed a mebexyethylamano]-1,2,5-oxadiazol-3-y1}-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

87



with fresh 98:2 trifluoroacetic acid:water (8,9 L), heated for 1 h at
40-50 C, the solvents renoved in vacuo, and chased with

di chl oronethane (3 x 2 L). The resulting white solid 10 was dried in
a vacuum dm@ pgo/ensess at 50 C overnight. A total of 5409P§TEH09/049794
processed in this manner (4990 g, quant. yield). LCVS for

Cl121-112Br FN705S (MtH): raiz = 463.9, 465.9. 1H NWVR (400 MHz,
DVBO-d6): 5 8.08 (dd, J=6.2, 2.5 H, 1 H, 7.72 (m 1H, 7.59 (t,
J= 8.7 Hz, mwatd)(126nﬂ7w@s addaédxﬁpx@xsmer ufes. SRftértwardding G @oklz, 1 H),
3.38 (dd, 5

Vet hod B tQmPeermZ tg g?ﬁlc Ia?/eé' wg%: Fod?é e&' an((:):ll %aqgeouafay? evi;a[s_eﬁ%{%eﬁ wn'ii ethyl
(112- ({444ceBe l()?r Jgﬁfbmlla fm@pmbhedwrgs)mﬂammekp Sragheth with bride, (200mL), dried

oate (agon oy AIAMMAHE X b8 00) 86 Do ALARL B 4 97| bR 02
L). Thé r ewithd mmllmmtmtroé3%/&“%@%@@%)@]—45,%%@@01@31}% (ft}bmmotzm S

oy et oo D@5 Selliago BRARATH Bl Ul d REE HOBALES 080 e
m xture. FTL7e314.6. a{mmxmorréﬂma@azz)e& 7180 (68 BT 6xi8dls, heH)dé at (tthv $8

tsglr?grgﬁgggcﬁg\}ﬂas' co C#gg@y’lﬁg‘rak?’%’ﬁgfﬁf C@k‘% ts \i/gsﬁed-rhe

with a m xture of heptane (16 L) and |sopropanol (1 2 L) and dried

under ct elnd. cru

et hyl Iz)get%%% ?%@%4 %'53 c%)n?l Iﬂ?ihy@e > gd?“ an Lﬁ%‘é mff%f_a)m 3@ a%ged
to the et hyhdizmok3 ai)mo]eﬂw]mﬂhmmﬂfoﬂﬁem n The batch was heated to 70
C and held at this tenperatye,for 1 h. Jhe bat ch was cooled to 21 C
and solid product was coll ect‘é’g by fil nsﬁa‘tﬁ” n. The wet cake was
washed with heptane (14.4 L)”aRddciled ction on the filter
funnel . Yield of product was 3034g. VS, nd ' 3C NMR, and HPLC
data of this lot were identical to trh%s'é of the groduct prepared by
Method 30 A Step G

(2)-4-({2- Tt%%ﬂuﬁ@rseﬁ 4 Birpromem-helerapih G - Kahydrpsthpbamiac]dl 3. b-amdisgreny
1)-N - hy(yﬁ}%?h—{%{ﬁ@&%—@@fﬁ%ﬁé Er. g, R Y| BhERME dRo Mahd\FheborrespdiRins

d t
&23 (e{ 125]42 *{rjcrsg%gwmd)ﬁm tbylgprian (199 nd.) yrepaddedmathppeepfonyl chlogde (0.96 mL,
oxadi azol -3y th.ode Porf¥RdIRZQkrick WiskRALAR) Shititek 54l died}18@ink €. ¢miD! )

cont ai ni ng resi dual anounts of trifluoroacetic acid stirring in a 22

L flask maRlb yesTdaed; alsq in onyRertipns SAfter SENE B 39 PEWtrddiEsied to 0 C

using an if&hddadulioRehler éNaQIL 6 4unbol) WS ddsddRUoRed ﬁmfu@ie@la&?b:& hat the
tenperature did not excee After stlrrln at anbi e

t enper at u reethypmige (.38 rehoed- 2 ymph g A des W qnigess thyr ?af’?’ﬂf "r‘?étqé?fic%ﬁd with the

r emai ngy) adthhen B a1 dhYS mépﬁoaucswﬂs Wb BleCRMCERH hedRe3HBo(mBRAd L) -
Thel | - 1F V}ﬁﬁs nmoved in_ vacua, ﬁjhe é&g tin xture S

extract ed W OFFOGERYIEaHE Syss @vat*f th bring] b GIEQ% L
vmf ]E h \(/jvat erthd é@(ijdeﬁuwd@rrmare&&xla)uo ta@dem@jemhpﬂﬂﬁa (9.2 0N00%). | IECI;:I&Cua to
a or a SOoJ I 41 ur at

conbi ned vﬁa{"}ﬁlatteﬂ}c’ég %fﬁéég &ge@{*‘%ng’/ of g%n%wégff’re%%@r@%@%ﬁo do):

over ni ght g N3&(sCIONY 878 (10N=530¥% 1 H) %63 (5,Qr19), soal 1 B),307id, £ BR3F09, v
The solid was_recrystallized (3 x 22 L flasks, 2:1 deionized

ultra- %%Ite?%gzvgalf{g?éﬁﬁsaﬁ@ 14.1 L each flask) and dried in a 50 C
convection oven to a constant weight to furnish the title corrpound as

an off-white saolid 290 g,.. 789 LCVS for . ClL11 r FN7 S

fe © a5 Sl Aot o a0 b %gv ewk? 5. 90
(s, 1 H), 24éxddiazol=s(& 8oz, 1 H), 7.11 (dd, J= 6.1, 2.7 Hz, 1 H),
6.76 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 crystallographic analysis determned that the title
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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
sol vent was renoved fromthe batch by distillation under reduced
pressure. WE2HHIEH3was added to ethyl acetate (18.0 L)PERHSI0AR049794
bi phasic m xture was stirred for 15 mn. The organic |ayer was washed
with water (6.0 L) and brine W) 2010/ 005958PCT/ US2009/ 049794 (6.0 L)
sequentially. The organic solution was dried over anhydrous magnesi um
sul fate. Magnesium sul fate V\?&s fllterecké othe filtrate was

evaporated to dryness under WHpre ) To the resultant solid,
MIBE (3.0 L) was added and the sl %,J%\sj_&/mﬁd for 15 min. The
solid product was isolated by filtr af Th ter cake was washed
with MIBE 5(1.2 L) and heptane (1.2 )Osequentla Iy The solid was

dried on ti]R‘i--{F_h{@%IO]&lM{ﬂ{ gﬂa‘ﬂﬁ'} 5%%814'5%3’& -fb, ¥%xécﬂzi'z@1 ﬂy?8172 2 of

the product e produc . “obt al ne n two batchesS) was further

purified Wﬁ%@%ﬁﬂbﬁwﬂbﬂwhmﬁmw%@nﬁe {9)! g0 mmog cpyfpinipg plso sumee dfghech
was ool edoh@spBndingd zgsmgu@mﬁg,dﬁm'm@as %deied@l& %&%ﬁdﬂﬁ’ﬁﬁmﬁﬁl(b

flltratlon and. t he wet cake was washed wt and heptane
(1.2 L) setifeht P58 P)3 mrd) Besodirdin aeaspoatiaend pifer g wt%@empev@m s

20C to gi weork86:2 68 °Of Thdadiibh 5tBrea 95MR01H0H ahdwBlié¥edio@bdl badilo Mem 1H
and 13C NMR, and HPLC data of this |lot were identical to those of the

product priefPRETEtrenVaie {498 i wagaddss fstupeeh i ressfiony e pradpet was extraged ect

physi cal aieh dhy?bgitc@lx 1801y bﬁd’théi Adnibifddlordabie 15/ RRRHNGEh G Wil IR 2k
1-19 are d in_Table bel ow. 1050 data are fromthe assay
provi ded |]#H%ﬁ%‘f watpr (1541 k Azﬁer dpgng oNgr sofipmpliate; the solvent was removed

10 vacuo to give the desired product (7.7 g, 96%). LCMS calculated for CyHeBriNgNaO4
(M+Na)": m/z = 418.7, 421.0. "HNMR (400 MHz, DMSO-dg): 5 7.88 (s, 1 H), 6.71 (t, J=
5.7Hz, 1 H), 6.68 (s, 1 H), 5.08 (5,2 H), 3.54 (t, /= 5.7 Hz, 2 H}, 3.47 (q, /= 5.7 Hz, 2 H).

Step H: 3-{4-[(2-Aminoethyl)amino]-1,2,5-oxadiazol-3-y1}-4-[ (4-bromo-2-furyl)methyl]-
15 1,2,4-oxadiazol-5(4H)-one hydroiodide

PLONgI
Hznxn&T 0
g, L
O
To a solution of 3-{4-[(2-azidoethyl)amino]-1,2,5-oxadiazol-3-yl}-4-[(4-bromo-2-
furylymethyl}-1,2,4-oxadiazol-5(4H)-one (7.7 g, 19 mmol} in methanol (80 mL) was added
sodinm iodide (17.4 g, 116 mmol). After stiring for 10 minutes, a solution of
20  chlorotrimethylsilane (14.8 ml., 116 mmol) was added dropwise over 5 minutes, The
reaction continued to stir for 1 hour, at which time it was slowly added to a solution of
sodium thiosulfate (23.0 g, 145 mmol} in water (800 mL) at 0 °C, resulting in a precipitate.
The flask was rinsed with methanol (30 mL} and the precipitate was collected through
vacuum filtration. The solid was rinsed with cold water (2 x 25 mL) and was dried under
25  vacuum to give the desired product (5.8 g, 60%) as the hydroiodide salt. LCMS calculated
for CyyHzBiNgOs (MHH)": m/z = 370.9, 372.8. 'H NMR (400 MHz, DMSO-d5): § 7.86 (s, |
H), 7.36 (brs, 3 H), 6.68 (t, J=5.8 Hz, 1 H), 6.65 (s, 1 H), 5.07 (5, 2 H}, 3.45 (4, /= 5.8 Hz,
2 H),2.98 (t, /= 5.8 Hz, 2 H).

89



DO 1C50 (uM MS [M#11] 1 NH2 Br F 1 <200 437.9, 439.9 2 Me Br

10

15

20

25

WO 2010/005958 PCT/US2009/049794

Step I: 4-({2-[(Aminosulfonyl)amino]ethyl} amine)-N-[(4-bromo-2-furylymethyl]-N'-
hydroxy-1,2,5-oxadiazole-3-carboximidamide
OH

Qo
HoN~

S Nf
\ﬁ,\ln}—eLNH o)
NI.. N \_@Br
' O

In a microwave vial, 3-{4-[(2-aminoethyl)amino]-1,2,5-oxadiazol-3-yl}-4-[(4-bromo-2-
furyDmethyl]-1,2,4-oxadiazol-5(4H)-one hydroiodide (30 mg, 0.060 mmol) and sulfamide
(29 mg, 0.30 mmol) were suspended in pyridine (1 mL). The reaction mixture was flushed
with nitrogen and heated at 130 °C for 3 minutes in a microwave reactor. The solvent was
removed and the crude intermediate was suspended in methanol (1 mL), A 2.0 N solution of
NaOH in water (0.30 mL, 0.60 mmol) was added in one portion and the reaction was heated
to 45 °C for 30 minutes. After neutralization with acetic acid (68 pL, 1.2 mmol), the product
was purified by preparative LCMS to give the desired product (10.4 mg, 41%). LCMS
caleulated for CgH;sBrN;OsS (M+HH)*: m/z = 423.9, 426.0. '"H NMR. (400 MHz, DMSO-dg):
510.87 (s, 1H),7.75(s, 1 H), 6.83 (t,/=7.3 Hz, 1 H), 6.68 (t, /= 6.0 Hz, 1 H), 6.56 (s, 2
H),630(,/=60Hz, 1H),623(s, 1 H),4.56(d,/J=7.0Hz, 2 H),3.32(q,J= 6.3 Hz, 2 H),
3.07 (q,J = 6.3 Hz, 2 H).

Example 21 -
4-({2-[(Aminosulfonyl)amino]ethyl}amino)}-V-{(4-chloro-2-furyl)methyl}-N'"-hydroxy-
1,2,5-0xadiazole-3-carboximidamide

Q.0 4OH
NSy Ny
M e 8
XN

(A

N. N Cl
8]

Step A: 4-Chloro-2-furaldehyde

8]

|/
Cl .
To a stirred suspension of aluminum trichloride (29.8 g, 0.223 mol) in dichloromethane (200

20
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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-furyDmethyl]carbamate
k O
OJLN O
H“Q
Cl
4-Chloro-2-furaldehyde (14.0 g, 60% purity, 64 mmol) was dissolved in ethanol (50 mEL) 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 exiracted
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 tetrahydrofiiran (100 mL). A solution of 2.0 M NaCH 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 CigH;sCINNaQ; (M+Na)™: m/z
=253.9. "HNMR (400 MHz, DMSO-ds): § 7.81 (s, 1 H), 7.37 (t, /=53 Hz, 1 H), 6.32 (s, 1
H), 4.05(d,/=6.0Hz, 2 H), 1.36 (5, ¢ ).

Step C: 1-(4-Chloro-2-furylymethanamine trifluoroacetate

HoN 0,
1. Uy
Fi£&° OH
cl

The desired compound was prepared according to the procedure of Example 20, step B,
using fert-butyl [{4-chloro-2-furyl)methyljcarbamate as the starting material in quantitative
yield. LCMS calculated for CsHyCIO (M-NH;)*: m/z = 115.0. "H NMR (400 MHz, DMSO-

dg): §8.29 (brs, 3 H), 8.04 (s, 1 H), 6.69 5, 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
Nsr
AN
oK >N o
T ﬂ
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;sCINsOy4 (M+H)+: m/z = 316.0.

Step E: 4-[(4-Chloro-2-furylymethyl]-3- {4-[(2-methoxyethyl)amino]-1,2,5-oxadiazol-3-yl} -
1,2,4-0xadiazol-5(4H)-one

fo O
N L
O’\’NJN O
f \N \_@\
N\O’ Cl
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The desired compound was prepared according to the procedure of Example 20, step D,
using N-[(4-chloro-2-furyD)methyl]-N"-hydroxy-4-[ (2-methoxyethyl)amino]-1,2,5-oxadiazole-
3-carboximidamide as the starting material in 51% yield. LCMS calculated for
Ci2H;5CINsOs (MHH): m/z = 342.0.

Step F: 4-[(4-Chloro-2-furyl)methyl]-3- {4-[(2-hydroxyethyl}amino]-1,2,5-oxadiazol-3-y1} -
1,2,4-oxadiazol-5(4H)-one

ONGTS
HO”"\/HQ\-T 0
N! N \_@01
o
The desired compound was prepared according to the procedure of Example 20, step E,
10 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
Ci1H;oCINsNaQs (M+Na)": m/z = 349.9.

Step G: 2-[(4-{4-[(4-Chloro-2-furyl)methyl]-5-0x0-4,5-dihydro-1,2,4-oxadiazol-3-yl}-1,2,5-
15  oxadiazol-3-yl)amino]ethyl methanesulfonate

/S\O H ,
NN N 0
N \_@\
Nuy Cl

The desired compound was prepared according to the procedure of Example 20, step F,

using 4-[(4-chloro-2-fury)methyl]-3-{4-[(2-hydroxyethyl)amino]-1,2,5-oxadiazol-3-y1} -

1,2 A-oxadiazol-5(4H)-one as the starting material in 69% yield. LCMS calculated for
20 CpH;CINSO,S (M+H)Y: mvz = 405 8.

Step H: 3-{4-[(2-Azidoethyl)amino]-1,2,5-oxadiazol-3-y1}-4-{ (4-chloro-2-furyl)methyl]-
1,2 4-oxadiazol-5(4H)-one

"N, Do
NE ] N,
N”\/NJN O
N \_@
N\O,N cl

25  The desired compound was prepared according to the procedure of Example 20, step G,
using 2-[(4- {4-[(4-chloro-2-furyljmethyl]-5-0x0-4,5-dihydro-1,2,4-oxadiazol-3-yl}-1,2,5-
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oxadiazol-3-yl)amino]ethyl methanesulfonate as the starting material in quantitative yield.
L.CMS calculated for CyHyCINgNaQ, (M+Na)": m/z=374.9.

Step I: 3-{4-[(2-Aminoethyl)amino}-1,2,5-oxadiazol-3-y1}-4-[(4-chloro-2-furylymethyl]-
1,2,4-oxadiazol-5(4H)-one hydroiodide

O _0
Hsz\,Hv—}—r O
i Ni \N \_@\u
o
The desired compound was prepared according to the procedure of Example 20, step H,
using 3-{4-[(2-azidoethyl)amino]-1,2,5-oxadiazol-3-y1}-4-[(4-chloro-2-furyl)methyl]-1,2,4-

oxadiazol-5(4H)-one as the starting material in 57% yield. LCMS calculated for
Cy H2CINGO4 (M-HH)': m/z =326.9.

Step J: 4-({2-[(Aminosulfonyl)amino]ethyl } amino)-N-[(4-chloro-2-furyl)methyl]-N'-
hydroxy-1,2,5-0xadiazole-3-carboximidamide

Q.0
HN—SS

OH
$

i N

M \!
N"\,N}_‘Q*NH
H |

Y \_@
N ~ 0/ CE

The desired compound was prepared according to the procedure of Example 20, step I, using
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 as the starting material in 53% yield. LCMS calculated for
C1oH;5CIN; 058 (M+H)™: m/z = 379.9. 'H NMR (400 MEz, DMSO-dg): § 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), 622 (s, 1 H), 4.55 (d, 2 H), 3.32 (q, J = 6.3 Hz, 2 H), 3.06 (g, J= 6.3 Hz, 2 H).

Example 22
Alternate Preparation of the Intermediate 3-(4-(2-aminoethylamino)-1,2,5-0xadiazol-3-
v1)-4-(3-bromo-4-fluorophenyl)-1,2,4-oxadiazol-5(4H)-one hydroiodide
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Step A: 4-Amino-N"hydroxy-N-(2-methoxyethyl)-1,2,5-oxadiazole-3-carboximidamide
+OH

)|

N
< N

N\ ’N
O

4-Amino-N-hydroxy-1,2,5-oxadiazole-3-carboximidoyl 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 mlL), dried over sodium sulfate, and concentrated to give the desired product (294 g, 119%)

as a crude dark oil. LCMS for CsH;NsOs (M+H)": m/z = 202.3. 1H NMR (400 MHz,
DMSO-dg): 8 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-methoxyethylamino]-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 CsHj2Ns0; (M+H)": m/z = 202.3 'H
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NMR (400 MHz, DMSO-d): § 10.54 (s, 1 H), 6.22 (s, 2 H), 6.15 (t, J = 5.8 Hz, 1 H), 3.45 (t,
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-[(Z-methoxyethyl}amino]-1,2,5-0xadiazole-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
(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 CgH,;CIN.O; (M+H)+: mz
=221.0. lTHNMR (400 MHz, DMSO-dg): & 13.43 (s, 1 H), 5.85 (¢, /=15.6 Hz, 1 H), 3.50 (1,
J=15.6 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
~OH F
. L X
o ﬁ—(kN Br
R\ H
N+ .M
0

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 # 0130917 (43.6 g, 0.229 mol) was added and
stizred 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.
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LCMS for C,H;4BrfNsO; (M+H)": m/z = 374.0, 376.0. |H NMR (400 Mz, DMSO-dg): &
11.55(s, 1 H), 8.85 (s, 1 H), 7.16 (t, /= 8.8 Hz, 1 H), 7.08 (dd, /= 6.1, 2.7 Hz, 1 H}, 6.75 (m,
1H),6.14 (t, /=58 Hz, 1 H), 348 (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—ﬂuoropheny1)-3- {4-[(2-methoxyethyl)amino]-1,2,5-o0xadiazol-3-y1}~
1,2 4-oxadiazol-5(4H)-one

H | S=o
oAy
N. N
@8]

h

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 ¢,
98%) as a crude brown solid. LCMS for CisH;2BrFN;O4 (M+H): m/z = 400.0, 402.0, 1H

15 NMR (400 MHz, DMSO-dg): 6 7.94 (t, /=82 Hz, 1 H), 7.72 (dd, /= 9.1, 2.3 Hz, 1 H), 7.42
(m, 1 H), 6.42 (t,/=5.7Hz, 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 '\1 O>:o
%\N

HO/\/N ;
N\ zN Q
Q
Br

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, 0.352 mol} was added over 15 min. The reaction was warmed

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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N1VI R Spectra 511.5 (s, 1 H, 8.89 (s, 1 H, 7.17 (dd, J= 8.8, 8.6
Hz, 1 H, 7.09 DVMsO d6 400 (dd, J= 6.1, 2.7 Hz, 1 H), 6.76 - 6.72
(m 1 H, 6.56 (dd, J= 6.1,

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 exiraction 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 CjoHoBrENsO, (M+H)": m/z = 386.0, 388.0. 1H NMR (400 MHz,
DMSO-dg): 5 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 (%,
J=5.6Hz, 1 H), 4.85 (t, J= 5.0 Hz, 1 H), 3.56 (dd, /= 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-oxo-4,5-dihydro-1,2,4-oxadiazol-3-y13-1,2,5-

oxadiazol-3-yl}amino)ethyl methanesulfonate

i) b
MsQ” " 7/—\8\?\3
N. N
0

h.

F
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; BrFN;OgSNa (M+Na)*: m/z = 485.9, 487.9. 1H NMR (400 MHz, DMSO-d): & 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 = 5.9 Hz, 1 H),
436 (t,J=5.3 Hz, 2 H), 3.58 (dd, J= 112, 5.6 Hz, 2 H), 3.18 (s, 3 H).

25  Step H: 3-{4-[(2-AzidoethyDamino]-1,2,5-0xadiazol-3-yl}-4-(3-bromo-4-fluorophenyl)-
1,2 4-oxadiazol-5(4H)-one
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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 - 2.8 (m 2 H, 1.78 - 1.71 (m 2 H 8 11.49
(s, 1H), 8.90 (s, 1H), 7.17 (m 2H), 7.09 (dd, J= 6.3, 2.5 2 DMVBO-d6
400 Hz, 1HWO®@Esp38, J= 6.1 Hz, 1H), 3.33 (m 211), 3. PBT(U§2009e9E40
Hz, 2H), 2.89 (s, 3H)

H l\l%=o

Nl
Ny N
0
Br

2-(4-(4~(3-bromo-4-fluorophenyl)-5-oxo0-4,5-dihydro-1,2,4-oxadiazol-3-y1)-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).
The combined ethyl acetate solution was washed with water (250 m1, 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 Ci2HsBrFN;O3Na (M+Na)™: m/z = 433.0, 435.0. IH NMR (400 MHz, DMSO-dg): & 8.08 (dd
J=62,2.5Hz, 1 H),7.72 (m, 1 H), 7.58 (t, /= 8.7 Hz, 1 H), 6.75 (t, /= 5.7 Hz, 1 H), 3.54
(t, /=53 Hz, 2H),3.45(dd4,/=11.1,5.2 Hz, 2 H).

3

Step I: 3-(4-(2-aminoethylamino)-1,2,5-0xadiazol-3-yl)-4-(3-bromo-4-fluorophenyl)-1,2,4-
15  oxadiazol-5(4H)-one hydroiodide

-Q
N
4. =0
H,N" —~ N
N. N
HI o

Br
F
3-(4-(2-azidoethylamino)-1,2,5-oxadiazol-3-y1)-4-(3-bromo-4-fluorophenyl)-1,2, 4-oxadiazol-
5(4H)-one (80.0 g, 0.194 mol) was mixed with methanol (800 mL). Sedium iodide (175.0 g,
.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 sodivm thiosulfate (190.0 g, 1.20 mol) in water (300 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
shurried in ethyl acetate (500 mL) for 30 min. The product was filtered (filtration speed is

99



8 11.5 (s
3 DVBO d6
(dd, J= 6
Hz, 1 H),
(m 2 H
Hz, 111),
5
10
15
20
25

, 1 H, 889 (s, 1 H, 7.17 (dd, J= 8.8, 8.6 Hz, 1 H), 7.09
400 (dd, J=6.1, 2.7 Hz, 1 H, 6.76 - 6.72 (m 1 H), 6.56
.1, 6.1 Hz, 1 H, 6.51 (s, 2 H, 6.17 (dd, J=5.9, 5.9
WQRZ010/005958321 (m 2 H), 2.94 - 2.88 (m 2 H), r&rA82004/040394
4 CD3OD 400 57.12 (dd, J=5.9, 2.4 Hz, 1H), 7.05 (t, J= 8.7
6.83 (m WD 2010/ 005958PCT/ 1JS2009/ 049794

slow) and dried under vacuum over weekend to give 95 g of an off-white solid. LCMS for
C12HuBrFNgO3 (MHH)": m/z = 384.9, 386.9. 1H NMR (400 MHz, DMSO-dy): & 8.12 (m, 4
H), 7.76 (m, 1 H), 7.58 (t, J=8.7Hz, ] 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-oxadiazole-3-carboximidamide

b N } /@
HN"S SN 7},—\8\1\1 Br
H \, H

Step A: 4-(3-bromo-4-fluorophenyl)-3-(4-(2-hydroxyethylamino)-1,2,5-oxadiazol-3-y1)-
1,2,4-oxadiazol-5(4H)-one
N =0
N

7\
N. N
O
Br

F
To a solution of 4-(3-bromo-4-fluorophenyl)-3-(4-(2-methoxyethylamino)-1,2,5-oxadiazol-3-

H
HO/\/N

y1)-1,2,4-0xadiazol-5(4H)-one {can be prepared according to Example 1, steps A-G; 1232 ¢,
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 b, 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
(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 sharried 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, 54%). The

product was a mixture of the hydroxy- and the corresponding bromo-species.

Step B: 2-(4-(4-(3-bromo-4-fluorophenyl)-5-oxo-4,5-dihydro-1,2,4-oxadiazol-3-y1)-1,2,5-

oxadiazol-3-ylamino)ethyl methanesulfonate
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111), 3.39 (t, J= 6.8 Hz, 2H), 3.14 (t, J= 6.6 Hz, 211), 2.94 (s,
311), 1.87 (m 211) 5 DMBO-d6 400 57.96 (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. WOR0/0598 H), 6.71 -6.66 (m 0.95 H), 6.3BCtMS2089/057H)
3.35 - 3.27 (m 211), 3.10 - 3.06 (m 2 H 5 11.50 (s, 111),
8.91 (s, 111), 7.19 (m 211), 6.96 (dd, J = 6.7, 2.5 6 DVBO-d6 400
Hz, 111), 6.71 (m 111), 6.26 (t, J = 6.4 Hz, I11), 3.32 (m 211),
3.13

. o
MsO~ —~ N
N. N
0

h.

E
To a solution of 4-(3-bromo-4-fluorophenyl)-3-{4-[ (2-hydroxyethyl)amino]-1,2,5-oxadiazol-
3-y1}-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

5 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

10 comresponding bromo-compound, Caution: irritating dust!) as a tan solid. LCMS for
C13H1 BrFNsO6SNa (M-+Na): m/z = 485.9, 487.9. |H NMR (400 MHz, DMSO-dy): § 8.08
(dd, /=6.2,2.5Hz, 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, /=53 Hz, 2 H), 3.58 (dd, J=11.2, 5.6 Hz, 2 H), 3.18 (5, 3 H).

15 StepC: 3—(4~(2-azidoethylamino)-1,2,5-oxadiazol-?:-yl)-4-(3-bromo-4-ﬂuor0phenyl)-1,2,4—
oxadiazol-5(4H)-one

-0
N e
Mg VT\H\N
N. N
Q

5.

E
To a solution of 2-({4-[4-(3-bromo-4-fluorophenyl)-5-oxo-4,5-dihydro-1,2,4-0xadiazol-3-y1]-
1,2,5-oxadiazol-3-yl} amino)ethyl methanesulfonate (2.13 kg, 4.6 mol, containing also some

20 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 sclvents removed in vacuo 1o afford the
desired product (1464 g, 77%) as a tan solid. LCMS for Cy,HgBrFNzO;Na (M+Na)*: m/z =

25 433.0,435.0. "H NMR (DMSO-ds, 400 MHz): 3 8.08(dd, J=6.2, 2.5Hz, 1H), 7.72(m, 1H),
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(g, J = 5.8 Hz, 2H), 2.89 (s, 311) 5 8.90 (
9.2, 9.0 Hz, 1 H, 6.96 (dd, J= 6.4, 7 DvBO-d6
6.72- 6.69 (m 1 H, 6.55 (t, J= 6.0 Hz,
(t, J= 5.9wW01000ds8 3.28 - 3.21 (m 2 H),
1.76 - 1.72 (m 2 H 8 CD30D 300

, 1 H, 7.20 (dd, J=
400 2.7 Hz, 111),

6.5 (s, 2 H, 6.16
. 87 PCT(USRO0044y94

H
NI

7.58(t, J = 8.7Hz, 1H), 6.75(t, J = 5.7Hz, 1H), 3.54(t, J = 5.3Hz, 2H), 3.45(dd, J= 11.1,
5.2Hz, 2H).

Step D: 3-{4-[(2-Aminoethyl)amino]-1,2,5-0xadiazol-3-y1}-4-(3-bromo-4-fluorophenyl)-
5  1,2,4-oxadiazol-5(4H)-one hydrochloride

i) o
N> N
N. .N
HCO O

Br
F

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(4F)-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 potassinm carbonate (250 g — added in small
portions: watch foaming). Di-fert-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 ), 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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57.06 (t, J = 8.9 Hz, 111), 6.98 (m 111), 6.80 (in, 111), 3.73 (m
2H), 3.28 (m 2H), 2.94 (s, 311), 1.28 (m 2H) 8 11.60 (s, 1H),
9.06 (s, 111), 7.30 (t, J = 10.1 Hz, 1H), 7.14 (dd, .1 9 DVBO-d6 400
= 6.1, 2. 7W@0WWE8 7.03 (m I11), 6.71 (t, J = 5.3 HzPCI/US0YEIBB
(s, 2H), 6.23 (t, J = 6.2 Hz, 111), 3.36 (g, J = 6.5 Hz, 211),
3.08 On, 2H)

with decolorizing carbon (2 wi%) 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 mere product (262 g). The

5  combined solids of tert-butyl 2-(4-(4-(3-bromo-4-fluorophenyl)-5-oxo-4,5-dthydro-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-y1} -4-(3-bromo-4-
10 fluorophenyl)-1,2,4-oxadiazol-5(4H)-one hydrochloride
Method A:
In a 22 1 flask was charged hydrogen chloride (4 N solution in 1,4-dioxane, 4 L, 16 mol).
tert-Butyl [2-({4-{4-(3.——bromo-4-ﬂuor0phenyl)-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 shury 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 ethiyl acetate (10 L), filtered, re-shuried in ethyl acetaie (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 Ci2HyBiFNsO; (MHH)": m/z
20 =384.9,386.9. 1HNN£R (400 MHz, DMSO-dg): 8 8.12 (m, 4 H), 7.76 (m, 1 H}, 7.58 (t, /=
8.7Hz, 1 H),6.78 (t, /=6.1Hz, 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-ox0-4,5-dihydro-1,2,4-oxadiazol-3-yl]-
1,2,5-0xadiazol-3-yl} amino)ethyl|carbamate (5000g) was added to a mixture of isopropanol
25 (20L)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 fitle 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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5 11.60 (s, 1H), 9.07 (s, 1H), 7.30 (t, J = 10.1 Hz, 1H), 7.18 (t, J
= 10 DwMBO-d6 400 6.0 Hz, 111), 7.13 (dd, J = 6.0, 2 Hz, 111), 7.03
(m 111), 6.27 (t, J = 6.3 Hz, 111), 3.32 (n, 211), 3.13 (q, J =
6.0 Hz, 2HwWO 2018905638, 311) 5 11.6 (s, 111), 9.08 (s, PCTHE20098H794
(dd, J= 10.0, 9.4 Hz, 1 H, 7.13 11 DMBO-d6 300 (dd'" J= 6.4, 2.9 Hz,
111), 7.05 - 6.99 (m 1 11), 6.58 (t, J= 6.0 Hz,

Step E: tert-Butyl ({[2-({4-[4-(3-bromo-4-flucrophenyl)-5-ox0-4,5-dihydro-1,2,4-oxadiazol-
3-y1}-1,2,5-0xadiazol-3-yl}amino)ethyljamino } sulfonyl)carbamate
O\\Sffo H r\i’C$=O
BocHN” ‘g”\/ 7—8\

A\

N\ IN
O

7
1)
(

Br

F'
A5 L round bottom flask was charged with chlorosulfony! isocyanate [Aldrich, product #

5 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 [chlorosulfonyljcarbamate.

10 A 22L flask was charged with 3-{4-[(2-aminoethyl}amino]-1,2,5-0xadiazol-3-y1}-4-(3-
bromo-4-fluorophenyl)-1,2,4-0xadiazol-5(4H)-one hydrochloride (661 g, 1.57mol) and 8.5 L
dichloromethane. After cooling to -15 °C with an ice/salt bath, the solution of tert-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, tricthylamine (1085 mL,

15 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

20 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-dg): 5 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, J = 12.7, 6.2 Hz, 2 H), 3.10 (dd, J
25 =12.1,59Hz, 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-ylj-
1,2,5-oxadiazol-3-yl}amino)ethyljsulfamide
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1

2

6.52 (s, 2 H), 6.17 (t, J= 5.9 Hz, 1 11), 3.28 - 3.21 (m 2 H),
2.87 (m 2 H), 1.79- 1.72(m 2H) 511.6 (s, 111), 9.07 (s,
7.30 (dd, J= 10.0, 9.6 Hz, 111), 7.13 12 DVBO-d6 400 (dd' J= 6.2,
Hz, 1 W) 201003%s- 7.02 (m 2 H), 6.19 (t, J= 5.8 HzPCL/URNY/BODTF -
(m 2 H), 2.99- 2.94(m 2 H), 2.87(s, 3 H, 1.76 - 1.72 (m
3 CD30OD 400 57.36 (t, J.= 7.8 Hz, 111), 7.23 (d, J.= 7.8 Hz,

, 7.10 (s, 111),

10

15

20

25

30

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-ox0-4,5-dihydro-1,2,4-oxadiazol-3-yl}-1,2,5-oxadiazol-3-
yl}amino)ethyl]Jamino}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
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 Cy;HzBrFN,0sS (M-+H)": m/z = 463.9, 465.9.
1H NMR (400 MHz, DMSO-dg): § 8.08 (dd, J= 6.2, 2.5 Hz, 1 H), 7.72 (m, 1 H), 7.59 (1, J =
8.7Hz, 1 H), 6.67 (t, /= 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).

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 } sulfonyljcarbamate (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
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 solid 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.,
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
A.
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7.03 (d, J = 7.8 Hz, 111), 3.48 (m 211), 3.29 (m 211) 5 11.63
(s, 1H), .
DMSO-d6 500 2H), 7.10 (s, 111), 6.99 (d, J. = 8.1 Hz, 1H), 6.28 (t,
= 5.4 Hz, wo3chdposos. 36 (q, J = 5.8 Hz, 2H), 3.17 (q, JretasHobiai9794
2.91 (s, 3H)

211),

10

15

20

25

30

9.08 (s, 111), 7.39 (t, J = 7.6 Hz, 11-1), 7.21 (m 14

Step G: (Z)-4-({2-[(Aminosulfonyl)amino]ethyl} amino)-N-(3-bromo-4-fluorophenyl)-N'"-
hydroxy-1,2,5-0xadiazole-3-carboximidamide

Method A:

To a crude mixture of N-[2-({4-[4-(3-bromo-4-flucrophenyl)-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
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
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)H4BrFN;0,S (M+H)™ m/z = 437.9, 439.9. 'H NMR (400 MHz, DMSO-dy):
61151 (s, 1 H),8.90 (s, 1 H), 7.17 (t, /=8.8 Hz, 1 H), 7.11 (dd, /= 6.1, 2.7 Hz, 1 H), 6.76
(m, 1 H),6.71 (t,/=6.0Hz, 1 H), 6.5%9 (5, 2 H), 6.23 (t, /= 6.1 Hz, 1 H), 3.35 (dd, /= 10.9,
7.0Hz, 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:
N-[2-({4-[4-(3-bromo-4-fluorophenyl}-5-ox0-4,5-dihydro-1,2,4-oxadiazol-3-yi}-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
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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37 (dd, J= 8.0, 8.0 Hz, 1 11), 7.21
.07 (s, 1 H, 6.95 (d, J= 10.0 Hz, 1
6 FE, 1 H), 3.28 - 3.22 (m 211),

511.6 (s, 1 H), 9.12 (s, 1 H
- 15 DwvBO-d6 400 7.18 (n, 1
H, 6.52 (br s, 3 H, 6.17 (t, J .0
2.93 -2.89wo200mos2ssH), 1.77- 1.73 (m 11) 5 11. 6 ¢eT/UsHn) 0499411
(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 - 701 (m 2 H), 6.96 (d, J=8.0 Hz, 1

(6.0 L) sequentially. The organic solution was dried 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 shury 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. ICsq data are from the assay provided in Example A.

Table 2
v_ {00
R1/ ~ /\M/ W_(]\
20
Ex, DO MS
No. | Rt | R | R ln o ann | v
1 NH; Br F 1 <200 437.9,
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 <100 451.0,
453.0
5 NH, Ci 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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H)

, 6.20 (t, J=5.9 Hz, 1IN), 3.27- 3.22(m 211), 2.99- 2.94(m 2
H, 2.87 (s, 3 H, 1.78 - 1.71 (m 2 11) 811.25 (s, 1H), 8.61 (s,

11i), 7.18 (m 111), 6.91 (in, 111), 6.72 (in, 17 DVMBO-d6 400 111),
6.58 (m 1340 20160634s8(s, 2H), 3.32 On, 2H), 3.11 On, 2H) pc2a8M09/049¢S,
311), 2.05 (s, 311). 18 DMSO-d6 400 8 11.65 (s, 111), 9.08 (s, 111),

7.34 (t,

10

J=9.1H, 1H, 7.22 (dd, J =

10 Me CF; F 1 <100 427.0
11 | Ni» 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 CHs B 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

IDO ICsp data (see Example A) for the compounds of Examples 20 and 21 is provided
below in Table 3.

Table 3
Ex. No. IDO IC3s) (nM)
20 <500
21 <750
Example 26
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.

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)

1 DMSO-dg 400

8 11.49 (s, 1H), 8.90 (s, 1H), 7.17 (m, 2H), 7.09 (dd, J= 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)

511.5(s, 1 H), 8.89 (s, 1 H), 7.17 (dd, /= 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)

3 DMSO-dg 400

4 CD;0D 400 167.12(dd,J=5.9,2.4 Hz, 1H), 7.05 (t,J = 8.7 Hz, 1H), 6.83 (m,

108




5.4, 2.8 Hz, 111), 7.13 (m 111), 6.70 (t, J = 5.9 Hz, 1H), 6.59 (s,
WD 2010/ 005958PCT/ US2009/ 049794 211), 6.20 (t, J =6.1 Hz, 1H),

3.3 (m 2H), 309 (m 2H) 19 DVSO-6/6 400 8 11.65 (s, 1H), 9.08 (s,
111), 7.35%ono1dddsyss 7.18 (m 311), 6.56 (m 111), 6. 23rCmusiobos98424
(s, 211), 3.32 (m 2H), 3.14 (m 211), 2.89 (s, 3H). 20 DMSO d6 400 8
10.87 (s, 1 H), 775(s 1 H, 6.83 (t, J=7.3 H, 1 H, 6.68 (t, J=
6.0 Hz, 1 H), 6.56 (s, |—|),630(t J—60Hz 1|—|) 623(s 1|—|)

2 24 theolee 460 s bb. oo (82 P g 0y g bl gL
Hz, 1 6~ . 5.9:: : [~
(quj % :H%sf 3652—|§ , (nsa\,mé_d? :10.05~> (cgdo9 (%51'1';1 zzoéf ?DB[ ?i(?dd.)% Zﬁ?;( g)ﬂ;l%goe

6.71 - 6.66 (m, 0.95 H), 6.33 (brs, 1 H), 3.35-3.27 (m, 2 H), 3.10
-3.06 (m, 2 H)

§ 11.50 (s, 1H), 8.91 (s, 1H), 7.1 (m, 2H), 6.96 (dd, ] = 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,J = 5.8 ¥z, 2H), 2.89 (s, 3H)

58.90(s,1 H),7.20(dd, /=9.2,9.0 Hz, 1 H), 6.96 (dd, /= 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(1,/=5.9Hz, 1 H),3.28 -3.21 (m, 2 H), 2.93 - 2.87
(m,2 H),1.76 - 1.72 (m, 2 H)

7 DMSO-dy 400

57.06 (t, ] = 8.9 Hz, 1H), 6.98 (m, 1H), 6.80 (m, 1H), 3.73 (m,

8 CDsOD 300 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, 1= 10.1 Hz, 1H), 7.14 (ad, I
=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, J= 6.5 Hz, 2H), 3.08 (m,
2H)

9 DMSO-dg 400

5 11.60 (s, 1H), 9.07 (s, 1H), 7.30 (¢, T = 10.1 Hz, 1H), 7.18 (1, ] =
10 | DMSO-ds | 400 |6.0Hz, 1H), 7.13 (dd, J = 6.0, 2.7 Hz, 1H), 7.03 (m, 1H), 6.27 (t, T
= 6.3 Hz, 1H), 3.32 (m, 2H), 3.13 (q, ] = 6.0 Hz, 2H), 2.89 (s, 3H)

8 11.6 (s, 1 H), 9.08 (s, 1 H), 7.31 (dd, /= 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, J= 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 DMSO-dy 300

511.6 (s, 1 H), 9.07 (s, 1 H), 7.30 (dd, J= 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, /= 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)

12 | DMSO-dg 400

736 (t,J= 7.8 Hz, 1H), 7.23 (d, T = 7.8 Hz, 1H), 7.10 (s, 1H),

13 ¢D;0D 400 7.03 (d,J=7.8 Hz, 1H), 3.48 (m, 2H), 3.29 (m, 2H)

511.63 (s, 1H), 9.08 (s, 1H), 7.39 (t, ] = 7.6 Hz, 1H), 7.21 (m,
2H), 7.10 (s, 1H), 6.99 (4, J = 8.1 Hz, 1H), 6.28 (t, J = 5.4 Hz,
1H), 3.36 (q, J = 5.8 Hz, 2H), 3.17 (g, ] = 5.8 Hz, 2H), 2.91 (s,
3H)

14 | DMSO-ds 500

8 11.6(s, 1 H), 9.12 (s, 1 H), 7.37 (dd, 7= 8.0, 8.0 Hz, 1 H), 7.21 -
7.18 (m, 1 H), 7.07 (s, 1 H), 6.95 (d, /= 10.0 Hz, 1 H), 6.52 (br s,
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)

15 | DMBSO-dg 400

§11.6(s, 1 H), 9.11 (s, 1 H), 7.37 (dd, 7 = 8.0, 8.0 Hz, 1 H), 7.20

_ (d,J=7.8Hz, 1 H), 7.07 - 7.01 (m, 2 H), 6.96 (4, /= 8.0 Hz, 1
16 | DMSO-ds | 400 | 1" 20t J= 5.9 Tz, 1 ), 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)

$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, 25D, 2.89
(s, 3H), 2.05 (s, 3H).

] 5 11.65 (s, 1H), 9.08 (5, 1H), 7.34 (t, J = 9.1 Hz, 1H), 7.22 (dd, J =
18 | DMSO-ds | 400 | 55 ¢ by 1H), 7.13 (m, 1H), 6.70 (t, J = 5.9 Hz, 1), 6.59 (s,

109



Exanpl e A: Human i ndol eam ne 2, 3-di oxygenasae (MD) enzyne assay Hunman
i ndol eam ne 2, 3-di oxygenasae (IDO) with an N-termnal H's tag was
expressed in E. coil and purified to honogeneity. |DO catal yzes the
oxi dative sé@ameigeodf the 5 pyrrole ring of the indole muThusrmeHTo4
tryptophan to yield N -fonnyl kynureni ne. The assays were perforned at
roomtenperature as described in the literature using 95 nM1DO and 2
MM D-Trp in the presence of 20 nmv ascorbate, 5 p. M nethyl ene blue and

0. 2 ng/ ni —eatalase—+n-50—H m*'M‘s g-phesphate bulfer (pH 6.5} The
initial rleacthon—rates were we@é“?ﬁ\ﬂﬂ%{fﬁéédlﬁ@&%@i@me_
absor bancle .. ncr t %éb ﬁgﬁ&é( &H) HO8 (5 1 136 i B 18 (m, 3H), 6.56 (m
N - fornt yi 1eyhdPdRps e a6 e B0 s et Ad, 268,
1339-134 _ Ev:\nrhl e B:| Det nr H} don of inhibhitor activitv in Hela

cel | - basdd i ndol eani ne| 2, 3- c§|18>59 A& 19 () Dk§-RY ftefi A His5HY 61981/ =

d i
| I's (#QChe2 Poluls | 610 ﬁaeﬁmwaw = 03y bHEGI28 (s é 5
(C:ng I Zc'gi on ? gg:ﬂsf/adgas?aogec \‘%§)5 (T ?Q)ﬁ%»l@# %ﬁﬂf@ﬁ?ﬁ%ﬁﬂ@ﬂgl}ﬂ F 7

essenti al ium (eagle) w 11835 R - gl 1t ani ne and Farle's BSS
adjusted [to contain 1.5 g/L|[$d8i83fs bRk HdmatE, 6.83 . J 18 HEm! Base8i, 41
am no acilds; [l madbsod umepy ruivbtle 1dhds 10(s08 Be 63D (bovisdis &Hhh 3211
fromlInvitrogen). Cellls wer¢Hepts (§I21§)Z3(3:2(q$-fa~qﬁﬁ’ﬁdlﬂhéﬂ6 {gméabatits 2
supplied mithl 5 % Cp | The afBay

were seeded in a 96 20 wel |l culture plate at a density of 5 x 103 per

vel | and gnawploNeHbibtinddidantine?, ﬁﬁi&tx¥giﬁ¥sae|(ﬁw dePmPaésa}- final

concentration) _and serjal, dilutions o oun (rn total volunme of
200 p. L cul t ur ERERPHAFAHE? &3 Aruernpsie @Qém%mﬂffﬁ@ma&éhmw of

i ncu ggt io lrblxpr%@d PiE. &1 aﬁlﬁ Qurfﬁlbﬂ@cg_ lkﬁﬁ@eﬁmtrﬁ Fma\@ddlym&e toﬁgst?ffg%erggge 6fQhd
new we at e. (0] trichlor e Cl

Si gma) %@YFFF@%@&E Pﬁ%m@aleﬁuwsw F ERIORAR DA g e 30 S {0
25 hydr ol wge pbrfoarhetyd: by einpdthtaR ap Baeiiteath My lieneded @alH 95aM IDO and 2

2, 3-di oxyggﬂ&i&rptlo | cynur en The reaction mixture was then

cent ri fug 1 Ui Eico S0P MAT T SO BoCHER A BIORRIBE of ¢ he
super nat antaped m\sehJngssIu&ﬁmé@afe%dfférqpmgy neE in96] Wektlon Riiestverand
mxed with 1 % Z(V? %.Y} p- di meﬁ)hyl am nobenzal dehyde (#15647-7,
Si gma- A drfFiOFé) HC%P&@P‘?‘E 2 Odvmatﬁéa PREGCERET2E il oy def tp fhgfprmation
Kynur eri n%fmasoxmm@u&@dmameémnﬁ WM., S NTp2a, SBIRCTRANBES, 123611 35),

m cropl ate reader (Ml ecul ar Devi ces) . L-kynureni ne (#K8625, Sigm)

was used as standard. The standards (240, 120, 60, 30, 15, 7.5, 3.75,

1.87 pM VHaﬁlpﬂHE'pBéﬁfininﬁh&xD&f iBhiblid dovivity IWNEHIA cRIMbadb b dakid 267 Ual
vol ume of %é eﬂ)g rreth | am nobenzal dehyde. The percent

i nhi bi ti orfHYeYRY ﬁfstaﬁtl ons was determined and the

aver age val uesHela chuptﬂamlasﬁmmlﬁalm&anfanmdm'Eh&ndarpaTmaﬁC&hﬁbyzed by

TN e s N NEY T ER KT NE R

2041- 8. EXeagh) evitc2 nﬂétleglmamatlathﬁfesa‘SBadﬁlst@cf tolcbXDin N5 il sadliven on T
cell proliferation t i S _suppressed.b ressin pdritic
cell's Moo afbonat&/re@brlem%%}ofleeﬁ e Wﬂﬁ‘dﬁémﬁeﬁ%@?@ﬂgﬁﬁ%&r

cells by bovme 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-
Y (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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15| eukophoresis. Monocytes were then seeded at a density of 1 x 106
cells/well in a 96 well plate, using RPM 1640 nedi um suppl enent ed
wth 10 %fetal bovine serumand 2 ni MLglutamne (all from

I nvi t r ogenW.o Adi@seat cells were retai ned on the pl at e BET/EE2009/049794
overnight culture at 37 C. Adherent nonocytes were then stinulated
for 5-7 days with 100 ng/m GUCSF (fi 300-03, PeproTech) and 250
ng/ m IL4 200 4, PeproTec fol |l owed by 20 activation with
Do/ L LPS TS Rn S Y [RGBt 5 A0 ety sodenbit .

| FN-y (# 28%hd duperidat St el thferRd & dnbQBAS welldAMS arddCnikddAMBL1 00 1l of
dendrltlc é‘ﬁ({;@ture%tlon After denclritic cell actlvatlmjil t he
v

medi um was Viepninabryzeidelage ABRA4 716 SBmendridvinreeiy apidt The

100- 200 U yellow koldr detiGafilirat RymdPe0Rnese J@%a@ﬁﬁﬁ@@ﬁﬁ‘% a SPHETRO 0956 al
anti - ant i bﬁld A ( 5 36, Phar M ng(yéqre cells -3 x 105

cel | s/ vl 1R olesglagDevyigssh fy ipSCHK 8§ATo BiEEIa), WaAfseskas standard.
i ncubat | omﬂe@fan&rmm d20/ %0, 30, Behls, PIOh ish ﬁM}we ré!iﬁ?edfﬁﬂﬁﬂﬁ%t@% Brdu

i ncorporation assay,. using a colorinetric roli1feration ELISA

kit per meRtHaRdEEd il st el ok Valrea :vz@xgethﬂamebml@émearhe
Bi ochem calefebnt ifdabition Wy iGRAN InPA@HSInY wadllididthedd faﬁH’thc’LQrel]ag ¢ Mises bP

presence o 0 pM BrdU_ | abel i ng solution. Then, the | abe medi um
was renovetfP %Wﬁ@@bﬁwdﬁh}?&tﬁa@s ﬁ@}yzwelmuswagord@a@de&r@smm geedrite  and

30 i n_cubatlegi, vaRiks @Qsﬂ@ﬂﬂlﬁ&%@&& TRRILWEOPA LAL1YRE 7 ADE Chink DRARD: 2041-8.
sol ution was removed and 100 pl/wel| anti-BrdU POD anti body conj ugate

wor ki ng sol ution was added. The reaction was carried out for 90

M nut es atEsa@pe ¢ DRRF@indtien of iR A TDORNLIERT bE TR pYigerhfiinhaIOVved,
and cells were rb\gﬁggt hree tipes with 200 pL/wel | vvashl ng sol uti on.

Finally, TUBPISTF rexpresiing dexdetic gsllst i on was added and the results
were obtai ned U&hﬂ@dﬁ%%&d’oﬂéﬂtﬁtfﬂm’[ Eﬂﬂﬁ@elﬁﬁﬂ@ﬁﬁnﬁﬁ)ﬂﬁ@éﬂ@&yﬁ Mol ecul ar
Devi celsj) q % lel%r devel %pgnt d% readi ngs at various time
poi nt s wer XSRSy EREEP Lrep s 1§Y 1 4hith celisavellina8e wethnge.
The data vse, usitig anl ymbﬁeammedxpﬂg@aﬂwmku m%mxﬂ@éseﬁﬁnaltn&z 2;%%1% |
appropri at e .cont Iy e emes et a

Exp. Med. ,g?%’éltlﬁgaﬁ fff?ﬂgﬁl 08¢ ﬁ&tﬁgﬁaﬁmcgﬁ vsre raiame‘%%@e plgte aftpgRyFRIEht
164(7): 358Bubat E)eélrraﬂl&*réh) mondayted were tes bimgated foDO7idayy vatht 100 gk GM-

modi 1o (Ot AP SR TR RR G Y B S bERE eSS BhafRe | {has

b_eeﬂ s c ractyetlon with begAnlt IitSafrant Salinbed!la HipElriurininig437 €50, Sag:m}r@ﬂg@ﬁg/ﬁ&
wth cytot in | nune ete C er

ot ot Soos Ny el RAY Gl BRSBTS Fhcalendinbinl peupEcs
dependent on Tfuﬁteﬂ desdrizie cekbmnaxﬂoa,ahe okditu &/as ypRE with dém@fefeﬁ(RB“MQfﬂ(ﬁn
i nvestigatj ona X

216 and r PanEipiaol o Syl S A et TRt B et e 00" ¢
syngeni ¢ 1§/nmh gei-§D3 ammbdws'ﬁsy@@humﬂ)g@mem (P3oel 0F cetlatvet), Wid sBrial
heutr aiSI 7'&&9&08139%% com%r(])t Icp Ogﬁ Hﬁ tlon 0?' ng'%%gyggpcggg?o gqratlon was

i Mune-conprom se
di f f er ent inadasiaert by- Brdtfm:coqiofaaom &samuamgm@mﬁﬁﬂeﬁ%olﬂﬁﬁmﬁLISA kit per

I mune- CO%Q&@%?S ﬂtﬁ‘%tlméflﬁbiﬁ Rgéhré] eculSa 1310 e(‘f“?ahfgmcre gt ?rat i onal

| DO i nhi bitors as si FOr RSt anc Sw well in
t hei r syngeminoolstsdulteted &iriip- lwﬁaiﬁﬁsent&nmom BﬂdU Iﬂﬁhﬁé‘@ﬁﬁwﬂﬂ&@n @ee

treated w,th,.t he |.DO i nhi bi tor ver sus ebo theforrratlon of
imor o0 o it Ran G fng b o SR PR A G bt grbor
IF nlh: bi30or yincubatefer 8) midutes Strodh tealpOturd. fll‘%e Flﬂ]?fﬁéﬂﬁ)ﬂfﬂoﬂ-?‘!&? r%%@aveh%ﬁ% 100

ol | owi ng exam ne the efficacy o i nhi bition
in the LLétLZ%%b@P 5@3’%@@%@3@%@%%@ EYTSDIHS pided rkhe caiinaL Nt

m ce and cc@maam fortPBlmibGted 4 ©08] £AGSLRT TH RN b&ﬂ;ﬁg‘a{e%;a@lfhekk&obwmr

gromh in ng ? or 25SCID m.ce (or Co57BI/6 mce treated with
Is were rinsed three times with 200 uL/well washing solution, Finally, 100 pL/well of
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10 particularly attractive as IDO activity is perm ssive for P815
tumor growm h and specific inhibition of ID O should therefore growth
i nhibitory. Lastly, therapeutic inmunization nay be used to
eval uat e t  rorpassdssof | DO i nhibitors in vivo. For exanmpteustdns/hases
been denonstrated using B16-BL6 cells that one can chal |l enge Bl k/ 6
mce with an intravenous injection of tunor cells followed by
treatnent with 15 a well characterized i munogeni c peptide (e.g

TRP-2) expisisfdoRtod §& daiDihd eRlrksard Wire o@cﬁm&fusm%g%cr-gplaﬂe %Eﬁégépecﬂ-zz S
1456- 63) . Irrportantl , i mmune system nodifiers, Such as anti

anti body, %PL%M@UPEPEW@E@M% calorcdeveleranah Mrlirle epdtnasiay veriowsiime
The i npactpotts Hobtfinbdib eRfufe (ABNatDRa Vit AL Bhkat Hm%e Phd APl asTRIREY -

tunmor peptide inmuni zation with or without I1DO inhibitor. EfficacCy is
assess by oRHied romER}icoad SYPerimgnts, SudapPIIPEE G9ntgls weje ppfadedSee: Temess
measur e5TeNy, «Ad/, 200001 ERLRS! B56eB: 49-4Nad RD S, 2RHL600, QURGLAA S

defined tinepqints. In any/all of the above nentioned’ no eI s

it may al su he possible to directly and/or indirectly measure the
nunber and/ or activity of tunor reactive i mmune cells. Methods for
measuri ng nunber and/ or activi tg of tunor reactive immune cells

are wel | H‘cﬂl‘? R yvisnisstug ot BROebibisorsdey angituiepriastiifli ques fanili ar

to those schooleghd dﬁtztt&ﬁoxaefﬁcaéycl&hlbe Eﬁsteﬁ’ﬁﬁﬁg)ﬁ@daﬁed thmSallb SRR PN,
Vol . 4, Coli er apy Cancer, Human Press,

2006, 9 S|P§°tg‘?\‘}115|_ Foéﬁﬁfmr‘céf%]?aé%@sdef"l’i@?%‘i“ﬁljc ht‘?‘jﬁ‘ﬂ’i‘?é?ﬁt Q?;\q)lm}u PN CaRy et i on

in n{) he i TR ri S HOTEH ssabMecRidogeiasy ﬁflmf G- E@Ypefeﬁﬁﬂﬂlcl& (NViillek, Dfﬂ] %&B%OES)CS)

nunbers or,,r ynor specific i ells rt her

i nhi bi t | oﬁ‘f@?%’r %1%5 SHEHEY NS TN it DegieD %Dé??”vr.c?@s reompRRSPD

react : ve |h dfﬁt%@ndﬁ@&ﬂcfeff_é&tedﬂf a@g;/mastrge@bﬂaa Do mmbﬁcsd: n?ﬂlaﬁmbﬂ Lefogrdfor

exanpl e c utic nd/.or em)uators

e T CTL AR i e Yaiftis, P21 Ll ) b P S it oMES e an

be per fsor neide t6Sha1 gbssivan ey fehicimite e mlmmeaza@my neiver4 tibediedeitthe et
In Cance Di sc.over%/l and De%/ﬂel ogfnan Anti cancer Drug

Devel oprrer??mf)[ﬂ“ﬁ]é& BRI PRURE o pRse HEC 5 PHPYal Trials, and

Approval , 2' E@he a'cﬁmplnefdlffamﬂlal m@ﬂaﬁf&mmlﬂnﬁm— @;bmaveﬁ-hheﬁﬁnmn&e.:

Tot owa, N

The cl.onin t ro e e.qg. | )
G G5 | rPBPR i ik P e Bling P Apiond T m BB E s R s
fam i ar tRmr fnstese, Iskxhumiomjgrom utehen meﬂ- S}@gmm IsetrainnCSBWr 8okeved if and

Russel Mol. ecul ar I r (3rd edition
Cor a5 it b Pt d R e BRI i R B Prtieh Bl
Exanpl e E:is iarkegdly del&)&élunpg/mgfthd\‘/@@ it dnow = gmwﬂnmhﬁ:rtoziyrmuhug;wr ieculency

yi rus- 1 ( % n’%t %g«pepgbjpg_l lfg‘ﬁd% 10\;!7 gﬁl fog'cso%le%d Sl anq]e eﬁ'i’ctacy of

i nfection oc es an Eai ne COUREereurT
centrifug dDOahhlbmpatni thnLIgE x@@gﬂaﬁaknqm hmddgrwqua@é@ﬂ& ommudk Veripete@t and

s ornet FlOEARL NELIRNRSs MIRPRKL RSB ELC i (ib A g 1 o
Medi und DNENP ngpg@acmmtm) treptpgptitretitodits thiat put @izoT el eotivitic tisvimt ed

pool ed hu £ 1

O pr of | oxartee ¢ v 6 St ARG ol e AE RIS D0 Sp Bicite
human macrdspngdiye os dleoﬁsnumgem patenting offChffmrt nmmrm@dels@vmc gegidicitiond 5

cul ture, i fection
D Zmﬁi_ﬁﬁdé @hﬁ%ﬁ& oehidh \I;Jéle%s%gé\%n% Fg@&irc}a &h%ﬂ@. | bk i .u%téanbé:'

NOD/ C. B- 1 =*Besspnaf @M@&H %I%ﬂﬁﬁ%@we@%%@m@ammw (Dppafhéi.s
are nmeigt aj; Bﬂ@'f)%@r%&%dd QedB 8408 0813850 6G L SA LNEEL in J&ﬂfe%ﬂﬁ@ncfdél@?e g
conditions. AIT 20 animals are injected intraperitoneally with rat

anti - wlzﬁwlﬁbowm@%@se [palylelongsdlag em#smn@nm@twlaﬁwratﬁmwc%hs and
twice withorad dnadst ‘%?‘{ oAllinBiBHdrh Of B (190 26T i S8 nWRKQlbRed day

before and three days after PBL injection (20 x 106 cell s/ nouse).
from these tumor cells in both immune- competent and ~compromised mice.
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MOM (3 x 105 cells in 10 uL) are injected intracranially (i.e.) eight
days follow ng PBL reconstitution generating hu-PBL-NOY SCI D H VE
mce. Imediately followng i.e. 25 injection of 11IV-1 infected MDM
t he hu- PBLWICEI@@Be38l VE m ce are subcutaneously (s.c) i nplastoesosmydh
control (vehicle) or conpound pellets (14 or 28 day sl ow rel ease,

| nnovative Research). Initial experinments are designed to confirmthe
i nducti on of VI rus speC| fic CTL in the hu PBL-NOD SCI D H VE ani mal s

treated with ;S 4 . kning and
neur opat hol ogl C ana yses yﬁﬁ%ﬁl??@% tofjoﬂr? ro%&?ww&ﬁ?%gﬁ%i ssue.
Then, t he Bgyskptipahmuiine tdlésll aingraftixenograginyodels hlnrthese mpdglh doptee-

reconst it Jo!

O e A
sacri fi cednftumef vagyéhapan. %@mwé@emw@fm forgndduhemespbnsh mélﬁteﬂ/b)rvthe Bl ood
col | ectsed 3inthED A Qe i e §uU£é3§ent/§ cHiHE ofl Qfith bdufiNE GrbPIRG] esand

pl asma i s used ffor detection of usi ng ELI SA (Becknma

Coul t er Tm){Pospfsyma simfadnprantgang E?dh@seﬁseérf@' ipeppizetoy) @yiewsatffeeﬁnerme@ts
tests accchgfeegowzbb%mgé@%% Blund tﬁ%h%bﬁ&%o&s@aﬁ@mo@%n@{ﬁ&%&h

H V-1 Western blot kit te Bionedical). Simlar anpunt
Vi r us- spec¥e¥ @Oﬁrﬁ‘m%dh@ﬁ% » the geptinef thpors gnibis glodgldginhibited by the IDO

conpound- tifgeiteR 4.MD RleShové & %Ttaﬂ 203, N&krﬁ@d '90@@91??}@?%3%&%@%& ments S
can be performed using three different human | eukocyte donors. 3.

FACScall ofPepisripiineiaative pd B ashvitydp Paissive fon P81 pmoneyy BendsmesiliE ni ce

Two- col or MO@&@D%h&IE%IGRﬁeQ@%{h%m%rPn peripheral blood at wk
1-3 and splenocytes at wk 2 and 3 after i.e. injection of human MDM

Cell's are incub&t @dhwnmﬂwm%?%ﬁ%@swﬂm&ﬁw wRsef Bl Abs
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phyt ohenma tinjn/interl eukin- - stinulated spl enocytes
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ays an after i
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frozen at mﬁ@t(ﬁmgdte ﬁuaﬂoerrand/bEacumr dnmhorsmhveanmmhe @aﬂsah@veﬁrcktdddmd and
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moucs. a0-z88t peepRbdiElnekAnbfE Holior P Aol WERIUD0S bl fourr RbeBBR
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KP 1) and CD38 %1 50&#??1 %gn %‘%%ﬁeﬂ 13 B) antibodies, respectively.
Vi rus-i nf ect ed M@lmga%/K@OEEﬁ@KMW@ hﬂnhﬁb)etf@fmeﬁpmgl_st@@@quo cl one
Kal -1, alls Bf’é&%bﬁ’ ?irﬂufﬂ @&céﬂ%@@zs’c@egcﬂd@evé}é Setected

WO 2010/ 0059 U82009/ 049794 wWth [ba-1 anti bo Wako) .
Anticancer Drug Development Guide: Preclinical Screening, Clznzcal Trials, and Appr ova!

2" gd. Teicher, B.A. and Andrews, P.A., Gumana Press Inc.: Totowa, NJ, 2004). The
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10 in each section fromeach nouse. Light m croscopic exam nation is
performed with a N kon Eclipse 800 m croscope (N kon Instrunments
Inc). Sem -quantitative analysis for |bal (percentage of area

occupi ed by torbgsdsai ni ng) is carried out by conput er - agsgirste@shoisnage
anal ysis (I mage-Pro f4Pl us, Media Cybernetics) as previously

descri bed. 155. Statistical analysis Data can be anal yzed usi ng
Prism (G aph Pad) with Student t-test for conparisons and ANOVA.

P-val ues <,0..05 re .consi dered signjfi .. 6. Reference

Dopol vkt sueritRm i ASRRe opEhesd B VSl e ruehisch B by
Gener at i onpedbrngeytusing xichnidues GnliBar agthbsesthosle iisthe af @etiexkdin fanbrbskai.n
macr ophages ;i,n_a ri.ye | .of HI,V-1 ence AtLS. I ngt
168(8) : 2 S glody B R iy ¢ Hndrhys %@Eﬁnﬁ/e‘??'{tfs"é’h?:"}dn% Hewoeh, ¢ o
t hose desclabbetbrhBrest Gold\wpiihg Bab@ONEpIAt)ent to those skilled in the
art fromthe foregoing description. Such nodifications are al so
intended to fall wthin the scope of the appended cl ai ns. Each

r ef er ence, EdamglleBi frgviad testbept of ADO iplaibidorts imjpphaciatmondefidendy virus-1 (HIV-
publi cati sehcechst‘etgsnimn of he present application is incorporated herein
by reference i |lfs entirety. The Cains defining the invention are
as fol | owsl Cll KolbGopouhndrabifebidomul a |: HNsOHO O V/ Hn / ,------- ,

e o e R+ MR EBE BBl B SRRl BBl b8 i of

10 leukopheresis packs from HIV-1, 2 and hepatitis B seronegative donors. Monocytes are

cultivated in suspension culture using Teflon flasks in Dulbecco’s Modified Eagle’s Medium
(DMEM, Sigma-Aldrich) supplemented with 10 % heat-inactivated pooled human serum, 1
% gluMe, 50 pg/mL gentamicin, 10 pg/mL ciprofloxacin (Sigma), and 1000 U/mL highly
purified recombinant human macrophage colony stimulating factor. After seven days in

15 culture, MDM are infected with HIV-1aps at multiplicity of infection of 0.01.

2. Hi-PBL-NOD/SCID HIVE mice
Four-wk old male NOD/C.B-17 SCID mice can be purchased (Jackson Laboratory).
Animals are maintained in sterile microisolator cages under pathogen-free conditions. All

20  animals are injected intraperitoneally with rat anti-CD122 (0.25 mg/mouse) three days before
PBL transplantation and twice with rabbit asialo-GM1 antibodies (0.2 mg/mouse) (Wako)
one day before and three days after PBL injection (20 x 10° cells/mouse). HIV-1apa-infected
MDM (3 x 10° cells in 10 pL) are injected intracranially (i.c.) eight days following PBL
reconstitution generating hu-PBL-NOD/SCID HIVE mice. Immediately following i.c.

25  injection of HIV-1 infected MDM the hu-PBL-NOD/SCID HIVE mice are subcutaneously
(s.c) implanted with control (vehicle) or compound pellets (14 or 28 day slow release,
Innovative Research). Initial experiments are designed to confirm the induction of virus-
specific CTL in the hu PBL-NOD/SCID HIVE animals treated with IDO compounds. This is
confirmed by tetramer staining and neuropathologic analyses of MDM elimination from the

30  brain tissue. Then, the experiment is designed to analyze human lymphocyte reconstitution,
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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R3is Hor F; and 10n is 1 or 2. 2. The compound of claiml, or a
pharmaceutically acceptable salt thereof wherein Rl is NH2. 153. The
conpound of claim1, or a pharmaceutically acceptable salt thereof
wher ei n, Rwo s01@biB9ss 4. The conpound of any one of cl ai reTASt009/84979r
a pharmaceutically acceptable salt thereof, wherein R2 is . 20 5.
The conpound of any one of clains Ito 3, or a pharmaceutically
accept abl e salt t hereof, wherein R2 is Br. 6. The conpound of

any one of t

o one Ol BT shvlod v P BLURGE CHhGRNL e L D Bkl

1 to 3, ordetecighby H@@temtbl%aﬁsmycca&m&bln@ng”abmer hetwb@ns ((&AmelmfgﬂBmchs
CH3. 8. Thencpir a

phar maceut | cal | y&%@é&%&ﬁy ot Ak %Pe%@al\:}\%%c%elﬁorf V%S_&emgﬁlamggdlqshm
conpound ofeteaing quetr@famttcanmnndlwa@dsnm@is A tqidl 2 eesandeperdnt prperiments
accept apl ecaﬁaéﬁerfoﬁﬁéﬁgiugﬂyi/@e%ﬁa@m'ﬁﬁm@e&oc%w . compound of any one

of cl ains har maceuti cally acteptable salt thereof,
wherein R3 is F. 10 11. The conpound of any one of clainms 1 to 10,

or a phar rﬁa@ﬁ@kaa%ﬂahp@%ﬁp&&mnasﬁ@én in WPBE%D yﬁ?%rf@z'y,@nncé s 1. 12

The conpound of any one of clains 0, armaceutically
accept abl e sal TwespleeFaeh anmérceqlbpwrﬁognegl Onpeﬂphﬁrai blood at wk 1-3 and

splenocytes at wk 2 and 3 after i.c. injection of human MDM. Cells are incubated with

10 fluorochrome-conjugated monoclonal Abs (mAbs) to human CD4, CD8, CD56, CD3, IFN-y
(eBioscience} for 30 min at 4 °C. To evaluate the cellular immune response, [FN-y
intracellular staining is performed in combination with anti-human CD8 and FITC-
conjugated anti-mouse CD45 to exclude murine cells. To determine the Ag-specific CTL,
allophycocyanin-conjugated tetramer staining for HIV-15¢ (p17 (aa77-85) SLYNTVATL,

15 SL-9) and HIV-1™ [(aa476-485) ILKEPVHGV, IL-9] is performed on
phytohemaglutinin/interleukin-2 (PHA/IL-2)- stimulated splenocytes. Cells are stained
following the recommendation of the NIH/National Institute of Allergy and Infections
Disease, National Tetramer Core Facilities. Data were analyzed with a FACS Calibur™ using
CellQuest software (Becton Dickinson Immunocytometry System).

20
4. Histopathology and image analyses

Brain tissue is collected at days 14 and 21 after i.c. injection of MDM, fixed in 4 %
phosphate-buffered paraformaldehyde and embedded in paraffin or frozen at —80 °C for later
use. Coronal sections from the embedded blocks are cut in order to identify the injection site.

25  For each mouse, 30-100 (5-um-thick) serial sections are cut from the human MDM injection
site aﬁd 3-7 slides (10 sections apart) are analyzed. Brain sections are deparaffinized with
xyiene and hydrated in gradient alcchols. 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 refrieval. 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 CDS (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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13. A compound of claim1l selected from 4- (

{2-{(Am nosul f onyDam nol et hyl }

am no) - N- ( 3- br ono- 4-fl uorophenyl) - N - hydr oxyl, 2, 5- oxadi azol e- 3- car box
i m dam de; VAD214/80598Br ono- 4- f | uor opheny1) - N hydr oxy- 44 { PET/US2009/049794

[ (net hyl sul fonyl )am no] ethyl), am no)-

1, 2, 5- oxadi azol e- 3- car boxi m dam de; 4-( {3-[(Arni nosul fonyl)

am noj pr op R : X : N .

am no) - N- ( %ﬂtltl)?bg r.rloa-]:l 3" fdr"é%?%opﬁ’eaﬁi’)i?’fﬁ{les-s 1ﬁ1§/ 8% %1)%/& 1 I%O @%9%&18 5?8?1159%‘3”(%r box
i mi dami de; AR qttrinegifiomobe Degadorenph Ealy Phanivedojagy,cSeptrdlResearch Institute,

{ 3- Rmet hyl ' ' o . I

L5, et ] e 0y g8 8L BB IRt S Jpn. iy s
{2-] (Am no<aigeted ﬁg@élpﬁ appioptidis biptinylated secondary antibodies and visualized with avidin-

am no) -\ (Faed s ke 5= 0xadi azaql £- 3- car box
i dam de. LR VR BROABC I, DEAL o Bric) SR R8I R pelo s
{2-] (et hyﬂfgﬂﬁ) Foled dpttrss pelyigl (En¥iviond)ako Corporation). Immunostained sections are

1, 2, 5- oxady, 3 )y 1, de : . : . .

Soa. (1o, Saniolfina SRR ALTHIRNL RN, Sections oup phich primary apsbofiy s dsleed
- N - hydr ox§firdevanted iseiipg sonesrmrates soosd s againile eTwo independepdab@ervers in a

- Chlor o- 4-filnuef AERe%d L MEEQ XY CA Hphocytes, CD6S* MDM and HIV-1 p24* cells

[ (et hyl sul f onyf | am no] propyl | am no) - _

1,2,5- Yot 5200 o621 Eamisest Ryw§nkiglt;microscopig exanfimatipt Arrierforsneti fwith y @Blrinn o]
ethyl am rEb)ligN%ﬂ ndid64cOpINitoh s HRERTRE NP BERYEN anatysis for bal

hydr oxy-1, 2, 5- oxadi azol e- 3- car boxi m dam de;

SN[ 4- FI uor8r8ena8e P 1 erRcs iRy R BHaesAng s aarrisd puidy cpmputer-assisted image

[ (et hyl sudnbigay (Dhage-ekrRb Wddia Cybemetics) as previously described.

-am no) -1, 2, 5- oxadi azol e- 3- car boxi m dam a)e, 4- (

{3-[ (Am nosul f onyf | am nol pr opyl

am no) tN- [ #ASkakienm3pit ri f1 uor onet hyl ) phenyl ] - Ni hydr oxy- 1, 2, 5- oxadi az
ol e- 3-car boxi m_ dam de; ) . . )

N[ 4- FI uor o- 3- ( OPRFPuBT BRAREHYISIE REsY (Rivph Padypisk $wdent -tyst for comparisons

10[ (et hylmdANDWA.) PRRINE] <00 0¥ erk considered significant,

-am no) -1, 2, 5- oxadi azol e- 3- car boxi m dani de; 4-( {2-

[ (Am nosul f onyeam no] et hyl }

am no) - N -dhyeeaxse NA3- (trifl uoronet hyl) phenyl] -

%2_2[ (Sr%f[( ﬁg: 2‘5?#’%1}]15;1?%?&1%@}1@%%%%&3@ Y, anr!\l Genljglgl{agﬁé (%00(2). Generation of

am no) - N- Ryfctaxid T exdis egaixtshyitupffesniaiiilvman brain macrophages in a murine model of HIV-

1, 2, 5- oxadi azol e-3- ¢car boxi, m nde;, 154- 3 -[ (Am nosul f onyl
am noj p)r(oglbin}%epg}%nﬁbg?'ﬁﬂgﬁg%g@ﬁ%?ﬁ:(t ri 1£I fjor oEn(et hyl )pﬁenylg-)

Various modifications of the invention, in addition to those described herein, will be
25  apparent to those skilled in the art from the foregoing description. Such modifications 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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1, 2, 5- oxadi azol e- 3- car boxi m dam de; N - Hydr oxy-4-( {3-

[ (et hyl sul f onypam no] propyl |

am no)-N-P(trifluoronethyl)phenyl k1, 2, 5- oxadi azol e- 3- car boxi m dam de;
N- (4- Fl uor o- 3- et hyl pheny1) - N - hydroxy-44

{2- Rret hyl sul f onyl ) am nol et hyl

am no) - 201, 2, 5- oxadi azol e- 3-car boxi m dam de; 4-( {2- [(Am nosul fonyl)
am no] et hyll am no)-N-(3-cyano-4-fl uor ophenyl) Nr - hydr oxy-

1q2/aﬁooi(ﬁ€1:%l?lgg @%‘@%Qp%%mﬂ%ﬁ f?% [ ( rret hyl sul f onypani no] et hyl |

am no) -1.1, 2, ScoxpdindadFerBale &r boxi m dam de; 25or a pharnaceutically
acceptabl e salt thereof 14. A conpound which is 4-(

{2-[ (am nosul f onyl ) am no] et hyl } am no) - N- ( 3- br ono- 4-

fl uor ophenye- N - hydroxy-1, 2, 5- oxadi azol e- 3-_CHr bo i m dam de, or a
pharmaceutically accept abd)eosal t thereof K conmpound which is
4- ({2-[ (ani nosul f onyeani noyét hy| rﬁno) N-|(3 b
f I uor ophenye- Nchydr oxy- 1312 5NOX -Ccar'boX¥m dmefri de. 16. A
solid formof the conmpound oft clalm hichlis crystalline. 17. A
solid formof the conmpound of claim 15g%hich is substantially

anhydr ous. 18. A solid form of the conpound of claim 15 having a
nel ti ng point of about 162 to about 166 C.  19. A solid formof the
corrpoun(qacijhaﬁﬁ@emgaﬁ Qfééhﬁgle%apﬁgréo@%ﬁg?gﬁam substantially as shown
in Figure 2 go ormof the conpound of claim 15 having at

| east one X Dsw-hlo,l CGth;terns of 2- 15theta, selected from about

18. 4, about 1%28 %lﬁtb&hl Cﬁ%} bout 23.9, about 29.2, and about 38.7.
21. A solid tof & rr% d of claim 15 having at |east two XRPD
peaks, in ternsmfr2ahdeta, selected fromabout 18.4, about 18.9,
abo%t 21.8, abaout 23.9, about 29.2, and about 2038.7.

nis1or2.

2. The compound of claim 1, or a pharmaceutically acceptable salt thereof wherein R'is
NHa.

15 3. The compound of claim 1, or a pharmaceutically acceptable salt thereof wherein, R' is
CHa.
4. The compound of any one of claims 1 to 3, or a pharmaceutically acceptable salt thereof,

wherein R” is CL.
20
5. The compound of any one of claims 1 to 3, or a pharmaceutically acceptable salt thereof,

. 2.
wherein R” is Br.

6. The compound of any one of claims 1 to 3, or a pharmaceutically acceptable salt thereof,

25  wherein R is CFs.

7. The compound of any one of claims 1 to 3, or a pharmaceutically acceptable salt thereof,

wherein R is CHs.
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22. A solid formof the compound of claim 15 having at |east three
XRPD peaks, in terns of 2-theta, selected fromabout 18.4, about
18.9, about 21.8, about 23.9, about 29.2, and about 38.7. 25 23. A
solid formof the conmpound of claim 15 having an XRPD pattern
substantially as shown in Figure 1. 24. A conpound of Fornula F28:
0"0 ZN NHn / \ NN ,O F28 or a pharmaceutically acceptable salt
t hereof, wherein: R4 is F, d, Br, or I; and nis 1 or 2. 5 25. A
conmpound which is
4-(12. nE%(amnosulfonyl)amno]ethyl}amno) N- R4- br ono- 2-
furyl ) et hyl B compevrskstany 2neobsiaitiisdAe 303 plrpaseutisaliafcerptably salf thereof,
phar mac %%&ﬁgyl ﬁcceptable salt thereof 10 26. A conpound which is
4- ({2-[ (Am nosu onyl)anlno]ethyllanlno) N- R4- chl or o- 2-
furyl)nethyIkN hydroxy 1, 2, 5- oxadlazole 3-carboxi m dam de, or a
harmaceut i bl e salt there 27. A co ition
comr i Sing R Fer g BhQOR b dh et Hher oSN 254 PR Lol tareaf
15pharmm§§&5m¢qghy acceptable salt thereof, and at |east one
pharmaceutically acceptable carrier. 28. Use of a conpound of any
one of clains 1 to 15 and 24 to 26, or a pharnaceutically acceptable

salt they eOfThe gl:ngam nﬁaa%y gﬂg Bf"&%mﬁfl 4 Sn&dﬂ ﬁ%%géeuﬁge{ﬂy a'a@éppibiel §3¥l thereof,

activity of dI oxygenase!
wherein R is F.

10
11.  The compound of any one of claims 1 to 10, or a pharmaceutically acceptable salt

thereof, whereinnis 1.

12. The compound of any one of claims 1 to 10, or a pharmaceutically acceptable salt

15  thereof, whereinn is 2.

13. A compound of claim 1 selected from:
4-({2-[(Aminosulfonyl)amino]ethyl } amino)-N-(3-bromo-4-fluorophenyl}-N"-hydroxy-
1,2,5-oxadiazole-3-carboximidamide;
20 N-(3-Bromo-4-fluorophenyl}-N"-hydroxy-4-({2-[ (methylsulfonyl}amino]ethyl } amino)-
1,2,5-oxadiazole-3-carboximidamide;
4-({3-[{Aminosulfonyl)amino]lpropyl} amino)-N-(3-bromo-4-fluorophenyl)-N"-hydroxy-
1,2,5-oxadiazole-3-carboximidamide;
N-(3-Bromo-4-fluorophenyl)-N"-hydroxy-4-({3-[(methylsulfonyl)aminopropyl } amino)-
25  1,2,5-oxadiazole-3-carboximidamide;
4-({2-[(Aminosulfonyl)amino]ethyl} amino)-N-(3-chloro-4-fluorophenyl)-N"-hydroxy-
1,2,5-0xadiazole-3-carboximidamide;
N-(3-Chloro-4-fluorophenyl)-N*-hydroxy-4-( {2-{ (methylsulfonyl)aminoJethyl } amino)-
1,2,5-oxadiazole-3-carboximidamide;
30 4-({3-[(Aminosulfonyl)amino]propyl } amino)-N-(3-chloro-4-fluorophenyl)-N"-hydroxy-

1,2,5-oxadiazole-3-carboximidamide;
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20 29. Use of a compound of any one of clains 1 to 15 and 24 to 26,
or a pharmaceutically acceptable salt thereof, for the manufacture of
a nedi canent for inhibiting i munosuppression in a patient. 2530. Use
of a conmpound of any one of clains 1 to 15 and 24 to 26, or a
pharmaceutically acceptable salt thereof, for the manufacture of a
medi canment for treating cancer, viral infection, depression, a

neur odegener ati ve di sorder, trauma, age-related cataracts, organ

transpl ant rgjection,, Qs di-se ' N
The se of b euds iRler s PR TR PR BB BBy ropy dhino)
cancer, 1, panskéiatdle 3 aftoamiidabideast cancer, prostate cancer, |ung
cancer, braip gancer, ovarian, c nce cery cancer, testj ,
cancer, rendt(i2dftminosulipybamio ‘Eﬂf%l Heizg)- X%%&3 (TW%hﬁmlk;anyl}-N

| eukeni Bydroxy3R2,5138diase-9lcaftloRinMuaRidkur t her conprising an anti-cancer
vacci ne,” an antl-CILA-4 antibody, an anti-viral agent, a

cherfot her ape¥{ #-Eluoam3i(mflveosughylwpdeail-V-hettpar#-6f2- an anti -t unor
vaccin a t i t tyrosine

i nase RRR B EaR G EX oRURR S il el YOO B

t her apy conpt- ({Se[ﬁAinhnogulfonyl)amiﬁ{h]pﬁbﬂ}Mﬁ@o))N dlfaion -3 trifindosmedtiny paedly]]-V'-

chenot herapeutjic is. a % tot 3§ %F 15 35. Use of a conpound of
any oneBEfoxsr h-aeoxadipgplad- 1§96, or a pharnmaceutically

accept abl e sli.Fhidgs- ?an&luﬁﬂfmétﬁbﬁ)ﬂﬁ@@“f ﬁfﬂfﬂ,ﬂl@xﬁﬁ -medi canment for

treating mel anoma in use o claim 35 further

conkdr i silmgthslselfenbemerdpenyli eminad, %5106?{113@4!6 aeeiboxigngamiZey acci ne,

Formil & Fus e enssFe BRI R RERA: Mﬁm%"fgﬂ%‘mhm”

1,2,5-oxadiazole-3~ carbox1m1dam1de

N'-Hydroxy-4-( {2-[(methylsulfonyl)amino]ethyl} amino)-N-[3-(trifluoromethyl)phenyl]-
1,2,5-oxadiazole-3-carboximidamide;
15 4-({3-[(Aminosulfonyl)amino]propyl } amino)-N"-hydroxy-N-[ 3-(trifluoromethyl)phenyl -
1,2,5-oxadiazole-3-carboximidamide;
N'-Hydroxy-4-({3-[(methylsulfonyl)amino]propyl} amino)-N-[3-
(trifluoromethyl)phenyl]-1,2,5-oxadiazole-3-carboximidamide;
N-(4-Fluoro-3-methylphenyl)-N’ -hydroxy-4-({2-[(methylsulfonyl)amino]ethyl }amino)-
20  1,2,5-oxadiazole-3-carboximidamide;
4-({2-[(Aminosulfonyl)amino]ethyl} amino)-N-(3-cyano-4-fluorophenyl)-N"-hydroxy-
1,2,5-oxadiazole-3-carboximidamide; and
N-(3-Cyano-4-fluorophenyl)-N"-hydroxy-4-({2-[ (methylsulfonyl)aminoJethyl } amino)-
1,2,5-oxadiazole-3-carboximidamide;

25 or a pharmaceutically acceptable salt thereof.

14. A compound which is 4-( {2-[(aminosulfonyl}amino]ethyl} amino)-N-(3-bromo-4-
fluorophenyl)-N"-hydroxy-1,2,5-0xadiazole-3-carboximidamide, or a pharmaceutically
acceptable salt thereof.

30
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or a salt thereof, wherein RR is d, Br, CF3, CH3, or CNy R3is Hor
F, and nis 1 or 2, conprising: 25 a)reacting a conpound of Formula

F13: NHPgl cc NHHnil'" NO,NF13R3 or a salt thereof, wherein Pgi
is an am no protecting group, with an am no deprotecting agent to
afford a conpound of Fornula Fl14: 50or a salt thereof; and

b)reacting said conpound of Fornmula F14 with a base to afford said
conpound of Fornula F15. 38. The process of claim 37 wherein R2 is

Br, R3 s F, j L1 A0 iy Lia 23 efein
R o g R PR & -2 (aniifosy SHRRERGAES o TR oS
wher ei nfliRZoplend)-NRgdiosy-F,2, aoxhdmzble-3tcariddhidaitide. pr ocess of cl ai m 37
wherein R2 is C1,123 is F, and n is 2. 42. The process of claim
37 wherein R is CF3, R3is F, and nis 1. 43. The process of

cl ai m 36 whex gblid #82mic$ tHeledmpbind &f dfaimaSdwiiich & ofystdbne. 44. The
proggss of claim37 wherein R is CF3, R3is H, and n is 1.

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.

10
19. A solid form of the compound of claim 15 having a DSC thermogram substantially as

shown in Figure 2.

20. A solid form of the compound of claim 15 having at least one XRPD peak, in terms of 2-
15  theta, selected from about 18.4°, about 18.9°, about 21.8°, about 23.9°, about 29.2°, and about
38.7°.

21. A solid form of the compound of claim 15 having at least two 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
20 38.7°

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°.

25
23. A solid form of the compound of claim 15 having an XRPD pattern substantially as

shown in Figure 1.

24. A compound of Formula F28:
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45. The process of claim37 wherein R is CF3, R3is H and n is 2.
46. The process of claim37 wherein R is CN, R3is F, and nis 1.
547. The process of claim 37 wherein said Pgi is al koxycarbonyl.

48. The process of claim47 wherein said al koxycarbonyl is

tert - but oxycarbonyl . 49. The process of claim 37 wherein said
am no deprotecting agent is trifluoroacetic acid. 10 50. The
process of claim 37 wherein said am no deprotecting agent is
hydrochloric acid. 51. The process of clai@p0 wherein said reacting

is perforned in a sol vent coqptjsing di oxafe. 52. The process
of any one of claims 50 or 510\ 'Haig%dLr ctipng is performed in
i sopr opanol . 53. The PrbceNs bf, crai m §7 wWhepein said base

conprises an al kali netal hydroxide. NN 54, process of cla 37

wherein said base is sodi um hydroxide. ~55. The prdcess of claim 37
wherein said conpound of Fornula F13 F88 obtained by treating a
conpound of Foiciula F12: 25 R2 or a salt thereof, with

Pgi - NH- @i thenyiceatidably iageepfabld selidlibrdny, whassinent wi th an organi ¢ base
to afford sajd nd ,of  JFornmul a F13. 56. The process of

cl ai m 55 whggéf%9§g?% &ingnprises al koxycar bonyl . 57. The
process of al&ilmr® wherein said al koxycarbonyl is

tert-but oxycarbonyl. 5 58. The process of claim55 wherein said
treating is perfornmed in a solvent. 59. The process of claimb55

wher ei mssai da tb@abidadaiich RALFOIRHndNIBn N RIHAESBALB dmBRh WeMh-brd60.-
The process of claim 59 wherein said hal ogenated solvent is

di chl or omdirhethd]-N-B1dronhé, 2predsgolef3-earbimBBmidie pit phasmperubeadni c
base cqﬁg&&aﬁgsghﬁ£&$gh6)alkylanine.

10 26. A compound which is 4-({2-[(Aminosulfonyl)amino]ethyl } amino)-N-[(4-chloro-2-
furyl)methyl]-NV ’—hydroxy—l,2,5—oxadiazole—3-carboximidamide, or a pharmaceutically

acceptable salt thereof.

27. A composition comprising a compound of any one of claims 1 to 15 and 24 to 26, or a

15  pharmaceutically acceptable salt thereof, and at least one pharmaceutically acceptable carrier.

28.  Use of a compound of any one of claims 1 to 15 and 24 to 26, or a pharmaceutically
acceptable salt thereof, for the manufacture of a medicament for inhibiting activity of

indoleamine 2,3-dioxygenase.

20
29.  Use of a compound of any one of claims 1 to 15 and 24 to 26, or a pharmaceutically
acceptable salt thereof, for the manufacture of a medicament for inhibiting immunosuppression
n a patient.

25 30.  Useof a compound of any one of claims 1 to 15 and 24 to 26, or a pharmaceutically

acceptable salt thereof, for the manufacture of a medicament for treating cancer, viral infection,
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62. The process of claim55 wherein said organic base is
triethylamne. 63. The process of claim55 wherein said conpound of
Formula F12 is obtained by reducing a conpound of Formula F11: or
a salt thereof 64. The process of claim63 wherein said reducing is
carried out in the presence of sodiumiodide, chlorotrinethylsilane,
and net hanol . 65. The process of claim63 further conprising
purifying said conpound of Formula F12 by: 25a)reacting said conpound
of FOr Mfeskibe, aldbRRrRMhiIeaREOLLELLNG, R0k Cail Q! Slgdh RPN Of
Fornmula F12": " 'NA) | Pg NVN F12' or a salt thereof, wherein Pg2Nis a
pr ot ectetchon, wean b)tpuomidng diggassdind peoerpound of Fornul a F12' to provide
a purified conpound of Fornula F12'; and 5c)reacting said purified
conmpound of Forrmula F12' with an am no deprotecting agent to provide
a purified coigaeofclein Forhthdn kld carbr is $¢lectid 6@ T8loafcatdedipihé®atic
wherein said am no protecting agent is di-t-butyl dicarbonate. 10 67.
The Jpr ctABSY- HFast FHICH BIPSIRTAEFSS AR BRISEH PTA FYCFTs OYABIRR GRS Chfyyical cancer,

c h_r omat t_@&fcﬁﬁp ¥arfdBr, %d_ai @a@lc&,enl:anc&%f tH 2R LA AR, %pﬁbﬁﬁ,fﬂnﬁ Gt L1 N
said am no deprotecting agent 1s hydrochloric acid.

32. The use of claim 30 further comprising an anti-cancer vaccine, an anti-CTLA-4 antibody,
an anti-viral agent, a chemotherapeutic, an immunosuppressant, radiation, an anti-tumor vaccine,

10 an anti-viral vaccine, cytokine therapy, or a tyrosine kinase inhibitor.

33. The use of claim 32, wherein said cytokine therapy comprises 11.-2.
34, The use of claim 32, wherein said chemotherapeutic is a cytotoxic agent.
15
35. Use of a compound of any one of claims 1 to 15 and 24 to 26, or a pharmaceutically

acceptable salt thereof, for the manufacture of a medicament for treating melanoma in a patient.

36.  The use of claim 35 further comprising a chemotherapeutic, radiation, an anti-tumor

20  vaccine, or cytokine therapy.

37. A process for preparing a compound of Formula F15:

F15

or a salt thereof, wherein R?is Cl, Br, CF3, CH;, or CN; R*is Hoor F; and nis 1 or 2, comprising:

25 a) reacting a compound of Formula F13:
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1569. The process of claim68 wherein said reacting is perforned in a
sol vent conprising dioxane. 70. The process of any one of clains 68
or 69 wherein said reacting is perforned in isopropanol. 20 71. The
process of claim 63 wherein said conpound of Formula FII is obtained
by treating a conpound of Fornula F10: or a salt thereof, wherein L
is selected from al kyl sul fonyl, hal oal kyl sul fonyl, and aryl sul fonyl;
with an azide reagent to afford said conpound of Formula F11. 72. The
process of claim71 wherein L1 is.@alkylsulfonyl. 5 73. The process of
claim72 wherein said al kyls I§on§l i s met hanesul fonyl. 74. The

process of claim 71 wherein dwazhde reafent is sodi um azide. 10

75. The process of claimb55 Nsai d y nd of Fornula F12 is
obt ai ned by reacting a conpound ot/ fo | a F24: or a salt thereof,

wherein Pg3N is a protected am ne; mmigﬁhn W Nno deprotecting agent

to afford said conpound of Formula F12° ‘RAe process of claim
75 wherein said protected am ne |SW§C6H5)3C-‘H. 77. The process of
claim 75 wherein said protected anfh® is (CB%E)ZC;N 2078. The
process of one of clainms 75-77 wherein said deprotecting agent
conpri s¥&< %BH t%%fg&nwéel SEiRE 15 AAGUNIH BIOKCHES SUBF Wik g0 @H@%‘FP‘@?@&P%&%GM to

75-76 mﬁﬁﬁ&FQ0§$nggﬁﬁ% gﬁ@q@g agent conprises an organic acid and

an organosi | ane e process of claim79 wherein said organic
acid is trifluoroacetic acid @ng said organd%ﬁ:ane conpri ses
frialkylsilane. R

N” “N’\H

O R2
RS
F14

5  or a salt thereof; and
b) reacting said compound of Formula F14 with a base to afford said compound of Formula
F15.

38. The process of claim 37 wherein R*is Br,R*isF, and n is 1.
10

39. The process of claim 37 wherein R%?isBr,R*isF, and nis 2.

40. The process of claim 37 wherein R%ZisCL,R*isF,andnis 1.
15  41. The process of claim 37 wherein R? is Cl, R® is F, and n is 2.

42. The process of claim 37 wherein R?is CFi, R is F,and nis 1.

43, The process of claim 37 wherein R%?is CF, R?isF, and n is 2.

20
44. The process of claim 37 wherein R*is CFy, R®isH, and nis 1.
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81. The process of claim®80 wherein said trialkylsilane is
tri(isopropyl)silane. 82. The process of claim 78 wherein said
organic acid is trifluoroacetic acid. 83. The process of claim75
wherein said conpound of Fornula F24 is obtained by treating a
conmpound of Forrmula F22: 110\ O NN'0, F22 or a salt thereof, with
a conpound of Fornul a F25: t.OH Pg3N tin F25 or a salt
thereof, wherein Pg3N is a protected am ne; and a coupling reagent to
prOV'desaTHeﬁ@EEQ%FQaﬁﬁ35&%&Ehﬂ¥F§€T &¢.is Ihendk acess of claim 83
wherein said protected amne is (C6H5 f 3C-NH. 85. The process of claim
83 wherein said protected anlne is (C6H5) 2C=N. 86. A process for

preparlt{%g ?‘hepro c%lérc])gclaun 59 ereln IE‘%SCN fég f{nan}lnm ll_Bm N'N O F8R3

5 47. The process of claim 37 wherein said Pg' is alkoxycarbonyl.
48. The process of claim 47 wherein said alkoxycarbonyl is terf-butoxycarbonyl.

49. The process of claim 37 wherein said amino deprotecting agent is trifluoroacetic acid.

10
50. The process of claim 37 wherein said amino deprotecting agent is hydrochloric acid.
51. The process of claim 50 wherein said reacting is performed in a solvent comprising
dioxane.
15
52. The process of any one of claims 50 or 51 wherein said reacting is performed in
isopropanol.
53. The process of claim 37 wherein said base comprises an alkali metal hydroxide.
20
54. The process of claim 37 wherein said base is sodium hydroxide.
35. The process of claim 37 wherein said compound of Formula F13 is obtained by treating a
compound of Formula F12:
-0
N
.
HoN /\H’n 7Y
N. _N
(@] R?
25 F12 R®

k

or a salt thereof, with Pg'-NH-sulfonyl chloride followed by treatment with an organic base to

afford said compound of Formula F13.
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20or a salt thereof, wherein, RR is d, Br, CF3, CH3, or CN, R3is H
or F;, and nis 1 or 2; conprising reacting a conpound of Formula F22:
or a salt thereof; with a conpound of Fornula F25': H3COTh, OH F25',
or a salt thereof; and a coupling reagent to provide said conpound of
Formula F8. 87. The process of any one of clainms 83-86 wherein said
coupling reagent conprises a tertiary phosphine and a di al kyl

azodi carboxyl ate. 88. The process of claim87 wherein said tertiary
phosphine is a triaryl phosphine. 89. The process of claim 88 wherein
said triaryl phosphine is triphenyl phosphine. 90. The process of

cl ai m 8%.whae gidtesaif dlathh db ntigteiz0d P ¢ arohpxigtadieoxiysardbiygopr opy|

azodi carboxylate. 91. The process of claim86 wherein said conpound
of Formula F22 is obtained by a)treating a conpound of Fornula F21:

N.ri Oy  GNELNNNGY clabd 56 RheRin @m@ak&xytctﬁ%ﬂg is reM-blloSRABEIN!

di i m dazol e to afford a conmpound of Formul a or a salt” thereof;
and d)treating said compound of Formula F26 mnth trifluoroacetic

anhydri §lz'>e tI%e IaJ‘Ichsrs%f 2 rrq 55 wherein said treating is performed in a solvent.
59. The process of claim 55 wherein said treating is performed in a halogenated solvent.
10 60. The process of claim 59 wherein said halogenated solvent is dichloromethane.
61. The process of claim 55 wherein said organic base comprises a tri(Cj.¢)alkylamine.
62. The process of claim 55 wherein said organic base is triethylamine.
15

63. The process of claim 55 wherein said compound of Formula F12 is obtained by reducing a

compound of Formula F11:
e

N
N
N Wn glr_‘\f\N
\OI

F11 R3

R2

or a salt thereof.
20
64. The process of claim 63 wherein said reducing is carried out in the presence of sodium

iodide, chlorotrimethylsilane, and methanol.
65. The process of claim 63 further comprising purifying said compound of Formula F12 by:

25  a) reacting said compound of Formula F12 with an amino protecting agent to afford a

compound of Formula F12”:
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compound of Formula F22. 92. A process for preparing a conmpound of
Formula F15: COH N 0O"0 1, NH2N N Hn N., N F15 or a salt thereof,
wherein RR is C, Br, CF3, CH3, or CN, 12.3is Hor F; and nis 1 or

2, conprising: a)reacting a conpound of Fornmula F12: NH or a salt
t hereof, and b)reacting said conpound of Fornula F14, or a salt
thereof, with a base to afford said 15 conpound of Fornula F15. 93.

The process of claim92 wherein said organi c base conprises a

het er ocycl i ¢ base. N-O

H | /L_O
N. _N
@] R?
R3
F12' ,
or a salt thereof, wherein Pg®N is a protected amine;
b) purifying said compound of Formula F12° to provide a purified compound of Formula
F12’; and
5 ¢ reacting said purified compound of Formula F12’ with an amino deprotecting agent to

provide a purified compound of Formula F12.
66. The process of claim 65 wherein said amino protecting agent is di-#-butyl dicarbonate.

10 67. The process of claim 65 wherein said purifying is performed by chromatography on silica

gel.
68. The process of claim 66 wherein said amino deprotecting agent 1s hydrochlornic acid.

15 69. The process of claim 68 wherein said reacting is performed in a solvent comprising

dioxane.

70. The process of any one of claims 68 or 69 wherein said reacting is performed in
isopropanol.

20
71. The process of claim 63 wherein said compound of Formula F11 is obtained by treating a

compound of Formula F10:
e
i L=
L1O/\6%;| W—{H\N
N. N
O

F10 R3

RE
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94. The process of claim92 wherein said organic base is pyridine. 5
95. The process of claim92 wherein reacting a conpound of Fornul a
F12 further conprises heating the reaction. 96. The process of
claim95 wherein said heating is performed using nmcrowave
irradiation. 10 97. The process of claim92 wherein said base
conprises an al kali metal hydroxide. 98. The process of claim92
wherein said base is sodi um hydroxide. 15 99. A conpound of Fornul a
F9: n\ N F or. asal eof r ei i Br,, CE3 )
o, orocriiered Tpghint S AR ey MRS halSgiy Rl ey
cl ai m 9Qitwbe balereReent % Hford R3d bémpoundnd Forhda ¥11.20 101. The
conpound of claim99 wherein R is Br, R3is F, and n is 2. 102.
The conpound of claim99 wherein R is 0, R3is F, and nis I.

25103. %beTﬁggRQounégﬁiﬁh? g@bﬂcﬁg 15 d, RBis F and nis

2. 104. The ¢ |s CF3 R3is F, and nis
1. 5 105. The conpound of cIa|n199 mhereln R2 is CF3, R3 is F,

and n i ound er ei is CF3, R3

"0 T’ e gropessdt olal 73 GHIRMES Mo BB R CBlE L 8 o i | o

CF3, RBis H and nis 2. 108. The conpound of claim 99 wherein R2
is CH3, R3is F, and n is 1. 10109. The conpound of c¢]aim99 wherein

R is C% he pgocpss oh gAIm 7i évhfrem said azide reagent is sodium azide.

10 75. The process of claim 55 wherein said compound of Formula F12 is obtained by reacting a

compound of Formula F24:

Na'o
H | >=O
pgsN/\HnN\[/__(\N
N\O,N

R2

F24 R3

H

or a salt thereof, wherein Pg’N is a protected amine; with an amino deprotecting agent to afford
said compound of Formula F12.

15
76. The process of claim 75 wherein said protected amine is (C4Hs):C-INH.

77. The process of claim 75 wherein said protected amine is (CgHs)>2C=N.

20 78. The process of any one of claims 75-77 wherein said deprotecting agent comprises an

organic acid.

79. The process of any one of claims 75-76 wherein said deprotecting agent comprises an
organic acid and an organosilane.

25
80. The process of claim 79 wherein said organic acid is trifluoroacetic acid and said

organosilane comprises trialkylsilane.
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110. A conpound of Formula F12: F12 or a salt thereof, wherein R2
isd, Br, CF3, CH3, or CN RBis Hor F; and nis 1 or 2. 15

111. The conpound of claim 110 wherein R is Br, R3is F, and n is 1.
112. The conpound of claim 110 wherein R is Br, R3is F, and nis 2.
20113. The conpound of claim 110 wherein R2 is O, R3is F, and n is

1. 114. The conpound of claim 110 wherein R2 is d, R3 is F, and
nis 2. 115. The conpound of claim 110 wherein R is CF3, R3 is
F, and nis 1. 25 116. The conpound of claim 110 wherein R2 is
CF3, R3is F, and nis 2. 117. The conpound of claim 110

wher ei N31R2 The pfdcess dR3laih 8Blwhareth suid Sialkylsilane is hi@sopidpgl)sicapound of
claim 110 wherein R2 is CF3, R3is H and nis 2. 5119. The conpound
of claim 110 wherein R2 is CH3, R3is F, and nis 1. 120. The

compoungb ofrpg bﬁ)‘cE@s bt Qlam 98 S/Hr e&saﬁ@o&'ﬁﬂuo BldliSuifuoRtke 4. 1. 121. A
conpound of Formul a : or a salt thereof, wherein R is O, Br,

CF3,5CH3, or CN, R3 |s H or F;, and n is 1 or 2 122. The conpound of

clai m 121 Weh SRR ol B il 81 ol ot Porbuid P22 onHiSa SO TR,
compound of Formula F22.

-0
N
H
FaC N7_(“\N>:O
DENE
N, N
O R?
F22 s
or a salt thereof, with a compound of Formula F25:
PQBN/\Q‘};OH

10 F25

H

or a salt thereof, wherein Pg’N is a protected amine; and a coupling reagent to provide said

compound of Formula F24.
84. The process of claim 83 wherein said protected amine is (CgHs)3C-NH.
15

85. The process of claim 83 wherein said protected amine is (CgHs),C=N.

86. A process for preparing a compound of Formula F8:
-0
N >: 0
HCO™ 7—%

F8 R®

R2

20 or a salt thereof, wherein, R* is Cl, Br, CF3, CHs, or CN; R is H or F; and n is 1 or 2; comprising

reacting a compound of Formula F22:
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124. The conpound of claim 121 wherein R is d, R3is F, and nis 1.
125. The conpound of claim 121 wherein RR is d, R3is F, and nis 2.
20 126. The conpound of claim 121 wherein R2 is CF3, R3 is F,
and n is 1. 127. The conpound of claim 121 wherein R2 is CF3, R3
is F, and n is 2. 25128. The compound of claim 121 wherein R2 is CF3,
R3is H and nis 1. 129. The conpound of claim 121 wherein R2 is
CF3, R3is H and nis 2. 130. The conmpound of claim 121 wherein R2
is CH3, R3is F, and nis 1. 131. The conpound of claim 121 wherein
Rz is CN, R3is F,_and nis 1. or g salfiThepeof, wherein Rz is O,
Br, CF3, CH3, or CN; R3 is H 6sC.E.Nand s~KS 1 or 2; conprising: or a
salt thereof, with net hanesulfongﬁ hloride_in the presence of an
organi c base to afford a conpound of “dfor F20: NO, /0
CH3SO02HNN\ (N N N "0' F20R3 b)reacting sakd €offpound of Formul a F20,
or a salt thereof, with a base to affard saiy 15 conpound of Formul a
F19. 133. The process of claim 132 wherein said reacting a conpound
of For ml Aft Werddit {04 cCAPIHISEFofntIalFogenat ed sol vent. 20134. The
process of claim 133 wherein said hal ogenated sol vent is

di chl or omet hane. Hsco/\H;lOH

Ez25'

H

or a salt thereof; and a coupling reagent to provide said compound of Formula F8.

5
87. The process of any one of claims 83-86 wherein said coupling reagent comprises a tertiary
phosphine and a dialkyl azodicarboxylate.
88. The process of claim 87 wherein said tertiary phosphine is a triarylphosphine.
10
89. The process of claim 88 wherein said triarylphosphine is triphenylphosphine.
90. The process of claim 87 wherein said dialkyl azodicarboxylate is diisopropyl
azodicarboxylate.
15
91. The process of claim 86 wherein said compound of Formula F22 is obtained by
a) treating a compound of Formula F21:
CH
NJ‘J
/N
N\O N
R2
F21

RS

B

or a salt thereof, with carbonyl diimidazole to afford a compound of Formula F26:
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135. The process of claim 132 wherein said organic base conprises a

tri(Che6)allcylam ne. 136. The process of claim 132 wherein said
organic base is triethylamne. 5 137. The process of claim 132
wherein said base conprises an aqueous base. 138. The process of

cl aim 132 wherein said base conprises an al kali netal hydroxide.
10139. The process of claim 132 wherein said base conprises sodi um
hydroxi de. 140. A process for preparing a conpound of Fornula F19: OH
CH( -N \N F19 or a salt thereof, mh rein R2 is d, Br, CF3,

CH3, or CN, RBis Hor F; and nis 1 or @ >ggnpr|5|ng 15a)reacting a
conmpound of Forrmula F17: 0"ON CH G 3 H"n\ NN sONH F17
or a salt thereof, with hydrochlorig/ agid |-Ilomed by treatnment with
a nitrite reagent to afford a conpourd ofmFJ{La F18: F18 20or a

salt thereof; and

F26 Ls

or a salt thereof}, and
b) treating said compound of Formula F26 with trifluoroacetic anhydride to afford said

compound of Formula F22.

92. A process for preparing a compound of Formula F15:

F15

or a salt thereof, wherein R? is Cl, Br, CF3, CHs, or CN; R'isHor F; and nis I or 2, comprising:

a) reacting a compound of Formula F12:

NHZ >=O
7/—\8\

RS

RZ

10 F12

H

or a salt thereof, with sulfamide and an organic base to afford a compound of Formula F14:

\\f/ >:O
vy ,ﬁ%

R2

RS
Fi14

or a salt thereof, and
b) reacting said compound of Formula F14, or a salt thereof, with a base to afford said

15 compound of Formula F15.
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b)reacting said conpound of Fornula F18 with a conpound of Fornul a
F27: H2NR2 F27 or a salt thereof, to afford said conpound of

Formul a F19. 141. The process of claim 140 wherein R2 is Br, R3
is F, and nis 1. 5 142. The process of claim 140 wherein R2 is Br,
R3is F, and nis 2. 143. The process of claim 140 wherein R2 is
G, RBis F, and nis 1. 10144. The process of claim 140 wherein R2
isd, RBis F, and nis 2. 145. The process of claim 140
wherein R is CF3, R3is F, and n is 1. 146. The process of
claim 140 wherein R is CF3, R3is F, and nis 2. 15 147. The

processonf Tak pidtesk4d clalie O iwhefdzh 28d &ifgdnic Basel conipris@ncheferbyclic base.
148. The process of claim 140 wherein R2 is CF3, R3is H and n is 2.
20149. The process of claim 140 wherein R2 is CH3, R3is F, and nis

1. 5 r | o i; 4s CN, R3is F, and
v i 1, 0% e R RERRR o8 wEl B R SRR PRI e i tri te
reagent i s aqueous sodiumnitrite. 25 152. A conpound of Fornmul a

F18: 85 . /Tge yrolélesssaéf claim 92 wherein reacting a compound of Formula F12 further comprises

heating the reaction.

96. The process of claim 95 wherein said heating is performed using microwave irradiation.
10

97. The process of claim 92 wherein said base comprises an alkali metal hydroxide.
98. The process of claim 92 wherein said base is sodium hydroxide.

15 99. A compound of Formula F9:

N’O
N
o Ny
N. _N
O
R2

3
Fo R

3

or a salt thereof, wherein R? is Cl, Br, CFs, CHs, or CN; R*isHor F;andnis 1 or?2.
100. The compound of claim 99 wherein R%isBr,R*isF,and nis 1.
20
101. The compound of claim 99 wherein R*isBr,R*is F, and n is 2.
102. The compound of claim 99 wherein R*isCLR}isF,andnis 1.

25  103. The compound of claim 99 wherein R? is CL, R* is F, and n is 2.

104. The compound of claim 99 wherein R%isCF;, R*isF,and nis 1.
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F18 CI or a salt thereof, wherein nis 1 or 2. 153. The conpound of

claim 152 wherein n is 1. 154. The conmpound of claim 152 wherein n is
2.

105. The compound of claim 99 wherein R?is CF;, R} is F, and n is 2.
106. The compound of claim 99 wherein R? is CFs, R is H, and n is 1.
107. The compound of claim 99 wherein R%is CF;, R*is H, and n is 2.
108. The compound of claim 99 wherein R*isCH;, R*is F, and n is 1.
10 109. The compound of claim 99 wherein R?isCN,R*isF, and nis 1.

110. A compound of Formula F12:

NH,

H
LH%_(L =0
! / \ )

or a salt thereof, wherein R? is Cl, Br, CFs, CHs, or CN; R’isHorF;andnis 1 or2.
15

111. The compound of claim 110 wherein R” is Br, R® is F, and n is 1.

112. The compound of claim 110 wherein R* is Br, R* is F, and n is 2.
20  113. The compound of claim 110 wherein R* is Cl, R* is F, and n is 1.

114. The compound of claim 110 wherein R? is CI, R? is F, and n is 2.

115. The compound of claim 110 wherein R*is CF,, R®is F,and nis I.

25
116. The compound of claim 110 wherein R%is CF;, R is F, and n is 2.
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10

15

20

25

117. The compound of claim 110 wherein R? is CFs, R? is H, and n is 1.
118. The compound of claim 110 wherein R? is CFs, R* is H, and n is 2.
119. The compound of claim 110 wherein R*isCHs;, R*isF,andnis 1.
120. The compound of claim 110 wherein R*isCN,R*is F, and n is 1.

121. A compound of Formula F14:

-0
HN"T N 7—%\51
H n # \
N. N
0

R2

3
F14 R

?

or a salt thereof, wherein R” is Cl, Br, CF;, CHs, or CN; R*is Hor F; and nis 1 or 2.
122. The compound of claim 121 wherein R%isBr,R*is F, and nis 1.

123. The compound of claim 121 wherein R?is Br, R*is F,and nis 2.

124. The compound of claim 121 wherein R?is Cl, R?is F,and nis I.

125. The compound of claim 121 wherein R?is Cl, RYis F,andnis 2.

126. The compound of claim 121 wherein R*isCF;, R’ isF, and nis 1.

127. The compound of claim 121 wherein R?is CFs;, R*is F, and n is 2.

128. The compound of claim 121 wherein R? is CF3, R* is H, and n is 1.

129. The compound of claim 121 wherein R%is CF;, R®is H, and n is 2.
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130. The compound of claim 121 wherein R?is CH;,R*isF, andnis 1.

[31. The compound of claim 121 wherein R*isCN,R%isF, andnis 1.

132. A process for preparing a compound of Formula F19:

_,.rOH R3
N
CHs" " N L N R?
H N.N
o)
F19

or a salt thereof, wherein R?is Cl, Br, CFy, CH3, or CN; R*is HorF; and nis 1 or 2; comprising:

a) reacting a compound of Formula F12:

-0
NH, N
H —
o
n /N
N.__N
(8]

R2

R3
F12

k

or a salt thereof, with methanesulfonyl chloride in the presence of an organic base to afford a

compound of Formula F20:

N-O
1 I
CHasozHN’\Hn W—(LN
NN

R2
F20 R® .
b) reacting said compound of Formula F20, or a salt thereof, with a base to afford said

compound of Formula F19.

133. The process of claim 132 wherein said reacting a compound of Formula F12 further

comprises a halogenated solvent.

134. The process of claim 133 wherein said halogenated solvent is dichloromethane.
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135. The process of claim 132 wherein said organic base comprises a tri{Ci_g)alkylamine.

136. The process of claim 132 wherein said organic base is triethylamine.

137. The process of claim 132 wherein said base comprises an agueous base.

138. The process of claim 132 wherein said base comprises an alkali metal hydroxide.

139. The process of claim 132 wherein said base comprises sodium hydroxide.

140. A process for preparing a compound of Formula F19:

OH 3
N R
O~ N R
CH N n 7% 0
\O/
F19

or a salt thereof, wherein R? is Cl, Br, CFs, CH;, or CN; R*is Hor F; and nis 1 or 2; comprising:

a) reacting a compound of Formula F17:

OH

5

0 0 H N

i N7__(“\

CHg H/\Hn — NH
N_ _N
O
F17

H

or a salt thereof, with hydrochloric acid followed by treatment with a nitrite reagent to afford a

compound of Formula F18:

OH
;r
O\\S,P Y |
cHy N M, W—HKCE
H n /N
N_ N
o]

F18
or a salt thereof; and
b) reacting said compound of Formula F18 with a compound of Formula F27:
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F27

»

or a salt thereof, to afford said compound of Formula F19.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

The process of claim 140 wherein RYisBr,R’isF,and nis 1.

The process of claim 140 wherein R is Br, R* is F, and n is 2.

The process of claim 140 wherein R*isCL R*isF,andnis 1.

The process of claim 140 wherein R’ is Cl, R’is F,andnis 2.

The process of claim 140 wherein R?is CF, RYis F,andnis 1.

The process of claim 140 wherein R%is CFs, R%is F, and nis 2.

The process of claim 140 wherein R?is CF;, R®is H,andnis 1.

The process of claim 140 wherein R%is CFs, R’ is H, and n is 2.

The process of claim 140 wherein R*isCH,;, R*isF, and nis 1.

The process of claim 140 wherein R*isCN,R*isF, andnis 1.

The process of claim 140 wherein the nitrite reagent is aqueous sodium nitrite.

A compound of Formula F18:
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or a salt thereof, whereinn is 1 or 2.

153. The compound of claim 152 whereinn is 1.

154. The compound of claim 152 wherein n is 2.
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