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MODULATORS OF INDOLEAMINE 2,3-DIOXYGENASE AND 

METHODS OF USING THE SAME 

FIELD OF THE INVENTION 

The present invention is directed to modulators of indoleamine 2,3-dioxygenase (IDO), as 

lOwell as compositions and pharmaceutical methods thereof. 

BACKGROUND OF THE INVENTION 

Tryptophan (Trp) is an essential amino acid required for the biosynthesis of proteins, niacin 

and the neurotransmitter 5-hydroxytryptamine (serotonin). The enzyme indoleamine 2,3..(fioxy~nase 

15 (also known as INDO or IDO) catalyzes the first and rate limiting step in the degradation of L­

tryptophan to N-fonnyl-kynurenine. In human cells, a depletion of TIp resulting from IDO activity is 

a prominent gamma interferon (IFN-r) -inducible antimicrobial effector mechanism. IFN-r 

stimulation induces activation ofIDO, which leads to a depletion ofTrp, thereby arresting the growth 

of TIp-dependent intracellular pathogens such as Toxoplasma gondii and Chlamydia trachomatis. 

20 IDO activity also has an antiprolifemtive effect on many tumor cells, and IDO induction has been 

observed ill vivo during rejection of allogeneic tumors, indicating a possible role for this enzyme in 

the tumor rejection process (Daubener, et al., 1999, Adv. Exp. Med BioI., 467: 517-24; Taylor, et at, 

1991, FASEB J., 5: 2516-22). 

It has been observed that HeLa cells co-cultured with peripheral blood lymphocytes (PBLs) 

25 acquire an immuno-inhibitory phenotype through up-regulation of IDO activity. A reduction in PBL 

proliferation upon treatment with interleukin-2 (IL2) was believed to result from IDO released by the 

tumor cells in response to IFNG secretion by the PBLs. This effect was reversed by treatment with 1-

methyl-tryptophan (lMT), a specific IDO inhibitor. It was proposed that !DO activity in tumor cells 

may serve to impair antitumor responses (Logan, et al., 2002, Immunology, 105: 478-87). 

30 Recently, an innnunoregulatory role of TIp depletion has received much attention. Several 

lines of evidence suggest that IDO is involved in induction of immune tolemnce. Studies of 

mammalian pregnancy, tumor resistance, chronic infections and autoimmune diseases have shown 

that cells expressing IDO can suppress T-cell responses and promote tolerance. Accelemted Trp 

catabolism has been observed in diseases and disorders associated with cellular immune activation, 

35 such as infection, malignancy, autoimmune diseases and AIDS, as well as during pregnancy. For 

example, increased levels ofIFNs and elevated levels of urinary Trp metabolites have been observed 

ill autoimmune diseases; it has been postulated that systemic or local depletion of Trp occurring in 
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autoimmune diseases may relate to the degeneration and wasting symptoms of these diseases. In 

support of this hypothesis, bigh levels of IDa were observed in cells isolated from the synovia of 

arthritic joints. IFNs are also elevated in human immunodeficiency virus (HIV) patients and 

increasing IFN levels are associated with a worsening prognosis. Thus, it was proposed that IDa is 

5 induced chronicallY' by HIV infection, and is further increased by opportunistic infections, and that the 

chronic loss ofTtp initiates mechanisms responsible for cachexia, dementia and diarrhea and possibly 

immunosuppression of AIDS patients (Brown, et aI., 1991, Adv. Exp. Med. Biol., 294: 425-35). To 

this end, it has recently been shown that IDa inhibition can enhance the levels of virus-specific T 

cells and, concomitantly, reduce the number of virally-infected macrophages in a mouse model of 

10 HN (Portula et al., 2005, Blood, 106:2382-90). 

IDa is believed to playa role in the immunosuppressive processes that prevent fetal rejection 

in utero. More than 40 years ago, it was observed that, during pregnancy, the genetically disparate 

mammalian conceptus survives in spite of what would be predicted by tissue transplantation 

immunology (Medawar, 1953, Symp. Soc. Exp. BioI. 7: 320-38). Anatomic separation of ml?ther and 

15 fetus and antigenic immaturity of the fetus cannot fully explain feta], allograft survival. Recent 

attention has focused on immunologic tolerance of the mother. Because IDa is expressed by human 

syncytiotrophoblast cells and systemic tryptophan concentration falls during nonnal pregnancy, it was 

hypothesized that IDa expression at the maternal-fetal interface is necessary to prevent immunologic 

rejection of the fetal allografts. To test this hypothesis, pregnant mice (carrying syngeneic or 

20 allogeneic fetuses) were exposed to IMT, and a rapid, T cell-induced rejection of all allogeneiC 

concepti was observed. Thus, by catabolizing tryptophan, the mammalian conceptus appears to 

suppresses T-cell activity and defends itself against rejection, and blocking tryptophan catabolism 

during murine pregnancy allows maternal T cells to provoke fetal allograft rejection (Munn, et at, 

1998, Science 281: 1191-3). 

25 Further evidence for a .tumoral immune resistance mechanism based on tryptophan 

degradation by IDa comes from the observation that most human tumors constitutively express IDa, 

and that expression of IDa by immunogenic mouse tumor cells prevents their rejection by 

preimmunized mice. This effect is accompanied by a lack of accumulation of specific T cells at the 

tumor site and can be partly reverted by systemic treatment of mice with an inhibitor of IDa, in the 

30 absence of noticeable toxicity. Thus, it was suggested that the efficacy of therapeutic vaccination of 

cancer patients might be improved by concomitant administration of an IDO inhibitor (Uyttenhove et 

aI., 2003, Nature Med., 9: 1269-74). It has also been shown that the IDa inhibitor, 1-MT, can 

synergize with chemotherapeutic agents to reduce tumor growth in mice, suggesting that IDO 

inhibition may also enhance the anti-tumor activity of conventional cytotoxic therapies (Muller et aI., 

35 2005, Nature Med., 11 :312-9). 

One mechanism contributing to immunologic unresponsiveness toward tumors may be 

presentation of tumor antigens by tolerogenic host APes. A subset of human IDa-expressing antigen-
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presenting cells (APCs) that coexpressed CD123 (IL3RA) and CCR6 and inhibited T-cell 

proliferation have also been described. Both mature and immature CD123-positive dendritic cells 

suppressed T-cell activity, and this IDO suppressive activity was blocked by IMT (Munn, et al., 2002, 

Science 297: 1867-70). It has also been demonstrated that mouse tumor-draining lymph nodes 

5 (TDLNs) contain a subset of plasmacytoid dendritic cells (PDCs) that constitutively express 

immunosuppressive levels ofIDO. Despite comprising only 0.5% of lymph node cells, ill vitro, these 

pDCs potently suppressed T cell responses to antigens presented by the pDCs themselves and also, in 

a dominant fashion, suppressed T cell responses to third-party antigens presented by nonsuppressive 

APCs. Within the population of pDCs, the majority of the functional IDO-mediated suppressor 

10 activity segregated with a novel subset ofpDCs coexpressing the B-lineage marker CD19. Thus, it 

was hypothesized that IDO-mediated suppression by pDCs in WLNs creates a' local 

microenvironment that is potently suppressive of host antitumor T cell responses (Munn, et al., 2004, 

J. Clin. Invest., 114(2): 280-90). 

IDO degrades the indole moiety of tryptophan, serotonin and melatonin, and initiates the 

15 production of neuroactive and immunoregulatory metabolites, collectively known as kynurenines. By 

locally depleting tryptophan and increasing proapoptotic kynurenines, IDO expressed by dendritic 

cells (DCs) can greatly affect T-cell proliferation and survival. IDO induction in DCs could be a 

common mechanism of deletional tolerance driven by regulatory T cells. Because such tolerogenic 

responses can be expected to operate in a variety of physiopathological conditions, tryptophan 

20 metabolism and kynurenine production might represent a crucial interface between the immune and 

nervous systems (Grohmann, et al., 2003, Trends Immunol., 24: 242-8). In states of persistant 

immune activation, availability of free serum TIp is diminished and, as a consequence of reduced 

serotonin production, serotonergic functions may also be affected (Wirleitner, et al., 2003, Curr. Med. 

Chem., 10: 1581-91). 

25 Interestingly, administration of interferon-a has been observed to induce neuropsychiatric side 

effects; such as depressive symptoms and changes in cognitive function. Direct influence on 

serotonergic neurotransmission may contribute to these side effects. In addition, because IDO 

activation leads to reduced levels of tryptophan, the precursor of serotonin (5-H1), IDO may playa 

role in these neuropsychiatric side effects by reducing central 5-HT synthesis. Furthermore, 

30 kynurenine metabolites such as 3-hydroxy-kynurenine (3-0H-KYN) and quinolinic acid (QUIN) have 

toxic effects on brain function. 3-0H-KYN is able to produce oxidative stress by increasing the 

production of reactive oxygen species (ROS), and QUIN may produce overstimulation of 

hippocampal N-methyl-D-aspartate (NMDA) receptors, which leads to apoptosis and hippocampal 

atrophy. Both ROS oveIproduction and hippocampal atrophy caused by NMDA overstimulation have 

35 been associated with depression (Wichers and Maes, 2004, J. Psychiatry Neurosci., 29: 11-17). Thus, 

IDO activity may playa role in depression. 
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Small molecule inhibitors ofIDO are being developed to treat or prevent IDO-related diseases 

such as those described above. For example, peT Publication WO 99129310 reports methods for 

altering T cell-mediated immunity comprising altering local extracellular concentrations of tryptophan 

and tryptophan metabolites, using an inhibitor of IDO such as I-methyI-DL-tryptophan, p-(3-

5 benzofuranyl)-DL- alanine, p-[3 -benzo(b)tbienyl] -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 having indoleamine-2,3-dioxygenase (IDO) inhibitory activity are further reported in WO 

2004/094409; and U.S. Patent Application Publication No. 200410234623 is directed to methods of 

10 treating a subject with a cancer or an infection by the administration of an inhtbitor of indoleamine-

2,3-dioxygenase in combination with other therapeutic modalities. 

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

15 . and immunologic tolerance and prevention of fetal rejection ill utero, therapeutic agents aimed at 

suppression of tryptophan degradation by inhibiting IDO activity are desirable. In1nbitors of IDO can 

be used to activate T cells and therefore enhance T cell activation when the T cells are suppressed by 

pregnancy, malignancy or a virus such as HIV. Inhibition of IDO may also be an important treatment 

strategy for patients with neurological or neuropsychiatric diseases or disorders such as depression. 

20 The compounds, compositions and methods herein help meet the current need for IDO modulators. 
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SUMMARY OF THE INVENTION 

The present invention provides, inter alia, compounds of Formula I: 

I 

( TiR~Y2);-R4b 

N~Xlt{R"}.(X2~R5b 

or pharmaceutically acceptable sal~ forms or prodrugs thereof. 

The present invention further provides compositions comprising a compound of Formula I 

and a pharmaceutically acceptable carrier. 

The present invention further provides methods of modulating enzyme activity of IDO 

30 comprising contacting a compound of Fonnula I with the IDO. 

The present invention further provides methods of treating IDO-associated diseases, 

including, for example, cancer, viral infection, depressioti, a neurodegenerative disorder, trauma, age-
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related cataracts, organ transplant rejection, or an autoimmune disease, comprising administering to a 

patient a thempeutically effective amount of a compound of Formula 1. 

The present invention futher provides methods of altering extracellular tryptophan levels in a 

mammal comprising administering to the mammal an effective amount of a compound of Formula L 

5 The present invention further provides methods of inhibiting immunosuppression, such as 

IDO-mediated immunosuppresion, in a patient comprising administering to the patient an effective 

amount of a compound ofFonnula 1. 

The present invention further provides a compound of the invention, or salt or prodrug 

thereof, for use in therapy. 

10 The present invention further provides a compound of the invention, or salt of prodrug 
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thereof, for use in the preparation of a medicament for use in therapy. 

DETAILED DESCRIPTION 

The present invention provides, inter alia, compounds of Formula I: 

R10 

R3blwVR~ ""', 
\ )b ~ fa-N 

A2 

(rt~Yt.R'b 
N iXIt-h~{X27;R5b 

I 

or phanna~eutical1y acceptable salt fonns or prodrugs thereof, wherein: 

Ring A is carbocyclyl or heterocyclyl optionally substituted by 1,2,3,4 or 5 R6; 

W, xl, X2, yl, and yZ are independently selected from (CR8RbA, (CRaR,\O(CRaRb)y, 

20 (C~Rb)uC(O)(CRaR\, (CRaR~uC(O)NRc(CRaR~y, (CR~~uC(O)O(CRaRb)v, (CR~b)uC(S)(CRaR~.., 

(CRaR~uC(S)NRC(CR'Rb)v, (CRaR~uS(OXCRaRb)y, (CRaRb)DS(O)NR'WRaR~v, 

(CRaRb)uS(O)2(CRaRb)y, (CRaRb)uS(O)zNRc(CRaRb)y, (CRaR~J'ffi.c(CRaRb)y, and 

. (CR"Rb)uC(=NRd)NRc(CRaRb)v; 

Rl is H, C(O)R7, C(O)NR8aR8h, c'(O)OR8, CI-8alkyl, Cz_salkenyl, Cz.salkynyl, aryl, 

25 cycloa1kyl, heteroaryl, heterocycloalkyl, arylalkyl, cycloalkylalkyl, heteroaryla1kyl, or 

heterocycloa1kylalkyl; 

R2 is H, CI-6alkyI, or C3.7 cycloalkyl; 

R3a, R4a, and RS• are inclependently selected from C(.g alkyl, C2-8 alkenyl, Cz.g alkynyl, aryl, 

cycloalkyl, heteroaryl, and heterocycloalkyl, each optionally substituted by 1, 2, 3, 4 or 5 substituents 

30 independently selected from halo, CI-6 alkyl, C2-6 alkenyl, C2•6 alkynyl, CI-4 haloalkyl, Cyl, CN, NOz, 

ORe(, SRe1 , C(O)RfI, C(O)NRg1Rhl , C(O)ORe1, OC(O)Rfl, OC(O)NRg1Rh1, NRcIC(O)NRg1Rh1 , 
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NRgtR ht, NRl:tC(O)R fl, NRlllC(O)ORel , C(=NRi)NRgtRh1, NRgIC(=NRi)NRlllRhl , P(Rfl )2, P(ORel)2, 

P(O)RelRfl , P(O)ORelORfl , S(O)Rfl, S(O)NRIl1Rhl, S(O)2~l, and S(O)2NRgt~l; 

R3b, R4b, and RSb are independently selected from B, CI-8 alkyl, C2-8 alkenyl, C2-8 aIkynyl, aryl, 

cycloalkyl, heteroaryl, and heterocycloalkyl, each optionally substituted by 1,2,3,4 or 5 substituents 

5 independently selected from halo, CI-6 alkyl, C2-6 alkenyl, C2-6 aIkynyl, Ct-4 haloalkyl, CI-4 

hydroxyalkyl, cf, CN,N02, ORel, SR"l, C(O)Rfl, C(O)NRI:1Rhl, C(O)ORCl, OC(O)Rfl, 

OC(O)NRI!IRbl , NRtlC(O)NRtlRbl, NRtlRbl, NRtIC(O)Rfl, NRlllC(O)ORel, C(=NRi)NRIlIRhl, 

NRglC(=NRi)NRtIRhl, P(Rfl)2' P(ORel)z, P(O)RetRfl , P(O)OReIORfl , S(O)Rfl, S(O)NR8IRhl, S(O)zRfi• 

and S(O)2NR8IRhl; 

10 or R2 and -(R3a)a_{WA,_R3b together with the N atom to which they are attached form a 4- to 

20- membered heterocyc1oalkyl group optionally substituted by 1, 2, 3, 4 or 5 substituents 

independently selected from halo, Cl-6 alkyl, C2-6 alkenyl, C2-6 aIkynyl, CI-4 haloalkyl, Cy', CN, N02, 

ORel, SRel, C(O)Rfl , C(O)NRIlIRhl, C(O)ORel, OC(O)Rfl, OC(O)NR8tRh1 , NRtlC(O)NRgtRhl, 

NRtlRhl, NRg1C{O)Rfl , NRIlIC(O)ORel, C(=NRi)NRgtRhl, NR!lIC(=NRi)NRgtRhl, p(Rfl)z, P(ORel)2, 

15 P(O)ReIRfl , P(O)OReIORfl , S(O)Rfl, S(O)NRg1Rh1, S(O)2~,orS(O)2NRgI~I; 

or _(Yl)q-(R4a)r_(YZ)._R4b and -(XI)m_(Rsa)II_(X2)p_RSb together with the N atom to which they 

are attached fonn a 4- to 20- membered heterocyc1oalkyl group optionally substituted by 1,2,3,4 or 

5 substituents selected from halo, CI-6 alkyl, C2-6 alkenyl, Cu alkynyl, CI-4 haloalkyl, Cy4, CN, N02, 

ORel, SROl, C(O)Rfl, C(O)NR81Rhl, C(O)ORe1, OC(O)Rfl, OC(O)NRgIRh1, NRIlIC(O)NRS1Rhl. 

20 NRs1Rhl, NRtIC(O)Rfl , NRgtC(O)ORet , C(=NRi)NRtIRhl, NRIlIC(=NRi)NRllt~l, p(Rfl)2' P(OReth, 

P(O)RelRfi , P(O)ORetORfl , S(O)Rfl , S(O)NRIlIRhI, S(O)2Rfl, and S(O)zNRIlIRbl; 

R6 is halo, C)-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, CI-4 haloalkyl, aryl, cycloalkyl, heteroaryl, 

heterocycloalkyl, arylalkyl, cycloalkylalkyl, heteroarylalkyl, heterocycloalkylalkyl, CN, N02, ORe2, 

SRe2, C(O)Rfl, C(O)NR.!l2Rb2, C(O)ORe2, OC(O)Rfl. OC(O)NR!l2Rb2, NR!l2Rb2, NR!l2C(O)Rfl, 

25 NR!l2C(O)ORe2, C(=NR~NRgIRhl, NRS1C(=NR;NRglRhl• p(Rfl)z. P(ORe2)z, P(O)Re2Rfl, 

P(O)ORe2ORf2, S(O)Rf2, S(O)NR!l2Rh2, S(O)2Rf2, or S(O)zNR!l2Rh2; 

R7 and R8 are independently selected from H, CI-8 alkyl, aryl, heteroaryl, cycloalkyl, 

heterocyc1oalkyl, arylaIkyl, heteroarylalkyl, cyc1oalkylalkyl, and heterocycloalkylalkyl, each 

optionally substituted by one or more substitutents indepeudently selected from halo, CN, N02, OB, 

30 CI-4 allroxy, Ct_4 haloalkoxy, amino, CI-4 alkylamino, C2-8 dialkylamino, CI_6alkyl, C2-6 alkenyl, and C2-

6alkynyl; 

R8a and R8b are independently selected from H, CI-6 alkyl, CI_6 haloalkyl, C2-6 alkenyl, C2-6 

alkynyl, aryl, cycloalkyl, arylalkyl, and cycloalkylalkyl; 

Cyt, cf, ci, and Cy4 are independently selected from aryl, heteroaryl, cycloalkyl, and 

35 heterocycloalkyl, each optionally substituted by 1,2,3,4 or 5 substituents independently selected 

from halo, CI-4 alkyl, C2-4 alkenyl, C2-4 alkynyl, CI-4 haloalkyl, CN, N02, ORe3, SRe3, C(O)Rf3 , 
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C(O)NR~II3, C(O)ORe3, OC(O)RB, OC(O)NRs3Rh3, NRs3Rh3, NRs3C(O)RII3, NRs3C(O)ORe3, 

C(=NR;NRs1Rhl, NRIlIC(=NRi)NRg1Rhl, p(RD)2' P(ORe3)2, P(O)Re3Rf3, P(O)ORe3ORD, S(O)R13, 

S(O)NRg3RII3, S(O)2RD, and S(O)2NRs3Rh3; 

Ra and Rh are independently selected from H, halo, CI-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, CI-4 

5 haloalkyl, aryl, cyc1oalkyl, heteroaryl, heterocycloalkyl, arylalkyl, cycloalkylalkyl, heteroarylalkyl, 

heterocycloalkylalkyl, CN, N02, ORe\ SRe4, C(O)Rf4, C(O)NRg4Rh4, C(O)ORe4, OC(O)Rf4, 

OC(O)NRIl4Rh4, NRg4Rh4, NRIl4C(O)Rh4, NRg4C(O)ORe4, C(=NRi)NRIlIRbl, NRIlIC(=NRi)NRgIRhl, 

P(Rf4)2' P(ORe4)z, P(O)Re4R!'4, P(O)ORe40Rf4, S(O)Rf4, S(O)NRg4~4, S(O)2Rf4, and S(O)2NRg4~4; 

RC is H, CI-6 alkyl, CI-6 haloalkyl, C2-6 alkenyl, C.t-6 alkynyl, aryl, cycloalkyl, arylalkyl, or 

10 cyc1oalkylalkyl; . 

Rd is H, ORdl, CN or N02; 

Rdl is H, CI-6 alkyl, CI-6 haloalkyl, C2-6 alkenyI, C2-6 alkynyI, aryl, cyc1oalkyl, arylalkyl, or 

cyc1oalkylalkyl; 

ReI ,Re2, Rc3,and Re4 are independently selected from H, CI-6 alkyl, CI-6 haloalkyl, C2-6 alkenyl, 

15 (CI-6 alk0XY)-CI-6 alkyl, C2-6 a1kynyl, aryl, cyc1oalkyl, heteroaryl, heterocycloalkyl, arylalkyl, 

cycloalkylalkyl, heteroarylalkyl and heterocycloalkylalkyl; 

R f1 ,R 12, RD , and R f4 are independently selected from H, CI-6 alkyl, CI-6 haloalkyl, C2-6 alkenyl, 

C2-6 alkynyl, aryl, cyc1oa1kyl, heteroaryl and heterocycloa1kyl; 

Rgl, Rg2, Rs3, and Rg4 are independently selected from H, CI-6 alkyl, CI-6 haloalkyl, C2-6 

20 a1kenyl, C2_6 alkynyl, aryl, cycloalkyl, arylalkyl, and cycloalkylalkyl; 

Rhl, Rh2, Rh3, and Rh4 are independently selected from H, CI-6 alkyl, CI-6 haloalkyl, CZ-6 

alkenyl, C2-6 alkynyl, aryl, cycloalkyl, arylalkyl, and cycloalkylalkyl; 

or Rgl and Rhl together with the N atom to which they are attached form a 4-, 5-,6- or 7-

membered heterocyc1oalkyl group; 

25 or Rg2 and Rh2 together with the N atom to which they are attached form a 4-,5-,6- or 7-

membered heterocycloalkyl group; 

or RIl3 and Rh3 together with the N atom to which they are attached form a 4-,5-,6- or 7-

membered heterocycloalkyl group; 

or Rg4 and Rh4 together with the N atom to which they are attached form a 4-, 5-, 6- or 7-

30 membered heterocyc1oalkyl group; 

Ri is H, CN, or N02; 

aisOorl; 

bisOorl; 

mis 0 or 1; 

35 nisOorl; 

pisOor1; 

qisOorl; 
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risOor1; 

sisO or 1; 

tis 1,2,3,4,5 or 6;, 

u is 0,1,2,3,4,5 or 6; and 

5 v is 0, 1,2,3,4, 5 or 6. 

10 

In some embodiments, when Ring A is 

R2 is H; 

_(Yl)q-(R4a)r_(Y2)s_R4b is H; and 

-(X?)m-(R5jn-(X?)p-Rsb is H; 

then --(R38)a_(W)_R3b is other tluin: 

i) phenyl, 4-iodophenyl, 4-chlorophenyl, 4-bromophenyl, 4-methylphenyl, 3-

methylphenyl, 2-methylphenyl, 2,4-dimethylphenyl, 2,6-dimethylphenyl, 2,5-dimethylphenyl, 3,4-. 

15 dimethylphenyl, 2-methoxyphenyl, or 2-dimethylamino-5-nitrophenyl; 

20 

ii) -CH1CH1NRxR.Y, wherein each RX and R.Y is, independently, H, ethyl, -

C(O)-oxadiazole optionally substituted with amino, or phenyl optionally having at least one 

substituent which is nitro; or 

iii) CI_3 alkyl, -C(O)-(CI-4 haloalkyl), naphthyl, or benzyl. 

In some embodiments, when Ring A is phenyl having at least two substituents which are 

methyl; 

_(Yl)q_(R4a)r_(Y2)s-R4b is H; and 

_(Xl>m-(R5ln_(X2)p_RSb is H; 

25 then -(R3a)a_(W)_R3b is other than unsubstituted phenyl. 

In some embodiments, when Ring A is phenyl having at least one substitutent which is nitro; 

_(Yl)q-(R4j,.-(Y2)s-R4b is H; and 

-(X1)m-(Rsa)n_(X2)p_Rsb is H; 

30 . then -(R3ja-(W)-R3b is other than pyrazolyl substituted by CI-4 alkyl. 

In some embodiments, when Ring A is 
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~isH; 

~(Y\-(R4ak-(Y2kR4b is H; and 

-(Xl)m-(RsD)n-Oe)p-RSb is H; 

5 then -(R3D)._(W)_R3b is other than: 

i) phenyl optionally substituted by 1 or 2 substituents selected from halo, C l-4 alkyl, 

and Cl -4 alkoxy; 

ii) -CH2CH2NR"R!, wherein each R" and RY is, independently, H, CI-4 alkyl, -C(O)­

heteroaryl optionally substituted with amino, or phenyl optionally substituted with 1 or 2 nitro or 1 or 

10 2 halo; or 

iii) CI-4 alkyl, -C(O)-(CI -4 haloalkyl), naphthyl, or benzyl, 

In some embodiments, when r is 0, then the sum of q and s is 0 or 1, 

In some embodiments, when n is 0, then the sum of m and p is 0 or 1. 

15 In some embodiments, Ring A is heterocyclyl optionally substituted by 1,2,3,4 or 5 R6, 

In some embodiments, Ring A is 5- or 6- membered heterocyclyl optionally substituted by 1, 

2,3,4 or5 R6, 

In some embodiments, Ring A is 5-membered heterocyclyl optionally substituted by 1, 2, 3,4 

or5 R6, 

20 In some embodiments, Ring A is 5~membered heterocyclyl containing at least one ring-

forming N atom and Ring A is optionally substituted by 1, 2, 3, 4 or 5 R6, 

In some embodiments, Ring A is 5-membered heterocyclyl containing at least one ring~ 

forming 0 atom and Ring A is optionally substituted by 1, 2, 3, 4 or 5 R6, 

In some embodiments, Ring A is 5-membered heterocyclyl containing at least one ring-

25 forming 0 atom and containing at least one ring~forming N atom, and Ring A is optionally substituted 

by 1,2, 3,4 or 5 R6, 

In some embodiments, Ring A is 

30 In some embodiments, Ring A is 

9 



/)-(, /)-(, 
N, /N N, /N 

o or S 

In some embodiments, Ring A is 

5 In some embodiments, RI is H, C(O)R', C(O)OR8, CI-8 alkyl, C2-8 alkenyl, CZ-8 alkynyl, aryl, 

cycloalkyl, heteroaryl, heterocycloalkyl, arylalkyl, cycloalkylalkyl, heteroarylalkyl, or 

heterocycloalkylalkyl. 

In some embodiments, R1is H, C(O)R', C(O)NR8aR8b, or C(O)OR8• 

In some embodiments, Rt is H, C(O)R7, or C(O)OR8• 

lOIn some embodiments, R I is H. 

In some embodiments, R2 is H. 

In some embodiments, R3a is aryl, cycloalkyl, heteroaryl, or heterocycloalkyl, each optionally 

substituted by 1, 2, 3, 4 or 5 substituents independently selected from halo, C 1-6 alkyl, CM alkenyl, Ca-

6 alkynyl, CI-4 haloalkyl, Cl-4 hydroxyalkyl, cr, CN, N02, ORel, SRet, C(O)RfI, C(O)NRgIRhl, 

15 C(O)OReI, OC(O)RfI, OC(O)NR81Rbi, NRglC(O)NR81RhI, NRCIRhl, NRg1C(O)RfI , NRC1C(O)ORe1, 

C(=NR,NR81R!'t, NR&IC(=NRi)NR81Rhl, p(RfI)z, P(ORel)2, P(O)RcIRfI, P(O)ORelORfI , S(O)RfI, 

S(O)NR81Rhl, S(O)2RfI, and S(O)2NR8IRhl. 

In some embodiments,R3a is aryl or heteroaryl each optionally substituted by 1,2,3,4 or 5 

substituents independently selected from halo, CI-6 alkyl, C2-6 alkenyl, Cz-6 alkynyl, CI-4 haloalkyl, CI-

20 4 hydroxyalkyl, oj, CN, NOlo OReI, SRet, C(O)Rfl, C(O)NR81Rhl, C(O)ORel , OC(O)RfI , 

OC(O)NRll1Rht, NRg1C(O)NRBtRht, NRg1Rhl, NRg1C(O)Rfl , NR8tC(O)ORet, C(=NRi)NR8IRhI, 

NRgIC(=NRi)NRctRhl, p(Rfl)2' P(ORel)2, P(O)ReIRfI , P(O)ORe10Rfi , S(O)Rfi , S(O)NR8tRbt, S(O)zRfl, 

and S(O).2NRcIRhl . 

In some embodiments, R3a is phenyl optionally substituted by 1,2,3,4 or 5 substituents 

25 independently selected from halo, CI-6 alkyl, C2_6 alkenyl, C2-6 alkynyl, CI-4 halo alkyl, Cl -4 

hydroxyalkyl, Cr, CN,N02, ORel, SRet, C(O)RfI , C(O)NRgtRhl, C(O)ORe1, OC(O)Rfi , 

OC(O)NRctRh1, NRglC(O)NRgIRht, NRs1Rht, NRc1qO)RfI , NR8tC(O)ORet, C(=NRi)NRg1Rht, 

NR81C(=NRi)NRgtRht, p(Rfl)2' P(ORe1)2' P(O)Re1R?, P(O)OReIORfl , S(O)Rfl, S(O)NRCIRbt, S(O)zRfI , 

and S(O)2NRIlIRhl. 

30 In some embodiments, R3b is aryl, cycloalkyl, heteroaryl, or heterocycloalkyl, each optionally 

substituted by 1,2, 3, 4 or 5 substituents independently selected from halo, CI-6 alkyl, C2-6 alkenyl, C2-

10 



6 alkynyl, CI-4 haloalkyl, CI-4 hydroxyalkyl, eyz, CN, N02, ORel, SRet, C(O)RfI, C(O)NRS1Rb1, 

C(O)ORel , OC(O)RfI , OC(O)NRll1Rhl, NRIlIC(O)NRg1Rb1, NRIlIRbl, NRIlIC(O)Rfl, NRIlIC(O)ORe1, 

q=NR,NRlliRbl, NRIl1C(=NRi)NRlllRhl, p(Rfl)2. P(ORtl)2, P(O)ReIRfi, P(O)OReIORfi , S(O)Rfl , 

S(O)NRIlIRhI , S(O)2Rfi, and S(O)2NRIlIRhl. 

5 In some embodiments, R3b is aryl or heteroaryl each optionally substituted by 1, 2, 3, 4 or 5 

substituents independently selected from halo, Cl-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, CI-4 haloalkyl, CI_ 

4 hydroxyalkyl, eyz, CN, N02, ORel , SRet, C(O)Rfl, C(O)NRg1Rht, C(O)ORe1, OC(O)Rf1 , 

OC(O)NRBIRh1 , NRslqO)NRllIRht, NRIlIRhI, NRIlIC(O)RfI, NRIlIC(O)ORel, C(=NRI)NRSIRh" 

NRlllq=NRi)NRllIRhl, p(Rfi~, P(OReik, p(O)ReIRfI, P(O)ORe10Rfl , S(O)R f1, S(O)NRllIRbl, S(O~Rf\ 

10 and S(O)2NRlllRhl. 

In some embodiments, R3b is phenyl optionally substituted by 1, 2, 3, 4 or 5 substituents 

independently selected from halo, CI-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, CI-4 haloalkyl, Cl-4 

hydroxyalkyl, cy'2, CN, N02, OReI, SRel, C(O)Rfi , C(O)NRBIRht, C(O)ORel , OC(O)Rft, 

OC(O)NRIl1Rhl , NRIlIC(O)NRSIRbl, NRg1Rhl , NRIlIC(O)RfI, NRlllqO)ORel , C(=NR,NRs1Rht, 

15 NRglC(=NR!)NRIlIRhl, p(Rfl)2' P(ORel)2, P(O)ReIRfI , P(O)OReIORfI , S(O)RfI, S(O)NRIl1Rhl, S(O~. 

and S(O)2NRSIRhl. 

In some embodiments, R!" is aryl, cycloalkyl, heteroaryl, or heterocycloa1kyl, each optionally 

substituted by 1,2,3,4 or 5 substituents independently selected from halo, CI-6 alkyl, C2-6 alkenyl, C2-

6 alkynyl, CI-4 haloalkyl, Cr, CN, NOz, ORel, SRet, C(O)Rfl, C(O)NRglRhl, C(O)ORet, OC(O)RfI , 

20 OC(O)NRgIRbl, NRlllC(O)NRlllRht, NRll1Rh\ NRg1C(O)Rfi, NRg1C(O)ORet, P(Rflh, p(OR"lh, 
P(O)ReIRfl , P(O)ORelORfI, S(O)Rfl, S(O)NRgl~l, S(O)2RfI, and S(O)2NRglRhl. 

In some embodiments, R3b is aryl or heteroaryl each optionally substituted by 1,2,3,4 or 5 

substituents independently selected from halo, CI-6 alkyl, CZ-6 alkenyl, ~-6 alkynyl, Cl-4 haloalkyl. 

Cr, CN, N02, ORel, SRe\ C(O)RfI, C(O)NRIl1R"1, C(O)ORc1, OC(O)R!"l, OC(O)NRIl1Rhi , 

25 NRIl1C(O)NRg1Rh1, NRIlIRhl, NRg1C(O)Rfl , NRIl1C(O)ORe1, P(Rflb. P(ORe1)z, P(O)ReIRfl, 

P(O)OReIORfI , S(O)RfI, S(O)NRg1Rht, S(O)2Rfi, and S(O)2NRglRhl. 

In some embodiments, R3b is phenyl optionally substituted by 1, 2, 3, 4 or 5 substituents 

independently selected from halo, CI_6 alkyl. C2-6 alkenyl, C2-6 alkynyl, Cl-4 haloalkyl, Cr, CN, NOlo 

ORe\ SRel , C(O)RfI, C(O)NRg1R"1, C(O)ORe1, OC(O)Rfl , OC(O)NRg1Rh1 , NRg1C(O)NRgIRbl , 

30 NRg1Rh1, NRIlIC(O)RfI , NRS1C(O)ORel, p(Rfl)2' P(ORc1)2, P(O)ReIRfJ , P(O)ORtIORfl , S(O)Rfl , 

S(O)NRg1Rh1 , S(O)2Rfl, and S(OhNRg1R!'1. 

In some embodiments, W is (CRaRb)t, (CRaRb)uO(CRaRb)v, (CRaR~uC(O)(CRaRb)v, 

(CR8R ~uC(O)NRC(CR~b)v, or (CRaRb)uC(O)O(CRaRb)v' 

In some embodiments, W is (CRaR~t or (CR'R~uO(CR"R'v. 

35 In some embodiments, yl is (CR"R~t, (CRaRb)uC(O)(CR'R~v, (CRaRb)uC(O)NRC(CR8Rb)v, or 

(CR8R ~uqO)O(CRaRb)v. 
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In some embodiments, yl is (CRaR~t or (CR·R'luC(OXCR~")y. 

In some embodiments, Xl is (CR"Rb)1> (CR8Rb)uC(O)(CRaRb)y, (CR·Rb)uC(O)NRC(C~Rb)y, or 

(CRaRb)IlC(O)O(CRaRb)v' 

In some embodiments, Xl is (CRaRb)tor (CRaR~uC(O)(CRaRb)v' 

5 In some embodiments, R4a is CI~ alkyl, Cz~ a1kenyl, or CZ-8 alkynyl, each optionally 

substituted by 1, 2, 3, 4 or 5 substituents independently selected from halo, CI.6 alkyl, CZ-6 alkenyl, Cz. 
6 alkynyl, CI-4 haloalkyl, Cyt, CN, N02, ORet, SRel, C(O)RfI, C(O)NRgIRhl , C(O)OReI, OC(O)RfI, 

OC(O)NRg1Rhl, NRg1C(O)NRgIRhl , NRgIRhl , NRg1C(O)RfI , NRs1C(O)ORel, C(==NRi)NRgIRbl, 

NRgIC(=NRi)NRgIRhl, p(RfI)z, P(ORc1k, P(O)RcIRfI , P(O)OReIORfI , S(O)RfI , S(O)NRgIRhl, S(OkRfl, 

10 and S(O)2NRgIRbl. 

In some embodiments, R4n is aryl, cycloalkyl, heteroaryl, or heterocycloalkyl, each optionally 

substituted by 1, 2, 3, 4 or 5 substituents independently selected from halo, C 1-6 alkyl, C2.6 alkenyl, Cz_ 

6 alkynyl, (:1-4 haloalkyl, Cyt, CN, N02, ORe 1 , SRel, C(O)R fi, C(O)NRg1Rhl, C(O)ORel, OC(O)RfI , 

OC(O)NRg1Rhl, NRgIC(O)NRgIRhl, NRg1Rhl, NRg1C(O)Rfi , NRgtC(O)ORcl, C(=NRi)NRS1Rhl , 

15 NRgIC(=NRi)NRIlIRhl, p(Rfl)2' P(ORel)2, P(O)ReIRfi , P(O)ORCIORf1 , S(O)Rf1, S(O)NRgIRhl , S(OkRfi, 

and S(O)2NRgIRhl. 

In some embodiments, RSa is CI•B alkyl, C2-8 alkenyl, or CZ-8 alkynyl, each optionally 

substituted by 1,2,3,4 or 5 substituents independently selected from halo, CI-6 alkyl, CZ-6 alkenyl, C2. 

6 alkynyl, CI-4 haloaIkyl, Cyt, CN, NOz, ORe I , SRel, C(O)RfI , C(O)NRIlIRhl, C(O)ORel, OC(O)Rfl , 

20 OC(O)NRg1R!'1, NRs1C(O)NRIl1Rhl, NRIlIRhl, NRgIC(O)Rf1 , NRsIC(O)ORel, C(=NRi)NRgIRhl , 

NRgIC(=NRi)NRgIRhl, P(RfI)z, P(ORel)z, P(O)ReIRfl , P(O)OReIORfl , S(O)RfI , S(O)NRgIRhl, S(O)zRfI , 

and S(O)ZNRIlIRhl. 

In some embodiments, RSa is aryl, cycloalkyl, heteroaryl, or heterocycloalkyl, each optionally 

substituted by 1,2,3,4 or 5 substituents independently selected from halo, CI-6 alkyl, CZ-6 alkenyl, C2-

25 6 aIkynyl, CI-4 haloalkyl, Cyl, CN, N02, OReI, SRel, C(O)RfI , C(O)NRIlIR!'I, C(O)ORel , OC(O)Rf1 , 

OC(O)NRIl1Rhl, NRgIC(O)NRgIRhl, NRgIRh1 , NRgIC(O)Rfl , NRgIC(O)ORel, C(=NRi)NRg1Rhl, 

NRIlIC(=NRi)NRgIRhl, p(RfI)2' P(ORcl)2' P(O)ReIRfI , P(O)OReIORfl , S(O)RfI , S(O)NRg1Rhl, S(OkRfl, 

and S(OkNRIl1Rhl. 

In some embodiments, R4b is H, CI.B alkyl, C2•B alkenyl, or C2-8 alkynyl, each optionally 

30 substituted by 1,2,3,4 or 5 substituents independently selected from halo, CI.6 alkyl, C2-6 alkenyl, Cz• 

6 alkynyl, CI-4 haloalkyl, CI-4 hydroxyalkyl, Cr, CN, NOz, ORe 1 , SRel, C(O)Rfi , C(O)NRS1Rhl , 

C(O)ORel , OC(O)Rfi , OC(O)NRgIRhl, NRgIC(O)NRgIRhl , NRg1Rhl, NRg1C(O)Rfi , NRs1C(O)ORet, 

C(=NRjNRIl1Rh1, NRIl1C(=NR)NRIlIRhl, P(Rflk, P(ORC')z, P(O)Re1Rf1, P(O)OReIORfi , S(O)Rfi, 

S(O)NRIl1Rhl, S(O)2RfI, and S(O)zNRgIRbl . 

35 In some embodiments, R4b is aryl, cycloalkyl, heteroaryl, or heterocycloaIkyl, each optionally 

substituted by 1,2,3,4 or 5 substituents independently selected from halo, CI-6 alkyl, C2•6 alkenyl, C2-
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6 alkynyl, CI-4 haloalkyl, CI-4 hydroxyalkyl, Cy-, CN, NOz, ORel, SR"I, C(O)RfI, C(O)NRgIRbl, 

C(O)ORol, OC(O)RfI , OC(O)NRgIRhl, NRg1C(O)NRgIRhl, NRgiRbl , NRg1C(O)Rfi , NRglC(O)ORel , 

C(=NR,NRgIRbl , NRIlIC(=NRi)NR8IRhl, p(RfI)2' p(OR"lb , P(O)ReIRfl, P(O)ORCIORfi , S(O)Rfl, 

S(O)NRgIRhl, S(O)2Rfl , and S(O)2NRIlIRhl. 

5 In some embodiments, R4b is H. 

In some embodiments, RSb is H, CI -8 alkyl, G.!.s alkenyl, ~-8 alkynyl, aryl, cycloalkyl, 

heteroaryl, or heterocycloalkyl, each optionally substituted by 1,2,3,4 or 5 substituents 

independently selected from halo, CI-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, CI-4 haloalkyl, CI-4 

hydroxya1kyl, Cy-, CN, N02, ORel, SRel, C(O)Rfl, C(O)NRllIRhl, C(O)ORC1, OC(O)Rfl , 

10 OC(O)NRll1Rhl, NRgIC(O)NRg1Rhl, NRll lRh 1 , NRlllC(O)Rfl, NRlllC(O)ORel, C(=NRI)NRIlIRhl, 

NRIlIC(=NRi)NRIlIRhl, p(Rfl)2' P(ORe'b, P(O)ReIRfl , P(O)ORC10Rfl , S(O)RfI, S(O)NRIlIRhl, S(O)2Rfl, 

and S(O)ZNRlllRhl. 

In some embodiments, R Sb is H, Clog alkyl, C2-8 alkenyl, C2-8 alkynyl, aryl, cycloalkyl, 

heteroaryl, or heterocycloalkyl, each optionally substituted by 1,2,3,4 or 5 substituents 

15 independently selected from halo, CI-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, CI-4 haloalkyl, Cy-, CN, NO;!, 

ORel, SRet, C(O)Rfi , C(O)NRg1Rhl, C(O)ORet, OC(O)RfI , OC(O)NRllIRhl, NRIlIC(O)NRIlIRhl, 

NRg1Rhl, NRlllC(O)Rfl, NRIlIC(O)ORel, P(Rfi)2, p(OR"I);!, P(O)ReIRfl , P(O)ORC10Rfl , S(O)RfI , 

S(O)NRg1Rhl, S(O)2RfI, and S(O)2NRll1Rhl . 

In some embodiments, R Sb is H. 

20 In some embodiments, R4b is H and RSb is H, CI-8 alkyl, C2-8 alkenyl, Cu alkynyl, aryl, 

cycloalkyl, heteroaryl, or heterocycloalkyl, each optionally substituted by 1, 2, 3, 4 or 5 substituents 

independently selected from halo, CI_6 alkyl, C2•6 alkenyl, C2-6 aIkynyl, CI-4 haloalkyl, C 1-4 

hydroxya1kyl, Cy-, CN, N02, ORel, SR"l, C(O)Rfi , C(O)NRllIRhl, C(O)ORe1 , OC(O)Rfl, 

OC(O)NRgl~l, NRIlIC(O)NRll1Rhl, NRll1Rhl, NRg1C(O)RfI, NRll1C(O)ORel, C(=NRi)NR.1lIRhl, 

25 NRg1C(=NRjNRIl1Rhl , p(Rfl)2' P(ORel)2, P(O)ReIRfl , P(O)ORelORfl, S(O)Rfi, S(O)NRllIRhI, S(O)2Rfl, 

and S(O};'.NRg1Rhl. 

In some embodiments, R4b is H and RSb is H, CI-8 alkyl, C2-8 alkenyl, C2-8 alkynyl~ aryl, 

cycloalkyl, heteroaryl, or heterocycloalkyl, each optionally substituted by 1,2, 3,4 Qr 5 substituents 

independently selected from halo, CI-6 alkyl, C2-6 alkenyi, C2-6 alkynyl, CI-4 haloalkyl, Cy-, CN, N02, 

30 ORel, SRel , C(O)Rfl, C(O)NRS1Rhl, C(O)ORel, OC(O)Rfi, OC(O)NRg1Rht , NRgtC(O)NRgIRhl• 

NRs1Rhl, NRIlIC(O)Rfi , NRIlIC(O)ORel, p(Rfl)2. P(ORe1)2. P(O)ReIRfl , P(O)OReIORfl , S(O)RfI, 

S(O)NRllIRht, S(O)2RfI, and S(O)2NRCIRbl. 

In some embodiments, _(YI)q-(R4&)r-{y2)s-R4b is Hand -(X1)m-(RS&)o-(X2)p-Rsb is H. 

In some embodiments, a and b are both O. 

35 In some embodiments, r and s are both o. 
In some embodiments, q, r, and s are all O. 
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In some embodiments, n and p are both O. 

In some embodiments, a is O. 

In some embodiments, a is 1. 

In some embodiments, b is O. 

In some embodiments, b is 1. 

In some embodiments, q is O. 

In some embodiments, q is 1. 

In some embodiments, r is O. 

In some embodiments, r is 1. 

In some embodiments, s is O. 

In some embodiments, s is 1. 

In some embodiments, m is O. 

In some embodiments, m is 1. 

In some embodiments, n is O. 

In some embodiments, n is 1. 

In some embodiments, pis O. 

In some embodiments, p is 1. 

In some embodiments, t is 1. 

In some embodiments, t is 2. 

In some embodiments, t is 3. 

In some embodiments, t is 4. 

In some embodiments, u is O. 

In some embodiments, u is 1. 

In some embodiments, u is 2. 

In some embodiments, u is 3. 

In some embodiments, v is O. 

In some embodiments, v is l. 

In some embodiments, v is 2. 

In some embodiments, v is 3. 

In some embodiments, the compounds of the invention have Formula II: 

HO~ 

R3b-1R'~ I J \ ra--r !;( ~X1J:-R5b 
H N" /N 

o 
II 

14 



wherein: 

Xl is (CR8Rb)t or (CRaRb)I1C(O)(CRaRb)v; 

R3a is C 1-8 alkyl, C2-8 alkenyl, C2-8 aIkynyl, aryl, cycloalkyl, heteroaryl, or heterocycIoalkyl, 

each optionally substituted by 1, 2, 3, 4 or 5 substituents independently selected from halo, CI..6 alkyl, 

5 Cu alkenyl, CZ_6 alkynyI, CI-4 haloalkyl, Cyl, CN,NOz, ORel, SRel, C(O)RfI , C(O)NRSIRhl , 

C(O)OR"I , OC(O)RfI, OC(O)NRIlIRht, NRSIC(O)NRIl1Rhl , NRIlIRhl, NRIlIC(O)Rfl , NRgIC(O)ORel, 

p(RfI)2' P(ORelb, P(O)RelRfl , P(O)OReIORfl , S(O)RfI, S(O)NRIlIRh1, S(O):zRfI, and S(O)2NRgIRhl; 

R3b is H, C1-s alkyl, CZ_g alkenyl, CZ_8 alkynyl, aryl, cycloalkyl, heteroaryl, or heterocycloalkyI, 

each optionally substituted by 1,2,3,4 or 5 substituents independently selected from halo, CI..6 alkyl, 

10 Cz..6 alkenyl, C2-6 alkynyl, Ct-4 haloalkyl, cy, CN, NOz, ORet, SRe', C(O)RfI, C(O)NRlltRhl, 

C(O)ORe1, OC(O)RfI, OC(O)NRStRhl, NRIlIC(O)NRIlIR"I, NRlllRhl, NRIl1C(O)Rfl , NRIlIC(O)ORet, 

p(RfI)2' P(ORel)2, P(O)ROlRfl, P(O)OR010Rfl , S(O)RfI, S(O)NRSlRbl , S(O)2RfI , and S(O)2NRgIRhl; 

R5b is H, CI-8 alkyl, CZ-8 a1kenyl, C2-8 alkynyl, aryl, cycloalkyl, heteroaryl, or heterocycloalkyl, 

each optionally substituted by I, 2, 3, 4 or 5 substituents independently selected from halo, Cl..6 alkyl, 

15 C2-6 alkenyl, CZ-6 alkynyl, CI-4 haloalkyl, cy, CN, NOz, OR"\ SROl, C(O)RfI, C(O)NRIlIRhl, 

C(O)ORet, OC(O)Rfl, OC(O)NRlllRhl, NRlllC(O)NRlllR"I, NRlllRh\ NRIl1C(O)RfI, NRlllC(O)ORel, 

p(Rfl)z, P(ORol)z, P(O)ReIRfl, P(O)OReIORfl, S(O)RfI , S(O)NRlllRhl, S(O)zRfl , and S(O)ZNRIl1Rh1; 

Cyt and cy are independently selected from aryl, heteroaryl, cycloalkyl, or heterocycloalkyl, 

each optionally substituted by 1; 2, 3; 4 or 5 substituents independently selected from halo, CI-4 alkyl, 

20 C2-4 alkenyl, CZ-4 alkynyI, CI-4 haloalkyl, CN, NOz, ORe3, SRe3, C(O)Rf3, C(O)NRg3Rh3, C(O)ORe3, 

OC(O)Rf3, OC(O)NRs3Rh3, NRsJRh3, NRsJC(O)Rh3, NRsJC(O)ORe3, p(RB)2' P(ORe3)z, P(O)Re3Rf3, 

P(O)ORe3ORf3, S(O)Rf3, S(O)NRIl3Rh3, S(O)2Rf3, and S(O)zNRsJRh3; 

Ra and Rb are independently selected from H, halo, C1..6 alkyl, CZ..6 a1kenyl, CH aIkynyl, CI-4 

haloalkyl, aryl, cycloalkyl, heteroaryl, heterocycloalkyJ, arylalkyl, cycloalkylalkyl, heteroarylalkyl, 

25 heterocycloalkylalkyl, CN, NOz, ORe4, SRe4, C(O)Rf4, C(O)NRIl4Rh4, C(O)ORe4, OC(O)Rf4 , 

OC(O)NRS~h4, NRs4Rb4, NRIl4C(O)Rb4, NRs4C(O)ORe4, p(Rf4)2' P(ORe4)z, P(O)Re4Rf4, 

P(O)ORe40Rf4, S(O)Rf4, S(O)NRs4Rh4, S(O)2Rf4, and S(O)2NRs4Rh4; 

Ret, Re3 ,and Re4 are independently selected from H, CI..6 alkyl, CI..6 haloalkyl, C2-6 a1kenyJ, (CI_ 

6 aIkoxy)-CI-6 alkyl, CZ-6 alkynyl, aryl, cycloalkyl, heteroaryl, heterocycloalkyl, arylalkyI, 

30 cycloa1kylalkyl, heteroarylalkyl and heterocycloalkylalkyl; 

Rfl ,RB, and Rf4 are independently selected from H, CI-6 alkyl, CI..6 haloalkyl, CZ-6 a1kenyl, CZ-6 

alkynyl, aryl, cycloalkyl, heteroaryl and heterocycloalkyI; 

Rill, RsJ, and RIl4 are independently selected from H, CI-6 alkyl, CI-6 haloalkyl, C2-6 alkenyl, 

C2-G alkynyl, aryl, cycloalkyl, arylalkyl, and cycloalkylalkyl; 

35 RbI, Rh3, and Rh4 are independently selected from H, CI_6 alkyl, CI-6 haloalkyl, CZ-6 a1kenyl, 

C2-6 alkynyl, aryl, cycloalkyl, arylalkyl, and cycloalkylalkyl; 
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or Rill and Rhl together with the N atom to which they are attached form a 4-, 5-, 6- or 7-

membered heterocyc1oalkyl group; 

or Rg3 and Ri>3 -together with the N atom to which they are attached form a 4-, 5-, 6- or 7-

membered heterocycloalkyl group; 

5 or R&4 and Rh4 together with the N atom to which they are attached form a 4-,5-,6- or 7-

membered heterocycloalkyl group; 

aisOorl; 

misOor1; 

tis 1,2,3,4,5 or 6; 

10 u is 0, 1,2,3,4,5 or 6; and 

v is 0, 1,2,3,4,5 or 6. 

In some embodiments of Formula II, when -(XI)m-RSb is H; then _(R3a)a_R3b is other than: 

i) phenyl, 4-iodophenyl, 4-chlorophenyl, 4-bromophenyl, 4-methylphenyl, 3-

15 methylphenyl, 2-methylphenyl, 2,4-dimethylphenyl, 2,6-dimethylphenyl, 2,5-dimethylphenyl, 3,4-

dimethylphenyl, 2-methoxyphenyl, or 2-dimethylamino-5-nitrophenyl; 

ii) -CH2CH2NRXRY, wherein each RX and RY is, independently, H, ethyl, -C(O)­

oxadiazole optionally substituted with amino, or phenyl optionally having at least one substituent 

which is nitro; or 

20 iii) Ct_3 alkyl, -C(O)-(CI4 haloalkyl), naphthyl, or benzyl. 

In some embodiments, R3a is Cl_8 alkyl. 

In some embodiments, R3b is aryl or heteroaryl, each optionally substituted by 1, 2, 3, 4 or 5 

substituents independently selected from halo, CI-6 alkyl, CM alkenyl, ~-6 alkynyl, Cl4 haloalkyl, 

25 Cr, CN, NOz, ORcl, SR"l, C(O)Rfl, C(O)NRlltRhl, C(O)ORel, OC(O)RfI, OC(O)NRIlIRbl , 

NRgtC(O)NRg1Rhl, NRIlIRhl, NRIl1C(O)RfI, NRg1C(O)ORel , p(RfI)2' P(ORel)2, P(O)RC1Rfl, 

P(O)ORC10Rfl , S(O)Rfl, S(O)NRIl1Rh1, S(O)2Rfl, and S(O)2NRgIRhl. 

In some embodiments, RSb is H. aryl. or heteroaryl, each optionally substituted by 1,2, 3,4 or 

5 substituents independently selected from halo, CI-6 alkyl, C2-6 alkenyl, C2-(; aIkynyl, Cl4 haloalkyl, 

30 Cr, CN,N02• ORel, SR"" C(O)Rfl, C(O)NRIl1Rhl , C(O)ORet, OC(O)RfI , OC(O)NRglRhi, 

NRIlIC(O)NRgIRhl, NRgIRh1, NRSI C(O)Rfl ,NRg1C(O)ORel , p(Rfl)2' P(ORC1)2, P(O)ReIRfl, 

P(O)ORC10RfI , S(O)Rfl , S(O)NRIl1Rhl, S(OhRfl , and S(O)zNRg1Rhl . 

In some embodiments, the compounds of the invention have Fonnula I:. 
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wherein: 

R10 

R3b-H~RiN ~r 
~2 

I 

( TiR4~Y2t.-R4b 

N'(xtt5?fX2~R5b 

Ring A is as-membered carbocyclyl or heterocyclyl ring optionally substituted by 1,2,3,4 

5 orSRG; 

W, Xl, X2, yl, and yZ are independently selected from (CRaRb)r. (CRaRb)uO(CR aR")" 

(CR"R")uC(O)(CRaRb)v, (CR"R")uC(O)NRC(CR"Rb)v, (CR"R")uC(O)O(CRaRb)v, (CR"Rh)uC(S)(CRaR")n, 

(CRaRb)uC(S)NRc(CRaRb)v, (CRaR")nS(O)(CRaRb)v, (CRaRb)uS(O)NRc(CRaR,,)v, 

(CRaR")uS(O)2(CRaRb)" (CRaRb)uS(O)zNRC(CR"Rb)y, (CR"Rb)uNRC(CR"Rb)v, and 

10 (CRaR")uC(=NRd)NRc(CRaRb)v; 

RI is H, C(O)R7, C(O)NRB"R8b, C(O)OR8, CI-8 alkyl, C2-8 alkenyl, Cz-s alkynyl, aryl, 

cycloalkyl, heteroaryl, heterocycloa1kyl, arylalkyl, cycloalkylalkyl, heteroaryla1kyl, or 

heterocycloalkylalkyl; 

R 2 is H, CI-6 alkyl, or C3-7 cycloalky1; 

15 R3a, R4a, and RSa are independently selected from CI_S alkyl, ~-8 alkenyl, CZ-8 alkynyl, aryl, 

cycloalkyl, heteroaryl, or heterocycloalkyl, each optionally substituted by 1,2,3,4 or 5 substituents 

independently selected from halo, CloG alkyl, CZ-G alkenyl, C2_G alkynyl, CI -4 haloa1kyl, Cy, CN, NOz, 

ORel, SRel , C(O)RfI, C(O)NRS1Rb1 , C(O)ORe1, OC(O)RfI, OC(O)NRBIRh1, NRg1C(O)NRg1Rhl, 

NR81Rhl, NRs1C(O)RfJ , NRs1C(O)ORel, C(=NR~gIRhl, NR81C(=NRi)NR8IRhl, p(RfI)2' P(ORCI)z, 

20 P(O)ReIRfJ , P(O)OReIORfJ" S(O)RfI, S(O)NRSIRhl , S(O)2RfI, and S(O)2NRSIRhl;, 

R3b is H, CI-8 alkyl, C2-B alkenyl, Cz-8 alkynyl, aryl, cycloalkyl, heteroaryl, or heterocycloalkyl, 

each optionally substituted by 1, 2, 3,4 or 5 substituents independently selected from halo, CI -6 alkyl, 

CZ-6 alkenyl, CZ-6 alkynyl, Cl -4 haloa1kyl, CI-4 hydroxyalkyl, eyz, CN, NOz, ORel , SROI, C(O)RfI , 

C(O)NRS1Rhl , C(O)ORel , OC(O)RfI , OC(O)NRS1Rhl , NRIlIC(O)NRgIRhl, NR81Rhl, NRgIC(O)Rfi , 

25 NR8IC(O)ORe1, C(=NRi)NRS1Rbl , NR8IC(=NRi)NRSIRht, p(RfI)z, P(ORC1)2, P(O)ReIRfI, 

P(O)ORe10Rfi , S(O)Rfl , S(O)NRS1Rh1, S(O)zRfI, and S(O)zNRgIRhl; 

R4b is H; 

RSb is CI-8 alkyl, ~-8 alkenyl, C2-8 alkynyl, aryl, cycloalkyl, heteroaryl, or heterocyc1oalkyl, 

each optionally substituted by 1,2,3,4 or 5 substituents independently selected from halo, CI-6 alky~ 

30 CM alkenyl, CM alkynyl, CI-4haloa1kyl, Cl-4 hydroxyalkyl, CyZ, CN, NOz, ORel , SRet, C(O)RfI, 

C(O)NRS1Rh1, C(O)ORe1 , OC(O)RfI , OC(O)NRg1Rh1 , NRSIC(O)NRCIRhl, NRsIRhl, NR8I C(O)Rfl , 
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NRg1CCO)ORCt, C(=NRi)NRgIRhl, NRgIC(=NRi)NRgIRhl, p(Rfi)z, P(ORel)2, p(O)Rel~, 

P(O)OReIORfi , S(O)RfI , S(O)NRIlIRhl , S(O)2RfI, and S(O)2NRIlIRhl; 

or R2 and -(R3ak(W)b-R3b together with the N atom to which they are attached fonn a 4- to 

20- membered heterocycloalkyI group optionally substituted by 1,2,3,4 or 5 substituents 

5 independently selected from halo, CI-6 alkyl, C2-6 a1kenyi, C206 alkynyl, CI-4 haloalkyl, Cr, CN, N02, 

ORel, SRel , C(O)Rfi , C(O)NRIlIRhl, C(O)ORe1, OC(O)~, OC(O)NRg1Rhl , NRIlIC(O)NRClRhl, 

NRg1Rbl, NRclC(O)Rfi , NRIl1C(O)ORel, S(O)Rfi, S(O)NRIlIRhi, S(O)2~' and S(O)2NRC1Rh1; 

or-(Yl)q-(R4a)r-(Y2)s-R4b and -(XI)m-(RSa)n-Oe)p-RSb together with the N atom to which they 

are attached form a 4- to 20- membered heterocycloalkyl group optionally substituted by 1, 2, 3, 4 or 

10 5 substituents independently selected from halo, C!-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, CI-4 haloalkyl, 

Cy4, CN, N02, ORC!, SRel , C(O)Rfl , C(O)NRC1RhI, C(O)OReI, OC(O)Rfi , OC(O)NRCIRhl , 

NRIlIC(0)NRCIRhl, NRg1Rhi ,NRg1C(O)Rfi , NRc1C(O)ORe1 , S(O)Rfl , S(O)NRIl1Rhl , S(O).zRfI, and 

S(O)2NR'l1Rh1 ; 

R6 is halo, CI-6 alkyl, C2-6 alkenyl, C2-6 a1kynyl, CI-4 haloalkyl, aryl, cycloalkyl, heteroaryl, 

15 beterocycloalkyl, arylalkyl, cycloalkylalkyl, heteroarylalkyl, heterocycloalkylalkyl, CN, NOz, ORe2, 

SRe2, C(O)Rf2, C(O)NRg2Rh2, C(O)ORe2, OC(O)Rf2, OC(O)NRg2Rh2, NRg2Rh2, NRg2C(O)Rf2, 

NR!l2C(O)ORe2, C(=NRi)NRg1Rhl, NRIlIC(=NRi)NRgIRhl, P(Rf2).z, P(ORez)z, P(O)Re2Rf2, 

P(O)ORe2ORf2, S(O)Rf2, S(O)NR!l2Rh2, S(O)2Rf2, or S(O)2NR!l2Rh2; 

R7 and R8 are independently selected from H, C1-S .alkyl, aryl, heteroaryl, cycloalkyl, 

20 heterocycloalkyl, arylalkyl, heteroarylalkyl, cycloalkylalkyl, and heterocycloalkylalkyl, each 

optionally substituted by one or more substituents independently selected from halo, CN, N02, OH, 

CI -4 a1koxy, CI-4haloalkoxy, amino, CI-4 alkylamino, C20 g dialkylamino, CI-6alkyl, C2-6 alkenyl, and C2-

6alkynyl; 

R8a and R8b are independently selected from H, CI-6 alkyl, CI-6 haloalkyl, C2-6 alkenyl, C2-6 

25 alkynyl, aryl, cycloalkyl, arylalkyl, and cycloalkylalkyl; 

C~, ct, Cr, and Cy4 are independently selected from aryl, heteroaryl, cycloalkyl, or 

heterocycloalkyl, each optionally substituted by 1,2,3,4, or 5 substituents independently selected 

from halo, CI-4 alkyl, C2-4 alkenyl, C2-4 alkynyl, CI-4haloalkyl, CN, N02, ORe3, SRe3, C(O)Rf3, 

C(O)NRIl3Rh3, C(O)ORe3 , OC(O)Rf3, OC(O)NRg3Rh3, NRg3Rh3, NRg3C(O)Rh3, NRg3CCO)ORe3, 

30 S(O)~, S(O)NRg3R!'3, S(O)2Rf3, and S(O)2NRg3Rh3; 

Ra and Rb are independently selected from H, halo, CI-6 alkyl, CM a1k:enyl, C20 G alkynyl, CI-4 

haloalkyl, aryl, cycloalkyl, heteroaryl, heterocycloalkyl, arylalkyl, cycloalkylalkyl, heteroarylalkyl, 

heterocycIoalkyla1kyl, CN, N02, ORe4, SRe4, C(O)Rf4, C(O)NRIl~h4, C(O)ORe4, OC(O)RflI , 

OC(O)NRg4Rh4, NRg4Rh4, NRg4C(O)Rh4, NRg4C(O)ORe4, C(=NR~NRgIRhl, NRlllq=NRi)NR'l1Rhl, 

35 P(Rf4)z, P(ORe4)2, P(O)Re4Rf4, P(O)ORe40Rf4, S(O)Rf4 , S(O)NR84Rh4, S(O)2Rf., and S(O)2NRg4Rh4; 

RC is H, CI_6 alkyl, CI-6 haIoalkyl, C2-6 alkenyl, C2-6 alkynyl. aryl, cyc1oalkyl. arylalkyl, or 

cycloalkylalkyl; 
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Rd is H, ORdl , CN or N02; 

Rdl is H, CI-6 alkyl, C\.6 haloalkyl, C2-6 alkenyl, CM alkynyl, aryl, cycloalkyl, arylalkyl, or 

cycloalkylalkyl; 

Rei ,Re2, Re3 ,and Re4 are independently selected from H, C1•6 alkyl, CI-6 halo alkyl, CM alkenyl, . 

5 (CI-6 aIkoxy)-CI-6 alkyl, C2-6 alkynyl, aryl, cycloalkyl, heteroaryl, heterocycloaIkyl. arylalkyl, 

cycloalkylalkyl, heteroarylalkyl or heterocycloalkylalkyl; 

Rfl,Rf2, Rf3, and R!4 are independently selected fromH, CI-6 alkyl. C'-6haloaIkyl, Cl -6 alkenyl, 

CM alkynyl, aryl, cycloalkyl, heteroaryl or heterocycloalkyl; 

Rill, Rs2, Rc3, and Rg4 are independently selected from H, CI-6 alkyl, Cl -6 haloalkyl, C2-6 

10 alkenyl, C2-6 alkynyl, aryl. cycloalkyl, arylalkyl, or cycloalkylalkyl; 

~I, Rh2, R h3, and R b4 are independently selected from H, CI•6 alkyl, CI-6 haloalkyl, CM 

alkenyl, C2•6 alkynyl. aryl, cycloalkyl, arylalkyl, or cycloalkylalkyl; 

or Rill and Rhl together with the N atom to which they are attached fonn a 4-, 5-, 6- or 7-

membered heterocycloalkyl group; 

15 or Rs2 and Rh2 together with the N atom to which they are attached fonn a 4-.5-,6- or 7-

membered heterocycloalkyl group; 

or Rc3 and Rh3 together with the N atom to which they are attached fonn a 4-, 5-, 6- or 7-

membered heterocycloaIkyl group; 

or Rs4 and Rh4 together with the N atom to which they are attached fonn a 4-, 5-,6- or 7-

20 membered heterocycloalkyl group; 

Ri is H. CN, or N02; 

. aisOorl; 

b is Oor1; 

misOorl; 

25 n is 0 or 1; 

pisOorl; 

qisO; 

risO; 

sis 0; 

30 tis 1, 2, 3, 4, 5 or 6; 

u is 0, 1,2,3,4,5 or 6; and 

v is 0, 1,2, 3,4, 5 or 6. 

At various places in the present specification, substituents of compounds of the invention are 

35 disclosed in groups or in ranges. It is specifically intended that the invention include each and every 

individual subcombination of the members of such groups and ranges. For example, the tenn "C I-6 
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alkyl" is specifically intended to individually disclose methyl, ethyl, C3 alkyl, C4 alkyl, Cs alkyl, and 

C6 alkyl. 

It is further intended that the compounds of the invention are stable. As used herein "stable" 

refers to a compound that is sufficiently robust to survive isolation to a useful degree of purity from a 

5 reaction mixture, and preferably capable of fonnulation into an efficacious therapeutic agent. 

It is further appreciated that certain features of the invention, which are, for clarity, described 

in the context of separate embodiments, can also be provided in combination in a single embodiment. 

Conversely, various features of the invention which are, for brevity, described in the context of a 

single embodiment, can also be provided separately or in any suitable subcombination. 

10 As used herein, the tenn "alkyl" is meant to refer to a saturated hydrocarbon group which is 

straight-chained or branched. Example alkyl groups include methyl (Me), ethyl (Et), propyl (e.g., n­

propyl and isopropyl), butyl (e.g., n-butyl, isobutyl, t-butyl), pentyl (e.g., n-pentyl, isopentyl, 

neopentyl), and the like. An alkyl group can contain from 1 to about 20, from 2 to about 20, from I to 

about 10, from 1 to about 8, from 1 to about 6, from 1 to about 4, or from 1 to about 3 carbon atoms. 

15 As used herein, "alkenyl" refers to an alkyl group having one or more double carbon-carbon 

bonds. Example alkenyl groups include ethenyl, propenyl, and the like. 

As used herein, "alkynyl" refers to an alkyl group having one or more triple carbon-carbon 

bonds. Example alkynyl groups include ethynyl, propynyl, and the like. 

As used herein, "haloalkyl" refers to an alkyl group having one or more halogen substituents. 

20 Example haloalkyl groups include CP3. C:zFs, CHF2, CC1:h CHCh, C2CIs, and the like. 

As used herein, "carbocyclyl" groups are saturated (i.e., containing no double or triple bonds) 

or unsaturated (i.e., containing one or more double or triple bonds) cyclic hydrocarbon moieties. 

Carbocyclyl groups can be mono- or polycyclic (e.g., having 2, 3 or 4 fused rings or spirocyc1es). 

Example carbocyclyl groups include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, 

25 cyclopentenyl, 1,3-cyclopentadienyl, cyclohexenyl, norbomyl, norpinyl, norcarnyl, adamantyl, 

phenyl, and the like. Carbocyclyl groups can be aromatic (e.g., "aryl") or non-aromatic (e.g., 

"cycloalkyl"). In some embodiments, carbocyclyl groups can have from about 3 to about 30 carbon 

atoms, about 3 to about 20, about 3 to about 10, or about 3 to about 7 carbon atoms. 

As used herein, "aryl" refers to monocyclic or polycyclic (e.g., having 2,3 or 4 fused rings) 

30 aromatic hydrocarbons such as, for example, phenyl, naphthyl, antbracenyl, phenanthrenyl, indanyl, 

indenyl, and the like. In some embodiments, aryl groups have from 6 to about 20 carbon atoms. 

As used herein, "cycloalkyl" refers to non-aromatic carbocycles including cyclized alkyl, 

alkenyl, and alkynyl groups. Cycloalkyl groups can include mono- or polycyclic (e.g., having 2, 3 or 4 

fused rings) ring systems, including spirocycles. ill some embodiments, cycloalkyl groups can have 

35 from 3 to about 20 carbon atoms, 3 to about 14 carbon atoms, 3 to about 10 carbon atoms, or 3 to 7 

carbon atoms. Cycloalkyl groups can further have 0, 1,2, or 3 double bonds andlor 0, 1, or 2 triple 

bonds. Also included in the definition of cycloaIkyl are moieties that have one or more aromatic 
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rings fused (i.e., having a bond in common with) to the cycloallcyl ring, for example, benro 

derivatives of pentane, pentene, hexane, and the like. One or more ring-forming carbon atoms of a 

cycloallcyl group can be oxidized, for example, having an oxo or sulfide substituent. Example 

cycloallcyl groups include cyclopropyl, ~yclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, 

5 cyclopentenyl, cyclohexenyl, cyclohexadienyl, cycloheptatrienyl, norbomyl, norpinyl, norcamyi, 

adamantyl, and the like. 

As used herein, ''heterocyclyl'' or ''heterocycle'' refers to a saturated or unsaturated cyclic 

group wherein one or more of the ring-forming atoms is a heteroatom such as 0, S, or N. 

Heterocyclyl groups include mono- or polycyclic ring systems. Heterocyclyl groups can be aromatic 

10 (e.g., "beteroaryl") or non-aromatic (e.g., ''heterocycloalkyl''). Heterocyc1yl groups can be 

characterized as having 3-14, 3-12, 3-10, 3-7, or 3-6 ring-fonning atoms. In some embodiments, 

heterocyclyl groups can contain, in addition to at least one heteroatom, from about 1 to about 13, 

about 2· to about 10, or about 2 to about 7 carbon atoms and can be attachedl1inked through either a 

crubon atom or a heteroatom. In further embodiments, the heteroatom can be oxidized (e.g., have an 

15 oxo or sulfido substituent) or a nitrogen atom can be quatemized. Examples of heterocyclyl groups 

include morpholino, thiomorpholino. piperazinyl, tetrahydrofuranyl, tetrahydrothienyl, 2,3-

dihydrobenzofinyl, 1,3-benzodioxole, benzo-l,4-dioxane, piperidinyl, pyrrolidinyl, isoxazolidinyl. 

isothiazolidinyl. pyrazolidinyl, oxazolidinyl. thiazolidinyl, imidazolidinyl, and the like, as well as any 

of the groups listed below for _"heteroaryl" and "heterocycloalkyl." Further example heterocycles 

20 include pyrimidinyl, phenanthridinyl. phenanthrolinyl, phenazinyl, phenothiazinyl, phenoxathiinyl, 

phenoxazinyl, phthalazinyl, piperazinyl, piperidinyl, 3,6-dihydropyridyl, 1,2,3,6-tetrahydropyridyl, 

l,2,5,6-tetrahydropyridyl, piperidonyl, 4-piperidonyl, piperonyl, pteridinyl, purinyl, pyranyl. 

pyrazinyl, pyrazolidinyl, pyrazolinyl, pyrazolyl, pyridazinyl, pyridooxazole, pyridoimidazole, 

pyridothiazole, pyridinyl, pyridyl, pyrimidinyl, pyrrolidinyl, pyrrolinyl, 2H-pyrrolyl, pyrrolyl, 

25 tetrahydrofuranyl, tetrahydroisoquinolinyl. tetrahydroquinolinyl, tetrazolyl, 6H-l,2,5-thia-diazinyl, 

1,2,3-thiadiazolyl, l,2,4-thiadiazolyl, l,2,5-thiadiazolyl, 1,3,4-thiadiazolyl, thianthrenyl, thiazolyl, 

thienyl, thienothiazolyl, thienooxazolyl, thienoimidazolyl, thiophenyl, triazinyl, l,2,3-triazolyl, 1,2,4-

triazolyl, 1,2,5-triazolyl, l,3,4-triazolyl, xanthenyl, octahydro-isoquinolinyl, oxadiazolyl, 1,2,3-

oxadiazolyl, 1,2,4-oxadiazolyl, 1,2,5-oxadiazolyl, 1,3,4-oxadiazolyl, oxazolidinyl, oxazolyl, 

30 oxazolidinyl, quinazolinyl, quinolinyl, 4H-quinolizinyl. quinoxalinyl, quinuclidinyl, acridinyl, 

azocinyl, benzimidazolyl, benzofuranyl, benzothiofuranyl, benzo-thiophenyl, benzoxazolyl, 

benzthiazolyl, benztriazolyl, benztetrazolyl. benzisoxazolyl, benzisothiazolyl, benzimidazolinyl, 

methylenedioxyphenyl, morpholinyl, naphthyridinyl, deca-hydroquinolinyl, 2H,6H-l,5.2dithiazinyl, 

dihydrofuro[2,3-b]tetrahydrofuran, furanyI, furazanyl, carbazolyI, 4aH-carbazolyl, carbolinyl, 

35 chromanyl, chromenyl, cinnolinyl, imidazolidinyl, imidazolinyl, imidazolyl. IH-indazolyl, indolenyl, 

indolinyl, indoIizinyl, indolyl, 3H-indolyI, isobenzofuranyl, isochromanyl, isoindazolyl, isoindolinyl, 

isoindolyl, isoquinolinyl, isothiazolyl and isoxazolyI. Further examples of heterocycles include 
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azetidin-l-yl, 2,5-dihydro-lH-pyrrol-l-yl, piperindin-l yl, piperazin-l-yl, pyrrolidin-l-yl, isoquinol-2-

yl, pyridin-l-yl, 3,6-dihydropyridin-l-yl, 2,3-dibydroindol-l-yl, 1,3,4,9-tetrahydrocarboIin-2-yl, 

thieno[2,3-c ]pyridin-6-yl, 3,4,10,10a-tetrahydro-lH-pyrazino[1,2-a]indol-2-yl, 1,2,4,4a,5,6-

hexahydro-pyrazino[1,2-a]quinolin-3-yl, pyrazino(1,2-aJquinolin-3-yl, diazepan-l-yl, 1,4,5,6-

5 tetrahydro-2H-benzo[f]isoquinolin-3-yl, 1,4,4a,5,6,10b-hexahydro-2H-benzo[f]isoquinoIin-3-yl, 

3,3a,8,8a-tetrahydro-lH-2-aza-cyc1openta[a]inden-2-yl, and 2,3,4,7-tetrahydro-lH-azepin-l-yl, 

azepan-l-yl. 

As used herein, a ''heteroaryI'' group refers to an aromatic heterocycle having at least one 

, heteroatom ring member such as sulfur, oxygen, or nitrogen. Heteroaryl groups include monocyclic 

10 and polycyclic (e.g., having 2,3 or 4 fused rings) systems. Any ring-forming N atom in a heteroaIyl 

group can also be oxidized to form an N-oxo moiety. Examples ofheteroaryl groups include without 

limitation, pyridyl, N-oxopyridyl, pyrimidinyl, pyrazinyl, pyridazinyl, triazinyl, fury!, quinolyl, 

isoquinolyl, thienyl, imidazolyl, thiazolyl, indolyl, pyrryl, oxazolyl, benzofuryl, benzothienyl, 

benzthiazolyl, isoxazolyl, pyrazolyl, triazolyl, tetrazolyl, indazolyI, 1,2,4-thiadiazolyl, isothiazolyl, 

15 benzothienyl, purinyl, carbazolyl, benzimidazolyl, indolinyl, and the like. In some embodiments, the 

heteroaryl group has from 1 to about 20 carbon atoms, and in further embodiments from about 3 to 

about 20 carbon atoms. In some embodinlents, the heteroaryl group contains 3 to about 14,3 to about 

7, or 5 to 6 ring-forming atoms. In some embodiments, the heteroaryl group has 1 to about 4, 1 to 

about 3, or 1 to 2 heteroatoms. 

20 As used herein, "heterocycloalkyl" refers to a non-aromatic heterocycle where one or more of 

the ring-fonning atoms is a heteroatom such as an 0, N, or S atom. Heterocycloalkyl groups can 

include mono- or polycyclic (e.g., having 2,3 or 4 fused rings) ring systems as well as spirocycles. 

Example "heterocycloalkyl" . groups include morpholino, thiomorpholino, piperazinyl, 

tetrahydrofuranyl, tetrahydrothienyl, 2,3-dihydrobenzofuryl, l,3-benzodioxole, benzo-l,4-dioxane, 

25 piperidinyl, pyrrolidinyl, isoxazolidinyl, isothiazoIidinyl, pyrazolidinyl, oxazolidinyl, thiazolidinyl, 

imidazolidinyl, and the like. Ring-forming carbon atoms and heteroatoms of a heterocycloaIkyl group 

c~ be optionally substituted by oxo or sulfido. Also included in the definition ofheterocycloalkyl are 

moieties that have one or more aromatic rings fused (i.e., having a bond in common with) to the 

nonaromatic heterocyclic ring. for example phthalimidyl, naphthaIimidyl, and benzo derivatives of 

30 heterocycles such as indolene and isoindolene groups. In some embodinlents, the heterocycloaIkyl 

group has from 1 to about 20 carbon atoms, and in further embodiments from about 3 to about 20 

carbon atoms. In some embodiments, the heterocycloalkyl group contains 3 to about 20, 3 to about 

14,3 to about 7, or 5 to 6 ring-fonning atoms. In some embodiments, the heterocycloalkyl group has 

1 to about 4, 1 to about 3, or 1 to 2 heteroatoms. In some embodiments, the heterocycloaIkyl group 

35 contains 0 to 3 double bonds. In some embodiments, the heterocycloalkyl group contains 0 to 2 triple 

bonds. 

As used herein, "halo" or "halogen" includes fluoro, chIoro, bromo, and iodo. 
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As used herein, "haloalkyl" refers to an alkyl group substituted by at least one halogen atom. 

Example haloalkyl groups include fluoromethyl, difluoromethyl, trifluoromethyl, and the like. 

As used herein, "alkoxy" refers to an -O-alkyl group. Example alkoxy groups include 

methoxy, ethoxy, propoxy (e.g., n-propoxy and isopropoxy), t-butoxy, and the like. 

5 As used herein, "alkoxyalkyl" refers to an alky group substituted by an alkoxy group. 

As used here, "haloalkoxy" refers to an -O-haloalkyl group. An example haloalkoxy group is 

As used herein, "arylalkyl" refers to alkyl substituted by aryl and "cycloalkylalkyl" refers to 

alkyl substituted by cycloalkyl. An example arylalkyl group is benzyl. 

10 As used herein, ''heteroarylalkyl'' refers to alkyl substituted by heteroaryl and 

15 

"heterocycloalkylalkyl" refers to alkyl substituted by heterocycloalkyL 

As used herein, "amino" refers to NH2• 

As used herein, "alkylamino" refers to an amino group substituted by an alkyl group. 

As used herein, "dialkylamino" refers to an amino group substituted by two alkyl groups. 

It is understood that when a substituent is depicted structurally as a linking moiety, it is 

necessarily minimally divalent. For example, when the variable R3a of the structure depicted in 

Fonnula I is alkyl, the alkyl moiety is understood to be an alkyl linking moiety' such as -CH2-, -

CH2CHr , CH3CH<, etc. 

The compounds described herein can be asymmetric (e.g.,having one or more stereocenters). 

20 All stereoisomers, such as enantiomers and diastereomers, are intended unless othelWise indicated. 

Compounds of the present invention that contain asymmetrically substituted carbon atoms can be 

isolated in optically active or racemic forms. Methods on how to prepare optically active forms from 
I 

optically active starting materials are known in the art, such as by resolution of racemic mixtures or 

by stereos elective synthesis. Many geometric isomers of olefins, C=N double bonds, and the like can 

25 also be present in the compounds descnoed herein, and all such stable isomers are contemplated in the 

present invention. Cis and trans geometric isomers of the compounds of the present invention are 

described and may be isolated as a mixture of isomers or as separated isomeric forms. 

Compounds of the invention also include tautomeric forms, such as keto-enol tautomers. 

Compounds of the invention can also include all isotopes of atoms occurring in the 

30 intennediates or final compounds. Isotopes include those atoms having the same atomic number but 

different mass numbers. For example, isotopes of hydrogen include tritium and deuterjum. 

The present invention also includes pharmaceutically acceptable salts of ~e compounds 

described herein. As used herein, "phannaceutically acceptable salts" refers to derivatives of the 

disclosed compounds wherein the parent compound is modified by converting an existing acid or base 

35 moiety to its salt fonn. Examples ofphannaceutically acceptable salts include, but are not limited to, 

mineral or organic acid salts of basic residues such as amines; alkali or organic salts of acidic residues 

such as carboxylic acids; and the like. The pharmaceutically acceptable salts of the present invention 
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include the conventional non-toxic salts or the quaternary anunonium salts of the parent compound 

formed, for example, from non-toxic inorganic or organic acids. The pharmaceutically acceptable 

salts of the present invention can be synthesized from the parent compound which contains a basic or 

acidic moiety by conventional chemical methods. Generally, such salts can be prepared by reacting 

5 the free acid or base forms of these compounds with a stoichiometric amount of the appropriate base 

or acid in water or in an organic solvent, or in a mixture of the two; generally, nonaqueous media like 

ether, ethyl acetate, ethanol, isopropanol, or acetonitrile are preferred. Lists of suitable salts are found 

in Remington's P!tannaceutical Sciences, I? ed., Mack Publishing Company, Easton, Pa., 1985, p. 

1418 and Journal of Phannaceutical Science, 66, 2 (1977). each of which is incorporated herein by 

10 reference in its entirety. 

The phrase ''pharmaceutically acceptable" is employed herein to refer to those compounds, 

materials, compositions, andlor dosage forms 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 

15 benefit/risk ratio. 

The present invention also includes prodrugs of the compounds described herein. As used 

herein, "prodrugs" refer to any covalently bonded carriers which release the active parent drug when 

administered to a mammalian subject. Prodrugs can be prepared by modifying functional groups 

present in the compounds in such a way that the modifications are cleaved, either in routine 

20 manipulation or in vivo, to the parent compounds. Prodrugs include compounds wherein hydroxyl, 

amino, sulfhydryl, or carboxyl groups are bonded to any group that, when administered to a 

mammalian subject. cleaves to form a free hydroxyl, amino, sulfhydryl, or carboxyl group 

respectively. Examples of prodrugs include, but are not limited to, acetate, formate and benzoate 

derivatives of alcohol and amine functional groups in the compounds of the invention. Preparation 

25 and use of pro drugs is discussed in T. Higuchi and V. Stella, "Pro-drugs as Novel Delivery Systems," 

Vol. 14 of the A.C.S. Symposium Series, and in Bioreversible Camers in Drug Design, ed. Edward 

B. Roche, American Pharmaceutical Association and Pergamon Press, 1987, both of which are hereby 

incorporated by reference in their entirety. 

30 Synthesis 

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. 

35 The compounds of this invention can be prepared from readily available starting materials 

using the following general methods and procedures. It will be appreciated that where typical or 

preferred process conditions (i.e., reaction temperatures, times, mole ratios of reactants, solvents, 
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pressures, etc.) are given; other process conditions can also be used unless otherwise stated. Optimum 

reaction conditions may vary with the particular reactants or solvent used, but such conditions can be 

determined by one skilled in the art by routine optimization procedures. 

The processes described herein can be monitored according to any suitable method known in 

5 the art. For example, product formation can be monitored by spectroscopic means, such as nuclear 

magnetic resonance spectroscopy (e.g., IH or 13C) infrared spectroscopy, spectrophotometry (e.g., 

UV -visible), or mass spectrometry, or by chromatography such as high performance liquid 

chromatograpy (HPLC) or thin layer chromatography. 

Preparation of compounds can involve the protection and deprotection of various chemical 

10 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 protecting groups can be found, 

for example, in Greene, et aI., Protective Groups in Organic Synthesis, 2d. Ed., WIley & Sons, 1991, 

which is incorporated herein by reference in its entirety. 

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

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

substantially nonreactive 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 nrixture of more than one solvent Depending on the particular reaction step, 

20 suitable solvents for a particular reaction step can be selected 

Resolution of racemic mixtures of compounds can be carried out by any of numerous methods 

known in the art. An example method includes fractional recrystallization using a "chiral resolving 

acid" which is an optically active, saIt-fonning organic acid. Suitable resolving agents for fractional 

recrystallization methods are, for example, optically active acids, such as the D and L forms of tartaric 

25 acid, diacetyltartaric acid, dibenzoyltartaric acid, mandelic acid, malic acid, lactic acid or the various 

optically active camphorsulfonic acids. Resolution of racemic mixtures can also be carried out by 

elution on a column packed with an optically active resolving agent (e.g., 

dinitrobenzoylphenylglycine). Suitable elution solvent composition can be determined by one skilled 

in the art. 

30 The compounds of the invention can be prepared, for example, using the reaction pathways 

and techniques as described below. 

Compounds of Formula I can be synthesized by those skilled in the art. An example is shown 

in Scheme 1 (Q is N{(XI1,(RSa.1,(X2)pRsb}{yl)q(R4ak(Y2)sR4b} and NR'R" is N(R2){(R3a)aCW)b~b}). 

Nitrites (1) can be converted into runide oximes (2). Chlorination of the amide oximes can give 

35 chloro oximes (3) which can be reacted with a variety of arnines to give substituted amide oximes (4). 
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An example synthesis ofoxadiazole cores is shown in Scheme 2. 4-Amino-N-hydroxy-l,2,5-

oxadiazole-3-carboximidamide (5) [./. Heterocycl. Chem. (1965), 2, 253] can be converted to the 

5 chloro oxime 6 [.s)llltiz. Commull. (1988), 18,1427]. The addition of a variety ofamines to 6 can give 

substituted amide oximes (7). 

Additional compounds of Fonnula I can be synthesized as shown in Scheme 3. Protection of 

10 amide oxime 7 can give 8 which can be reacted with a variety of alkyl halides, acid halides, sulfonyl 

halides, isocyanates, and halo formates, etc. (X is a leaving group such as halo), to give their 

respective alkyl amines, amides, sulfonamides, ureas, and carbamates (9). 

Scheme 3 

8 9 

15 Amide oximes can also be prepared as shown in Scheme 4. Coupling of an acid such as 10 

with an amine can give amide 11. Amide 11 can be converted to the thioamide 12 which can be 

methylated to give the methyl thioimidate 13. Reaction of 13 with hydroxylamine can give the amide 

26 



5 

10 

15 

oxime 14. Alternatively, amide oxime 14 can be fonned from the chIoroimidate 15 which can be 

synthesized from amide 11 using phosphorus pentachloride. 

Scheme 4 

o S 

Qd'NHR" amide 

coupling 

Lawesson's ,. Qd'NH~ 
reagent 

10 11 12 

13 I ",NOH 

14 

Additional amide oximes can be synthesized as described in Scheme 5 (X is a leaving group). 

Rearrangement of amide oxime 7 can give 16 which can be converted to 17 with sodium nitrite in 

HeI. Reaction oft7 with amines can give compounds such as 18. 
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Additional compounds can be synthesized as shown in Scheme 6. Amide coupling of 8 can 

give 19 which can be treated with phosphorus pentachloride and subsequently reduced with a -hydride 

5 such as sodium cyanohorohydride or borane to give 20. Deprotection of 20 with sodium hydroxide 

can give amide oxime 21. Amide 19 can also be deprotected to give 22. Compound 8 can also be 

converted to 23 which can be coupled with appropriate alcohols in a Mitsunohu coupling to give 24 

after deprotection. Alternatively, compound 23 can be alkylated to give 2S which can be deprotected 

to give 26. 

10 Scheme 6 
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Methods a/Use 

Compounds of the invention can modulate activity of the enzyme indoleamine-2,3-

dioxygenase (IDO). The tenn "modulate" is meant to refer to an ability to increase or decrease 

activity of an enzyme or receptor. Accordingly, compounds of the invention can be used in methods 

5 of modulating !DO by contacting the enzyme with anyone or more of the compounds or 

compositions described herein. In some embodiments, compounds of the present invention can act as 

inhtbitors of !DO. In further embodiments, the compounds of the invention can be used to modulate 

activity of IDO in cell or in an individual in n~d of modulation of the enzyme by administering a 

modulating (e.g., inhibiting) amount of a compound of the invention. 

10 The present invention further provides methods of inhibiting the degradation of tryptophan in 

a system containing cells expressing IDO such as a tissue, living organism, or cell culture. In some 

embodiments, the present invention provides methods of altering (e.g., increasing) extracellular 

tryptophan levels in a mammal by administering an effective amount of a compound of composition 

provided herein. Methods of measuring tryptophan levels and tryptophan degradation are routine in 

15 the art. 

The present invention further provides methods of inhtbiting immunosuppression such as 

roO-mediated immunosuppression in a patient by administering to the patient an effective amount of 

a compound or composition recited herein. !DO-mediated immunosuppression has been associated 

with, for example, cancers, tumor growth, metastasis, viral infection, viral replication, etc. 

20 The present invention further provides methods of treating diseases associated with activity or 

expression, including abnormal activity andlor overexpression,. of roo in an individual (e.g., patient) 

by administering to the individual in need of such treatment a therapeutically effective amount or dose 

of a compound of the present invention or a phannaceutical composition thereof. Example diseases 

can include any disease, disorder or condition that is directly or indirectly linked to expression or 

25 activity. of the roo enzyme, such as over expression or abnormal activity. An !DO-associated disease 

can also include any disease, disorder or condition that can be prevented, ameliorated, or cured by 

modulating enzyme activity. Examples of IDO-associated diseases include cancer, viral infection 

such as HIV infection, depression, neurodegenerative disorders such as Alzheimer's disease and 

Huntington's disease, trauma, age-related cataracts, organ transplantation (e.g., organ transplant 

30 rejection), and autoimmune diseases including asthma, rheumatoid arthritis, multiple sclerosis, 

inflammatory bowel disease, psoriasis and systemic lupus erythematosusor.Example cancers 

treatable by the methods herein include cancer of the colon, pancreas, breast, prostate, lung, brain, 

ovary, cervix, testes, renal, head and neck, lymphoma, leukemia, melanoma, and the like. 

As used herein, the tenn "cell" is meant to refer to a cell that is in vitro, ~ vivo or ill vivo. In 

35 some embodiments, an ~ vivo cell can be part of a tissue sample excised from an organism such as a 

mammal. In some embodiments, an in vitro cell can be a cell in a cell culture. In some embodiments, 

an in vivo cell is a cell living in an organism such as a mammal. 
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As used herein, the tenn "contacting" refers to the bringing together of indicated moieties in an 

ill vitro system or an in vivo system. For example, "contacting" the IDO enzyme with a compound of 

the invention includes the administration of a compound of the present invention to an individual or 

patient, such as a human, having IDO, as well as, for example, introducirig a compound of the 

5 invention into a sample containing a cellular or 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. 

As used herein, the phrase "therapeutically effective amount" refers to the amount of active 

10 compound or phannaceutical agent that elicits the biological or medicinal response that is being 

sought in a tissue, system, animal, individual or human by a researcher, veterinarian, medical doctor 

or other clinician, which includes one or more of the following: 

(1) preventing the disease; for example, preventing a disease, condition or disorder in an 

individual who may be predisposed to the disease, condition or disorder but does not yet experience or 

15 display the pathology or symptomatology of the disease; 

(2) inhibiting the disease; for example, inlubiting a disease, condition or disorder in im 
individual who is experiencing or displaying the pathology or symptomatology of the disease, 

condition or disorder; and 

(3) ameliorating the disease; for example, ameliorating a disease, condition or disorder in an 

20 individual who is experiencing or displaying the pathology or symptomatology of the disease, 

condition or disorder (i.e., reversing the pathology and/or symptomatology) such as decreasing the 

severity of disease. 

Combi1lation Therapy 

25 One or more additional pharmaceutical agents or treatment methods such as, for example, 

anti-viral agents, chemotherapeutics or other anti-cancer agents, immune enhancers, 

immunosuppressants, radiation, anti-tumor and anti-viral vaccines, cytokine therapy (e.g., IL2, GM­

CSF, etc.), and/or tyrosine kinase inhibitors can be used in combination with the compounds of the 

present invention for treatment of IDO-associated diseases, disorders or conditions. The agents can be 

30 combined with the present compounds in a single dosage form, or the agents can be administered 

simultaneously or sequentially as separate dosage forms. 

Suitable antiviral agents contemplated for use in combination with the compounds of the 

present invention can comprise nucleoside and nucleotide reverse transcriptase inhibitors (NRTIs), 

non-nucleoside reverse transcriptase inhibitors (NNRTIs), protease inlubitors and other antiviral 

35 drugs. 

Example suitable NRTIs include zidovudine (AZT); didanosine (ddl); zalcitabine (ddC); 

stavudine (d41); lamivudine (3TC); abacavir (1592U89); adefovir dipivoxil [bis(POM)-PMEA); 
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Iobucavir (BMS-180194); BCH-I0652; emitricitabine [(-)-FTC]; beta-L-FD4 (also called beta-L-D4C 

and named beta-L-2', 3'-dicleoxy-5-fluoro-cytidene); DAPD, «-)-beta-D-2,6,-diamino-purine 

dioxolane); and lodenosine (FddA). Typical suitable NNRTIs include nevirapine (BI-RG-587); 

delaviradine (BHAP, U-90152); efavirenz (DMP-266); PNU-142721; AG-1549; MKC-442 (1-

5 (ethoxy-methyl)-5-(1-methylethyl)-6-(phenyimethyl)-(2,4(1H,3H)-pyrimidi nedione); and (+)­

calanolide A (NSC-675451) and B. Typical suitable protease inhtbitors include saquinavir (Ro 31-

8959); ritonavir (ABT-538); indinavir (MK-639); nelfhavir (AG-1343); amprenavir (141W94); 

lasinavir (BMS-234475); DMP-450; BMS-2322623;'ABT-378; and AG-l 549. Other antiviral agents 

include hydroxyurea, ribavirin, ll..-2, IL-12, pentafuside and Yissum Project No. U 607. 

10 Suitable chemotherapeutic or other anti-cancer agents include, for example, a1kylating agents 

(including, without limitation, nitrogen mustards, ethylenimine derivatives, alkyl sulfonates, 

nitrosoureas and triazenes) such as uracil mustard, chlonnethine, cyclophosphamide (Cytoxan™), 

ifosfinnide, melphalan, chlorambucil, pipobroman, triethylene-melamine, 

triethylenethiophosphoramine, busulfan, carmustine, lomustine, streptozocin, dacarbazine, and 

15 temozolomide. 

20 

Suitable chemotherapeutic or other anti-cancer agents include, for example, antimetabolites 

(including, without limitation, folic acid antagonists, pyrimidine analogs, purine analogs and 

adenosine deaminase inhibitors) such as methotrexate, 5-fluorouracil, floxuridine, cytarabine, 6-

mercaptopurine, 6-thioguanine, fludarabine phosphate, pentostatine, and gemcitabine. 

Suitable chemotherapeutic or other anti-cancer agents :further include, for example, certain 

natural products and their derivatives (for example, vinca alkaloids, antitumor antibiotics, enzymes, 

lymphokines and epipodophyllotoxins) such as vinblastine, vincristine, vindesine, bleomycin, 

dactinomycin, daunorubicin, doxorubicin, epirubicin, idarubicin, ara-C, paclitaxel (TaxoI™), 

mithramycin, deoxyco-fonnycin, mitomycin-C, L-asparaginase, interferons (especially IFN-a), 

25 etoposide, and teniposide. 

Other cytotoxic agents inclucle navelbene, CPT-H, anastrazole, letrazole, capecitabine, 

reloxafine, cyclophosphamide, ifosamide, and droloxafine. 

Also suitable are cytotoxic agents such as epidophyllotoxm; an antineoplastic enzyme; a 

topoisomerase inhibitor; procarbazine; mitoxantrone; platinum coordination complexes such as cis-

30 platin and carooplatin; biological response modifiers; growth inhibitors; antihonnonal therapeutic 

agents; leucovorin; tegafur; and haematopoietic growth factors. 

Other anti-cancer agent(s) include antibody therapeutics such as trastuzumab (Herceptin), 

antibodies to costimulatory molecules such as CTLA-4, 4-lBB and PD-l, or antibodies to cytokines 

(II.AO, TGF-p, etc.). 

35 Other anti-cancer agents also include those that block immune cell migration such as 

antagonists to chemokine receptors, including CCR2 and CCR4. 
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Other anti-cancer agents also include those that augment the inunune system such as 

adjuvants or adoptive T cell transfer. 

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

recombinant viruses. 

Methods for the safe and effective administration of most of these chemotherapeutic agents 

are known to those skilled in the art. In addition, their administration is described in the standard 

literature. For example, the administration of many of the chemotherapeutic agents is descn'bed in the 

"Physicians' Desk Reference" (pDR, e.g., 1996 edition, Medical Economics Company, Montvale, NJ). 

the disclosure of which is incorporated herein by reference as if set forth in its entirety. 

Pharmaceutical Fonnulatiolls and Dosage Fonns 

When employed as phannaceuticals, the compounds of the invention can be administered in 

the fonn of phannaceutical compositions which is a combination of a compound of the invention and 

a pharmaceutically acceptable carrier. These compositions can be prepared in a manner well known in 

15 the pharmaceutical art, and can be administered by a variety of routes, depending upon whether local 

or systemic treatment is desired and upon the area to be treated. Administration may be topical 

(including ophthalmic and to mucous membranes including intranasal, vaginal and rectal delivery), 

pulmonary (e.g., by inhalation or insufflation of powders or aerosols, including by nebulizer; 

intratracheal, intranasal, epidennal and transdermal), ocular, oral or parenteral. Methods for ocular 

20 delivery can include topical administration (eye drops), subconjunctival, periocular or intravitrea1 

injection or introduction by balloon catheter or ophthalmic inserts surgically placed in the 

conjunctival sac. Parenteral administration includes intravenous, intraarterial, subcutaneous, 

intraperitoneal or intramuscular injection or infusion; or intracranial, e.g., intrathecal or 

intraventricular, administration. Parenteral administration can be in the fonn of a single bolus dose, or 

25 may be, for example, by a continuous perfusion pump. Pharmaceutical compositions and fonnulations 

for topical administration may include transdermal patches, ointments, lotions, creams, gels, drops, 

suppositories, sprays, liquids and powders. Conventional pharmaceutical carriers, aqueous, powder or 

oily bases, thickeners and the like may be necessary or desirable. 

This invention also includes pharmaceutical compositions which contain, as the active 

30 ingredient, one or more of the compounds of the invention above in ~mbination 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 fonn of, for example, a capsule, sachet, paper, or other container. When the excipient 

serves as a diluent, it can be a solid, semi-solid, or liquid material, which acts as a vehicle, carrier or 

35 medium for the active ingredient. Thus, the compositions can be in the fonn of tablets, pills, powders, 

lozenges, sachets, cachets, elixirs, suspensions, emulsions, solutions, syrupS, aerosols (as a solid or in 

a liquid medium), ointments containing, for example, up to 10 % by weight of the active compound, 
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soft and hard gelatin capsules, suppositories, sterile injectable solutions, and sterile packaged 

powders. 

In preparing a fonnulation, the active compound can be milled to provide the appropriate 

particle size prior to combining with the other ingredients. If the active compound is substantially 

5 insoluble, it can be milled to a particle size of less than 200 mesh. If the active compound is 

substantially water soluble, the particle size can be adjusted by milling to provide a substantially 

unifonn distribution in the formulation, e.g. about 40 mesh. 

Some examples of suitable excipients include lactose, dextrose, sucrose, sorbitol, mannitol, 

starches, gum acacia, calcium phosphate, alginates, tragacanth, gelatin, calcium silicate, 

10 microcrystalline cellulose, polyvinylpyrrolidone, cellulose, water, syrup, and methyl cellulose. The 

formulations can additionally include: lubricating agents such as talc, magnesium stearate, and. 

mineral oil; wetting agents; emulsifying and suspending agents; preserving agents such as methyl- and 

propylhydroxy-benzoates; sweetening agents; and flavoring agents. The compositions of the invention 

can be fonnulated so as to provide quick, sustained or delayed release of the active ingredient after 

15 administration to the patient by employing procedures known in the art. 

20 

The compositions can be formulated in a unit dosage form, each dosage containing from 

about 5 to about 100 mg, more usually about 10 to about 30 mg, of the active ingredient. The tenn 

"unit dosage forms" refers to physically discrete units suitable as unitary dosages for human subjects 

and other mammals, each unit containing a predetennined quantity of active material calculated to 

produce the desired therapeutic effect, in association with a suitable phannac~utical excipient. 

The active compound can be effective over a wide dosage range and is generally administered 

in a pharmaceutically effective amount. It will be understood, however, that the amount of the 

compound aCtually administered will usually be determined by a physician, according to the relevant 

circumstances, including the condition to be treated, the chosen route of administration, the actual 

25 compound administered, the age, weight, and response of the individual patient, the severity of the 

patient's symptoms, and the like. 

For preparing solid compositions such as tablets, the principal active ingredient is mixed with 

a pharmaceutical excipient to fonn a solid preformulation composition containing a homogeneous 

mixture of a compound of the present invention. When referring to these prefonnulation compositions 

30 as homogeneous, the active ingredient is typically dispersed evenly throughout the composition so 

that the composition can be readily subdivided into equally effective unit dosage forms such as 

tablets, pills and capsules. This solid preformulation 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. 

35 The tablets or pills of the present invention can be coated or otherwise compounded to 

provide a dosage fonn affording the advantage of prolonged action. For example, the tablet or pill can 

comprise an inner dosage and an outer dosage component, the latter being in the fonn of an envelope 
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over the fonner. The two components can be separated by an enteric layer which serves to resist 

disintegration in the stomach and permit the inner component to pass intact into the duodenum or to 

be delayed in release. A variety of materials can be used for such enteric layers or coatings, such 

materials including a number of polymeric acids and mixtures of polymeric acids with such materials 

5 as shellac, cetyl alcohol, and cellulose acetate. 

10 

The liquid fonns in which the compounds and compositions of the present invention can be 

incorporated for administration orally or by injection include aqueous solutions, suitably flavored 

syrups, aqueous or oil suspensions, and flavored emulsions with edible oils such as cottonseed oil, 

sesame oil, coconut oil, or peanut oil, as well as elixirs and similar phannaceutical vehicles. 

Compositions for inhalation or insufflation include solutions and suspensions in 

pharmaceutically acceptable, aqueous or organic solvents, or mixtures thereof, and powders. The 

liquid or solid compositions may contain suitable pharmaceutically acceptable excipients as described 

supra. In some embodiments, the compositions are administered by the oral or nasal respiratOl)' route 

for local or systemic effect. Compositions in can be nebulized by use of inert gases. Nebulized 

15 solutions may be breathed directly from the nebulizing device or the nebulizing device can be 

attached to a face masks tent, or intermittent positive pressure breathing machine. Solution, 

suspension, or powder compositions can be administered orally or nasally from devices which deliver 

the fonnulation in an appropriate manner. 

The amount of compound or composition administered to a patient will vary depending upon 

20 what is being administered, the purpose of the administration, such as prophylaxis or therapy, the state 

of the patient, the manner of administration, and the like. In therapeutic applications, compositions 

can be administered to a patient already suffering from a disease in an amount sufficient to cure or at 

least 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 

25 upon factors such as the severity of the disease, the age, weight and general condition of the patient, 

and the like. 

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

compositions descnbed above. These compositions can be sterilized by conventional sterilization 

tecluriques, or may be sterile filtered. Aqueous solutions can be packaged for use as is, or lyophilized, 

30 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 11, more preferably from 5 to 9 and 

most preferably from 7 to 8. It will be understood that use of certain of the foregoing excipients. 

carriers. or stabilizers will result in the fonnation ofphannaceutical salts. 

The therapeutic dosage of the compounds of the present invention can vary according to. for 

35 example. the particular use for which the treatment is made, the manner of administration of the 

compound, the health and condition of the patient, and the judgment of the prescribing physician. The 

proportion or concentration of a compound of the invention in a phannaceutical composition can vary 
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depending upon a number of factors including dosage, chemical characteristics (e.g., hydrophobicity), 

and the route of administration. Por example, the compounds of the invention can be provided in an 

aqueous physiological buffer solution containing about 0.1 to about 10% w/v of the compound for 

parenteral adminstration. Some typical dose ranges are from about 1 J.tg/kg to about 1 glkg of body 

5 weight per day. In some embodiments~ the dose range is from about O.oI mg/kg to about 100 mglkg 

of body weight per day. The dosage is likely to depend on such variables as the type and extent of 

progression of the disease or disorder, the overall health status of the particular patient, the relative 

biological efficacy of the compound selected, fonnulation of the excipient, and its route of 

administration. Effective doses can be extrapolated from dose-response curves derived from ;,Z vitro 

10 or animal model test systems. 

The compounds of the invention can also be fonnulated in combination with one or more 

additional active ingredients which can include any pharmaceutical agent such as anti-viral agents, 

vaccines, antibodies, immune enhancers, immune suppressants, anti-inflammatory agents and the like. 

15 Labeled Compounds alld Assay Methods 

Another aspect of the present invention relates to fluorescent dye, spin lable, heavy metal or 

radio-labeled compounds of the invention that would be useful not only in imaging but also in assays, 

both in vitro and in vivo, for localizing and quantitating the IDO enzyme in tissue srupples, including 

human, and for identifying IDO enzyme ligands by inhibition binding of a labeled compound. 

20 Accordingly, the present invention includes IDO enzyme assays that contain such labeled compounds. 

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

"isotopically" or "radio-labeled" compound is a compound of the invention where one or more atoms 

are replaced or substituted by an atom having an atomic mass or mass number different from the 

atomic mass or mass number typically found in nature (i.e., naturally occurring). Suitable 

25 radjpnuclides that may be incorporated in compounds of the present invention include but are not 

limited to 2H (also written as D for deuterium), 3H (also written as T for tritium), lie, 13e, 14e, ~, 

1~, 150, 170, 180, 18p, 35S, 36el, 82Br, 7~r, 7'13r. 77Br, 1231, 1241, 1251 and 131I. The radionuclide that is 

incorporated in the instant radio-labeled compounds will depend on the specific application of that 

radio-labeled compound. Por example, for in vitro IDO enzyme labeling and competition assays, 

30 compounds that incorporate 3H, l4e, 82Br, 1251 , 1311, 35S or will generally be most useful. Por radio­

imaging applications \le, 18p, 1251, 123r, 124r, 1311, 75Br, 76Br or 77Br will generally be most useful. 

It is understood that a "radio-labeled ., or "labeled compound" is a compound that has 

incorporated at least one radionuclide. In some embodiments the radionuc1ide is selected from the 

group consisting of3H, 14e, 12SI , 3SS and 82Br. 

35 Synthetic methods for incorporating radio-isotopes into organic compounds are applicable to 

compounds of the invention and are well mown in the art. 
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A radio-labeled compound of the invention can be used in a screening assay to 

identify/evaluate compounds. In general terms, a newly synthesized or identified compound (i.e., test 

compound) can be evaluated for its ability to reduce binding of the radio-labeled compound of the 

invention to the IDO enzyme. Accordingly, the ability of a test compound to compete with the radio-

S labeled compound for binding to the IDO enzyme directly correlates to its binding affinity. 

Kits 

The present invention also includes pharmaceutical kits useful, for example, in the treatment 

or prevention of IDO-associated diseases or disorders, obesity, diabetes and other diseases referred to 

10 herein which include one or more containers containing a pharmaceutical composition comprising a 

therapeutically effective amount of a compound of the invention. Such kits can further include, if 

desired, one or more of various conventional phannaceutical kit components, such as, for example, 

containers with one or more pharmaceutically acceptable carriers, additional containers, etc., as will 

be readily apparent to those skilled in the art. Instructions, either as inserts or as labels, indicating 

15 quantities of the components to be administered, guidelines for administration, andlor guidelines for 

mixing the components, can also be included in the kit. 

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

examples are offered for illustrative purposes, and are not intended to limit the invention in any 

manner. Those of skill in the art will readily recognize a variety of noncritical parameters which can 

20 be changed or modified to yield essentially the same results. The example compounds below were 

found to be inhibitors ofIDO according to one or more of the assays descnbed herein. 

EXAMPLES 

As detected by IH NMR, preparations of the example compounds below contained both E and 

25 Z isomers. While not wishing to be bound by theory. the major isomer was believed to be the Z 

isomer based on, for example, the data reported in Zh. Org. Chim. (1993),29, 1062-1066. 

30 

Example 1 

4-Amino-N-(3-f1uorophenyl)-N'-hydroxy-l,2,5-oxadiazole-3-carboximidamide 

uOl ,NH, 

F ,r h 
H N, /N 

o 
Step 1. 4-Amino-N-hydroxy-l,2,5-oxadiazole-3-carboximidoyl chloride 
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HO"t., 

1 _NHz 
c' ..... h 

N"o,/N 

A solution of 3 M of hydrogen chloride in water (190 mL) was treated with 4-amino-N­

hydroxy-1,2,5-oxadiazole-3-carboximidamide [.1. Heterocycl. Chern. (1965), 2, 253) (7.3 g, 0.051 

mol) at 0 °C. The reaction mixture was treated with enough 12 M hydrogen chloride (~19 mL) to 

5 dissolve the solid and then treated with a solution of sodium nitrite (4.4 g, 0.063 mol) in water (24 

mL) dropwise while maintaining an intemal temperature at 0-5 °C with an icelbrine bath. The reaction 

mixture was stirred at 0 °C for 1.5 h and filtered to yield a beige solid. Purification of the crude 

mixture by preparative HPLC gave the desired product (1.7 g, 21%) as an off-white solid. 

10 Step 2;" 4-Ammo-N-(3-jluorophenyl)-N'-hydroxy-l,2,5-oxadiazole-3-carboximidamide 

A solution of 3-fluoroaniline (36 J.IL, 0.37 romol) in ethanol (0.5 mL) was treated with a 

solution of 4-amino-N-hydroxy-l,2,5-oxadiazole-3-carboximidoyl chloride (50 mg, 031 mmol) in 

ethanol (1.5 mL) followed by triethylamine (51 J.IL, 0.37 mmol) dropwise. The reaction mixture was 

stirred at 25°C for 1 h and purified by preparative LCMS to give the desired product (21 mg,29%). 

15 LCMS forC9H9FNS02 (M+H)+: m/z=238.0. 

Example 2 

4-Amino-N'-hydroxy-N-phenyl-l,2,5-oxadiazole-3-carboximidamide 

HO"", 

Q~N ~ 
~ V ~ 

" /N a 

20 This compound was prepared according to the procedure of Example 1 using aniline as the 

startingmaterial. LCMS forC9H10Ns02 (M+H)+: m/z=220.0. 

Example 3 

4-Amino-N-(2-chlorophenyl)-N'-hydroxy-l,2,5-oxadiazoIe-3-carboximidamide 

HO"", 

~0' CI / \ 

25 "'-0/ 
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This compound was prepared according to the procedure of Example 1 using 2-chloroaniline 

as the starting material. LCMS for C9H9CINS02 (M+H)+: rnIz = 254.0. 

Example 4 

5 4-Amino-N-(3-chlorophenyl)-N-hydroxy-l ,2,5-oxadiaz~Ie-3-carboximidamide 

HO~ 

on0-<~ 
J \ 
'if" 

This compound was prepared according to the procedure of Example 1 using 3-chloroaniline 

as the starting material. LCMS for C9H9CINS02 (M+H)+: rnIz = 254.1. 

10 Example 5 

4-Amino-N-(4-chlorophenyl)-N-hydroxy-l,2,5-oxadiazole-3-carboximidamide 

15 

CI HO~ 

U} /'~ 
H' H 

N,/N 
. 0 

This compound was prepared according to the procedure of Example 1 using 4-chloroaniline 

as the starting material. LCMS for C9H9CINS02 (M+H)+: rnIz = 254.1. 

Example 6 

4-Amino-N-(4-bromophenyI)-N-hydroxy-l,2,5-oxadiazole-3-carboximidamide 

Br HO~ 

'Q} ?' 
H' H 

N, /N 
o 

This compound was prepared according to the procedure of Example 1 using 4-bromoaniline 

20 as the starting material. LCMS for C9H9BrN S02 (M+H)+: rnIz = 297.9. 

Example 7 

4-Amino-N-hydroxy-N-(2-methylphenyl)-1,2,5-oxadiazole-3-carboximidamide 
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HO~ 

~\-( 
CH, J \ 

'-0/ 
This compound was prepared according to the procedure of Example 1 using 2-methylaniline 

as the starting material. LCMS for ClOH12NS02 (M+H)+; mlz = 234.1. 

S ExampleS 

10 

4-Amino-N'-hydroxy-N-(3-methylphenyl)-1;J.,5-oxadiazole-3-carboximidamide 

HO~ 

,M) ~ 
H- K 

N,,/N 
o 

This compound was prepared according to the procedure of Example 1 using 3-methylaniline 

as the starting material. LCMS for Cl OH 12NS02 (M+H)+; mlz = 234.0. 

Example 9 

4-Amino-N'-hydroxy-N-(4-methylphenyl)-1,2,S-oxadiazole-3-carboximidamide 
He 

~ J \ '-0/ 
This compound was prepared according to the procedure of Exampl~ 1 using 4-methylaniline 

15 as the starting materiaL LCMS for ClOH12NS02 (M+H)+: mlz = 234.0. 

Example 10 

4-Amino-N'-hydroxy-N-[3-(trifluoromethyl)phenyl)-1;J.,5-oxadiazole-3-carboximidamide 

~H' 
F. ~IJ /H2 

F F ~. Iri. 
N,,(/N 

20 This compound was prepared according to the procedure of Example 1 using 3-

(trifluoromethyl)aniline as the starting material. LCMS for ClOH9F3NS02 (M+H)+: mlz = 288.0. 
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Example 11 

4-Amino-N'-hydroxy-N-(2-methoxyphenyl)-1,2,5-oxadiazole-3-carboximidamide 

HO~ 

~0-i 0, J \ . 
CH3 ""0/ 

5 This compound was prepared according to the procedure of Example 1 using 2-

methoxyaniline as the starting material. LCMS for ClOH 12N503 (M+H)+: mlz = 250.0. 

Example 12 

4-Amino-N'-hydroxy-N-(3-methoxyphenYl)-1,2,5-oxadiazole-3-carboximidamide 

HO~ 

~N 
H£~"~ 

H / \ 

10 ,~ 

This compound was prepared according to the procedure of Example 1 using 3-

methoxyaniline as the starting material. LCMS for ClOH 12NS03 (M+H)+: mlz = 250.0. 

Example 13 

15 4-Amino-N'-hydroxy-N-(4-methoxyphenyl)-1,2,5-oxadiazole-3-carboximidamide 

~/u~~ 
/ \ 
'0/ 

This compound was prepared according to the procedure of Example 1 using 4-

methoxyaniline as the starting material. LCMS for ClOH 12N503 (M+H)+: mlz = 250.0. 

20 Example 14 

4-Amino-N-[3-(benzyloxy)phenyIJ-N'-hydroxy-l,2,5-oxadiazole-3-carboximidamide 
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This compound was prepared according to the procedure of Example 1 using 3-

(benzyloxy)aniline as the starting material. LCMS for Cl()H I~S03 (M+H)+: m/z= 326.2. 

5 Example 15 

10 

N-(3-Acetylphenyl)-4-amino-N'-hydroxy-1;l,5-oxadiazole-3-carboximidamide 

1iO~ 

~A-( 
o i \ 

.......... 0/ 

TIlis compound was prepared according to the procedure of Example 1 using 3-

aminoacetophenone as the starting material. LCMS for CII II 12NS03 (M+H)+: rnlz = 262.2. 

Example 16 

4-Amino-N-(3-cyanophenyl)-N'-hydroxy-1;l,5-0xadiazoIe..J-carboximidamide 

~H' ~J /H2 
~ ~- Ui 

N ........ o"",N 

This compound was prepared according to the procedure of Example 1 using 3-

15 aminobenzonitrile as the starting material. LCMS for ClOH9N602 (M+H)+: mlz = 24S.0. 

Example 17 

4-Amino-N-(3,4-di:f1uoropbenyl)-N'-bydroxy-l,2,5-0xadiazole-3-carboximidamide 

::UJ r 
~- n. 

N /N 
........ 0 

20 This compound was prepared according to the procedure of Example 1 using 3,4-

difluoroaniline as the starting material. LCMS for C9HSF2NS02 (M+H)+: mlz = 2S6.1. 
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Example 18 

4-Amino-N-(4-bromo-3-fluorophenyl)-N-hydroxy-1,2,5-oxadiazole-3-carboximidamide 

:0);"' 
~. !rio 

N /N '0 
5 This compound was prepared according to the procedure of Example 1 using 4-bromo-3-

10 

fluoroaniline as the starting material. LCMS for ~sBrFNS02 (M+H)+: mlz = 316.0, 318.0. 

Example 19 

4-Amino-N-(3-chloro-4-fluorophenyl)-N'-hydroxy-l,2,5-oxadiazole-3-carboximidamide 

oU) r 
~~ !rio 

N /N '0 
This compound was prepared according to the procedure of Example 1 using 3-chloro-4-

fluoroaniline as the starting material. LCMS for ~H8ClFNS02 (M+H)+: mlz = 272.0. 

Example 20 

15 4-Amino-N-(3-chloro-4-methylphenyl)-N'-hydroxy-l,2,S-oxadiazole-3-carboximidamide 
He 

XlI ~~ fH 
N" ,/N 

a 

This compound was prepared according to the procedure of Example 1 using 3-ch1oro-4-

methylaniline as the starting material. LCMS for Cl OR 11 CINS02 (M+R)+: mlz = 268.1. 

20 Example 21 

4-Amino-N-(3,4-dimethylphenyl)-N'-hydroxy-l,2,S-oxadiazole-3-carboximidamide 

HaC HO~ 

"(1~N NH2 HaCAA~ 
V ~ 

N",/N 
o 

42 



This compound was prepared according to the procedure of Example I using 3,4-

dimethylaniline as the starting material. LCMS for CII H 14NS02 (M+H)+; rnJz = 248.0. 

Example 22 

5 4-Amino-N-f4-(benzyloxy)-3-chlorophenyl]-N'-hydroxy-l,2,5-oxadiazole-3-carboximidamide 

~ oo~ 
n~N NH2 

CI ~ 

¥ ~ 
N"if'N 

This compound was prepared according to the procedure of Example 1 using 4-(benzyloxy)-

3-chloroaniline as the starting material. LCMS for C16H lSClNS03 (M+H)+: rnJz = 360.0. 

10 Example 23 

4-Amino-N-f4-fluoro-3-(trifluoromethyl)phenyl]-N'-hydroxy-l,2,5-oxadiazole-3-

,carboximidamide 

.~) r 
F~~ Jr\ 

N,if' 
This compound was prepared accorcling to the procedure of Example I using 4-fluoro-3-

15 (trifluoromethyl)aniline as the starting material. LCMS for ClOH8F4NS02 (M+H)+: rnJz = 306.1. 

Example 24 

4-Amino-N-benzyl-N'-hydroxy-l,2,5-0xadiazole-3-carboximidamide 

H0lo. 

(Y'~ V N'-./N 
o 

20 This compound was prepared according to the procedure of Example 1 using benzylamine as 

the starting material. LCMS for ClOH 12NS02 (M+H)+: m/z = 234.2. 

Example 25 

4-Amino-N-(2-fluorobenzyl)-N'-hydroxy-l,2,5-0xadiazole-3-carboximidamide 
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H0lo, 

ccNJ /NH2 

I H' h 
~ F N"c("'N 

This compound was prepared according to the procedure of Example 1 using 2-

fluorobenzylamine as the starting material. LCMS for Cl oIl 11 FN502 (M+H)+: mlz = 252.0. 

5 Example 26 

4-Amino-N-(2-chlorobenzyl)-N'-hydroxy-l,2,S-oxadiazole-3-carboximidamide 

10 

H0lo, 

o: J /NH2 

I ~' h 
~ N,/N 

CI '0 

This compound was prepared accorc:ling to the procedure of Example 1 using 2-

chlorobenzylamine as the starting material. LCMS forClOHllC1N502 (M+Hl: m/z= 268.1. 

Example 27 

4-Amino-N-(3-chlorobenzyJ)-N'-hydroxy-l,2,S-oxadiazoJe-3-carboximidamide 

HO~ 

YN~N NH2 

I H ~ ~ 
~ ,,~N. 

CI 

This compound was prepared according to the procedure of Example 1 using 3-

15 chlorobenzylamine as the starting material. LCMS for CIOH 11 CIN502 (M+H)+: mlz = 268.0. 

Example 28 

4-Amino-N-(4-chlorobenzyJ)-N'-hydroxy-l,2,S-oxadiazole-3-carboximidamide. 

HO~ 

J /N1-i2 

~-H. 
CI "0/ 

20 This compound was prepared according to the procedure of Example 1 using 4-

ch1orobenzylamine as the starting material. LCMS for C1OS11 ClN502 (M+H)+: mlz = 268.1. 
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Example 29 

4-Amino-N'-hydroxy-N-[3-(trifluoromethyl)beuzyl]-1;1.,S-oxadiazole-3-carboximidamide 

HO~ 

F r ~Jl /Mi2 

F U ~~ 0 
o 

This compound was prepared according to the procedure of Example I using 3-

5 (trifluoromethyl)benzylamine as the starting material. LCMS for CnHnF3NS02 (M+H)+: mlz = 
302.2. 

10 

ExampJe30 

4-Amino-N'-hydroxy-N-(2-methoxybeuzyJ)-1;1.,S-oxadiazole-3-carboximidamide 

HO~ 

~"' 
~" J\ o '0/ 

13 
This compound was prepared according to the procedure of Example I using 2-

(methoxy)benzylamine as the starting material. LCMS for CII H 14NS03 (M+H)+: mlz = 264.0. 

Example 31 

15 4-Amino-N'-hydroxy-N-(pyridin-2-ylmetbyl)-1;1.,5-oxadiazole-3-carboximidamide 

HO~ 

~\i ~~ ~ J \ 
'c/ 

This compound was prepared according to the procedure of Example I using 2-

(aminomethyl)pyridine as the starting material. LCMS for C~ 11 N602 (M+Ht: mlz = 235.0. 

20 Example 32 

4-Amino-N'-hydroxy-N-(2-phenyJetbyJ)-1;1.,S-oxadiazole-3-carboximidamide 

HO~ 

~~~ 
J \ 
'0/ 
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This compound was prepared according to the procedure of Example 1 using phenethylamine 

as the starting material. LCMS for CII H 14NS02 (M+Ht: mlz = 248.0. 

Example 33 

5 4-Amino-N'-hydroxy-N"-lH-indo}->yl-l,2,>oxadiazole-3-carboximidamide 

ij HO~ 

tQJ 1" 
rg( 

N" ,/'N 
o 

This compound was prepared according to the procedure of Example 1 using 5-aminoindole 

as the starting material. LCMS for Cll H 11 N602 (M+H)+: mlz = 259.2. 

10 Example 34 

15 

20 

4-Amino-N-butyl-N'-hydroxy-l,2,>oxadiazole-3-carboximidamide 
HO~ 

J /NH2 

H3C~NH' h 
N",/N 

o 

This compound was prepared according to the procedure of Example 1 using butylamine as 

the starting material. LCMS for C7H 14NS02 (M+H)+: mlz = 200.2. 

Example 35 

N-{4-[[(3-Chlorophenyl)amino] (hydroxyimino)methyl)-1,2,5-oxadiazol-3 -yl}-2-phenylacetamide 

~HO"l"N 

~JL ~NH . 

CI rfr(~ 
H N,/N 8 V 

o 
Step 1: 3-(4-Amino-l ,2,5-oxadiazol-3-yl)-4-(3-chlorophenyl)-1 ,2,4-oxadiazol-5 (4H}-one 

N-O)= 
~r!-N 0 

N(O;N ~ 
U-C1 

A solution of 4-amino-N-(3-chlorophenyl)-N-hYdroxy-l,2,5-oxadiazole-3-carboximidamide 

(540 mg, 2.1 nunol) and N,N-carbol1yldiimidazole (380 mg, 2.3 romol) in tetrahydrofuran (10 mL) 

was heated at 80°C for 1 h. The reaction mixture was diluted with ethyl acetate (150 mL) and 
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washed With 0.1 N HCI (3 x 75 mL) and brine (75 mL). The organic layer was dried with sodium 

sulfate, filtered, and concentrated to give the desired product (560 111& 94%) as a white solid which 

was used without further purification. LCMS for ClOH7CIN503 (M+H)+: rnJz = 279.9. 

5 Step 2: N-{4-[[(3-Chlorophenyl)amino] (hydroxyimino)methylj-J,2,5-oxadiazol-3-ylj-2-

phellylacetamide 

A solution of 3-( 4-amino-1 ,2,5-oxadiazol-3-yl)-4-(3-chlorophenyl)-1 ,2,4-oxadiazol-5( 4H)­

one (30.0 mg, 0.107 romol) and 4-dimethylaminopyridine (2.6 mg, 0.021 romo!) in pyridine (0.50 

mL) was treated with benzeneacetyl chloride (42.6 ).ll., 0.322 romol) and stirred for 4 h. The reaction 

10 mixture was concentrated and rediluted with e1hanol (1.0 mL) and 2 M of sodium hydroxide in water 

(0.30 mL) stirred for 45 min. Purification of the crude reaction mixture by preparative HPLC gave 

the desired product (18 mg,45%). LCMS for C17H 15ClN503 (M+H)+: rnJz = 371.9. 

Example 36 

15 N-{4-[[(3-Chloropheny1)amino](hydroxyimino)metbyl]-1,2,S-oxadiazol-3-yl}benzamide 
OH 

I 60 ~... )-NH 
=- r\ /=\ 

, !J N'c/)-1 
CI 

This compound was prepared according to the procedure of Example 35 using benzoyl 

chloride as the starting material. LCMS for Cl@I13ClN503 (M+H)+: m/z= 358.1. 

20 Example 37 

N-{4-[(Benzylamino )(hydroxyimino )methyl]-1,2,S-oxadiazol-3-yl}benzamide 
OH 

f 

6° ~ )-'Lr\ 
=- UiN--\J-
\. # N,c/ 

This compowld was prepared according to the procedure of Example 35 ~sing 3-(4-amino-

1 ,2,5-oxadiazol-3-yl)-4-benzyl-l ,2,4-oxadiazol-5( 4H)-one and benzoyl chloride as the starting 

25 materials. LCMS for C17H 16N503 (M+H)+: m/z = 338.2. 

Example 38 
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N-benzyI-4-(benzylamino)-N'-bydroxy-l;J.,s-oxadiazole-3-carboximidamide 

001 -~ 
()~o 

o 
Step 1. 4-Benzyl-3-[4-(benzylamino)-1,2,5-oxadiazol-3-ylJ-1,2,4-oxadiazol-5(4H)-one 

~~_('H~ d N N(;N 
I 0 

.# 

5 A solution of 3-(4-amino-1,2,5-oxadiazol-3-yl)4-benzyl-l,2,4-oxadiazol-S(4H)-one (60.0 

10 

mg, 0.231 mmol) and benzyl bromide (28 JJL, 0.23 romol) was heated at ISO DC for S h. Additional 

benzyl bromide (28 pL) was added to the incomplete reaction and heating was continued for another 

16 h. Purification of the crude reaction mixture by preparative HPLC gave the desired product (12 

mg,IS%). LCMSforClsH16NS03 (M+H)+: mlz=349.9. 

Step 2. N-bellzyl-4-(benzylamino)-N'-lzydroxy-1,2,5-oxadiazole-3-carboximidamide. 

A solution of 4-benzyl-3-[4-(benzylamino)-1,2,S-oxadiazol-3-yIJ-l,2,4-oxadiazol-S(4H)-one 

(12 mg, 34 /llllol) in ethanol (1 mL) was treated with 2 M sodium hydroxide in water (300 JiL) and 

stirred at 25 DC for 30 min. The reaction mixture was quenched with acetic acid and purified by 

15 preparative HPLC to give the desired product (10 mg, 90%) as a white solid. LCMS for 

20 

C17H lSNs02 (M+H)+: mlz=324.2. 

Example 39 

4-[(Anilinocarbonyl)amino}-N-(3-chloropbenyl)-N'-hydroxy-l,2,S-oxadiazole-3-

carboximidamide 

Example 40 
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4-[Bis(anilinocarbonyl)amino]-N-(3-chlorophenyl)-N'-hydroxy-l,2,5-oxadiazole-3-

carboximidamide 

Step 1. N-{4-[4-(3-Chlorophenyl)-5-oxo-4,5-dihydro-1,2,4-oxadiazol-3-yl}-1,2,5-oxadiazol-3-ylj-N'-

5 phenyl urea and N-{ 4-[ 4-(3-chloroplzenyl)-5-oxo-4.5-dihydro-1 ,2, 4-oxadiazol-3-ylj -1.2,5-oxadiazol-3-

yl }-N,N'-diphenyldicarbonimidic diamide 

A solution of 3-( 4-ammo-l ,2,5-oxadiazol-3-yl)-4-(3-chloropbenyl)-1 ,2,4-oxadiazol-5(4H)­

one (30 mg, 0.1 mmoI) in pyridine (0.5 mL, 6.2 mmol) was treated with phenyl isocyanate (12 J.l.L, 0.1 

10 mmol) and stirred for 2 b. The reaction mixture was treated with 4-dimethylaminopyridine (3 mg, 24 

J.Unol) and additional phenyl isocyanate (10 J.tL, 92 J..Ullol) and stirred for another 2 h. Purification of 

the crude reaction mixture by preparative HPLC gave the desired products N-{4-[4-(3-chloropbenyJ)- , 

5-oxo-4,5-dihydro-l,2,4-oxadiazol-3-yl]-1,2,5-oxadiazol-3-yl}-N-pbenylurea (5 mg, 12%) and N-{4-

[4-(3-chlorophenyl)-5-oxo-4,5-dihydro-l,2,4-oxadiazol-3-yl]-I,2,5-oxadiazol-3-yl}-N;N'-

15 dipbenyldicarbonimidic diamide (7 mg, 12 %). LCMS for C17H12CIN604 (M+H)+: mJz = 398.9 

and LCMS for C24H16ClN70SNa (M+H)+: mlz = 540.0. 

Step 2. 4-[(Anilinocarbonyl)aminoJ-N-(3-chlorophenyl)-N'-hydroxy-l,2,5-oxadiazole-3-

carboximidamide and 4-[Bis(anilinocarbonyl)aminoJ-N-(3-chlorophenylJ-N'-hydroxy-1,2,5-

20 oxadiazole-3-carboximidamide 
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A solution of N-{ 4-[ 4-(3-chlorophenyl)-5-oxo-4,5-dihydro-l,2,4-oxadiazol-3-yl]-1,2,5-

oxadiazol-3-yl}-N-phenylurea (17 mg, 43 j.lmol) in ethanol (1.5 mL) was treated with 2.0 M sodium 

hydroxide in water (0.3 mL) and stirred for 30 min. Purification of the crude reaction mixture by 

preparative HPLC gave the desired product 4-[(anilinocarbonyl)amino]-N-(3-chlorophenyl)-N-

5 hydroxy-l,2,5-oxadiazole-3-carboxi.tnidamide (6 mg, 38%). LCMS for C16H14ClN603 (M+H)+: 

m/z=373.0. 

4-[Bis( anilinocarbonyl)amino ]-N-(3-chlorophenyl)-N-hydroxy-l,2,5-oxadiazole-3-

carboximidamide was prepared in a similar fashion from N-{4-[4-(3-chlorophenyI)-5-oxo-4,5-

dihydro-l ,2,4-oxadiazol-3-yI]-1 ,2,5-oxadiazol-3-yl }-N,N' -diphenyldicarbonimidic diamide. LCMS 

10 forC23H19ClN704 (M+H)+: m/z=492.0. 

15 

Example 41 

tert-ButyI {4-[({4-[(E,Z)-[(3-chlorophenyI)amino] (hydroxyimino)methyI]-1,2, 5-oxadiazoI-3-

yl}amino)carbonyI]benzyl}carbamate 

Step 1. tert-Butyl {4-[ ({ 4-[ 4-(3-cltlorophenylJ-5-oxo-4,5-dihydro-1 ,2,4-oxadiazol-3-yl] -1,2,5-

oxadiazol-3-ylJamino)carbonyl]bellzylJcarbamate 

/yo 

>-?-pN1-= 
'\,/N 

~ # 
CI 

NH 

~ .. 
CH3 

A solution of 3-(4-amino-l ,2,5-oxadiazol-3-yl)-4-(3-chlorophenyl)-1 ,2,4-oxadiazol-5(4H)-

20 one (50 mg, 0.18 mrnol) and 4-{[(terl-butoxycarbonyl)amino]methyl}be!1ZOic acid (49 mg, 0.2 nnnol) 

in dichloromethane (3.5 mL) was treated with 4-dimetbylaminopyridine (13 mg, 0.1 mmol) and N,N-
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diisopropylethylamine (93 ilL, 0.54 mmol). After the reaction mixture turned clear, it was treated 

with bromotris(pyrrolydino)phopbonium hexafluorophosphate (50 mg, 0.11 mmol) and additional 

N,N-diisopropylethylamine (93 J.1L, 0.54 mmol). The reaction mixture was stirred for 16 h, treated 

with additional bromotris(pyrrolydino)phophonium hexafluorophosphate (50 mg, 0.11 mmol), and 

5 stirred for another 6 h. The reaction mixture was diluted with ethyl acetate (60 mL) and washed with 

0.1 M HCI (2 x 25 mL) and brine (25 mL), dried with sodium sulfate, filtered, and concentrated. 

Purification of the crude reaction mixture by preparative LCMS gave the desired product (22 mg, 

24%). 

10 

LCMS forC19H14CIN606 ([M-tBu+H)+H)+: mlz=457.1. 

Step 2. tert-Butyl {4-[( (4-[(E,Z)-[ (3-chlorophenyl)aminoJ (hydroxyimino)metltylj-I,2,5-oxadiazol-3-

yl}amino)carbonyljbenzyl}carbamate 

This compound was prepared according to the procedure of Example 38, Step 2, using tert-

butyl {4-[ ( {4-[ 4-(3-chlorophenyl)-S-oxo-4,S-dihydro-l ,2,4-oxadiazol-3-yl]-1,2,5-oxadiazol-3-

15 yl}amino)carbonyl]benzyl}carbamate as the starting material. LCMS for C22H24ClN60S (M+H)+: 

m/z=487.0. 

Example 42 

4-(Aminometbyl)-N-{4-[ (E,Z)-[(3-chloropbenyl)amino }(bydroxyimino )metbyl}-1,2,S-oxadiazol-

20 3-yl}benzamide trifluoroacetate 

Step 1. 4-(Aminomethyl)-N-{4-[4-(3-chlorophenyl)-5-oxo-4,5-dihydro-1,2,4-oxadiazol-3-ylj-l,2,5-

oxadiazol-3-yl) benzamide trifluoroacetate 
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TFA 

}-[r 
~) ~) 

CI 

A solution of 3-( 4-amino-1,2,5-oxadiazol-3-yl)-4-(3-chlorophenyl)-1,2 ,4-oxadiazol-5( 4H)-

one (0.5 g, 1.8 mmol) and 4-{[(tert-butoxycarbonyl)aminoJmethyl}benzoic acid (0.67 g, 2.7 mmol) in 

dichloromethane (35 mL) was treated with 4-dilnethylaminopyridine (0.13 g, l.~ mmol) and N;N-

5 diisopropylethylamine (0.93 mL, 5.4 mmol) followed by bromotris(pyrrolydino)phophonium 

hexafluorophosphate (1.3 g, 2.7 mmol) and additional N;N-diisopropylethylamine (0.93 mL, 5.4 

mmol). The reaction mixture was stirred for 16 h, diluted with ethyl acetate (-200 mL) and washed 

with 0.1 M HCI (2 x 100 mL) and brine (25 mL), dried with sodium sulfate, filtered, and 

concentrated. Purification of the crude reaction mixture on silica gel gave the intermediate tert-butyl 

10 {4-[ ({ 4-[ 4-(3-chlorophenyl)-5-oxo-4,5-dihydro-l ,2,4-oxadiazol-3-yIJ-l ,2,5-oxadiazol-3-

yl}amino)catbonyl]benzyl}carbamate. This material was diluted with dichloromethane (30 mL), 

treated with 4.0 M HCI in l,4-dioxane (4.5 mL), and stirred for 1 h. The reaction mixture was 

concentrated and purified by preparative LCMS to give the desired product (542 mg, 58%). LCMS 

15 

for C18H14CIN604 (M+H)+: mJz = 413.0. 

Step 2. 4-(Aminomethyl}-N-{ 4-[(E,Z}-[(3-chlorophellyl}amillo] (hydroxyimillo}methyl] -1,2,5-

oxadiazol-3-yl}bellzamide trifluoroacetate 

This compoUnd was prepared according to the procedure of Example 38, Step 2, using 4-

(aminomethyl)-N-{4-[ 4-(3-chlorophenyl)-5-oxo-4,5-dihydro-l ,2,4-oxadiazol-3-yIJ-l ).,5-oxadiazol-3-

20 yl}benzamide trifluoroacetate as the starting material. LCMS for C17H16CIN603 (M+H)+: mlz = 
387.0. 

Example. 43 

4-{[(Benzylamino)carbonyIJarnino}-N-(3-hromo4-fluorophenyl)-N'-hydroxy-l,2,5-0xadiazole-3-

25 carhoxirnidarnide 
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A solution of 3-(4-amino-l ,2,5-oxadiazol-3-yl)-4-(3-bromo-4-fluorophenyl)-1 ,2,~xadiazol-

5(4H)-one (30 mg, 88 1J.ll101) and 4-dimethylaminopyridine (5 mg, 40 f..Ilnol) in pyridine (O.S mI.) was 

treated with benzyl isocyanate (29 mg, 0.2 mmol) and heated in the microwave at 150°C for 20 min. 

5 The reaction mixture was concentrated and purified by preparative LCMS to give the intermediate N­

benzyI-N' -{ 4-[ 4-(3-bromo-4-fluorophenyl)-5-oxo-4,5-dihydro-l,2,4-oxadiazol-3-yl]-1 ,2,5-oxadiazol-

3-yl} urea. This material was diluted with ethanol (1.5 mI.), treated with 2.0 M sodium hydroxide in 

water (0.3 mL), and stirred for 30 min. Purification of the crude reaction mixture by preparative 

HPLC gave the desired product (11 mg, 28%). LCMS for C17H1sBrFN603 (M+H)+: m/z=448.9, 

10 451.0. 

ExampJe44 

4-Amino-N-(3-bromo-4-fluorophenyl)-N'-hydroxy-l,2,S-thiadiazole-3-carboximidamide 
OH 

f 
\ 

~'uiFL 
N,/ ~_ 

F 

15 Step 1. 4-Amilto-N-(3-bromo-4-fluorophellyl)-1,2,5-thiadiazole-3-carboxamide 

M \~ (r 
yBr 

F 

A solution of 4-amino-l,2,5-thiadiazole-3-carboxylic acid (250 mg, 1.7 mmol) and 3-bromo-

4-fluoroaniline (393 mg, 2.1 mmol) in N,N-dimethylformamide (5 mI.) was treated with 0-

(benzotriazol-l-yl)-N,N,N' ,N-tetramethyluronium hexafluorophosphate (784 mg, 2.1 mmol) followed 

20 by N,N-diisopropylethylamine (0.36 mL, 2.1 mmol) and stirred for 16 h. The reaction mixture was 

diluted with brine (50 mL) and 0.1 N HCl (100 mL) and extracted with ethyl acetate (2 x 150 mL). 
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The combined organic extracts were washed with brine (50 mL), dried with sodium sulfate, filtered, 

and concentrated. Purification of the crude reaction mixture on silica gel gave the desired product 

(414mg,76%). LCMSforC9H7BrFN40S(M+H)+: 111/z=316.9,318.8. 

5 Step 2. 4-Amino-N-(3-bromo-4-fluorophenyl)-1,2,5-thiadiazole-3-carbotMoamide 
H2N s 

F 

A solution of 4-ammo-N-(3-bromo-4-fluorophenyl)-1 ,2,5-thiadiazole-3-camoxamide (225 

mg, O. Tromol) and 2,4-bis(4-methoxyphenyl)-2,4-dithioxo-l ,3,2,4-dithiadiphosphetane (570 mg, 1.4 

mmol) in toluene (6.8 mL) was stirred at 95 DC for 16 h. The reaction mixture was diluted with ethyl 

10 acetate (50 mL) and the insoluble salts were filtered. TIle filtrate was concentrated to a crude residue 

which was purified on silica gel to give the desired product (130 mg, 55%). LCMS for 

15 

C9H7BrFN4S2 (M+H)+: mlz = 332.8, 334.9. 

Step 3. Methyl 4-amino-N-(3-bromo-4-fluorophenyl)-1 ,2,5-thiadjazole-3-carbimidothioate 

........ 
lioN S 

8r 

F 

A solution of 4-amino-N-(3-brol11o-4-fluorophenyl)-1,2,5-thiadiazole-3-carbothioamide (130 

mg, 0.4 romol) in dichloromethane (5.2 mL) was treated with methyl trifluoromethanesulfonate (64 

J.!L, 0.6 romol) followed by N,N-diisopropylethyl3111ine (102 J.!L, 0.6 mmol) and stirred for 1 h. The 

reaction mixture was diluted with dichloromethane (100 mL), washed with water (50 mL) and brine 

20 (50 mL), dried with sodium sulfate, filtered, and concentrated to give the desired product (133 mg, 

98%). LCMS for ClOH9BrFN4~ (M+H)+: mlz = 346.8, 348.8. 

Step 4. 4-Amillo-N-(3-bromo-4-fluorophenyl)-N'-hydroxy-l,2,5-thiadiazole-3-carboximidamide 

A solution of methyl 4-amino-N-(3-bromo4-fluorophenyl)-1,2,5-thiadiazole-3-

25 carbimidothioate (78 mg, 0.22 mmol) in ethanol (2.3 mL) was treated with hydroxylamine 

hydrochloride (62 mg, 0.9 nunol) followed by N,N-diisopropylethylamine (180 J.!L, 1.0 romol) and 
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stirred at 90 DC for 16 h. The reaction mixture was purified by preparative HPLC to give the desired 

product (58 mg, 78%). LCMS for C9HSBrFN50S (M+H)+: m/z = 331.9, 333.9. 

Example 45 

5 4-Amino-N-( 6-chloro pyridin-2-yl)-N'-hydroxy-l,2,5-oxadiazole-3-carboximidamide 

tlifluoroacetate 
TFA 

H2N>-f{ n 
~ III a 

/~ 
V N 

Step 1 .. 4-Amillo-N-(6-chloropyridill-2-yl)-1,2 ,5-oxadiazole-3-carboxamide 

10 A solution of 4-amino-l,2,5-oxadiazole-3-carboxylic acid (0.4 g, 3.1 mmol) and 6-

chloropyridin-2-amine (0.56 g, 4.3 mmol) in N,N-dimethylformamide (6.2 mL) was treated with 

N,N,N ,N'-tetramethyl-O-(7-azabenzotriazol-1-yl)uronium hexafiuorophosphate (1.4 g, 3.7 mmol) 

followed by N,N-diisopropylethylamine (0.76 mL, 4.3 mmol) at 0 DC. The reaction mixture was 

stirred at 25 DC for 2 h, poured into saturated NaHC03 (50 mL) and extracted with ethyl acetate (100 

15 mL). The organic layer was separated and washed with brine (25 mL), dried with sodium sulfate, 

filtered, and concentrated to a crude solid The crude solid was washed with ethyl acetate and filtered. 

The filtrate was concentrated and purified on silica gel to give the desired product with some 

impurities. The impurities were removed by washing the solid with chloroform to yield the desired 

20 

product (65 mg, 9 %). LCMS forC8HJClNS02 (M+H)+: m/z=240.1. 

Step 2. 4-Amillo-N-(6-chloropyridin-2-yl)-1 ,2,5-oxadiazole-3-carboximidoyl chloride 

.M~, 
i \ "'-0/ 

A solution of 4-amino-N-(6-chloropyridin-2-yl)-I,2,5-oxadiazole-3-catboxamide (62 mg, 0.26 

mmol) in benzene (5 mL) was treated with phosphorus pentachloride (0.12 g, 0.57 mmol) and stirred 

25 at reflux for 3 h. The reaction mixture was concentrated and rediluted with benzene and concentrated 

(3X) to give the desired product which was used immediately in the next step. 

55 



Step 3. 4-Amillo-N-(6-chloropyridill-2-yl}-N'-hydroxy-l,2,5-oxadiazole-3-carboximidamide 

trifluoroacetate 

A solution of 4-amino-N-(6-chloropyridin-2-yl)-I,2,S-oxadiazole-3-carboximidoyl chloride 

5 (67 mg, 0.26 mmol) in tetrahydrofuran (3 mL) was treated with 20 M hydroxylamine in water (0.26 

mL, 5 mmol) and stirred at 60°C for 4 h. The reaction mixture was treated with additional 20 M 

hydroxylamine in water (O.l3mL, 2.S nunol) and heated at 70°C for l.S h. The reaction mixture was 

concentrated to a crude residue which was purified by preparative LCMS to give the desired product 

10 

15 

20 

(12 mg, 12%). LCMS for C8H8C1N602 (M+H)+: mlz = 255.0. 

Example 46 

4-Amino-N-(3-bromo-4-fluorophenyl)-N'-hydroxyisothiazole-3-carboximidamide 

trifluoroacetate 

Step 1. 4-Amillo-N-(3-bromo-4-jluorophellyl)isothiazole-3-carboxamide 

(yl~ ,-' (1 
~Br 

F 

I 

This compound was prepared according to the procedure of Example 44, Step 1, using 4-

aminoisothiazole-3-carboxylic acid hydrochloride and 3-bromo-4-fluoroaniline as the starting 

materials. LCMS for ClOHSBrFN30S (M+H)+: mlz = 315.9, 317.9. 

Step 2. 4-Amillo-N-(3-b1'01no-4-jluorophenyl}isothiazole-3-carboximidoyl chloride 
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5 

(yl, 
s_L ~ 

~I 
Br 

F 

This compound was prepared according to the procedure of Example 45, Step 2. using 4-

amino-N-(3-brom04-fluorophenyl)isothiazole-3-carboxamide as the starting material and was used 

immediately in the next step. 

Step 3. 4-Amino-N-(3-bl'omo-4-fluorophenyl)-N'-hydroxyisothjazole-3-carboximidamide 

trifluoroacetate 

This compound was prepared according to the procedure of Example 45, Step 3, using 4-

amino-N-(3-bromo4-fluorophenyl)isothiazole-3-carboximidoyl chloride as the starting material. 

10 LCMS for ClOH9BrFN40S (M+H)+: m/z= 3309, 332.9. 

Example 47 

4-Amino-N-(2,S-dichIorophenyI)-N'-hydroxy-l,2,S-oxadiazole-3-carboximidamide 

15 Step 1. 4-Amino-N-(2,5-dicltlorophellyl)-1,2,5-oxadiazole-3-carboxamide 

20 

Ci 

o 

0-r '-o/N 
This compound was prepared according to the procedure of Example 45, Step 1, using 4-

amino-l,2,5-oxadiazole-3-carboxylic acid and2,5-dichloroaniline as the starting materials. LCMS for 

C9H7Cl2N402 (M+H)+: mJz = 273.0. 

Step 2. 4-Amino-N-(2,5-dichlorophellyl)-1,2,5-oxadiazole-3-carbothioamide 
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5 

s 

CI 

0-<~ 
N'-o/N 

This compound was prepared according to the procedure of Example 44, Step 2, using 4-

amino-N-(2,5-dichlorophenyl)-1,2,5-oxadiazole-3-carboxamide as the starting material. LCMS for 

Step 3. MethyI4-amino-N-(2,5-dichlorophenyl)-1 ,2,5-oxadiazole-3-carbimidothioate 

This compound was prepared according to the procedure of Example 44, Step 3, using 4-

amino-N-(2,5-dichlorophenyl)-1,2,5-oxadiazole-3-carbothioamide as the starting material and was 

10 used immediately in the next step. 

Step 4. 4-Amino-N-(2,5-dichlorophenyl)-N'-hyd7'oxy-l,2,5-oxadiazole-3-carboximidamide 

This compound was prepared according to the procedure of Example 44, Step 4, using methyl 

4-amino-N-(2.5-dichlorophenyl)-1,2,5-oxadiazole-3-carbimidothioate as the starting material. LCMS " 

15 forC~8C12N502 (M+H)+: m/z=288.0. 

20 

Example 48 

N-{4-(E,z)-(3-Bromo-4-fluoropbenyI)amino] (hydroxyimino)metbyl]-l;J.,s -oxadiazol-3-

yl}morpboline-4-carboxamide 

Step 1. Phenyl {4-[ 4-(3 -bromo-4-jluorophenyl)-5-oxo-4,5-dihydro-1 ,2, 4-oxadiazol-3-yl] -1 ,2,5-

oxadiazol-3-yl}carbamate 
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5 

This compound was prepared according to the procedure of Example 35 using 3-(4-amino-

1 ,2,S-oxadiazol-3-yl)-4-(3-bromo-4-fluorophenyl)-I,2,4-oxadiazol-S( 4H)-one and phenyl 

chlorofonnate as the starting materials. LCMS for C17HlOBrFNsOs (M+H)+: m/z= 461.9, 463.7. 

Step 2. N-{4-[(E,Z)-[(3-Bromo-4-fluorophellyl)amino] (hydroxyimino)methyl] -1,2,5-oxadiazol-3-

yl}morpholille-4-carboxamide 

A solution of phenyl {4-[4-(3-bromo-4-fluorophenyl)-5-oxo-4,5-dihydro-l,2,4-oxadiazol-3-

yl]-1,2,5-oxadiazol-3-yl}carbamate (25 mg, 54 Jllllol) in dichloromethane (1 mL) was treated with 

10 morpholine (14 /-IL, 0.16 mmol) and stirred for 2 h. The reaction mixture was concentrated to a crude 

residue which was diluted with ethanol (1 mL), treated with 2.0 M sodium hydroxide in water (0.15 

mL, 3 mmol), and stirred for 45 min. The reaction mixture was purified by preparative HPLC to give 

the desired product (6mg, 26%). LCMS forC14H15BrFN~4 (M+H)+: m/z=428.9,430.9. 

15 Example 49 

N-(3-Bromo-4-fluorophenyl)....N'-hydroxy-4-(methylamino)-1,2,5-oxadiazole-3-carboximidamide 

20 

r CH, N)-~ 

~y, 
BI' 

Step 1. N-{4-[4-(3-Bromo-4-fluorophenyl)-5-oxo-4,5-dihydro-1,2,4-oxadiazol-3-ylJ-1,2,5-oxadiazol-

3-ylj-2,2,2-trifluoroacetamide 
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A solution of 3-( 4-ammo-l ,2,5-oxadiazol-3-yl)-4-(3-bromo-4-fluorophenyl)-1 ,2,4-oxadiazol­

S(4H)-one (0.4 g, 1.2 mmol) in pyridine (6.5 mL) was treated with 4-dimethylaminopyridine (71 mg, 

0.6 mmoI) and trifluoroacetic anhydride (0.41 mL, 2.9 nnnol) and stirred for 20 min. The reaction 

mixture was concentrated to a crude residue which was purified by silica gel to give the desired 

5 product (0.46 g,89%). LCMS forC12HsBrF4N504 (M+H)+: m/z=438.0,439.9. 

Step 2. 4-(3-Bromo-4-fluorophenyl)-3-[ 4-(methylamino)-1,2,5-oxadiazol-3-yl]-1 ,2, 4-oxadiazol­

S(4H)-one 

,({ , 
1'Y'D 
'(\N ~F 

N_I· Br 

lOA solution of N-{4-[ 4-(3-bromo-4-fluorophenyl)-5-oxo-4,5-dihydro-l ,2,4-oxadiazol-3-yl]-

1,2,5-oxadiazol-3-yl}-2,2,2-trifluoroacetamide (0.59 mg, 1.3 mmol) in N,N-dimethylformamide (3 

mL) was treated with potassium carbonate (0.28 g, 2.0 mmol) followed by methyl iodide (125 J,LL, 2 

mmol) and stirred for 2 h. The reaction mixture was treated with additional methyl iodide (200 J,LL, 

3.2 mmoI) and stirred for 16 h. The reaction mixture was diluted with water (100 mL) and brine (25 

15 mL) and extracted with ethyl acetate (2 x 100 mL). The combined organic extracts were washed with 

water (3 x 100 mL) and brine (100 mL), dried with sodium sulfate, filtered, and concentrated to a 

crude residue which was purified by silica gel to give the desired product (0.39 g, 81 %). 

LCMS for Cil H8BrFNS03 (M+H)+: mlz = 355.9, 358.0. 

20 Step 3. N-(3-Bromo-4-fluorophenyl)-N'-hydroxy-4-(methylamino)-1,2,5-oxadiazole-3-

carboximidamide 

25 

This compound was prepared according to the procedure of Example 38, Step 2, using 4-(3-

bromo-4-fluorophenyI)-3-[ 4-(methylamino )-1,2,S-oxadiazol-3-yl]-1 ,2,4-oxadiazol-5( 4H)-one as the 

starting material. LCMS for CIOHlOBrFNS02 (M+Hl: mlz= 329.9, 332.0. 

Example 50 

N-{4-[(E,Z)-[{3-Bromo-4-fluorophenyl)amino] (hydroxyimino )methylJ-l,2,5-oxadiazol-3-

yl}piperidine-4-carboxamide trifluoroacetate 
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Step 1. N-{4-[4-(3-Bromo-4-fluorophenyl)-5-oxo-4,5-dihydro-1,2,4-oxadiazo1-3-ylJ-1,2,5-oxadiazol-

3-ylJ-1-(trifluoroacetyl)piperidine-4-carboxamide 

, r<-fL ''1- ,"Y, ~~ 
o ~~ /N~t Sr 

~ N-O 
o 

5 This compound was prepared according to the procedure of Example 35 using 3-(4-amino-

1 ,2,5-oxadiazol-3-yl)-4-(3-brom0-4-fluorophenyl)-1 ,2,4-oxadiaml-5( 4H)-one and 1-

(trifluoroacetyl)piperidine-4-carbonyI chloride as the starting materials. 

C18H14BrF4N605 (M+H)+; rnlz= 549.0,550.9. 

LCMS for 

10 Step 2. N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amilloJ (hydroxyimino)methylJ-1,2, 5-oxadiazol-3-

yljpiperidille-4-carboxa11Iide trifluoroacetate 

This compound was prepared according to the procedure of Example 38, Step 2, using N-{4-

[4-(3-brom0-4-fluorophenyl)-5-oxo-4,5-dihydro-l ,2,4-oxadiazol-3-yl]-1 ,2,5-oxadiamI-3-yl} -1-

(trifluoroacetyl)piperidine-4-carboxamide as the starting material. LCMS for C15H17BrFN603 

15 (M+H)+; rnlz = 427.0, 429.9. 

20 

ExampleS1 

tert-ButyI4-{4-[({4-[(E,z)-[(3-bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-l,2,5-

oxadiazol-3-yl}amiuo )carbonyl] benzyl} piperazine-1-carboxylate trifluoroacetate 
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A solution of 3-(4-amino-l ,Z,5-oxadiazol-3-yl)-4-(3-bromo-4-fluorophenyl)-1 ,2,4-oxadiazol-

5(4H)-one (30 mg, 88 /lffiol), 4-{[4-(tert-butoxycarbonyl)piperazin-l-yIJmethyl}benzoic acid (84 mg, 

0.26 mmol), and 4-dimethylaminopyridine (6.4 mg, 53 /lffiol) in pyridine (0.75 mL) was treated With 

phosphoryl chloride (25 J.!L,0.27 romol) dropwise at -15 cC. The reaction mixture was heated in a 

5 microwave at 100°C for 5 min. The reaction mixture was concentrated to residue which was 

rediluted with methanol (1 mL), treated with 2.0 M sodium hydroxide in water (0.3 mL, 0.6 romol), 

and stirred for 30 min. The reaction mixture was quenched with acetic acid (50 J.!L, 0.9 romoI), 

filtered, and purified by preparative LCMS to give the desired product (29 mg, 45%). LCMS for 

10 

CZ6H30BrFN705 (M+H)+: m/z == 618.0, 620.0. 

Example 52 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyI)amino](hydroxyimino)methyJ]-1,2,5-oxadiazol-3-yl}-4-

(piperazin-1-ylmethyI)benzamide bis(trifluoroacetate) 

OH 2TFA 

Br 
F 

15 A solution of tert-butyl 4-{4-[( {4-[(E,Z)-[(3-bromo-4-fluorophenyl)amino]-(hydroxyimino)-

20 

methylJ-l ,2,5-oxadiazol-3-yl}amino )carbonyl]-benzyl }piperazine-l-carboxylate trifluoroacetate (25 

mg, 34 /lffiol) in dichloromethane (2 mL) was treated with 4.0 M HCI in lA-dioxane (1 mL), and 

stirred for 1 h. The reaction mixture was concentrated and purified by preparative HPLC to give the 

desired product (15 mg, 59%). LCMS for C21H22BrFN703 (M+H)+: m/z = 518.0, 520.0. 

Example 53 

1-Benzoyl-N-{4-[ (E,Z)-[ (3-bromo-4-fluorophenyI)amino] (hydroxyimino )methyI]-1,2,5-oxadiazol-

3-yl}piperidine-4-carboxamide 
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5 

This compound was prepared according to the procedure of Example 35, Step 2, using N-{4-

[4-(3-bromo-4-fluorophenyl)-5-oxo-4,5-dihydro-1 ,2,4-oxadiazol-3-yl]-1 ,2,5-oxadiazol-3-

yl}piperidine-4-carboxamide trifluoroaceiate and benzoyl chloride as the starting materials. LCMS 

for C22H21BrFN(j04 (M+H)+: m/z = 531.0, 533.0. 

ExampJe54 

N(4)-{4-[ (E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino )methyl]-l ,2,5-0xadiazol-3-y1}­

N(1)-phenylpiperidine-l,4-dicarboxamide 
o OH 

6Oy~~~ 
Br 

lO A solution of N-{4-[4-(3-bromo-4-fluorophenyl)-5-oxo-4,5-dihydro-l,2,4-oxadiazol-3-yl]-

l,2,5-oxadiazol-3-yl}piperidine-4-carboxamide trifluoroacetate (20 mg, 35 Jlll1ol) and 4-

dimethylaminopyridine (2 mg, 20 J.Il11ol) in acetoni1rile (0.13 mL) was treated with phenyl isocyante 

and stirred for 16 h. The reaction mixture was concentrated, rediluted with ethanol (0.4 mL), treated 

with 2.0 M sodium hydroxide in water (0.12 mL, 0.24 mmol), and stirred for 30 min. The reaction 

15 mixture was quenched with acetic acid (20 IlL, 0.35 mmol), filtered, and purified by preparative 

HPLC to give the desired product (6 mg, 31%). LCMS for C22H22BrFN704 (M+H)+: mlz = 546.0, 

548.0. 

Example 55 

20 N-{4-[(E,2)-[(3-Bromo-4-tluorophenyl)amino](hydroxyimino)methyI1-1,2,5-0xadiazoI-3-yl}-t-

ethylpiperidine-4-carboxamide trifluoroacetate 

A solution of N-{4-[4-(3-bromo-4-fluorophenyl)-5-oxo-4,5 -dihydro-l ,2,4-oxadiazol-3-yl} 

1,2,5-oxadiazol-3-yl}piperidine-4-carooxamide trifluoroacetate (20 mg, 35 Jlll1ol) in acetoni1rile (1 

25 mL) was treated with N,N-diisopropylethylamine (12 IlL, 71 ~ol) followed by iodoethane (4 J.1L, 53 

J.llllol) and stirred for 16 h. The reaction mixture was concentrated, rediluted with ethanol (1 mL), 

treated with 2.0 M sodium hydroxide in water (0.2 mL, 0.4 mmol), and stirred for 30 min. The 
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reaction mixture was quenched with acetic acid (50 J.!L, 0.88 mmol), flltered, and purified by 

preparative HPLC to give the desired product (S mg, 25%). LCMS for C17H21 BrFN603 (M+H)+: 

rnIz = 455.0, 4S7.0. 

5 Example 56 

4-[(Benzoylamino )metbyIJ-N-{4-[(E,z)-[ (3-bromo-4-

fluorophenyl)aminoJ (bydroxyimino )metbyIJ-l,2,5-oxadiazol-3-yl}benzamide 

o 

NH 

<) 
A solution of 4-( aminomethyl)-N-{4-[ (E,Z)-[ (3-bromo-4-fluorophenyl)amino 1-

10 (hydroxyimino)methyl]-I,2,5-oxadiazol-3-yl}benzamide trifluoroacetate (30 mg, 51 J..l.ffiol) and 

benzoic acid (9.3 mg, 76 /lDlo1) in dichloromethane (0.4 mL) and N,N-dimethylformamide (0.1 mL) 

was treated with N,N-diisopropylethylamine (22 J.!L, 0.1 mmol) and 0.6 M of I-hydroxy-7-

azabenzotriazole in N,N-dimethylformamide (20 ).IL, 10 J..l.ffiol) followed by N-(3-

dimethylaminopropyl)-N-ethylcarbodiimide hydrochloride (14.5 mg, 76 J.Ullol) and stirred for 16 h. 

15 The reaction mixture was concentrated, rediluted with ethanol (1 mL), treated with 2.0 M sodium 

hydroxide in water (0.3 mL, 0.6 mmoI), and stirred for 30 min. The reaction mixture was quenched 

with acetic acid (SO J,.IL, 0.88 mmol), flltered, and purified by preparative HPLC to give the desired 

product (4 mg, 14%). LCMS for C24H 19BrFN604 (M+H)+: mlz = S53.0, 555.0. 

20 Example 57 

N-{4-[ (E,Z)-[(3-Bromo-4-fluorophenyI)amino 1 (bydroxyimino )methyl]-1,2,5-oxadiazol-3-yl}-2-(2-

cyanophenoxy)acetamide 
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A solution of (2-cyanophenoxy)acetic acid (62 mg, 0.35 mmo!) in dichloromethane (3 mL) 

was treated with oxalyl chloride (60 J.I.L, 0.7 mmol) followed by N,N-dimethylformamide (10 J1L) atO 

°C. The reaction mixture was stirred at 25°C for 2 h and concentrated to a crude residue which was 

5 diluted with pyridine and treated with 3-(4-amino-l,2,5-oxadiazol-3-yl)-4-(3-bromo-4-fluorophenyl)-

1,2,4-oxadiazol-5(4H)-one (40 mg, 0.12 mmol) and 4-dimetbylaminopyridine (7 mg, 58 l-ltDol). The 

-reaction mixture was heated in the microwave at 150°C for 20 min. The reaction mixture was 

concentrated, rediluted with ethanol (1.45 mL), treated with 2.0 M sodium hydroxide in water (0.3 

mL, 0.6 mmol), and stirred for 30 min. The reaction mixture was quenched with acetic acid (50 J1L, 
10 0.88 mmol), filtered, and purified by preparative LCMS to give the desired product (4 mg, 7%). 

LCMS forC18H13BrFN~4 (M+H)+: m/z=474.9,477.0. 

Example 58 

N-{4-[(E,Z)-[ (3-Bromo-4-fluorophenyl)amino ] (hydroxyimino )methyI1-1,2,5-oxadiazol-3-yl}-4-

15 phenylpiperidine-4-carboxamide trifluoroacetate 

OH 
{ 
N\. ~ 

t>y, 
Br 

Step 1. N-{4-[4-(3-Bromo-4-jluorophenyl)-5-oxo-4,5-dihydro-l,2,4-oxadiazol-3-ylJ-1,2,5-oxadiazol-

3-ylJ-4-phenylpiperidille-4-carboxamide trifluoroacetate 

20 A solution of 3 -( 4-amino-l ,2,5-oxadiazol-3-yl)-4-(3-bromo-4-fluorophenyl)-1 ,2,4-oxadiazol-

5(4H)-one (0.15 g, 0.44 mmol), l-(tert-butoxycarbonyl)-4-phenylpiperidine-4-carboxylic acid (0.4 g, 
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1.3 mmol), and 4-dimethylaminopyridine (32 mg, 0.26 mmol) in acetonitrile (2 mL) was treated with 

phosphoryl chloride (0.13 mL, 1.4 mmol) and heated in the microwave at 100 °C for 10 min. The . 
reaction mixture was concentrated and the residue was diluted with ethyl acetate (25 mL) and washed 

with water (25 mL) and brine (25 mL), dried with sodium sulfate, ffitered, and concentrated to a crude 

5 residue which was purified by silica gel to give the coupled product, tert-butyI4-[({4-[4-(3-bromo-4-

fluorophenyl)-5-oxo-4,5-dihydro-l,2,4-oxadiazol-3 -yl]-1 ,2,5-oxadiazol-3-yl} amino )catbonyl]-4-

phenylpiperidine-l-carboxylate. This material was diluted with dich1oromethane (5 mL) and treated 

with 4.0 M Hel in l,4-dioxane (3 mL) and stirred for 45 min. The reaction mixture was concentrated 

and the crude residue was purified by preparative LCMS to give the desired product (10 mg,4%). 

10 LCMSforC22H19BrFN604 (M+Hl: mlz==529.0, 531.0. 

Step 2. N-{4-[(E,z}-[(3-Bromo-4-jluorophellyl)amilloJ (hydroxyimino)methyl] -1.2,5-oxadiazol-3-yl)-

4-phellylpiperidine-4-carboxamide trifluoroacetate 

This compound was prepared according to the procedure of Example 38, Step 2, using N-{4-

15 [4-(3-bromo-4-fluorophenyl)-5-oxo-4,5-dihydro-l,2,4-oxadiazol-3-yl]-I,2,5-oxadiazol-3-yl}-4-

phenylpiperidine-4-catboxamide trlfiuoroacetate as the starting materiaL LCMS for 

C21H21BrFNtP3 (M+H)+: rn/z= 503.0, 504.9. 

Example 59 

20 N-(3-Brom0-4-fluorophenyl)4-( {4-[ (l,l-dioxidothiomorpholin-4-yl)mefuyl]benzyl}amino )-N'­

·hydroxy-l,2,5-oxadiazole-3-carboximidamide trifluoroacetate 

25 

sS,oH TFA 

NH ~ 

o~,I\ ~ / 
-t?\ l o ~ B F 

Step 1. N-{4-[ 4-(3-Bromo-4-fluorophenyl)-5-oxo-4,5-dillydro-1,2, 4-oxadiazol-3-yl] -1.2,5-oxadiazol-

3-yl}-4-[(1 J -dioxidothio1ll01pholill-4-yl)methyl]bellzamide trifluoroacetate 
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A solution of 3-( 4-amino-l,2,5-oxadiazol-3-yl)-4-(3-bromo-4-fluorophenyl)-I,2,4-0xadiazo1-

5(4H)-one (0.50 g, 1.5 mmol), 4-[(1,1-dioxidothiomotpholin-4-yl)methyl]benzoic acid (1.0 g, 3.7 

romol), and 4-dimethylaminopyridine (110 mg, 0.88 romo!) in acetonitrile (8.3 mL) and pyridine (1.2 

mL) was treated with phosplloryl chloride (0.42 mL, 4.5 romol) dtopwise at 0 DC. The reaction 

5 mixture was heated in the microwave at 120 DC for 20 min., diluted with ethyl acetate (150 mL) and 

washed with water (50 mL), saturated sodium bicarbonate (SO mL), and brine (SO mL), dried with 

sodium sulfate, filtered, and concentrated. Purification of the crude reactioll mixture by preparative 

10 

LCMS gave the desired product (0.36 g, 35%). LCMS for C22H 19BrFN606S (M+H)+; mlz = 

593.0,595.0. 

Step 2. N-(3-BroTllo-4-fluoroplumylj-4-( {4-[ (1, 1-dioxidothiomorpho1i1l-4-yl)1R ethyljbellzyl}amulO)­

N'-hydroxy-1,2,5-oxadiazole-3-carboximidamide trifluoroacetate 

A solution of N-{4-[ 4-(3-bromo-4-fluorophenyl)-5-oxo-4,5-dihydro-l ,2,4-oxadiazol-3-yl]-

1 ,2,5-oxadiazol-3-yl}-4-[ (1, I-dioxidothiomotpholin-4-yl)methyl]-benzamide trifluoroacetate (20 mg, 

15 28 J.U1lol) in tetrahydrofuran «().83 mL) was treated with 2.0 M ofborane-dimethyl sulfide complex in 

toluene (42 J.tL, 85 JllDol) was heated in the microwave at 130 DC for 5 min. The reaction mixture was 

treated with additional 2.0 M ofborane-dimethyI sulfide complex in toluene (40 J.JL. 80 lJIllol) and 

heated in the microwave at 130°C for 10 min. The reaction mixture was quenched with acetic acid, 

concentrated and purified by preparative LCMS to give the desired product (1 mg, 5%). LCMS for 

20 C21H23BrFN604S (M+Hl: m/z= 553.0, 554.9. 

25 

Eumple60 

N-(3-Brom0-4-fluorophenyl)-N'-hydroxy-4-{[4-(morpbolin-4-ylmethyl)benzyl]amino}-l;J.,5-

oxadiazole-3-carboximidamide trifluoroacetate 
OH TFA 

;=\'\­
I\NY-j 0 <; 
U J-{ 

Step 1. N-{4-[4-(3-Bromo-4-}luorophenyl)-5-oxo-4,5-dihydro-l ,2, 4-oxadiazol-3-ylj-l ,2,5-oxadiazol-

3-ylJ-4-(morpholin-4-ylmethyl)benzamide trifluoroacetate 
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This compound was prepared according to the procedure of Example 59, Step I, using 4-

(mo:tpholin-4-yhnethyI)benzoic acid as the starting material. LCMS for C22H 19BrFN<P5 (M+H)+: 

m/z=544.9,547.0. 

Step 2. N-(3-Bromo-4-fluorophenyl)-N-hydroxy-4-{{4-(morpholin-4-ylmethyl)benzyljamino}-l ,2,5-

oxadiazole-3-carboximidamide tl'ijluol'oacetate 

A solution of N-{4-[ 4-(3-bromo-4-fluorophenyl)-5-oxo-4,5-dihydro-l ,2,4-oxadiazol-3-yl]-

1,2,5-oxadiazol-3-yl}-4-(mo:tpholin-4-ylmethyl)benzamide trifluoroacetate (60 mg, 91 Jltllol) in 

10 benzene (1.8 mL) was treated with phosphorus pentachloride (76 mg, 0.36 mmol) and stirred at reflux 

for 2.5 h. The reaction mixture was concentrated to a residue which was diluted with ethanol (1.4 

mL), treated with sodium cyanoborohydride (17 mg, 027 mmol), and stirred for 2 h. The reaction 

mixture was quenched with acetic acid (50 J..lL) and purified by preparative LCMS to give the 

intennediate, 4-(3-bromo-4-fluorophenyI)-3-(4-{[4-(mo:tpholin-4-ylmethyl)benzyI]amin0}-1,2,5-

15 oxadiazol-3-yl)-I,2,4-oxadiazol-5(4H)-one. This material was diluted with ethanol (1 mL), treated 

with 2.0 M sodium hydroxide in water (0.2 mL, 4 mmoI), and stirred for 45 min. The reaction 

mixture was purified by preparative LCMS to give the desired product (15 mg, 27%). LCMS for 

C21H23BrFN603 (M+H)+: m/z = 505.0, 507.0. 

20 Example 61 

N-(3-Cyano-4-fluorophenyl)-4-({4-( (l,l-dioxidothiomorpholin-4-yl)metbyl)benzyl}amino )-N'­

hydroxy-l,2,5-oxadiazole-3-carboximidamide trifluoroacetate 
OH 

?' TFA 

sfN~ )L 
,,-j 0r<NH-= 

o~/\ ~ / 
..?\ l 

o '---I ~ F 
N 

Step 1. 4-(3 -Bl'omo-4-fluorophenyl)-3-{ 4-( (4-{(1, 1-dioxidothiomorpholin-4-yl)methyljbellzyljamino)-

25 1,2,5-oxadiazol-3-ylj -l,2,4-oxa4iazol-5 (4H}-one trijluoroacetate 
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A solution of N-{4-[ 4-(3-bromo-4-fluorophenyl)-5-oxo-4,5-dihydro-l,2,4-oxawazol-3-yIJ-

1 ,2,5-oxadiazol-3-yl }-4-[ (1, l-dioxidothiomorpbolin-4-yl)methyl]benzamide trifluoroacetate (20 mg, 

28 J.Ullol) in pyridine (0.5 mL) was treated with phosphorus pentachioride (18 mg, 85 j.L1llOl) and 

5 stirred at 0 DC for 4.5 h. The reaction mixture was concentrated, diluted with ethanol (1 mL), treated 

with sodium cyanoborohydride (5 mg, 85 /lDlol), and stirred for 2 h. The reaction mixture was 

purified by preparative LCMS to give the desired product (9 mg, 47%). LCMS for 

C22H21BrFN605S (M+H)+: rnlz= 579.0, 581.0. 

10 Step 2. N-(3-Cyallo-4-jluorop/tellyl)-4-( {4-[(l ,J-dioxidothiomorplwlill-4-yl)methyl]benzyljamino)-N ~ 

hydroxy-l,2,5-oxadiazole-3-carboximidamide trifluoroacetate 

A solution of 4-(3-bromo-4-fluorophenyl)-3-[ 4-( { 4-[ (1, l-dioxidothiomorpholin-4-

yl)methyl]benzyl} amino )-1 ,2,5-oxadiazol-3-yl]-1 ,2,4-0xadiazol-5( 4H)-one trifluoroacetate (10 mg, 

14 J..lD101), zinc cyanide (5 mg, 43 J.Ul101), and tetrakis(triphenylphospbine)palladium(O) (8 mg, 7 

15 J.Ill1ol) in N,N-dimethylformamide (0.25 mL) was heated in the microwave at 150 DC for 5 min. The 

reaction mixture was diluted with 3:1 acetonitrile/water (2 mL), filtered, and purified by preparative 

LCMS to give the intermediate 5-[3-[4-({4-[(l,1-dioxidothiomorpholin-4-yl)methyl]benzyl}amino)-

1,2,5-oxadiazol-3-yl]-5-oxo-l,2,4-oxadiazol-4{5H)-yl]-2-fluorobenzonitrile trifluoroacetate. This 

material was ~iiluted with ethanol (1 mL), treated with 2.0 M sodium hydroxide in water (0.1 mL), and 

20 stirred for 45 min. The reaction mixture was quenched with acetic acid (50 ~, 0.9 mmol), filtered, 

and purified by preparative LCMS to give the desired product (1 mg, 11%). LCMS for 

C22H23FN704S (M+H)+: rnlz = 500.0. 

25 Example 62 

N-(3-Bromo-4-fluorophenyl)-N'-hydroxy-4-[(pyridin-3-ylmethyl)amino]-1,2,5-oxadiazole-3-

carboximidamide trifluoroacetate 
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Step 1. 4-(3-Bromo-41luorophenyl)-3-{4-[ {pyridin-3-ylmetlzyl)aminoj-1 ,2,5-oxadiazol-3-yl}-I ,2,4-

oxadiazol-5 (4H)-one trijluoroacetate 

5 A solution of N-{4-[4-(3-bromo-4-fluorophenyl)-5-oxo-4,S-dihydro-l,2,4-oxadiazol-3-yIJ-

1,2,S-oxadiazol-3-yl}-2,2,2-trifluoroacetamide (50 mg, 0.11 mmol), nicotinyl alcohol (14 ~, 0.15 

nunol), and triphenylphosphine (42 mg, 0.16 nunol) in tetrahydrofuran (035 mL) at 0 °C was treated 

with diisopropyl azodicmboxylate (34 pL, 0.17 nunol). The reaction mixture was stirred at 25°C for 

16 h and purified by preparative LCMS to give the desired product (4 mg, 6%). LCMS for 

10 C16HuBrFN603 (M+H)+; mlz=432.9,434.9. 

Step 2. N-(3-Bromo-41luorophellyl)-N'-hydroxy-4-[(pyridin-3-ylmethyl)amillo]-1,2,5-oxadiazo!e-3-

carboximidamide trijluoroacetate 

This compound was prepared according to the procedure of Example 38, Step 2, using 4-(3-

15 bromo-4-fluorophenyl)-3-{4-[ (pyridin-3-ylmetbyl)amino]-i ,2,5-oxadiazol-3-yl }-1 ,2,4-oxadiazol-

5(4H)-one trifluoroacetate as the startiilg material. LCMS for C1SH13BrFNtP2 (M+H)+; mlz = 

406.9,408.9. 

Example 63 

20 N-(3-Cyano-4-fluorophenyl)-N'-hydroxy-4-[ (pyridin-4-ylmetbyl)amino ]-1 ,2,S-oxadiazole-3-

carboximidamide trifluoroacetate 
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A solution of N-{4-[ 4-(3-cyano-4-fluorophenyl)-5-oxo-4,5-dihydro-1,2,4-oxadiazol-3-yl]-

1,2,5-oxadiazol-3-yl}isonicotinamide trifluoroacetate (37 mg, 72 fllllol) in pyridine (1.5 mL) at 0 °C 

was treated with phosphorus pentachloride (45 mg, 022 nunol) and stirred for 3 h. The reaction 

5 mixture was concentrated, diluted with ethanol (2.5 roL), treated with sodium cyanoborohydride (14 

mg, 0.22 nunol), and stirred for 16 h. The reaction mixture was purified by preparative LCMS to give 

the intermediate 2-fluoro-5-[ 5-oxo-3-{ 4-[(Pyridin-4-ylmethyl)amino ]-1 ,2,5-oxadiazol-3-yl}-1,2,4-

oxadiazol-4(5H)-yl]benzonitrile trifluoroacetate. This material was diluted with ethanol (1 mL), 

treated with 2.0 M sodium hydroxide in water (0.2 roL), and stirred for 45 min. Purification of the 

10 crude reaction mixture by preparative HPLC gave the desired product (8 mg, 24%). LCMS for 

Cl@l13FN702 (M+H)+: mJz = 354.0. 

Example 64 

4-[(3-Cyanobenzyl)amino}-N-(3-cyano-4-fluoropbenyl)-N'-bydroxy-1,2,5-oxadiazole-3-

15 carboximidamide 
OH 

l 

0:31< c~ I F 
"N N 

A solution of 3-cyano-N-{4-[4-(3-cyano-4-fluorophenyl)-5-oxo-4,5-dihydro-l ,2,4-oxadiazol-

3-yIH,2,5-oxadiazol-3-yl}benzamide (30 mg, 72 JUUol) in benzene (2 mL) at 0 °C was treated with 

phosphorus pentachloride (45 mg, 0.22 mmol) and stirred at 90°C for 2 h. The reaction mixture was 

20 concentrated, diluted with ethanol (2.5 mL), treated with sodium 'cyanoborohydride (14 mg, 0.22 

nunol), and stirred for 16 h. The reaction mixture was purified by preparative LCMS to give the 

intermediate 5-[3-{4-[(3-cyanobenzyl)amino]-1,2,5-oxadiazol-3-yl}-5-oxo-l,2,4-oXadiazol-4(5H)-yl]-

2-fluorobenzonitrile. TIus material was diluted with ethanol (1 roL), treated with 2.0 M sodium 

hydroxide in water (02 mL), and stirred for 45 min. Purification of the crude reaction mixture by 
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preparative HPLC gave the desired product (3 mg, 11 %). LCMS for ClSH 13FN702 (M+Hl: m1z = 

378.0. 

Example 65 

5 N-(3-Brom0-4-fluorophenyl)-N-hydroxy-4-[(lH-tetrazol-5-ylmethyl)amino]-1,2~5-oxadiazole-3-

10 

carboximidamide 

~~ ( r- NH iriQNH-= 
N~ / ,,/N 

N 0 ~ / 

Br 
F 

Step 1. N-{ 4-[ 4-(3-Bromo-4-jluorophenyl)-5-oxo-4,5-dihydro-1 ,2, 4-oxadiazol-3-yl) -1 ,2,5-oxadiazol-

3-yl}-1 H-tetrazole-5-carboxamide 

A solution of 3-(4-amino-l ,2,5-oxadiazol-3-yl)-4-(3-bromo-4-fluoropheny1)-1,2,4-oxadiazo1-

5(4H)-one (50 mg, 0.15 mmol) and 4-dimethylanrinopyridine (11 mg, 88 f1.I11ol) in acetonitrile (0.8 

mL) and pyridine (0.12 mL) was treated with phosphoryl chloride (42 ).lL, 0.45 mmo!) and stirred for 

1 h. The reaction mixture was concentrated, dissolved in 3:1 acetonitrile/water, and purified by 

15 preparative LCMS to give the desired product (14 mg, 22%). LCMS for C12H6BrFN904 (M+H)+: 

m1z = 437.8, 439.9. 

Step 2. N-(3-Bromo-4-jluorophenyl)-N'-hydroxy-4-[(IH-tetrazol-5-ylmethyl)aminoj-I,2,5-

oxadiazole-3-carboximidamide 

20 A solution of N-{4-( 4-(3-bromo-4-fluorophenyl)-5-oxo-4,5-dihydro-l ,2,4-oxadiazol-3-yIJ-

1,2,5-oxadiazol-3-yl}-1H-tetrazole-5-carboxamide (12 mg, 27 f1.I1101) in pyridine (0.3 mL) was treated 

with phosphorus pentachloride (13 mg, 60 /llllol) at 25°C. The reaction mixture was stirred at 0 °C 

for 2 h, concentrated, rediluted with toluene and concentrated to a residue. This material was diluted 

with ethanol (1 mL), treated with sodium cyanoborohydride (5 mg, 82 ~ol), and stirred for 2 h. The 

25 reaction mixture was concentrated, diluted with ethanol (1 mL), treated with 2.0 M sodium hydroxide 

in water (0.2 mL), and stirred for 45 min. Purification of the crude reaction mixture by preparative 
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LCMS gave the desired product (2 mg, 19%). LCMS for C11HIoBrFN902 (M+H)+; mlz = 398.0, 

400.0. 

Example 66 

5 N'-(Acetyloxy)-4-amino-N-(3-chloro-4-fluorophenyl)-1,2,5-oxadiazole-3-carboximidamide 

H~io 

F'0 -)--(t..j NH2 
CI~~ 

¥ 
N ...... / o 

A solution of 4~amino-N-(3-chloro-4-fluorophenyl)-N'-hydroxy-l ,2,5-oxadiazole-3-

carboximidamide (0.1 g, 0.37 mmol) in acetic anhydride was stirred for 2 h. The reaction mixture 

was concentrated and purified by preparative LCMS to give the desired product (625 mg, 54%). 

10 LCMSforCllHlOClFNS03 (M+H)+: mlz=314.l. 

Example 67 

4-Amino-N-(3-chloro-4-fluorophenyl)-N'-(propionyloxy)-1,2,5-oxadiazole-3-carboximidamide 

O~CH3 

F:Q' ~ I N NHa 

o "- H~ 
N_I 

15 A solution of 4-amino-N-(3-chloro-4;-fluorophenyl)-N'-hydroxy-l,2,S-oxadiazole-3-

20 

carboximidamide (0.1 g, 0.37 mmol) and N,N-diisopropyletbylamine (0.16 mL, 0.92 mmol) in 

dichloromethane (4 mL) was treated with propanoyl chloride (38 j.1L, 0.44 nnnol) and stirred for 1 h. 

The reaction mixture was concentrated and purified by preparative LCMS to give the desired product 

(57mg,47%). LCMSforC12H12CIFNS03 (M+H)+: m/z=328.0. 

Example 68 

4-Amino-N'-{[(benzylamino)carbonyl]oxy}-N-(3-chlor0-4-tluorophenyl)-1,2,5-oxadiazole-3-

carboximidamide 
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A solution of 4-amino-N-(3-chloro-4-fluorophenyl)-N-hydroxy-l,2,5-oxadiazole-3-

carboximidamide (50 mg, 0.18 mmol) and N,N-diisopropylethylamine (64 IlL, 0.37 mmol) in 

dichloromethane (2 mL) was treated with benzyl isocyanate (29 mg, 0.22 mmol) and stirred for 3 h. 

5 The reaction mixture was concentrated and purified by preparative LCMS to give the desired product 

10 

15 

(18 mg,,24%). LCMSforC17Hl5ClFN603 (M+H)+: m/z = 405.0. 

Example 69 

N-(3-Bromo-4-fluorophenyl)-N'-hydroxy-4-morpholin-4-yl-l;2,5-oxadiazole-3-carboximidamide 

A\p 
/I ~N 
"0/ 

Step 1. 4-[(E,z)-(Hydl'OX)'intino)(morpholin-4-yl)methylj-1,2,5-oxadiazol-3-amille 
OH 

NI" 

H~, ).-NG K 'L/0 
/ \ 

......... 0/ 

This compound was prepared according to the procedure of Example 1 using mOlpholine as 

the starting material. LCMS for C7H 12N503 (M+H)+; rnJz = 214.0. 

Step 2. N'-Hydroxy-4-morp/Zolin-4-yl-1 ,2,5 -oxadiazole-$-carboximidamide 

l-; NfH 
'--Ir(-

/ ~N 
"C/ 

A solution of 4-[(E,Z)-(hydroxyimino )(moIpholin-4-yl)methyIJ-l ,2,S-oxadiazol-3-amine (0.1 

g, 0.47 mmol) in 1,2-ethanediol (1.6 mL) was treated with potassium hydroxide (94 mg, 1.7 mmol) 
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and stirred at 130°C for 7 h. The reaction mixture was treated with additional potassium hydroxide 

(53 mg, 0.94 nunol) and stirred at 140°C for 5.5 h. The reaction mixture was cooled to 0 OCt 

neutralized with 6.0 M HCI, and purified by preparative LCMS to give the desired product desired 

product (70mg, 70010). LCMSforC7H12Ns03(M+Hl: mlz=214.1. 

Step 3. N-HydroXY-4-morpholin-4-yl-I,2,5-oxadiazole-3-carboximidoyl chloride 

A solution of N-hydroxy-4-morpholin-4-yl-l,2,5-oxadiazole-3-carboximidamide (66 mg, 0.3 

nunol) in 6.0 M HCI (0.62 mL) at 5-10 °C was treated with a solution of sodium nitrite (32 mg,0.47 

10 nunol) in water (0.5 mL) dropwise and stirred for 2 h at 0 °C. The suspension was filtered and the 

solid washed with ice water to give desired product (22 mg, 30%). The filtrate was extracted with 

ethyl acetate (30 mL) which was washed with brine (10 mL), filtered and concentrated to give 

additional product (23 mg, 32%) that contained minor impurities. The combined material was used 

inunediately in the next step. 

15 

Step 4. N-(3-Bromo-4-fluorophellyl}-N'-hydroxy-4-morpholtll-4-yl-l,2,5-oxadiazole-3-

carboximidamide 

A solution of N-Hydroxy-4-morpholin-4-yl-l,2,5-oxadiazole-3-carboximidoyl chloride (40 

mg, 0.17 nunol) and 3-bromo-4-fluoroaniline (49 mg, 0.26 nuno!) in ethanol (1 mL) was treated with 

20 a solution of N,N-diisopropylethylamine (45 J.!L, 0.26 nuno!) in acetonitrile (1 mL) and stirred for 62 

h. The reaction mixture was purified by preparative HPLC to give the desired product (32 mg, 48%). 

LCMS for C13H 14CIFN503 (M+H)+: m/z = 386.0, 388.0. 

Example 70 

25 4-Amino-N'-hydroxy-N-[3-(3-hydroxyprop-l-yn-l-yl)phenylJ-l,2,5-oxadiazole-3-

carboximidamide 

75 



A solution of 4-ammo-N -hydroxy-N-(3-iodophenyl)-1,2,5-oxadiazole-3-carboximidamide 

(19 mg, 55 ).U1101), 2-propyn-I-ol (3.6 J,.LL, 62 ).lmol), bis(triphenylphospbine)palladium(Il) chloride (1 

mg,2 ).U1101), and copper (1) iodide (0.4 mg, 2 ).U1101) in N,N-dimethylfonnamide (O.S mL) was treated 

with N,N-diethylamine (74 J,.LL, 0.72 mmol) and heated in the microwave at 120°C for 15 min. The 

5 reaction mixture was diluted with 1: 1 acetonitrile/water (1.5 mL), filtered, and purified by preparative 

LCMS to give the desired product (4mg, 28%). LCMS forC12H12Ns03 (M+H)+: m/z=274.0. 

Further example compounds of the invention are provided below in Table 1. 

Table 1 

Ex. 
Structure Name 

Prep. MS 
No. Method (M+l) 0,- f~ N-{4-[ (E,Z)-[ (3- Ex. 35 350.0 

\-C-
Chlorophenyl)amino J(hydroxyim 
ino )methyIJ-l,2,5-oxadiazol-3-

71 yl} cyclopentanecarboxamide o JV- P 
CI' 

~ {" '" 
N-{4-[(E,Z)-[(3- Ex.3S 359.0 
Chlorophenyl)amino] (hydroxyim 
ino )methyl]-l ,2,S-oxadiazol-3-

72 0\)9 yI}nicotinamide trifluoroacetate 

cl' 

~ { TeA 

N-{4-[(E,Z)-[(3- Ex. 35 359.0 
Chloropheny l)arnino ](hydroxyim 
ina )methyl]-l ,2,5-oxadiazol-3-

73 o)jp yl}isonicotinarnide 
trifluoroacetate 

cl' 

9r~ 
N-{4-[(E,Z)-[(3- Ex. 35 388.1 

~ D \ Chlorophenyl)amino ] (hydroxyim 

~o 0 "r{p ino )methyl]-1,2,5-oxadiazol-3-
74 yl }-2-methoxybenzamide 

NVN \. j 

",' 

~~~ 
N-{4-[(E,Z)-[(3- Ex. 35 387.9 
Chlorophenyl)arnino J(hydroxyim 

75 ino )methyIJ-l,2,S-oxadiazol-3-

o :C) 9 yl} -3-methoxybenzarnide 

ri 
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r' N-{4-[(JiZ)-[(3- Ex. 35 388.0 

~J 
Chlorophenyl)amino ] (hydroxyim 
ino )methyl]-1 ,2,5-oxadiazoI-3-

76 
yI}-4-methoxybenzamide 

n NH 

o JJ- ) > 
: ;) OH 2-Chloro-N-{4-[(E,Z)-[ (3- Ex. 35 " 391.9 

t 

\-t 
chIorophenyI)amino ] (hydroxyim 
ino )methylJ-l ,2,S-oxadiazoI-3-

77 CI 
yl}benzamide 

0 0) ) 
~ 

3-Chloro-N-{ 4-[ (E,Z)-[ (3- Ex. 35 391.9 
chlorophenyl)amino ](hydroxyim 

78 
ino )methyl]-I,2,5-oxadiazol-3-

o l' 9 yl} benzamide 

N ....... cf' \ ;} 
CI, ",' 

~ OH 
4-Chloro-N-{ 4-[ (E,Z)-[ (3- Ex. 35 391.9 

, b { 
chlorophenyl)amino ](hydroxyim 
ino)methyl]-l,2,5-oxadiazol-3-

79 yl} benzamide 

N'-o/N \ " 

CI 
fur N-{4-[(E,Z)-[(3- Ex. 35 352.0 

~r-<-p 
Chlorophenyl)amino](hydroxyim 

80 
ino )methyl]-I,2,5-oxadiazoI-3-
yl}-3,3-dimethylbutanamide 

N'-o/ "J 
rl 

D~~ 4-Amino-N-(3-bromophenyl)-N- Ex.l 298.0, 

"I ~~ 
hydroxy-l,2,5-oxadiazole-3- 300.0 

81 
carboximidamide 

Br ~ 

r ~ 
N,,./N 

. "r: 

~:U"\n~ 
4-Amino-N-(3-bromo-4- Ex. 1 312.1, 
methylphenyl)-N-hydroxy-l,2,5- 314.1 

82 
oxadiazole-3-carboximidamide 

Br N 

~ ~ 
N ......... o,./N 

77 



~Xl~\-c 
4-Amino-N-(3-chloro-4- Ex. 1 284.1 
metboxyphenyl)-N -hydroxy-

83 1,2,5-oxadiazole-3-
CI N carboximidamide 

H ¥ ~ 
N'n/ 

Ji~\n~ 
4-Amino-N-(3,5- Ex. 1 248.2 
dimetbylphenyl)-N-hydroxy-
1,2,5-oxadiazole-3-

84 carboximidamide 

~3C ~ 

r ~ 
N'-.../N 

'IT 

HO~ 4-Amino-N-hydroxy-N-(2- Ex. 1 248.2 
N metbylbenzyl)-I,2,5-oxadiazole-

oc"J)-{~ 
3-carboximidamide 

85 

I H V ~ 
# N N 

. CHa .......... ()/ 

HO~ 4-Amino-N-hydroxy-N-(3- Ex. 1 248.2 
N metbylbenzyl)-I,2,5-oxadiazole-

y'~-(' 
3-carboximidamide 

86 I H ~ ~ 
# N .......... /N 

0 

CH~ 
HO~ 4-Amino-N-hydroxy-N-(4- Ex. 1 248.2 

N 

~ 
metbylbenzyl)-1,2,5-oxadiazole-

87 ~ NH2 3-carboximidamide 

I ~ ¥ ~ ""ff "'Y" 
HO~ 4-Amino-N-hydroxy-N-[2- Ex. 1 302.1 

F F N (trifluoromethyl)benzyl]-1 ,2,5-

~~ 
oxadiazole-3-carboximidamide 

88 ~ 

I 
#' N .......... /N 

'0' 

HO~ 4-Amino-N-hydroxy-N-[ 4- Ex. 1 302.1 
N 

xV~ 
(trifluoromethyl)benzyl]-1 ,2,5-

89 : I: ~"V 
oxadiazole-3-carboximidamide 

'F 
-HO; 4-Amino-N-(3-ethylphenyl)-N- Ex. 1 

~'. 
248.1 

"" ,I ~~'" 
hydroxy-l,2,5-oxadiazole-3-

90 carboximidamide 

i \ 
"t/ 
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91 

92 

93 

94 

95 

96 

97 

4-Amino-N-(3 A­
dichlorophenyl)-N-hydroxy-
1,2,5-oxadiazole-3-
carboximidamide 

4-Amino-N-(3,5-
dichlorophenyl)-N -hydroxy-
1,2,5-oxadiazole-3-
carboximidamide 

4-Amino-N-biphenyl-3-yl-N­
hydroxy-l,2,5-oxadiazole-3-
carboximidamide 

4-Amino-N-(2-fluorophenyl)-N­
hydroxy-l,2,5-oxadiazole-3-
carboximidamide 

4-Amino-N-(3-chloro-4-
methylbenzyl)-N -hydroxy-l ,2,5-
oxadiazole-3-carboximidamide 

4-Amino-N-(4-fluorophenyl)-N­
hydroxy-l,2,5-oxadiazole-3-
carboximidamide 

4-Amino-N-(2,3-
dimethylphenyl)-N -hydroxy-
1,2,5-oxadiazole-3-
carboximidamide 

79 

Ex. 1 288.1 

Ex.l 288.1 

Ex. 1 296.1 

Ex. 1 238.1 

Ex. 1 282.1 

Ex. 1 238.1 

Ex. 1 248.2 



/H N-{4-[(E,Z)-[(3- Ex. 35 483.8 
N ChlorophenyI)amino ](hydroxyim 

0 

~r-t ino )metbyI]-1 ,2,5-oxadiazol-3-
yl}-4-iodobenzamide 

98 

l)" ~ ) -;:::::;;-

~ CI 

°Xl~~ 
4-J\rntno-N-(4-chloro-3- Ex. 1 268.2 

~ N 

H,C """ I ~~ 
metbylphenyl)-N-hydroxy-1,2,S-

99 
oxadiazole-3-carboximidamide 

~ ~ 
N"./III 

n~~ 4-J\rntno-N -hydroxy-N-[3- Ex. 1 266.0 
I N (methylthio )phenyl]-I,2,5-

100 ""-. "'" ,~ ... oxadiazole-3-carboximidamide 

H V ~ . 
N',,/N 

~OO\ 
4-i\rnnno-N-(3-chloro-2- Ex. 1 268.1 

""" I J),~ 
metbyIphenyl)-N-hydroxy-l,2,5-

101 
oxadiazole-3-carboximidamide 

CI III 
H 

CH3 } ~ 
"./111 

~HO~ 4-i\rnnno-N-(3-fluoro-2- Ex. 1 252.1 
~ I N metbylphenyl)-N-hydroxy-1,2,5-

102 
F "" ~J),~ oxadiazole-3-carboximidamide 

C~ } \ 

"./ 

.~~~ 4-Amino-N-hydroxy-N-(3- Ex. 1 246.1 

~~ "'" I ~ 
vinylphenyl)-1,2,5-oxadiazole-3-

103 carboximidamid~ 

~ V ~ 
N',,/N 

M~~ 4-i\rnnno-N-(3-etbynylphenyl)- Ex. 1 244.0 

""" I ~ 
N-hydroxy-l,2,5-oxadiazole-3-

104 carboximidamide 

H# ~ r ~ 
N'n/N 

~M~~N~ 
4-Amino-N-(4-fluoro-3- Ex. 1 252.0 
meth~lphenyl)-N-hydroxy-1 ,2,5-

105 
oxadlazole-3-carboximidamide 

H ~ ~ 
N"./N 
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ID~\-r' 
4-Amlno-N -hydroxy-N-(3- Ex. 1 345.9 
iodophenyl)-1,2,5-oxadiazole-3-

106 
carboximidamide 

H ~ ~ 
N"'n/N 

P"O~ 
4-Amino-N -hydroxy-N-(3- Ex. 1 262.2 

~ I N isopropylphenyl)-1,2,5-

107 ~ ~ 0-(' oxadiazole-3-carboximidamide 

CH, J ~ 
",./N 

n"O~ 4-Aurrino-N-(3-brorno~- Ex. 1 316.1 
~ I N fluorophenyl)-N-hydroxy-l ;2,5-

108 ~ . ~-(' oxadiazole-3-carboximidamide 
Sr N 

H ~ ~ 
N"',,/N 

~-~ 4-Amino-N-hydroxy-N-( 4- Ex. 1 276.2 

109 '" I "~ phenylbutyl)-l ;2,5-oxadiazole-3-
carboximidamide 

H 1 ~ 
N,/N 

0 

l" ~ ) 0 
4-Anllno-N -hydroxy-N-[3-(1 ,3- Ex. 1 287.0 
oxazol-5 -yl)phenyl ]-1,2 ,5-

N~ oxadiazole-3-carboximidamide 

110 ~r{ 
N /N 

......... d 

0 ,rl"DFf N-{4-[(E,Z)-[(3- Ex. 35 382.9 
N Chlorophenyl)am:ino] (hydroxyiln 

>--r - .( I'D 
ino )methyl]-1,2,5-oxadiazol-3-

111 
yl} ~-cyanobenZamide 

\ j 
0/ ~ 

c 

! 
~ 

Cl 

HO~ 4-Amino-N-hydroxy-N-[1- Ex. 1 2482 

cfN~N~ 
phenyletbyl]-1,2,5-oxadiazole-3-
carboximidamide 

112 I H ~ ~ 
# N", /N 

0 
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? 
N~ ~ 

I 0 F 

~ N 

4-Amino-N'-h dro 
naphthyl-l 2 ! ~-N-l­
carboximida;m~:adiazole-3-

4-Amino-N'-h 
naphthyl-I,2 !droxy-N-2-
carboximicm:ni:adiazole-3-

4-Amino-N-(3 fluOrOPhenYl)_~~orO-2-
oxadiazole 3 - ydroxy-l 2 5-

- -carboximidamide 

N-{4-[(EZ)-
(tcifl ' ([4-Fluoro-3 

uorometb: 1) -
hydroxyimino r p;enyl]amino }( 
oxadiazol-3- l}m~ yl)-1,2,5-
trif1: Y rucoti . 

uoroacetate namtde 

N-{4-[(EZ) 
(trifl ,-([4Fluoro-3-

uorometh: 1) hydrox' . y phenyl]amino}( 

O~di=;i}~r]-~'2,5-
trifluoroacetate cotinamide 

4-Amino-N-(3-
cyclopropylph 1 ,2,5-OXadiazoelny1)-N' -hydroxy-
carb .. e-3-

oxurudamide 

82 



t 
N~ H 

119 

_----1- ~ I Br F 

N-{4-[(E,Z)-fluoro h [(3-Bromo-4-
p enyl)amin 

no)methyl]-l 25 o](hydroxyimi 
yl}benzamid~ , -oxadiazol-3-

N-{4-[(E,Z)­fluorOPhenYl~~~romO-4-
no)methyl]-l 2 ;nO](hydroxyimi 
yl}nicotinamid~ -~xadlazol-3-

trifluoroacetate 

N-{4-[(E,Z)­fluorophenYl~~~romO-4-
no)methyl]-l 2 ;nO](hydroxyimi 
yl}isonlcotmO ' 'od-oxadiazol-3-
trifl ann e 

uoroacetate 

N-{4-[(E,Z)-[(3-Bi3rOu~-_L 
fluorophenyl)a ° romo-4-
no )methyl]-l ,t;n° ] (hydroxyimi 
Yl}-4_cyanObe~~~azol-3-

N-{4-[(E,Z)-[( fluoroph 3-Bromo-4- --f-:-- I enyl)amin ] ,-:--
no )methyl]-l 2 5 0 (hydroxyimi 
yl}-3-cyan be' , -oxadiazol-3-

o nzamide 

83 



f 

·"x~ CO J' 

N 

r---- loAcH 

l 
N~ ~ 

N-{4-[(E 7'L[ fl ,LJT (3-Brom A 

uorophenyl)amin O'""t­
no)methyl]-l,2 5 o](hydroxyimi 
YI}_2_naphth~d~xadiazoI-3-

N-{4-[(E,Z)-[ 
fluorophenyl (3-~romo-4-
no )methyl]-~o )(hydroxyimi 
yl}-l-naphthami'. -oxadiazol-3-

de 

l-Acetyl-N-{4 [ 4- - (E,Z)-[(3-b-ro-m-o-L-- .-;-;--1---

fiuorophenyI) . 
no )methyI]-l ~o ](h!droxyimi 
yl}piperidin ' , -oxadlazoI-3-

e-4-caiboxamide 

N-{4-[(E,Z)-[(3-Bro 
fluorophenyl) . mo-4-
no )metbyl]-l ~o](hYdrOXyimi 
yl}-2-furamide' -oxadiazol-3-

N_{4_[(:riEZ)~~~;;---J fluoropht'l -[(3-Bromo-4-
enyl)amin ](h 

no)methyl]-l,2 5 0 !droxyimi 
yl}tbiophene-2' -oxadlazol-3-

-carboxamide 

84 



~-{4-[(E,ZH(3-BrOm~A~-T~-;;-;--'---
uoropbenyl)amin 0"""1- Ex no)meth 1]- o](hydrox" . 35 

Y
I}-l Y 1,2,5-oxadi I ymn -pbenyl-5-(' azo -3-

IH -pyrazole-4- trifluoromethyl)­
carboxamide 

4-(Acetyl . [(3_bromo~O)-N-{4-[(E,z)-
fluorophenyl)amin 
no )methyl]-l 2 5 0 ](hydroxyimi 
yl}benzamid; , -oxadiazol-3-

tert-Butyl {4 bromo-4- -[( {4_[(E,Z)-[(M3-_.-L -"'A1-t--::--- -

fluorophenyl) . no)methYI]_l~~(hydroxyimi 
yl}amino)carbo 1] diazol-3-
mate ny benzyl }carba 

N-{4-[(E,Z)-[(3-B 
fluorophenyl) . rom04-
no )methyl]-l ~o ](hydroxyimi 
yl}-l-benzothl' -oxadiazol-3-
carboxamide ophene-2-

N-{4-[(E,Z)-[(3-B 
fluorophenyl) . romo-4-
no)methyij_l~O](hydroxyimi 
yl}-l,3-thi ' -oxadiazol-3-

azole-4-carbo . xannde 
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134 

135 

136 

137 

138 

~-{ 4-[(E,Z)-[ (3-Bromo-4 
uorophenyl)amin](h - Ex. 41 

no)metbyI]-l 25 0 !droxyimi 
yl}-l-b '.' -oxadlazol-3-
earb ~thiophene-3-

oxanude 

~-{4-[(E,Z)-[(3-Brom0-4 
uorophenyl)' - Ex. 41 

no)metbyl]-l ~oJ(h?,droXyimi 
yl}thio h ' -oxadiazoI-3-

p ene-3-carboxamide 

Br 

~-{4-[ (E:Z)-[ (3-Bromo-4-
uorophenyI)amin ](h Ex.41 

no )methyl]-1,2,5 0 !droxyimi 
yl}-lH-imidaz -oxadiazol-3-

ole-2-carboxamide 

Br 

1-13 NH N~ ~-{4-[(EIZ)-[(3-BromO-4-
1\ uorophenyl) . 

_ NH no)methYI]-1~o](h~Xyimi 
" .,...-" """ carooxBDlide ' ,II2t>1e-5-

~ . 

/ 

o Ex. 41 

Br 

N-{4-[fEZ) [( f1 \: I - 3-Bromo-4 
uorophenyl) , . -

no)methylJ-l ~~droXyimi 
yl}-1 23 thi'd? azol-3-, , - a lazole-4-

Ex. 41 

earboxamide 

Br 

o /" N-{4 . 
:=-' NH ~ f1 -[(E,Z)-[(3-Bromo-4-

139 _ uorophenyl) . Ex. 41 

y '" yl)-21-be . • -oxadiazol-3-
'o,/N ~ "'= earb ' OZIsoxazole-3-

oxamide 

/ 
Br 

86 

475.9, 
477.9 

425.8, 
427.9 

409.9, 
411.9 

441.9, 
443.9 

427.9, 
429.9 

460.9, 
462.9 



OH 4-(Aminomethyl)-N-{4-[(E,Z)- Ex. 41 448.9, 
0 r TFA 

>Sf:( 
[ (3-brorno-4- 450.9 
fluorophenyl)amino ](hydroxyirni 

140 r 
no )methyl]-I,2,5-oxadiazol-3-
yl} benzamide trifluoroacetate 

0/ ~,# 
Bf 

F 

o jOFf N-(3-Bromo-4-fluorophenyl)-N- Ex. 43 463.0, 

)-'r?- hydroxy-4-( {[(2- 465.0 
phenylethyI)amino ]carbonyl}ami 

141 ~ ! 1. .P no)-I,2,5-oxadiazole-3-
carboximidamide 

< 
"-0/ ~ j 

) B F 

I 

,PH N-(3-Bromo-4-fluorophenyl)-4- Ex. 43 426.9, 

o-r~ 
{[ (cyclopentylamino )carbonyl]a 428.9 
mino }-N-hydroxy-1 ,2,5-

142 np oxadiazole-3-carboximidamide 

N"-o/N ~ j 

Bf i: 

\ OH N-(3-Bromo-4-fluorophenyl)-4- Ex. 43 . 459.9, 
o I' 

'b-'>--r?-- ( {[(3- 461.9 
cyanophenyl)amino]carbonyl}a 

143 - ~ rIp mino )-N-hydroxy-1,2,5-
N N oxadiazole-3-carboximidamide 
"0/ ~ j 

e ), 

~~ 
N-{4-[(E,Z)-[(3-Bromo-4- Ex. 35 480.0, 

H,C \ 

\ ~O: 
fluoropbenyl)amino ] (hydroxyimi 482.0 

144 no )methyl] -1 ,2,5-oxadiazol-3-
yl }-3-tert-butyl-1-methyl-1H-
pyrazole-5-carboxamide 

?"" N-{4-[(E,Z)-[(3-Bromo-4- Ex. 35 387.9, 

~b: 
fluorophenyl)amino ](hydroxyimi 389.9 

145 no )methyl]-1,2,5-oxadiazol-3-
yl}-2-methoxyacetamide 

'. 

-rf-
N-{4-[(E,Z)-[(3-Brom0-4- Ex. 35 412.0, 
fluorophenyl)amino ](hydroxyimi 413.9 

146 O-iV<J:: 
no )methyl]-1 ,2,5-oxadiazol-3-
yl}cyclopentanecarboxamide 

? N-{4-[(E,Z)-[(3-Bromo-4- Ex. 35 385.9, 

~b: 
fluorophenyl)amino ](hydroxyimi 388.0 

147 
no )metbyl]-I,2,5-oxadiazol-3-
yl} butanamide 
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_V" N-{4-[(E,Z)-[(3-Bromo-4- Ex. 35 386.0, 
Ctl, .t 

~ 
fluorophenyl)amino ](hydroxyimi 387.9 

148 no )methyl]-l ,2,5-oxadiazol-3-
yl} -2-methylpropanamide 

1'01 N-{4-[(E,Z)-[(3-Bromo-4- Ex. 35 371.9, 

,,\-(- fluorophenyl)amino ] (hydroxyimi 373.9 

149 H. 'CC~ no )methyl]-l ,2,5-oxadiazol-3-

o J \ I yl}propanamide 
'0/ ~ F 

Oy7 N-{4-[ (E,Z)-[ (3-Bromo-4- Ex. 35 426.0, 
\ fluorophenyl)amino ](hydroxyimi 427.9 

150 
o (!lx no )methyl]-l ,2,5-oxadiazol-3-

yl}cyclohexanecarboxamide 

o~~\-i 
4-J\nalllo-N-(2,3- Ex. 47 288.0 
dichlorophenyl)-N-hydroxy-

151 1,2,5-oxadiazole-3-
carboximidamide 

C/ J \ 
'-../ 

n""~ 
4-Amino-N-(3-chlorophenyl)-N- Ex. 1 268.1 

a ,IN~ 
hydroxy-N-methyl-l,2,5-

152 oxadiazole-3-carboximidamide 

I V ~ 
CH3 N N 

'n/ 

~ '" m 

N-{4-[(E,Z)-[(3-Bromo-4- Ex. 35 460.0, 
~ ~ f fluorophenyl)amino ] (hydroxyimi 462.0 o N , 'r{- no)methyl]-1,2,5-oxadiazol-3-

153 

o 'J~ .q yl}-lfl-be~~ole-5-
carboxamide trifluoroacetate 

fH N-{4-[(E,Z)-[(3-Bromo-4- Ex. 35 449.9, , 

~~~~ 
fluorophenyl)amino ] (hydroxyimi 451.8 

154 no )methyl]-l ,2,5-oxadiazol-3-
yl}-2-phenoxyacetamide 

1'01 N-{4-[(E,Z)-[(3-Bromo-4- Ex. 35 398.0, 
N\. ~ fluorophenyl)amino ](hydroxyimi 400.0 

155 ~u~ ~ 
no )methyl]-l ,2,5-oxadiazol-3-

, F yl}cyclobutanecarboxamide 

, '. 
/" N-{4-[(E,Z)-[(3-Bromo-4- Ex. 35 400.0, 

u~~'Cf 
fluorophenyl)amino ] (hydroxyimi 402.0 

156 no )methyl]-I,2,5-oxadiazol-3-

I' ' F 
yl} -3-methylbutanarnide 

o N __ l 
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OH N-{4-[(E,Z)-[(3-Bromo-4- Ex. 35 449.0, 

~~~ 
. fluorophenyl)amino ](hydroxyiJni 450.9 
no )methyl]-1,2,5-oxadiazol-3-

157 yl}-3-pyridin-3-ylpropanamide 
o ~__ .--::< trifluoroacetate 

F 
Br 

COy~~X( N-{ 4-[ (E,Z)-[ (3-Bromo-4- Ex. 35 470.9, 
fluorophenyl)amino ](hydroxyimi 472.9 

158 no )methyl]-I,2,5-oxadiazol-3-. 0 N,/ 
yl}quinoline-6-carboxamide 

OH N-{4-[(E,Z)-[(3-Bromo-4- Ex. 35 483.9, 

a~ fluorophenyl)amino ] (hydroxyimi 485.9 
159 no )methyl]-l ,2,5-oxadiazol-3-

yl}-2-(4-N-cf r chlorophenoxy)aceUurrlde 
OH N-{4-[(E,Z)-[(3-Bromo-4- Ex. 35 527.8, I 

"'0.1~~ 
fluorophenyl)amino ](hydroxyimi 529.9, 

160 no )methyl]-I,2,5-oxadiazol-3- 531.8 
yl}-2-(4-

N--cf Br brornophenoxy)acetnrnde 

~~~, 
N-{ 4-[ (E,Z)-[ (3-Bromo-4- Ex. 35 468.0, 
fluorophenyl)amino ](hydroxyimi 470.0 

161 no)methyl]-I,2,5-oxadiazol-3-
yl}-2-(4--rf r fluorophenoxy)acetamide 

~ 
N-{4-[(E,Z)-[(3-Bromo-4- Ex. 35 506.0, 
fluorophenyl)amino ](hydroxyimi 508.0 

162 no )methyl]-1 ,2,5-oxadiazol-3-
yl}-2-(4-tert-
butylphenoxy)acetamide 

~~ 
N-{4-[(E:Z)-[(3-Bromo-4- Ex. 35 483.9, 
fluorophenyl)amino ] (hydroxyimi 485.9 

163 no)methyl]-1,2,5-oxadiazol-3-
yl}-2-(3-
chlorophenoxy)aceUurrlde 

pH N-{ 4-[ (E:Z)-[ (3-Brom0-4- Ex. 35 518.0, 

~~~ fluorophenyl)amino ](hydroxyimi 519.9, 
164 no )methyl]-1,2,5-oxadiazol-3- 522.0 

yl}-2-(3,4-
dichlorophenoxy)acetamide 

~~ 
N-{4-[(E,Z)-[(3-Bromo-4- Ex. 35 500.1, 
fluorophenyl)amino ] (hydroxyimi 502.0 

165 no )metbyl]-1,2,5-oxadiazol-3-
yl }-2-(2-naphtbyloxy)acetamide 
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CI OH N-{4-[ (E,Z)-[ (3-Bromo-4- Ex. 35 517.8, 

cX~~~, fluorophenyl)amino ](hydroxyimi 519.8, 

166 no )methyl]-1,2,5-oxadiazol-3- 521.8 
yl}-2-(2,3-

o N-J 8r dichlorophenoxy)acetamide 

"~~ 
N-{ 4-[ (E,Z)-[ (3-Bromo-4- Ex. 35 511.9, 

,IH' CH'~ ~ fluorophenyl)amino ](hydroxyimi 513.9 
167 no)methyl]-1,2,5-oxadiazol-3-

I ~N ' F yl} -2-( 4-chlorophenoxy )-2-N-..j 8r 
methylpropanamide 

OH N-{4-[(E,Z)-[(3-Bromo-4- Ex. 35 483.8, t 

CX~~~, 
fluorophenyl)amino ](hydroxyimi 485.9 

168 no)methyl]-1,2,5-oxadiazol-3-
yl}-2-(2-

N--o Br chlorophenoxy)acetamide 

& 1\ 
N-{4-[(E.Z)-[(3-Bromo-4- Ex. 35 480.0, 

e:P' ~Ne:P' fluorophenyJ)amino ](hydroxyimi 481.9 

169 %10~~Y' no )methyl]-1 ,2,5-oxadiazol-3-
yl}-2-(3-

° N_o Br medloxyphenoxy)acetamide 

'~'Q ~X~ 
N-{4-[(E,Z)-[(3-Bromo-4- Ex. 35 479.9, 
fluorophenyl)amino ](hydroxyimi 481.9 

170 o~ \ '" ~ F 
no )methylJ-l ,2,5-oxadiazol-3-

o N-cf Br yl}-2-(4-
methoxyphenoxy)acetamide 

~ j; 
N-{4-[ (E,Z)-[ (3-Bromo-4- Ex. 35 480.0, 

,I ~ e:P'1 
fluorophenyl)amino ](hydroxyimi 482.0 

171 crJ' I" '\l, no )methyl]-1,2,5-oxadiazol~3-
yl}-2-(2-

H,C"'0 0 N-r/ Br methoxyphenoxy)acetamide 

~r 
Benzyl {4-[(E,Z)-[(3-bromo-4- Ex. 35 449.9, 

# N~ ~ 
fluorophenyl)amino ](hydroxyimi 451.9 

172 yJ~ 
no )methyJJ-1,2,5-oxadiazol-3-
yl}carbamate 

/H N-{4-[ (E,Z)-[ (3-Bromo-4- Ex. 35 357.9, 

'rr(-~-
fluorophenyl)amino ] (hydroxyimi 359.9 
no )methylJ-l,2,5-oxadiazol-3-

173 yl}acetamide 

o Z/ Q 
o. ..., 
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N-{ 4-[(E,Z)-[(3-Bromo-4- Ex. 48 427.0, Q 00 fluorophenyl)amino ]{hydroxyimi 429.0 

~rf 
no)methyl]-1,2,5-oxadiazol-3-
yl} piperidine-l-carboxamide 

174 

o .( t R 
0"""" ~,/ 

Br 
l: 

~ ~~ N-(3-Brom0-4-fluorophenyl)-4- Ex. 48 473.9, 
({[(3- 476.0 

1- 0 H-p eyanophenyl)(metbyl)amino ]ear 
175 bonyI} amino )-N-hydroxy-l,2,5-

\,/N oxadiazoIe-3-carboximidamide 
~ ;/ 

Br l: 

HO TFA 4-Amino-N-hydroxy-N-(6- Ex. 45 235.1 

n~' methylpytidlll-2-yl)-1,2,5-

"'" "", "~'" oxadiazoIe-3-carboximidamide 
176 trifluoroacetate 

: H f ~ 
N,,~N 

/"" OH' 4- Ex. 48 463.0, 

or~~ 
( {[Benzyl(methyI)amino ]carbon 464.9 
yl}arnino)-N-(3~romo-4-

177 - "' ~ p fluorophenyl)-N -hydroxy-1,2,5-

'-o/N ~ .,I 
oxadiazole-3-carboximidamide 

Br l: 

~-X~ 
N-{4-[(E.Z)-[(3-Bromo-4- Ex. 35 434.0, 
fluorophenyl)amlllo ]{hydroxyimi 436.0 

178 no )methyl]-1,2,5-oxadiazol-3-
~ ~ ~ F yl} -2-phenylacetamide 

~ i 
ll. N-O r 

~~ 
N-{4-[(E.Z)-[ (3-Bromo-4- Ex. 35 464.0, 
fluorophenyl)amino ](hydroxyimi 466.0 

179 no)metbylJ-l,2,5-oxadiazol-3-
~ ') F yl}-2-(3-
--0 8r metbox.yphenyl)acetamide 

/Cif' N-{4-[(E.Z)-[(3-Bromo-4- Ex. 35 464.0, 
OH fluorophenyl)amino](hydroxyimi 466.0 

~~u~ 
no )metbyl]-1,2,5-oxadiazol-3-

180 yl}-2-(4-
metboxyphenyl)acetamide 

~ ~l F 

N-O Bf 
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~r,~ 
N-{4-[ (E,Z)-[(3-Bromo-4- Ex. 35 464.0, 
fluoropbenyl)amino ] (hydroxyimi 466.0 

181 =-- U ~I no )metbyl]-1,2,5-oxadiazol-3-

k, .-6 . ' yl}-2-(2-
metboxyphenyl)acetamide 

o~~~ 4-Amino-N-(2,4- Ex. 45 288.0 
~ I N dichlorophenyl)-N-bydroxy-

182 "'- ~~"" 1 ,2,5-oxadiazole-3-
carboximidamide 

Cl /1 ~ 
'n/N h- l" 

N-{4-[(E,Z)-[(3-Bromo-4- Ex. 35 444.9, . 
N fluoropbenyl)amino )(hydroxyimi 446.9 

-= ~ \.NH no )metbyl]-1,2,5-oxadiazol-3-

183 iU 0 ;( 
- yl}-2-cyanobenzamide , 

N N,~N eX 
Br f , N-{4-[(E,Z)-[(3-Bromo-4- Ex. 35 525.9, 

- fluoropbenyl)amino ](hydroxyimi 527.8, 
at! no )metbyl]-I,2,5-oxadiazol-3- 529.8 

184 >-f yl}-3-(3-
a 

NH bromopbenyJ)propanamide 
f ~ 
·\,. ...... N 

-~ 
0 r-0f N-{4-[(E,Z)-[(3-Bromo-4- Ex. 35 525.8, 

>-(- fluoropbenyl)amino ](hydroxyimi 527.8, 

! 1 R no )metbyl]-I,2,5-oxadiazol-3- 529.8 

185 yl}-3-(4-
- "(f"""N bromophenyl)propanamide 

.)-1 
~ ,I 

Br 

0 
,f~ N-{4-[(E,Z)-[(3-Bromo-4- Ex. 35 481.9, 

~ 
fluoropbenyl)amino ] (hydroxyimi 483.9 
no )metbyl]-1,2,5-oxadiazol-3-

186 yl}-3-(4-
-

"O/N ~ ,I chloropbenyl)propanamide 

n,Y Br 

rl'u, N-{4-[ (E,Z)-[ (3-Bromo-4- ~35 481.9, 

~ 
fluorophenyJ)amino ](hydroxyimi 483.9 

187 
no )metbyl]-1,2,5-oxadiazol-3-
yl}-3-(3-- ,~N 

a 
\. ! ~ /I chloropbenyl)propanamide 

Ill' .. 
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188 

189 

190 

191 

192 

193 

194 

N-{4-[(E,Z)-[(3-Bromo-4-
fluorophenyl)amino ] (hydroxyimi 
no )methyI]-1,2,5-oxadiazol-3-
yl}-3-(2-
fluorophenyl)propanamide 

N-{4-[ (E,Z)-[ (3-Bromo-4-
fluorophenyl)amino ] (hydroxyimi 
no )methylJ-l,2,5-oxadiazol-3-
yl}-3-(3-
fluorophenyl)propanamide 

N-{4-[ (E,Z)-[ (3-Bromo-4-
fluorophenyl)amino ](hydroxyimi 
no )methyl]-l ,2,5-oxadiazol-3-
yl}-3-(2-
chlorophenyI)propanamide 

N-{4-[(E,Z)-(3-Bromo-4-
fluoropheny l)amino ] (hydroxyimi 
no )methyl]-1 ,2,5-oxadiazol-3-
yl}-3-(3-
methylphenyl)propanamide 

N-{4-[(E,Z)-[(3-Bromo-4-
fluorophenyI)amino ] (hydroxyimi 
no )methyIJ-l ,2,5-oxadiazol-3-
yl}-3-(3-
(1rifluoromethyl)phenyl)propana 
mide 

N-{4-(E,Z)-[(3-Bromo-4-
fluorophenyl)amino ](hydroxyimi 
no)methyl]-1,2,5-oxadiazol-3-
yl}-3-(4-
fluorophenyl)propanamide 

N-{4-[(E,Z)-[(3-Bromo-4-
fluorophenyl)amino ](hydroxyimi 
no )methyIJ-l ,2,5-oxadiazol-3-
yl}-3-(2-
methoxyphenyl)propananride 

93 

Ex. 35 

Ex. 35 

Ex. 35 

Ex. 35 

Ex. 35 

Ex. 35 

Ex. 35 

466.0, 
467.9 

465.9, 
467.9 

481.9, 
483.9 

462.0, 
464.0 

515.9, 
517.9 

465.9, 
468.0 

477.9, 
479.9 



o ~OH N-{4-[(E,Z)-[(3-Bromo-4- Ex. 35 477.9, 

~ 
fluorophenyl)amino ](hydroxyimi 480.0 
no )methyl]-l ,2,5-oxadiazol-3-

195 yl}-3-(3-
,\j tT~,1 methoxyphenyl)propanamide 

Br 
F 

0 rloH N-{4-[(E,Z)-[(3-Bromo-4- Ex. 35 477.9, 

~ 
fluorophenyl)amino ](hydroxyiroi 479.9 

~p 
no )methyl]-1 ,2,5-oxadiazol-3-

196 - yl}-3-(4-

'\ I methoxyphenyl)propanamide 

H3C- O 
Br 

F 

0 ? N-{4-[(E,Z)-[(3-Bromo-4- Ex. 35 462.0, 

~ 
fluorophenyl)amino ](hydroxyimi 463.9 
no )methyl]-1,2,5-oxadiazol-3-

197 - yl}-3-(4-
yN methylphenyl)propanamide 

" " ~ ,I 

He F 

0 ,"OH N-{4-[(E,Z)-[(3-Bromo-4- Ex. 35 515.9, 

({ 
fluorophenyl)amino ](hydroxyimi 517.9 
no )methyl] -1,2,5-oxadiazol-3-

- ~,p yl}-3-[4-
198 

" I 
(trifluoromethyl)phenyl]propana 
mide 

F 
F 

F 
F 

0 

~ 
3-[2,5- Ex. 35 583.9, 

F. Bis(trifluoromethyl)phenyIJ-N- 585.9 
F 

/~ P {4-[ (E,Z)-[(3-bromo-4-
F fluorophenyl)amino ] (hydroxyimi -

199 

" I 
V \ / no )methyl]-I,2,5-oxadiazol-3-

yl}propanamide 
F BT 

F 
F 

'pH 3-[3,5- Ex. 35 583.9, 

Wp Bis(trifluoromethyl)phenyl]-N- 585.9 
{4-[ (E,Z)-[ (3-bromo-4-

F - fluorophenyl)amino ](hydroxyimi 
200 F \ j 

,O ...... N 
no )methyl]-I,2,5-oxadiazol-3-

F F B yl}propanamide 
F 

F 
F 
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o 

201 

202 

203 

204 

205 

206 

207 

N~{4~[(E,Z)~[(3~Bromo-4-

fluorophenyl)amino ](hydroxyimi 
no )methyl]~ 1 ,2,5~oxadiazol~3-
yl}-2-metllyl-3-
phenylpropanamide 

2-Benzyl-N-{4-[(E,Z)-[(3-
brom0-4-
fluorophenyl)amino](hydroxyimi 
no )metllyl]-l ,2,5-oxadiazol~3~ 
yl} ~3 ,3-dimetllylbutanamide 

4-Amino-N-(5-chloro-2-
methoxyphenyl)-N~hydroxy-
1,2,5-oxadiazole-3-
carboximidamide 

4-Amino-N-(5-chloro-2-
metllylphenyl)-N -hydroxy-l,2,5-
oxadiazole-3-carboximidamide 

4-Amino-N-(5-chloro-2-
nitrophenyl)-N -hydroxy-l,2,5-
oxadiazole-3-carboximid2crrride 

4-Amino-N-(5-chloro-2-
fluorophenyl)-N' -hydroxy-l ,2,5-
oxadiazole-3-carboximidamide 

N-{4-[(E,Z)-[(3-Bromo-4-
fluorophenyl)amino ](hydroxyimi 
no )methyl]-l,2,5-oxadiazol-3-
yl}-l-[4-
(trifluoromethyl)pyrimidin-2-
yl]piperidine-4-carboxamide 

95 

Ex. 35 

Ex. 35 

Ex. I 

Ex. I 

Ex. 47 

Ex. 47 

Ex. 35 

462.0, 
464.0 

504.0, 
506.0 

284.1 

268.1 

299.0 

272.1 

573.0, 
575.0 



208 

209 

210 

211 

212 

213 

214 

01')1; OH CI f 
, /I N 

· ~tl\ . 0'0)-( 

I-Benzyl-N-{4-[ (E,Z)-[ (3-
bromo-4-
fluorophenyl)amino ](hydroxyimi 
no )methyl]-l,2,5-oxadiazol-3-
yt} -3-tert-butyl-lH-pyrazole-5-
carboxamide 

2-(Benzyloxy)-N-{4-[(E,Z)-[(3-
bromo-4-
fluorophenyl)amino ](hydroxyimi 
no )methyl]-I,2,5-oxadiazol-3-
yl}acetamide 

N-{4-[ (E,Z)-[ (3-Bromo-4-
fluorophenyl)amino ] (hydroxyimi 
no )methyIJ-l,2,5-oxadiazol-3-
yl}-1-(4-
chlorophenyl)cyc1opentanecarbo 
xamide 

N-{4-[(E,Z)-[(3-Bromo-4-
fluorophenyl)amino ](hydroxyimi 
no )methyl]-1,2,5-oxadiazol-3-
yl} -3-phenoxybenzamide 

N-{ 4-[ (E,Z)-[ (3-Bromo-4-
fluorophenyl)amino ] (hydroxyimi 
no )methyl]-l ,2,5-oxadiazol-3-
yl }-2,4,6-trichlorobenzamide 

N-{4-[(E,Z)-[(3-Bromo-4-
fluorophenyl)amino ](hydroxyimi 
no )methyl]-1,2,5-oxadiazol-3-
yl}-2-methoxybenzamide 

N-{4-[(E,Z)-[(3-Bromo-4-
fluorophenyl)amino ] (hydroxyimi 
no )methyl]-1 ,2,5-oxadiazol-3-
yl} -3-methoxybenzamide 
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Ex. 35 

Ex. 35 

Ex. 35 

Ex. 35 

Ex. 35 

Ex. 35 

Ex. 35 

556.0, 
558.0 

463.9, 
466.0 

521.9, 
523.9 

511.9, 
513.9 

521.8, 
523.8, 
525.8 

449.9, 
451.9 

449.9, 
451.9 



219 

N-{4-[(E,Z)­fluorOPhenYI~(3-~romO-4-
no )methyl]-! ammo ](hydroxyimi 
YI}-2,2-& h ,2,5-oxadiazol-3-

p enylacetamide 

r N-{4-[(E,Z)-[(3-B 

Uri ~N fluoroPhenyl)amin
romO

-4-

510.0 , 
512.0 

503.9, 
.505.9 

, ~ ~. no)methyl]-1 25 o](hydroxyimi 

~ J __ '\ol ~ bY (:1::- ' , -oxadiazol-3-

., uorornetboxy)benzmrnide 

Vyl ~ ~!G ... H ~~=-1 I~ 
, N-{4-[(E,Z)-[(3-Bro ~ ~ N'Y fluorophenyl) . mo-4- ~~-I--- I 

-l--- 0 Nl ~N ~ h F nO)me1hYl]_l,~~(hydroxyimi' , -0 ~ yl}-4-methox b' diazol-3-y enzamide 

HrtN~ N NH 
r' M 

::: ~>-< F 

N-{4-[(E,Z)-[(3-Bro 
fluorophenyl) . mo-4-
no )methyl]-l ~o ](hydroxyimi 
yl}-3,4-dimefu' -oxadiazol-3-oxybenzam.ide 

Ex. 35 479.9, 
481.9 

N-{4-[(E,Z)-[(3-Bro ~--.l--
fluorophenyl) . mo-4- -::--1---

no)methYl]_l~~?,drOxyimi 
yl}-2-(2-nitro h diazo!-3-p enoxy)acetamide 

N-{4-[(EZ) fluoroPh~yi~ (3-~romo-4-
no )methyIJ-l ~o ](h?,droxyimi 
yl}-2-chlororu'.' -.oxadiazol-3- . 
trif1 

cotin 'd 
uoroacetate ann e 

N-{4-[ (E,Z)-[ (3_J3B:;:;;:ro:-:;--.-l 
fluorophenyl) . mo-4-
no )methylJ-l ~o ](hydroxyimi 
yl} biphenyl-4..' -boxadiazol-3-

car oxamide 

~_-L_ 
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b:Or~Q 
N-{4-[(E,Z)-[(3-Brom0-4- Ex. 35 584.8, 
fluorophenyl)amino ] (hydroxyimi 586.8, 

222 no )methyl]-1,2,5-oxadiazol-3- 588.8 
yl} -2-(2,6-dichlorobenzyl)-1 ,3-

'0/ tf thiazole-4-carboxamide 
.... 

CX-' ~ 
N-{4-[(E,Z)-[ (3-Bromo-4- Ex. 35 479.9, 

~ A \ 
fluorophenyl)amino ](hydroxyimi 482.0 
no )methyl]-l ,2,5-oxadiazol-3-

223 ~ o~ yl}-2,6-dimethoxybenzamide 

NyN " j 
D. ~ 

0" N-{4-[(E,Z)-[(3-Bromo-4- Ex. 35 464.9, I 
o?N' fluorophenyl)amino ](hydroxyimi 466.9 =- OH no)methyl]-1,2,5-oxadiazol-3-f 

~ b \. yl}-4-nitrobenzamide 
224 

.~~ 
5 -Bromo-N-{4-[ (E,Z)-[ (3- Ex. 35 498.8, 
bromo-4- 500.8, 
fluorophenyl)amino ](hydroxyimi 502.8 

225 no )methyl]-1,2,5-oxadiazol-3-

o 'V R yl}nicotinamide 1rifluoroacetate 

• B F 

_OH N-{4-[(E,Z)-[(3-Bromo-4- Ex. 35 413.9, 
H3C I 

"trrt 
fluorophenyl)amino ](hydroxyimi 415.9 
no)methyl]-1,2,5-oxadiazol-3-

226 
H,c 0 r' - yl}-3,3-dimethylbutanamide 

N'O/N sX 
/t N-{ 4-[ (E,Z)-[ (3-Bromo-4- Ex. 35 439.9, 

~ 
fluorophenyl)amino ](hydroxyimi 441.9 

227 
no)methyl]-1,2,5-oxadiazol-3-

JJ- ~ < 
yl}-2-(2-thienyl)acetamide 

Br " 

cry~ 
N-{4-[ (E,Z)-[ (3-Bromo-4- Ex. 35 462.0, 
fluorophenyl)amino ](hydroxyimi 464.0 

228 - JJ R no)methyl]-1,2,5-oxadiazol-3-
yl}-4-phenylbutanamide 
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229 

230 

231 

232 

233 

234 

235 

~ HO~ 

"'" I N~N NH, 

H f \\ 
Br N, 'N 

'n/ 

4-Juxnno-lV-(2-bronrro-5-
chlorophenyl)-N -hydroxy-l ;2,5-
oxadiazole-3-carboxiInidanride 

~c f . lV-{4-[(E,ZH(3-Bronrro-4-

~
3 N\, :tluorophenyl)amino ](hydroxyimi 

~ ~ ,:-« __ ,nO)nrrethYI]-1,2,5-0xadiazol-3-
)-\., ~ yl}-2,2-dimethylpropananlide 

o JV >-< 
RI 'F 

lV-{4-[(E,Z)-[(3-Bronrro-4-
:tluorophenyl)amino ](hydroxyinrri 
no)nrrethyl]-1,2,5-oxadiazol-3-
yl}-4-(nrrotpholin-4-
ylnrrethyl)benzanlide 
tri:tluoroacetate 

lV-{ 4-[ (E,Z)-[ (3-Bromo-4-
fluorophenyl)amino ](hydroxyinrri 
no )methyl]-l ,2,5-oxadiazol-3-
yl}-4-[(1,1-
dioxidothionrrotpholin-4-
yI)methyl]benzamide 
trifluoroacetate 
lV-{ 4-[(E,Z)-[ (3-Bromo-4-
fluorophenyl)amino ](hydroxyimi 
no )nrrethylJ-l,2,5..oxadiazol-3-
yl }-l-(phenylacetyl)piperidine-4-
carboxamide 

lV-{4-[(E,Z)-[(3-Bromo4-
fluorophenyl)amino J(hydroxyimi 
no)nrrethyl]-1,2,5-oxadiazol-3-
yl}-1-
(methylsulfonyl)piperidine-4-
carboxmnide 

lV-{4-[(E,Z)-[(3-Bromo-4-
:tluorophenyl)amino ] (hydroxyimi 
no)methyl}-1,2,S..oxadiazol-3-
yl}-2-pyridin-4-yl-l,3-thiazole-
4-carboxanlide trifluoroacetate 

99 

Ex. 47 

Ex. 35 

Ex.3S 

Ex. 35 

Ex. 53 

Ex.S3 

Ex. 35 

332.0, 
334.0 

400.0, 
401.9 

519.0, 
521.0 

567.0, . 
569.0 

545.0, 
547.0 

50S.0, 
507.0 

504.0, 
S06.0 



r N-{ 4-[ (E,Z)-[ (3-Bromo-4- Ex. 35 464.9, 

S\~ 
fluorophenyl)amino ](hydroxyimi 466.9 

236 no )methyl]-1,2,5-oxadiazol-3-

:;UL)~ yl} -2-nitrobenzamide 

OH N-{4-[(E,Z)-[(3-Bromo-4- Ex. 35 464.9, 
~ 

~Dyu~\:z 
fluorophenyl)amino ] (hydroxyimi 466.9 

237 
no)methyl]-1,2,5-oxadiazol-3-

II I' yl} -3-nitrobenzamide 
.0 0 N-cf F 

Br 

~ 
N-{ 4-[(E,Z)-[(3-Bromo-4- Ex. 55 469.0, 
fluorophenyl)amino ](hydroxyimi 471.0 

238 
no )methyl]-l,2,5-oxadiazol-3-

~' ~ b yl} -l-isopropylpiperidine-4-
,-J F carboxamide trifluoroacetate 

»~~~ 
tert-Butyl4-{4-[( {4-[(E,Z)-[(3- Ex. 51 510.0, 
bromo-4- , 512.0* 

239 . fluorophenyl)amino ](hydroxyimi 
no )methyl]-1,2,5-oxadiazol-3-
yl}amino)carbonyl]-I,3-thiazol-
2-vl} piperidine-I-carboxylate 

XJl~ N-{4-[(E,Z)-[ (3-Bromo-4- Ex. 35 502.9, , 10J~ fluorophenyl)amino ](hydroxyimi 504.9 
240 no )methyl]-I,2,5-oxadiazol-3-

rr yl}-2-phenyl-l,3-thiazole-4-
carboxamide 

:xt" ~ N-{4-[(E,Z)-[(3-Bromo-4- Ex. 35 441.0, 

B ,I 0-?N ~ N)-cHa 
fluorophenyl)amino ](hydroxyimi 443.0 

241 no )methyl]-l,2,5-oxadiazol-3-
H f/ ~ s yl} -2-methyl-l,3-thiazole-4-N , 'if"N carboxamide 

X(~ Hel N-{4-[(E,Z)-[(3-Bromo-4- Ex. 52 510.0, ,10-0 fluorophenyl)amino ](hydroxyimi 512.0 
242 no )methyl]-l ,2,S-oxadiazol-3-

yl} -2-piperidin-4-yl-l ,3-thiazole-
4-carboxamide hydrochloride 

~~-
N-{4-[(E,Z)-[(3-Brom0-4- Ex. 57 475.0, 
fluorophenyJ)amino J(hydroxyimi 476.9 
no )methyl]-I,2,5-oxadiazol-3-
yl}-2-(4-

243 cyanophenoxy)acetamide 

o Jy ' 9, 

100 



OH tert-Buty13-[( {4-[(E,Z)-[(3- Ex. 51 527.0, 
H3C)<CH3 0 Nr tj}-/- bromo-4- 529.0 

}-:' J1NP fluorophenyI)amino ](hydroxyimi 

244 
no )methyl]-1 ,2,5 -oxadiazol-3-

o '0/ ~# yl} amino )carbonyl]piperidine-l-
carboxylate 

Br 
F 

0 
~UH N-{4-[(E,Z)-[(3-Bromo-4- Ex. 51 493.0, 

'>-(- fluorophenyl)amino ] (hydroxyinli 494.9 

/1 R no )methyl]-1,2,5-oxadiazol-3-
245 yl}-3-(3-

'\,/N nitrophenyl)propanamide 
'0 - ~ ~ \. 
J \ j B 

yH N-{4-[ (E,Z)-[ (3-Bromo-4- Ex. 51 494.9, 

t>-f fluorophenyl)amino ] (hydroxyimi 497.0 
no )methyl]-l ,2,S-oxadiazol-3-

246 
"/ 1 P yl} -2-(3-nitrophenoxy)acetamide 

. '-O/N ~ \ - ~ Jw-(j 0" 

OH N-{4-[ (E,Z)-[ (3-Bromo-4- Ex. 51 494.9, 

(-~ { fluorophenyl)amino ](hydroxyimi 496.9 
no )methyl]-1,2,5-oxadiazol-3-
yl} -2-( 4-nitrophenoxy)acetamide 

247 '-0/ ~ 
- ~ 

\, j Br 
F 

'O-N' 

" d ~~ w, 
N-{4-[(E,Z)-[ (3-Bromo-4- Ex. 52 426.9, 

~ :>-?-p 
fluorophenyl)amino ] (hydroxyimi 429.0 
no )methyl]-1 ,2,5-oxadiazol-3-

248 yl} piperidine-3-carboxamide 
'-o/N trifluoroacetate 

~ ~ 
Br J, no.... 0 TFA N-{4-[(E,Z)-[(3-Bromo-4- Ex. 57 518.0, , I N 

Br ~ N~_t~r-O fluorophenyl)amino ] (hydroxyimi 520.0 

249 H r 1 N no )methyl]-l ,2,5-oxadiazol-3-
NVN H,c yl} -4-methyl-2-pyridin-3-yl-l ,3-

thiazole-5-carboxamide 
trifluoroacetate 

n~ N-{4-[(E,Z)-[(3-Bromo-4- Ex. 57 441.0, 
~ I N 0 fluorophenyl)amino ](hydroxyimi 443.0 

250 ~ ~ N~~) no )methyl]-1,2,5-oxadiazol-3-
H ~ ~ N yl}-4-metl1yl-l,3-tlliazole-5-

NVN H3C carboxamide 
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TFA 2-Amino-N-{ 4-[(E,Z)-[(3- Ex. 57 442.0, 

A~~ bromo4- 444.0 

251 fluorophenyl)amino J(hydroxyimi 
no )methyl]-I,2,5-oxadiazol-3-

NV yl} -1 ,3-thiazole4-carboxamide 
trifluoroacetate 

»~~ 
N-{4-[(E,Z)-[(3-Bromo4- Ex. 51 519.0, 
fluorophenyl)amino J(hydroxyimi 521.0 

252 no )methyl]-l,2,5-oxadiazol-3-
yl} 4-methyl-2-pyrazin-2-yl-l,3-
thiazole-5-carboxamide 
trifluoroacetate 

~~PD+ 
N-{4-[(E,Z)-[(3-Brom0-4- Ex. 51 585.0, 
fluorophenyl)amino )(hydroxyimi 587.0 

253 no )methyl]-I,2,5-oxadiazol-3-
yl} 4-methyl-2-[ 4-
(trifluoromethyl)phenyl} 1,3-
thiazole-5-carboxamide FnH0"N ° N-{4-[(E,Z)-[ (3-Bromo-4- Ex. 57 455.0, .:1 J)-(Y fluorophenyl)amino )(hydroxyimi 457.0 

254 ~<~H.~N no )methyIJ-1 ,2,5-oxadiazol-3-
yl} -2,4-dimethyl-l,3-thiazole-5-

if carboxamide . 

-Prrf 
l-Acetyl-N-{4-[ (E,Z)-[ (3-bromo- Ex. 51 454.9, 
4-fluorophenyl)amino ]- 456.9 
(hydroxyimino )methyl]-1 ,2,5-
oxadiazol-3-yl} pyrrolidine-2-

255 ' ,n p carboxamide 

"O/N ~ ~ 

Bt 
F 

N-{4-[(E,Z)-[(3-Bromo4- Ex. 35 437.9, 

,.~ fluorophenyl)amino ](hydroxyimi 439.9 
\ OH no )methyl]-1,2,5-oxadiazol-3-N~ / 

}-(-
yl}-1,5-dimethyl-llI-p)11CZole-3-

256 

o ,f j ~ 
carboxamide 

. 'o ....... N ~ ,I 

131 ), 

~ 
N-{4-[(E,Z)-[(3-Bromo4- Ex. 35 457.9, 

0- 'ri. fluorophenyl)amino ](hydroxyimi 459.9 
no )methyl]-l ,2,5-oxadiazol-3-
yl}-5-chloro-l-methyl-llI-

257 

o ,'V P p)11CZOle4-carboxamide 

"-o/N ~ ~ 

Bt 
~ 
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'\~ 
N-{4-[(E,Z)-[(3-Bromo-4- Ex. 35 438.0, 
fluorophenyl)amino ](bydroxyimi 440.0 

tl"0H no )methyl]-I,2,5-oxadiazol-3-

/ yl}-1,3-dimethyl-1H-pyrazole-5-

258 

~ 
carboxamide 

0 

"'-O.....-N ~ .I 
BI' 

F 

~ ~~ 
N-{ 4-[ (E,Z)-[(3-Brom0-4- Ex. 51 424.1, 
fluorophenyl)amino ](hydroxyimi 426.0 
no )methyl]-I,2,5-oxadiazol-3-

259 .>-?-p yl}-I-methyl-lH-imidazole-2-
carboxamide 

V N ~ .I 
Br :, 

_0' 4-[(Acetylamino)methyl]-N-{4- . Ex. 56 491.0, 

~{ [(E,Z)-[ (3-brom0-4- 493.0 . 

260 PHaf,\ /~ 
fluorophenyl)amino ](hydroxyimi 

~ no )methyl]-1 ,2,5-oxadiazol-3-=< _ '-0"'--" ~ # yl}benzamide 

H ~J\ o(:m N-{4-[(E,Z)-[ (3-Bromo-4- Ex. 58 441.0, 
.sJ"0H fluorophenyl)amino ](bydroxyimi 443.0 

NH Nl no )methyl]-1,2,5-oxadiazol-3-

~l0 CH3 yl} -4-methylpiperidine-4-
Nf' I NH carboxamide 1rifluoroacetate 

261 \_N ~ 

Br 
1# 

y~ r l-Acetyl-N-{ 4-[ (E,Z)-[ (3-bromo- Ex. 53 469.0, 
4- 471.0 

262 Oy~~ 
fluorophenyl)amino ](hydroxyimi 
no )methyl]-! ,2,5-oxadiazol-3-
yl }piperidine-3-carboxamide 

~-
l-Acetyl-N-{4-[(E,Z)-[ (3-bromo- Ex. 53 483.0, 
4- 485.0 

263 
fluorophenyl)amino ](hydroxyimi 

~N " J 
no)methyl]-1,2,5-oxadiazol-3-
yl} -4-methylpiperidine-4-

./\ carboxamide 
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264 

265 

266 

267 

268 

269 

270 

d1' OH l-Acetyl-N-{4-[(E,Z)-[(3-bromo-
"'"- J 4-

H3C\.-- Hr(NH fluorophenyl)amino ](hydroxyimi 
/I N N ~ ):< nO)methyl]-1,2,5-0xadi. 'azol-3-
o $. / J yl}-4-phenylpiperidine-4-

...... 0 carboxamide 
B F 

4-(Benzylamino )-N-(3-bromo-4-
fluorophenyl)-N'-hydroxy-l ;2,5-
oxadiazole-3-carboximidamide 

N-{4-[(E,Z)-[(3-Brom0-4-
fluorophenyl)amino ] (hydroxyimi 
no)methyIJ-l,2,5-oxadiazol-3-
yl}-1-etbylpiperUiEne-3-
carboxamide trifluoroacetate 

N-{4-[(E,Z)-[ (3-Bromo-4-
fluorophenyl)amino J(hydroxyimi 
no )methyl]-1,2,5-oxadiazol-3-
yl} -4-ethylpiperazine-l­
carboxamide trifluoroacetate 

4-Acetyl-N-{4-[(E,ZH(3-bromo-
4-

. fluorophenyl)amino ](hydroxyimi 
no )methyl]-l ,2,5-oxadiazol-3-
yl}piperazine-1-carboxamide 

FYn H0'N 1 .N. TFA N-{4-[(E,Z)-[(3-Bromo-4-
Br~~HNr '(IO~H' fluorophenyl)amino](hydroxyimi 

~....\ no )metbyIJ-l ,2,5-oxadiazol-3-
yl}-2-(1-ethylpiperidin-4-yl)-1,3-
thiazole-4-carboxamide 
trifluoroacetate 
4-AmEno-N-(3-cyano-4-
fluorophenyl)-N' -hydroxy-I,2,S­
oxadiazole-3-carboximidamide 
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271 

272 

273 

274 

/ 

6t>~( 
I 

\-t ¢" Q \. J N'-O/N ~ J 
J!i Br F 

o~) fi~ - }n 
" N 

N-(3-Bromo4-fluor 
hydroxy-4-[ (1 ,3-thi ophenyl)-N-
ylmethyl)aminoJ- azol-4-
oxadiazole_3-carbl,2~5-. oxmndamide 

N-(3-Bromo-4 fl [(4-cyanobe~l;lO~PhenYl)-4-
hydroxy-l 2 5-0 atn.tn0]-N-
carbOximid~d:rnazole-3-

4Amin - o~-(3-chl 
fluorophenyl)-N horo-5-
oxadiazole-3 - ydroxy-l,2 5--carbo' °d .' xmn anude 

Ex. 60 413.0, 
415.0 

Ex. 60 431.0, 
433.0 

Ex. 1 272.0 

~ "', hydroxy-I 21- "!'YI]-N _ . 1 270.1 
FoP' Lo.,N 4-~o-N-[3- ---+-u.-:~-~ ~ (dlfluorometh l)ph Ex 

, / j cmboximi~Ie-3-

---r:-_~'~/!-N 1-
H OH 

~Q" Y '" 
N-(3-Bromo-4 fl 
1 

-uor h 
lydroxy-4-{[(I-m op c:uy1)-N-
4-yl)methyl]amin e}thYIPIPeridin-

Ex. 60 427.0, 
429.0 

277 

l)9. 
,pH 2TFA 

oxadiazole-3 bO -1,2,5-
trifluoroace~t~ar oximidamide 

N-(3-Bromo-4-fluo 
hydroxy-4-{[4-(P' rop~enyl)-N-
ylmethyl)benzyl Ipe~-l­
O~diazole-3-cJ~0 ,-1,2,5-
blS(trifluoroacetate )damide 

NH ~ N-(3-Bromo-4 tf;A OH M , 1\ JiH ({4_[(4-ethYIPi~~uor?phenYl)-4-

rO
y' yl)methyl]benzyI ~-I-

H. '--I .I ~Ydrb°,,!-~'2,5-o!a=1)-N3-
B ar oXlffild . d e- -

bis(trifl aml e uoroacetate) 
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. HO~ 4-Amino-N -hydroxy-N-(3- Ex. 1 236.1 

~" hydroxyphenyl)-1,2,5-

278 ~, 0-<~ oxadiazole-3-carboximidamide 

/~ 
V N 

Y 
4-Amino-N-(3-chlofO-4- Ex. 67 342.0 
fluofOphenyl)-N -

CH3 (isobutyryloxy)-I,2,5 -

Xl~ 
oxadiazole-3-carboximidamide 

279 

01 ~ ~ \ ~N 
N_I 0YYVH

3 4-Amino-N-(3-chloro-4- Ex. 67 356.0 
fluorophenyl)-N-[(3-

280 nov' methylbutanoyl)oxy]-I,2,5-
oxadiazole-3-carboximidamide 

CI ~ N ~ 
H \ N N_I 

~ 
4-Amino-N-(benzoyloxy)-N-(3- Ex. 67 376.0 
chloro-4-fluorophenyl)-I,2,5-
oxadiazole-3-carboximidamide 

281 n" I~ CI ~ ~ \ ~N 
. N_rf 

* 
4-Amino-N-(3-chlofO-4- Ex. 67 356.0 
fluorophenyl)-N-[(2,2-

H3C 
dimethylpropanoyl)oxy ]-1,2,5-

282 

n~ 
oxadiazole-3-carboximidamide 

CI ~ ~ ~ 
\ 
N_rf 

HO, 4-Amino-N-[3-

~" 
Ex. 1 259.1 , ,IV ( cyanomethyl)phenyl]-N-

283 hydroxy-l,2,5-oxadiazole-3-
~ f/ carboximidamide 
N~N 

HO~ 4-Amino-N-(3-cyano-2- Ex. 1 263.1 yr fluofOphenyl)-N -hydroxy-l ,2,5-

284 ~ N~ oxadiazole-3-carboximidamide ~ "~ F N ~ 
".,,,/N 
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~"' 
4-Amino-N'-hydroxy-N-[3- Ex. 1 264.1 

. I I (methoxymethyl)phenyl]-1,2,5-
285 

/ ~ ~ oxadiazole-3-carboximidamide 
H,c N 

H If ~ 
"'-O/N 

r \)--c: c\_CH, 4-Amino-N'-hydroxy-N-[3-(3- Ex. 70 287.9 
methoxyprop-l-yn-l-yl)phenyI]-

286 ~ 
1,2,5-oxadiazole-3-
carboximidamide 

0 N 

~~\ 
4-Amino-N'-hydroxy-N-(2- Ex. 1 275.0 

o "'- I ~J)--(" 
methyl-l,3-benzoxazol-4-yl)-
1,2,5-oxadiazole-3-

287 carboximidamide 

)=N Nf ~ - ,,/N 
HoC 0 

F HO"", 8 4-Anilino-N-(3-bromo-4- Ex. 69 392.0, 

M~ fluorophenyl)-N' -hydroxy-l ,2,5- 394.0 
288 oxadiazole-3-carboximidamide 

~ / ~ 
'0/ 

Q~ N-(3-Bromo-4-fluorophenyl)-N' - Ex. 63 406.9, 
~ !J I TFA hydroxy-4-[ (pyridin-4- 408.9 

"r(" yImethyl)amino ]-1,2,5-

289 oxadiazole-3-carboximidamide 

'JJ-~( trifluoroacetate 

Rr' 'F 

fUH N-(3-BroJ,llo-4-fluorophenyl)-4- Ex. 64 430.9, 
N [(3-cyanobenzyl)amino ]-N'- 432.9 

6r55< 
hydroxy-!,2,5 -oxadiazole-3-
carboximidamide 

290 

c~ 

*([M-Boc+H]+Ht 

EnmpleA 

5 Human idoleamine 2,3-dioxgenasae (IDO) enzyme assay 

Human idoleamine 2,3-dioxgenasae (IDa) with an N-terminal His tag was expressed in 

E.coli and purified to homogeneity. IDO catalyzes the oxidative cleavage of the pyrrole ring of the 

indole nucleus of tryptophan to yield N' -formylkynurenine. The assays were performed at room 

temperature as described in the literature using 95 nM IDa and 2 mM D-Trp in the presence of 20 
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mM ascorbate,S /-1M methylene blue and 0.2 mg/mL catalase in 50 mM potassium phosphate buffer 

(PH 6.5). The initial reaction rates are recorded by continuously following the absorbance increase at 

321 nm due to the formation ofN'-formlylkynurenine. See: Sono, M., Taniguchi, T., Watanabe, Y., 

and Hayaishi, O. (1980) J. BioI. Chern. 255,1339-1345 Compounds of the invention having an ICsD 

5 less than about 100 /-1M were considered active. 

ExampleB 

Determination of inhibitor activity in BeLa cell-based indoIeamine 2,3-dioxygenase 

(IDO)/Kynurenine assay 

10 HeLa cells (#CCL-2) were obtained from the American Type Tissue Culture Collection 

(ATCC, Manassas, VA) and routinely maintained in minimum essential medium (eagle) with 2 mM 

L-glutamine and Earle's BSS adjusted to contain 1.5 gIL sodium bicarbonate, 0.1 mM non-essential 

amino acids, 1 mM sodium pyruvate and 10 % fetal bovine serum (all from Invitrogen). Cells were 

kept at 37°C in a humidified incubator supplied with 5 % CO2• The assay was performed as follows: 

15 HeLa cells were seeded in a 96 well culture plate at a density of 5 x 103 per well and grown overnight. 

On the next day, IFN-y (50 nglmL final concentration) and serial dilutions of compounds (in total 

volume of 200 J!L culture medium) were added into cells. After 48 hours of incubation, 140 J.1L of the 

supernatant per well was transferred to a new 96 well plate. 10 fJL of 6.1 N trichloroacetic acid 

(#T0699, Sigma) was mixed into each well and incubated at 50°C for 30 min to hydrolyze N-

20 formylkynurenine produced by indoleamine 2,3-dioxygenase to kynurenine. The reaction mixture was 

then centrifuged for 10 min at 2500 rpm to remove sediments. 100 fJL of the supernatant per well was 

transferred to another 96 well plate and mixed with 100 jJl of 2% (w/v) p­

dimethylaminobenzaldehyde (#15647-7, Sigma-Aldrich) in acetic acid. The yellow color derived from 

Kynurenine was meas~ed at 480 nm using a SPECTRAmax 250 microplate reader (Molecular 

25 Devices). L-kynurenine (#K8625, Sigma) was used as standard. The standards (240, 120,60,30,15, 

7.5,3.75, 1.87 /-1M) were prepared in 100 J!L culture media and mixed with equal volume of 2 % 

(w/v) p-dimethylaminobenzaldehyde. The percent inhibition at individual concentrations was 

determined and the average values of duplicates were obtained. The data is analyzed by using 

nonlinear regression to generate ICso values (prism Graphpad). See: Takikawa 0, et aI. (1988). 

30 Mechanism of interferon-gamma action. Characterization of indoleamine 2,3-dioxygenase in cultured 

human cells induced by interferon-gamma and evaluation of the enzyme-mediated tryptophan 

degradation in its anticellular activity. J. BioI. Chem. 263(4):2041-8. Compounds of the invention 

having an ICso less than about 1 00 ~ were considered active. 

35 ExampleC 
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Determination of effect of IDO inhibitors on T cell proliferation that is suppressed by IDO­

expressing dendritic cells 

Monocytes were collected from human peripheral mononuclear cells by leukophoresis. 

Monocytes were then seeded at a density of 1 x 106 cells/well in a 96 well plate, using RPM! 1640 

5 medium supplemented with 10 % fetal bovine serum and 2 mM L-glutamine (all from Invitrogen). 

Adherent cells were retained on the plate after overnight culture at 37°C. Adherent monocytes were 

then stimulated for 5-7 days with 100 ng/ml GM-CSF (# 300-03, PeproTech) and 250 ng/ml IL-4 

(#200-04, PeproTech), followed by activation with 5 IlglmL LPS from Salmonella typhimurium 

(#437650, Sigma) and 50 nglmL IFN-'Y (# 285-IF, R&D Systems) for additional 2 days to induce 

10 dendritic cell maturation. 

After dendritic cell activation, the medium was replaced with completed RPM! 1640 

supplemented with 100-200 UImL IL-2 (#CYT-209, ProSpec-Tany TechnoGene) and 100 ng/mL 

anti-CD3 antibody (#555336, PharMingen), T cells (2-3 X lOS cells/well), and serial dilutions ofIOO 

compounds. After incubation for 2 more days, T cell proliferation was measured by BrdU 

15 incorporation assay, using a colorimetric Cell Proliferation ELISA kit per manufacturer's instruction 

(#1647229, Roche Molecular Biochemicals). Cells were continuously cultured for 16-18 hrs in 

presence of 10 ).JM BrdU labeling solution. Then, the labeling medium was removed, and 200 J.LL 

FixDenat per well was added to the cells and incubated for 30 minutes at room temperature. The 

FixDenat solution was removed and 100 J.1Uwell anti-BrdU-POD antibody conjugate working 

20 solution was added. The reaction was carried out for 90 minutes at room temperature. The anboody 

conjugate was then removed, and cells were rinsed three times with 200 J1llwell washing solution. 

Finally, 100 IlUwell of substrate solution was added and the results were obtained using a microplate 

reader (Spectra Max PLUS, Molecular Devices) during color development Multiple readings at 

various time points were obtained to ensure the data was within the linear range. The data was 

25 routinely obtained fi:om replicated experiments, and appropriate controls were included. See: Temess 

P, et al. (2002). Inhibition of allogeneic T cell proliferation by indoleamine 2,3-dioxygenase­

expressing dendritic cells: mediation of suppression by tryptophan metabolites. J. Exp. Med. 

196(4):447-57; and Hwu P, et al. (2000). Indoleamine 2,3-dioxygenase production by human. 

dendritic cells results in the inhibition ofT cell proliferation. J. Immuno!. 164(7):3596-9. Compounds 

30 of the invention having an ICso less than about 100 J,.lM were considered active. 

ExampleD 

I" vivo testing of IDO inhibitors for antitumor activity 

In vivo anti-tumor efficacy can be tested using modified tumor allograft/xenograft protocols. 

35 For instance, it has been described in the literature that IDa inhibition can syngerize with cytotoxic 

chemotherapy in immune-competent mice (Muller, AJ., et al). This synergy was shown to be 
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dependent on T-cells by comparison of the synergistic effects of an investigational IDO inlnbitor in 

murine tumor xenograft models (e.g. B16 and related variants, CT-26, LLC) grown in immune 

competent syngenic mice to that observed in syngenic mice treated with neutralizing anti-CD4 

ann bodies, or the same tumors grown in immune-compromised mice (e.g. nulnu). 

5 The concept of differential anti-tumor effects in immune-competent versus immune-

compromised mice may also permit testing of investigational IDO inhibitors as single agents. For 

instance, LLC tumors grow well in their syngenic host strain, C57Bl/6. However, if these mice are 

treated with the IDO inhibitor I-MT (versus placebo) the fonnation of tumors is markedly delayed, 

implying that IDO inhibition was growth inhibitory (Fnberg, M., et al). Following this logic, one can 

10 examine the efficacy of IDO inhibition in the LLC xenograft tumor model grown in C57BV6 immWle 

competent mice and compare that to the effects of IDO inhibitors on LLC tumor growth in nude or 

SCID mice (or C57B1I6 mice treated with antibodies that neutralize T-cell activity). As the effects of 

relieving the tumor-mediated immune suppressive activity of IDO will likely differ depending on the 

immunogenic potential of different tumor models, genetic modifications can be made to the tumor 

15 cells to increase their immunogenic potential. For instance, expression ofGM-CSF in BI6.FIO cells 

increases their immunogenic potential (Dranoff, G., et al): As such, in some tumor models (e.g. 
~ 

BI6.FIO) one can generate [poly]clones that express immune stimulatory proteins such as GM-CSF 

and test the growth inhibitory effects of IDO inhibitors against tumors established from these tumor 

cells in both immune-competent and -compromised mice. 

20 A third avenue for IISsessing the efficacy of IDO inhibitors in vivo employs 'pre-

immunization' murine tumor allogra:ftlxenograft models. In these models, immune-competent mice 

are sensitized to a specific tumor antigen or antigens to mimic a therapeutic anti-tumor vaccination. 

This primes the mice for an anti-tumor response mediated by the immune system when mice are 

subsequently challenged with murine tumor cell lines (possessing similar tumor antigens to those used 

25 for immunization) in xenograft experiments. Expression of IDO has been shown to blunt the anti­

tumor response and allow xenografts to grow more rapidly. Importantly, the growth of tumors in this 

model is inhibited by the IDO inhibitor I-Mf (Uyttenhove, C., et al). This model is particularly 

attractive as IDO activity is permissive for P81S tumor growth and specific inhibition of IDO should 

therefore growth inhibitory. 

30 Lastly, therapeutic immunization may be used to evaluate the impact of IDO inhibitors in 

vivo. For example, it has been demonstrated using Bl6-BL6 cells that one ~an challenge Blk/6 mice 

with an intravenous injection of tumor cells followed by treatment with a well charac~d 

immunogenic peptide (e.g. TRP-2; SVYDFFVWL) expressed by the tumor cells (Ji, et al., J. 

Immunol,2oo5, 175:1456-63). Importantly, immune system modifiers, such as anti-CTL-4 antibody, 

35 can improve responses to such therapeutic immupizations. The impact of IDO inhibitors may be 

evaluated in a similar manner - tumor peptide immunization with or without IDO inhibitor. Efficacy 
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is assess by animal survival (time to morbididity) or by the measurement of tumor metastases to the 

lungs and/or other organs at defined timepoints. 

In any/all of the above mentioned models, it may also be possible to directly and/or indirectly 

measure the number and/or activity of tumor reative immune cells. Methods for measuring the 

5 number and/or activity of tumor reactive immune cells are well established and can be perfonned 

using techniques familiar to those schooled in the art (Current Protocols in hnmunology, vol 4, 

Coligan, J.E., et a1; Immunotherapy of Cancer, Human Press, 2006, Disis, M.L. and references 

therein). Conceptually, a reduction in the immune suppressive effects of IDO may result in increased 

numbers or reactivity of tumor specific immune cells. Further, IDO inlnbiton may further increase the 

10 number or reactivity of tumor reactive immune cells when combined with other therapeutics, for 

example chemotherapeutics and/or immune modulators (e.g. anti-C1LA4 anbbody). 

All allograft/xenograft experiments can be performed using standard tumor techniques 

(reviewed by Corbett, et al). The cloning and introduction of genes (e.g. IDO, GM-CSF) into tumor 

cell lines, can be perfonned using tec1miques familiar to those schooled in the art (reviewed in 

15 Sam brook, J, et aI). See: Corbett, T., Polin, L., et al. In vivo methods for screening and preclinical 

testing. Cancer Drug Discovery and Development: Anticancer Drug Development Guide: Preclinical 

Screening, Clinical Trials, and Approval, 2nd Ed. Teicher, B.A. and Andrews, P.A., Gumana Press 

Inc., Totowa, NJ, 2004; Dranoff, G., Jaffee, E., et al. Vaccination with irradiated tumor cells 

engineered to secrete murine granulocyte-macrophage colony-stimulating factor stimulates potent, 

20 specific, and long-lasting anti-tumor immunity. Proc. Nat!. Acad. Sci, USA. 90:3539-3543, 1993; 

Friberg, M., Jennings, R., et al. Indoleamine 2,3-dioxygenase contributes to tumor cell evasion of T 

cell-mediated rejection. Int. J. Cancer: 101:151-155, 2002; Muller, A. J., DuHadaway, J.B., et al. 

Inlubition of indoleamine 2,3-dioxygenase, an immunoregulatory target of the cancer suppression 

gene BinJ, potentiates cancer chemotherapy. Nat. Med. 11:312-319,2005; Sambrook, J, Russel, D. 

25 Molecular Cloning: A laboratory Manual (3rd edition). Cold Spring Harbor Laboratory Press. Cold 

Spring Harbor, NY, USA. 2001; and Uyttenhove, C., Pilotte, L.t et aI. Evidence for a tumoral 

innnune resistance mechanism based on tryptophan degradation by indoleamine 2,3-dioxygenase. 

Nat. Med. 9:1269-1274, 2003. 

30 ExampleE 

lit vivo testing of IDO inhibitors in human immunodefi~iency virus-! (HIV-l) encephalitis 

model 

1. Cell isolation and viral infection 

Monocytes and PBL can be obtained by countercurrent centrifugal elutriation of 

35 leukopheresis packs from HIV-l, 2 and hepatitis B seronegative donors. Monocytes are cultivated in 

suspension culture using Teflon flasks in Dulbecco's Modififed Eagle's Medium (DMEM, Sigma­

Aldrich) supplemented with 10 % heat-inactivated pooled human serum, 1 % glutamine, 50 JlglmL 
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gentamicin, 10 llg/mL ciprofloxacin (Sigma), and 1000 U/mL highly purified recombinant human 

macrophage colony stimulating factor. After seven days in culture, MDM are infected with HIV-1ADA 

at multiplicity of infection of 0.0 1. 

5 2. Hu-PBL-NOD/SCID HIVE mice 

Four-wk old male NOD/C.B-I7 SCID mice can be purchased (Jackson Laboratory). Animals 

are maintained in sterile microisolator cages under pathogen-free conditions. All animals are injected 

intraperitoneally with rat anti-CD122 (0.25 mg/mouse) three days before PBL transplantation and 

twice with rabbit asialo-GMI antibodies (0.2 mglmouse) (Wako) one day before and three days after 

10 PBL injection (20 x 106 cells/mouse). HIV-1ADA-infected MDM (3 x 105 cells in 10 J.i.L) are injected 

intracranially (i.c.) eight days following PBL reconstitution generating hu-PBL-NOD/SCID HIVE 

mice.hnmediately following i.c. 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 confirnl the induction of virus-

15 specific CTL in the hu PBL-NOD/SCID HIVE aninlals treated with IDO compounds. This is' 

confimled by tetramer staining and neuropathologic analyses of MDM elimination from the brain 

tissue. Then, the experiment is designed to analyze hUlllall 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-

20 containing tubes is used for flow cytometry and plasma is used for detection of HIV -1 p24 using 

ELISA (Beckman CoulterTM). HIV-I-specific antibodies are detected by Western blot tests according 

to the manufacturer instructions (Cambridge Biotech HIV-1 Western blot kit, Calypte Biomedical). 

Similar amount of virus-specific antibodies are detected in control and compound-treated animals. A 

total of three independent experiments can be perfomed using three different human leukocyte 

25 donors. 

3. FACScall of peripheral blood and spleen illhu PEL-NOD/SCID Hfl'E mice 

Two-color F ACS analysis can be perfomed on peripheral blood at wk 1-3 and splenocytes at 

wk 2 and 3 after i.c. injection of human MDM. Cells are incubated with fluorochrome-conjugated 

30 monoclonal Abs (mAbs) to human CD4, CD8, CD56, CD3, IFN-y (eBioscience) for 30 min at 4°C. 

To evaluate the cellular immune response, IFN-y intracellular staining is perfomed 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-lgag (PI7 (aa77-85) 

SLYN1VATL, SL-9) and HIV_IPoJ [(aa476-485) ILKEPVHGV, IL-9] is performed on 

35 phytohemaglutininiinterleukin-2 (PHAlIL-2)- stimulated splenocytes. Cells are stained following the 

recommendation of the NIHINational Institute of Allergy and Infections Disease, National Tetramer 
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Core Facilities. Data were analyzed with a F ACS Calibur™ using CellQuest software (Becton 

Dickinson Immunocytometry System). 

4. Histopathology and image analyses 

5 Brain tissue is collected at days 14 and 21 after i.c. injection of MDM, fixed in 4 % 

phosphate-buffered parafonllaldehyde and embedded in paraffm or frozen at -80°C for later use. 

Coronal sections from the embedded blocks are cut in order to identify the injection site. For each 

mouse, 30-1qO (5-/Jl11-thick) serial sections are cut from the human MDM injection site and 3-7 slides 

(10 sections apart) are analyzed. Brain sections are deparaffinized with xylene and hydrated in 

10 gradient alcohols. Immunohistochemical staining follows a basic indirect protocol, using antigen 

retrieval by heating to 95°C in 0.01 moVL citrate buffer for 30 min for antigen retrieval. To identify 

human cells in mouse brains, mAb to vimentin (1 :50, clone 3B4, Dako COl]Joration), which identifies 

all human leukocytes is used. Human MDM and CDS+ lymphocytes are detected with CD68 (1:50 

dilution, clone KP 1) and CDS (1:50 dilution, clone 144B) antibodies, respectively. Virus-infected 

15 cells are labeled with mAb to HN-l p24 (1 :10, clone Kal-I, all from Dako). Reactive murine 

microglial cells are detected with Iba-l antibody (1:500, Wako). Expression of human IDO (huIDO) 

is visualized with Abs obtained from the Department of Cell Pharmacology, Central Research 

Institute, Graduate School of Medicine, Hokkaido University, Sapporo, Japan. Primary antibodies are 

detected with the appropriate biotinylated secondary antibodies and visualized with avidin-biotin 

20 complexes (Vectastain Elite ABC kit, Vector Laboratories) and horseradish peroxidase (HRP) 

coupled dextran polymer (EnVision, Dako Corporation). Immunostained sections are counterstained 

with Mayer's hematoxylin. Sections from which primary antibody is deleted or irrelevant IgG isotype 

is incorporated served as controls. Two independent observers in a blinded fashion count the numbers 

of CDS+ lymphocytes, CD68+ MDM and HN -1 p24+ cells in each section from each mouse. Light 

25 microscopic examination is performed with a Nikon Eclipse 800 microscope (Nikon Instruments Inc). 

Semi-quantitative analysis for Ibal (percentage of area occupied by immunostaining) is carried out by 

computer-assisted image analysis (Image-Pro®Plus, Media Cybernetics) as previously described. 

5. Statistic analysis 

30 Data can be analyzed using Prism (Graph Pad) with Student t-test for comparisons and 

ANOV A. P-values < 0.05 were considered significant. 

6. Reference 

Poluektova LY, Munn DH, Persidsky Y, and Gendelman HE (2002). Generation of cytotoxic 

35 T cells against virus-infected human brain macrophages in a murine model ofliN-l encephalitis. J. 

Immuno!.168(8):3941-9. 
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Various modifications of the invention, in addition to those descnbed herein, will be 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 

5 pUblications, cited in the present application is incorporated herein by reference in its entirety. 
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Claims 

1. Use of a compound of Formula: 

 

 

or a pharmaceutically acceptable salt thereof, wherein: 

 W, X1 and X2 are independently selected from (CRaRb)t, (CRaRb)uO(CRaRb)v, 

(CRaRb)uC(O)(CRaRb)v, (CRaRb)uC(O)NRc(CRaRb)v, (CRaRb)uC(O)O(CRaRb)v, (CRaRb)uC(S)(CRaRb)u, 

(CRaRb)uC(S)NRc(CRaRb)v, (CRaRb)uS(O)(CRaRb)v, (CRaRb)uS(O)NRc(CRaRb)v, 

(CRaRb)uS(O)2(CRaRb)v, (CRaRb)uS(O)2NRc(CRaRb)v, (CRaRb)uNRc(CRaRb)v, and 

(CRaRb)uC(=NRd)NRc(CRaRb)v; 

 R2 is H, C1-6 alkyl, or C3-7 cycloalkyl; 

 R3a and R5a are independently selected from C1-8 alkyl, C2-8 alkenyl, C2-8 alkynyl, aryl, 

cycloalkyl, heteroaryl, and heterocycloalkyl, each optionally substituted by 1, 2, 3, 4 or 5 substituents 

independently selected from halo, C1-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, C1-4 haloalkyl, Cy1, CN, NO2, 

ORe1, SRe1, C(O)Rf1, C(O)NRg1Rh1, C(O)ORe1, OC(O)Rf1, OC(O)NRg1Rh1, NRg1C(O)NRg1Rh1, 

NRg1Rh1, NRg1C(O)Rf1, NRg1C(O)ORe1, C(=NRi)NRg1Rh1, NRg1C(=NRi)NRg1Rh1, P(Rf1)2, P(ORe1)2, 

P(O)Re1Rf1, P(O)ORe1ORf1, S(O)Rf1, S(O)NRg1Rh1, S(O)2Rf1, and S(O)2NRg1Rh1; 

 R3b is aryl or heteroaryl each optionally substituted by 1, 2, 3, 4 or 5 substituents 

independently selected from halo, C1-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, C1-4 haloalkyl, C1-4 

hydroxyalkyl, Cy2, CN, NO2, ORe1, SRe1, C(O)Rf1, C(O)NRg1Rh1, C(O)ORe1, OC(O)Rf1, 

OC(O)NRg1Rh1, NRg1C(O)NRg1Rh1, NRg1Rh1, NRg1C(O)Rf1, NRg1C(O)ORe1, C(=NRi)NRg1Rh1, 

NRg1C(=NRi)NRg1Rh1, P(Rf1)2, P(ORe1)2, P(O)Re1Rf1, P(O)ORe1ORf1, S(O)Rf1, S(O)NRg1Rh1, S(O)2Rf1, 

and S(O)2NRg1Rh1; 

 R5b is H, C1-8 alkyl, C2-8 alkenyl, C2-8 alkynyl, aryl, cycloalkyl, heteroaryl, or heterocycloalkyl 

wherein said C1-8 alkyl, C2-8 alkenyl, C2-8 alkynyl, aryl, cycloalkyl, heteroaryl, or heterocycloalkyl are 

each optionally substituted by 1, 2, 3, 4 or 5 substituents independently selected from halo, C1-6 alkyl, 

C2-6 alkenyl, C2-6 alkynyl, C1-4 haloalkyl, C1-4 hydroxyalkyl, Cy2, CN, NO2, ORe1, SRe1, C(O)Rf1, 

C(O)NRg1Rh1, C(O)ORe1, OC(O)Rf1, OC(O)NRg1Rh1, NRg1C(O)NRg1Rh1, NRg1Rh1, NRg1C(O)Rf1, 

NRg1C(O)ORe1, C(=NRi)NRg1Rh1, NRg1C(=NRi)NRg1Rh1, P(Rf1)2, P(ORe1)2, P(O)Re1Rf1, 

P(O)ORe1ORf1, S(O)Rf1, S(O)NRg1Rh1, S(O)2Rf1, and S(O)2NRg1Rh1;  

 Cy1 and Cy2 are independently selected from aryl, heteroaryl, cycloalkyl, and 

heterocycloalkyl, each optionally substituted by 1, 2, 3, 4 or 5 substituents independently selected 
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from halo, C1-4 alkyl, C2-4 alkenyl, C2-4 alkynyl, C1-4 haloalkyl, CN, NO2, ORe3, SRe3, C(O)Rf3, 

C(O)NRg3Rh3, C(O)ORe3, OC(O)Rf3, OC(O)NRg3Rh3, NRg3Rh3, NRg3C(O)Rh3, NRg3C(O)ORe3, 

C(=NRi)NRg1Rh1, NRg1C(=NRi)NRg1Rh1, P(Rf3)2, P(ORe3)2, P(O)Re3Rf3, P(O)ORe3ORf3, S(O)Rf3, 

S(O)NRg3Rh3, S(O)2Rf3, and S(O)2NRg3Rh3; 

 Ra and Rb are independently selected from H, halo, C1-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, C1-4 

haloalkyl, aryl, cycloalkyl, heteroaryl, heterocycloalkyl, arylalkyl, cycloalkylalkyl, heteroarylalkyl, 

heterocycloalkylalkyl, CN, NO2, ORe4, SRe4, C(O)Rf4, C(O)NRg4Rh4, C(O)ORe4, OC(O)Rf4, 

OC(O)NRg4Rh4, NRg4Rh4, NRg4C(O)Rh4, NRg4C(O)ORe4, C(=NRi)NRg1Rh1, NRg1C(=NRi)NRg1Rh1, 

P(Rf4)2, P(ORe4)2, P(O)Re4Rf4, P(O)ORe4ORf4, S(O)Rf4, S(O)NRg4Rh4, S(O)2Rf4, and S(O)2NRg4Rh4; 

 Rc is H, C1-6 alkyl, C1-6 haloalkyl, C2-6 alkenyl, C2-6 alkynyl, aryl, cycloalkyl, arylalkyl, or 

cycloalkylalkyl; 

 Rd is H, ORd1, CN or NO2; 

 Rd1 is H, C1-6 alkyl, C1-6 haloalkyl, C2-6 alkenyl, C2-6 alkynyl, aryl, cycloalkyl, arylalkyl, or 

cycloalkylalkyl; 

 Re1, Re3,and Re4 are independently selected from H, C1-6 alkyl, C1-6 haloalkyl, C2-6 alkenyl, (C1-

6 alkoxy)-C1-6 alkyl, C2-6 alkynyl, aryl, cycloalkyl, heteroaryl, heterocycloalkyl, arylalkyl, 

cycloalkylalkyl, heteroarylalkyl and heterocycloalkylalkyl; 

 Rf1, Rf3, and Rf4 are independently selected from H, C1-6 alkyl, C1-6 haloalkyl, C2-6 alkenyl, C2-

6 alkynyl, aryl, cycloalkyl, heteroaryl and heterocycloalkyl; 

 Rg1, Rg3, and Rg4 are independently selected from H, C1-6 alkyl, C1-6 haloalkyl, C2-6 alkenyl, 

C2-6 alkynyl, aryl, cycloalkyl, arylalkyl, and cycloalkylalkyl; 

 Rh1, Rh3, and Rh4 are independently selected from H, C1-6 alkyl, C1-6 haloalkyl, C2-6 alkenyl, 

C2-6 alkynyl, aryl, cycloalkyl, arylalkyl, and cycloalkylalkyl; 

 or Rg1 and Rh1 together with the N atom to which they are attached form a 4-, 5-, 6- or 7-

membered heterocycloalkyl group; 

 or Rg3 and Rh3 together with the N atom to which they are attached form a 4-, 5-, 6- or 7-

membered heterocycloalkyl group; 

 or Rg4 and Rh4 together with the N atom to which they are attached form a 4-, 5-, 6- or 7-

membered heterocycloalkyl group; 

 Ri is H, CN, or NO2; 

 a is 0 or 1; 

 b is 0 or 1; 

 n is 0 or 1; 

 p is 0 or 1; 

 t is 1, 2, 3, 4, 5 or 6; 

 u is 0, 1, 2, 3, 4, 5 or 6; and 

 v is 0, 1, 2, 3, 4, 5 or 6; 
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 and an anti-PD-1 antibody; in the preparation of a combined medical preparation for treatment of 

cancer. 

 

2. The use of claim 1, wherein R2 of the compound of the Formula is H. 

 

3. The use according to claim 2, wherein n of the compound of the Formula is 0. 

 

4. The use according to claim 3, wherein p of the compound of the Formula is 1. 

 

5. The use according to claim 4, wherein R5b of the compound of the Formula is H. 

 

6. The use according to claim 5, wherein a of the compound of the Formula is 0. 

 

7. The use according to claim 6, wherein b of the compound of the Formula is 0. 

 

8. The use of claim 7, wherein R3b of the compound of the Formula is phenyl optionally 

substituted by 1, 2, 3, 4 or 5 substituents independently selected from halo, C1-6 alkyl, C2-6 alkenyl, C2-

6 alkynyl, C1-4 haloalkyl, Cy2, CN, NO2, ORe1, SRe1, C(O)Rf1, C(O)NRg1Rh1, C(O)ORe1, OC(O)Rf1, 

OC(O)NRg1Rh1, NRg1C(O)NRg1Rh1, NRg1Rh1, NRg1C(O)Rf1, NRg1C(O)ORe1, P(Rf1)2, P(ORe1)2, 

P(O)Re1Rf1, P(O)ORe1ORf1, S(O)Rf1, S(O)NRg1Rh1, S(O)2Rf1, and S(O)2NRg1Rh1. 

 

9. The use of claim 6, wherein b of the compound of the Formula is 1. 

 

10. The use of claim 9, wherein W of the compound of the Formula is (CRaRb)t or 

(CRaRb)uO(CRaRb)v. 

 

11. The use of claim 10, wherein R3b of the compound of the Formula is heteroaryl, optionally 

substituted by 1, 2, 3, 4 or 5 substituents independently selected from halo, C1-6 alkyl, C2-6 alkenyl, C2-

6 alkynyl, C1-4 haloalkyl, Cy2, CN, NO2, ORe1, SRe1, C(O)Rf1, C(O)NRg1Rh1, C(O)ORe1, OC(O)Rf1, 

OC(O)NRg1Rh1, NRg1C(O)NRg1Rh1, NRg1Rh1, NRg1C(O)Rf1, NRg1C(O)ORe1, P(Rf1)2, P(ORe1)2, 

P(O)Re1Rf1, P(O)ORe1ORf1, S(O)Rf1, S(O)NRg1Rh1, S(O)2Rf1, and S(O)2NRg1Rh1. 

 

12. The use of claim 1, wherein the compound has formula:  
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wherein: 

 X1 is (CRaRb)t or (CRaRb)uC(O)(CRaRb)v; 

 R3a is C1-8 alkyl, C2-8 alkenyl, C2-8 alkynyl, aryl, cycloalkyl, heteroaryl, or heterocycloalkyl, 

each optionally substituted by 1, 2, 3, 4 or 5 substituents independently selected from halo, C1-6 alkyl, 

C2-6 alkenyl, C2-6 alkynyl, C1-4 haloalkyl, C1-4 hydroxyalkyl, Cy1, CN, NO2, ORe1, SRe1, C(O)Rf1, 

C(O)NRg1Rh1, C(O)ORe1, OC(O)Rf1, OC(O)NRg1Rh1, NRg1C(O)NRg1Rh1, NRg1Rh1, NRg1C(O)Rf1, 

NRg1C(O)ORe1, C(=NRi)NRg1Rh1, NRg1C(=NRi)NRg1Rh1, P(Rf1)2, P(ORe1)2, P(O)Re1Rf1, 

P(O)ORe1ORf1, S(O)Rf1, S(O)NRg1Rh1, S(O)2Rf1, and S(O)2NRg1Rh1; 

 R3b is aryl or heteroaryl, each optionally substituted by 1, 2, 3, 4 or 5 substituents 

independently selected from halo, C1-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, C1-4 haloalkyl, C1-4 

hydroxyalkyl, Cy2, CN, NO2, ORe1, SRe1, C(O)Rf1, C(O)NRg1Rh1, C(O)ORe1, OC(O)Rf1, 

OC(O)NRg1Rh1, NRg1C(O)NRg1Rh1, NRg1Rh1, NRg1C(O)Rf1, NRg1C(O)ORe1, C(=NRi)NRg1Rh1, 

NRg1C(=NRi)NRg1Rh1,  P(Rf1)2, P(ORe1)2, P(O)Re1Rf1, P(O)ORe1ORf1, S(O)Rf1, S(O)NRg1Rh1, 

S(O)2Rf1, and S(O)2NRg1Rh1; 

 R5b is H, C1-8 alkyl, C2-8 alkenyl, C2-8 alkynyl, aryl, cycloalkyl, heteroaryl, or heterocycloalkyl; 

wherein said C1-8 alkyl, C2-8 alkenyl, C2-8 alkynyl, aryl, cycloalkyl, heteroaryl, or heterocycloalkyl are 

each optionally substituted by 1, 2, 3, 4 or 5 substituents independently selected from halo, C1-6 alkyl, 

C2-6 alkenyl, C2-6 alkynyl, C1-4 haloalkyl, C1-4 hydroxyalkyl, Cy2, CN, NO2, ORe1, SRe1, C(O)Rf1, 

C(O)NRg1Rh1, C(O)ORe1, OC(O)Rf1, OC(O)NRg1Rh1, NRg1C(O)NRg1Rh1, NRg1Rh1, NRg1C(O)Rf1, 

NRg1C(O)ORe1, C(=NRi)NRg1Rh1, NRg1C(=NRi)NRg1Rh1, P(Rf1)2, P(ORe1)2, P(O)Re1Rf1, 

P(O)ORe1ORf1, S(O)Rf1, S(O)NRg1Rh1, S(O)2Rf1, and S(O)2NRg1Rh1; 

 Cy1 and Cy2 are independently selected from aryl, heteroaryl, cycloalkyl, and 

heterocycloalkyl, each optionally substituted by 1, 2, 3, 4 or 5 substituents independently selected 

from halo, C1-4 alkyl, C2-4 alkenyl, C2-4 alkynyl, C1-4 haloalkyl, CN, NO2, ORe3, SRe3, C(O)Rf3, 

C(O)NRg3Rh3, C(O)ORe3, OC(O)Rf3, OC(O)NRg3Rh3, NRg3Rh3, NRg3C(O)Rh3, NRg3C(O)ORe3, 

C(=NRi)NRg1Rh1, NRg1C(=NRi)NRg1Rh1, P(Rf3)2, P(ORe3)2, P(O)Re3Rf3, P(O)ORe3ORf3, S(O)Rf3, 

S(O)NRg3Rh3, S(O)2Rf3, and S(O)2NRg3Rh3; 

 Ra and Rb are independently selected from H, halo, C1-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, C1-4 

haloalkyl, aryl, cycloalkyl, heteroaryl, heterocycloalkyl, arylalkyl, cycloalkylalkyl, heteroarylalkyl, 

heterocycloalkylalkyl, CN, NO2, ORe4, SRe4, C(O)Rf4, C(O)NRg4Rh4, C(O)ORe4, OC(O)Rf4, 
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OC(O)NRg4Rh4, NRg4Rh4, NRg4C(O)Rh4, NRg4C(O)ORe4, C(=NRi)NRg1Rh1, NRg1C(=NRi)NRg1Rh1, 

P(Rf4)2, P(ORe4)2, P(O)Re4Rf4, P(O)ORe4ORf4, S(O)Rf4, S(O)NRg4Rh4, S(O)2Rf4, and S(O)2NRg4Rh4; 

 Re1, Re3,and Re4 are independently selected from H, C1-6 alkyl, C1-6 haloalkyl, C2-6 alkenyl, (C1-

6 alkoxy)-C1-6 alkyl, C2-6 alkynyl, aryl, cycloalkyl, heteroaryl, heterocycloalkyl, arylalkyl, 

cycloalkylalkyl, heteroarylalkyl and heterocycloalkylalkyl; 

 Rf1, Rf3, and Rf4 are independently selected from H, C1-6 alkyl, C1-6 haloalkyl, C2-6 alkenyl, C2-6 

alkynyl, aryl, cycloalkyl, heteroaryl and heterocycloalkyl; 

 Rg1, Rg3, and Rg4 are independently selected from H, C1-6 alkyl, C1-6 haloalkyl, C2-6 alkenyl, 

C2-6 alkynyl, aryl, cycloalkyl, arylalkyl, and cycloalkylalkyl; 

 Rh1, Rh3, and Rh4 are independently selected from H, C1-6 alkyl, C1-6 haloalkyl, C2-6 alkenyl, 

C2-6 alkynyl, aryl, cycloalkyl, arylalkyl, and cycloalkylalkyl; 

 or Rg1 and Rh1 together with the N atom to which they are attached form a 4-, 5-, 6- or 7-

membered heterocycloalkyl group; 

 or Rg3 and Rh3 together with the N atom to which they are attached form a 4-, 5-, 6- or 7-

membered heterocycloalkyl group; 

 or Rg4 and Rh4 together with the N atom to which they are attached form a 4-, 5-, 6- or 7-

membered heterocycloalkyl group; 

 Ri is H, CN, or NO2; 

 a is 0 or 1; 

 t is 1, 2, 3, 4, 5 or 6; 

 u is 0, 1, 2, 3, 4, 5 or 6; and 

 v is 0, 1, 2, 3, 4, 5 or 6. 

 

13. The use of claim 1, wherein the compound is selected from: 

N-benzyl-4-(benzylamino)-N'-hydroxy-1,2,5-oxadiazole-3-carboximidamide; 

4-[(Anilinocarbonyl)amino]-N-(3-chlorophenyl)-N'-hydroxy-1,2,5-oxadiazole-3-

carboximidamide; 

tert-Butyl {4-[({4-[(E,Z)-[(3-chlorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-

yl}amino)carbonyl]benzyl}carbamate; 

4-(Aminomethyl)-N-{4-[(E,Z)-[(3-chlorophenyl)amino](hydroxyimino)methyl]-1,2,5-

oxadiazol-3-yl}benzamide; 

4-{[(Benzylamino)carbonyl]amino}-N-(3-bromo-4-fluorophenyl)-N'-hydroxy-1,2,5-

oxadiazole-3-carboximidamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-

yl}morpholine-4-carboxamide; 

N-(3-Bromo-4-fluorophenyl)-N'-hydroxy-4-(methylamino)-1,2,5-oxadiazole-3-

carboximidamide; 
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N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-

yl}piperidine-4-carboxamide; 

tert-Butyl 4-{4-[({4-[(E,Z)-[(3-bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-

oxadiazol-3-yl}amino)carbonyl]benzyl}piperazine-1-carboxylate; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

4-(piperazin-1-ylmethyl)benzamide; 

1-Benzoyl-N-{4-[(E,Z)-[(3-bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-

oxadiazol-3-yl}piperidine-4-carboxamide; 

N(4)-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-

yl}-N(1)-phenylpiperidine-1,4-dicarboxamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

1-ethylpiperidine-4-carboxamide; 

4-[(Benzoylamino)methyl]-N-{4-[(E,Z)-[(3-bromo-4-

fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}benzamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

2-(2-cyanophenoxy)acetamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

4-phenylpiperidine-4-carboxamide; 

N-(3-Bromo-4-fluorophenyl)-4-({4-[(1,1-dioxidothiomorpholin-4-yl)methyl]benzyl}amino)-

N'-hydroxy-1,2,5-oxadiazole-3-carboximidamide; 

N-(3-Bromo-4-fluorophenyl)-N'-hydroxy-4-{[4-(morpholin-4-ylmethyl)benzyl]amino}-1,2,5-

oxadiazole-3-carboximidamide; 

N-(3-Cyano-4-fluorophenyl)-4-({4-[(1,1-dioxidothiomorpholin-4-yl)methyl]benzyl}amino)-

N'-hydroxy-1,2,5-oxadiazole-3-carboximidamide; 

N-(3-Bromo-4-fluorophenyl)-N'-hydroxy-4-[(pyridin-3-ylmethyl)amino]-1,2,5-oxadiazole-3-

carboximidamide; 

N-(3-Cyano-4-fluorophenyl)-N'-hydroxy-4-[(pyridin-4-ylmethyl)amino]-1,2,5-oxadiazole-3-

carboximidamide; 

4-[(3-Cyanobenzyl)amino]-N-(3-cyano-4-fluorophenyl)-N'-hydroxy-1,2,5-oxadiazole-3-

carboximidamide; 

N-(3-Bromo-4-fluorophenyl)-N'-hydroxy-4-[(1H-tetrazol-5-ylmethyl)amino]-1,2,5-

oxadiazole-3-carboximidamide; 

N-{4-[(E,Z)-[(3-Chlorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-

yl}cyclopentanecarboxamide; 

N-{4-[(E,Z)-[(3-Chlorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-

yl}nicotinamide; 
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N-{4-[(E,Z)-[(3-Chlorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-

yl}isonicotinamide; 

N-{4-[(E,Z)-[(3-Chlorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-2-

methoxybenzamide; 

N-{4-[(E,Z)-[(3-Chlorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-3-

methoxybenzamide; 

N-{4-[(E,Z)-[(3-Chlorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-4-

methoxybenzamide; 

2-Chloro-N-{4-[(E,Z)-[(3-chlorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-

yl}benzamide; 

3-Chloro-N-{4-[(E,Z)-[(3-chlorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-

yl}benzamide; 

4-Chloro-N-{4-[(E,Z)-[(3-chlorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-

yl}benzamide; 

N-{4-[(E,Z)-[(3-Chlorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-3,3-

dimethylbutanamide; 

N-{4-[(E,Z)-[(3-Chlorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-4-

iodobenzamide; 

N-{4-[(E,Z)-[(3-Chlorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-4-

cyanobenzamide; 

N-{4-[(E,Z)-{[4-Fluoro-3-(trifluoromethyl)phenyl]amino}(hydroxyimino)methyl]-1,2,5-

oxadiazol-3-yl}nicotinamide; 

N-{4-[(E,Z)-{[4Fluoro-3-(trifluoromethyl)phenyl]amino}(hydroxyimino)methyl]-1,2,5-

oxadiazol-3-yl}isonicotinamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-

yl}benzamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-

yl}nicotinamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-

yl}isonicotinamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

4-cyanobenzamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

3-cyanobenzamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

2-naphthamide; 
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N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

1-naphthamide; 

1-Acetyl-N-{4-[(E,Z)-[(3-bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-

oxadiazol-3-yl}piperidine-4-carboxamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

2-furamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-

yl}thiophene-2-carboxamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

1-phenyl-5-(trifluoromethyl)-1H-pyrazole-4-carboxamide; 

4-(Acetylamino)-N-{4-[(E,Z)-[(3-bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-

1,2,5-oxadiazol-3-yl}benzamide; 

tert-Butyl {4-[({4-[(E,Z)-[(3-bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-

oxadiazol-3-yl}amino)carbonyl]benzyl}carbamate; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

1-benzothiophene-2-carboxamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

1,3-thiazole-4-carboxamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

1-benzothiophene-3-carboxamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-

yl}thiophene-3-carboxamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

1H-imidazole-2-carboxamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

4-methyl-1,2,3-thiadiazole-5-carboxamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

1,2,3-thiadiazole-4-carboxamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

2,1-benzisoxazole-3-carboxamide; 

4-(Aminomethyl)-N-{4-[(E,Z)-[(3-bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-

1,2,5-oxadiazol-3-yl}benzamide; 

N-(3-Bromo-4-fluorophenyl)-N'-hydroxy-4-({[(2-phenylethyl)amino]carbonyl}amino)-1,2,5-

oxadiazole-3-carboximidamide; 

N-(3-Bromo-4-fluorophenyl)-4-{[(cyclopentylamino)carbonyl]amino}-N'-hydroxy-1,2,5-

oxadiazole-3-carboximidamide; 
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N-(3-Bromo-4-fluorophenyl)-4-({[(3-cyanophenyl)amino]carbonyl}amino)-N'-hydroxy-1,2,5-

oxadiazole-3-carboximidamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

3-tert-butyl-1-methyl-1H-pyrazole-5-carboxamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

2-methoxyacetamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-

yl}cyclopentanecarboxamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-

yl}butanamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

2-methylpropanamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-

yl}propanamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-

yl}cyclohexanecarboxamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

1H-benzimidazole-5-carboxamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

2-phenoxyacetamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-

yl}cyclobutanecarboxamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

3-methylbutanamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

3-pyridin-3-ylpropanamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-

yl}quinoline-6-carboxamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

2-(4-chlorophenoxy)acetamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

2-(4-bromophenoxy)acetamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

2-(4-fluorophenoxy)acetamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

2-(4-tert-butylphenoxy)acetamide; 
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N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

2-(3-chlorophenoxy)acetamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

2-(3,4-dichlorophenoxy)acetamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

2-(2-naphthyloxy)acetamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

2-(2,3-dichlorophenoxy)acetamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

2-(4-chlorophenoxy)-2-methylpropanamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

2-(2-chlorophenoxy)acetamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

2-(3-methoxyphenoxy)acetamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

2-(4-methoxyphenoxy)acetamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

2-(2-methoxyphenoxy)acetamide; 

Benzyl {4-[(E,Z)-[(3-bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-

3-yl}carbamate; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-

yl}acetamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-

yl}piperidine-1-carboxamide; 

N-(3-Bromo-4-fluorophenyl)-4-({[(3-cyanophenyl)(methyl)amino]carbonyl}amino)-N'-

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

4-({[Benzyl(methyl)amino]carbonyl}amino)-N-(3-bromo-4-fluorophenyl)-N'-hydroxy-1,2,5-

oxadiazole-3-carboximidamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

2-phenylacetamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

2-(3-methoxyphenyl)acetamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

2-(4-methoxyphenyl)acetamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

2-(2-methoxyphenyl)acetamide; 
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N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

2-cyanobenzamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

3-(3-bromophenyl)propanamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

3-(4-bromophenyl)propanamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

3-(4-chlorophenyl)propanamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

3-(3-chlorophenyl)propanamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

3-(2-fluorophenyl)propanamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

3-(3-fluorophenyl)propanamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

3-(2-chlorophenyl)propanamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

3-(3-methylphenyl)propanamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

3-(3-(trifluoromethyl)phenyl)propanamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

3-(4-fluorophenyl)propanamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

3-(2-methoxyphenyl)propanamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

3-(3-methoxyphenyl)propanamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

3-(4-methoxyphenyl)propanamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

3-(4-methylphenyl)propanamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

3-[4-(trifluoromethyl)phenyl]propanamide; 

3-[2,5-Bis(trifluoromethyl)phenyl]-N-{4-[(E,Z)-[(3-bromo-4-

fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}propanamide; 

3-[3,5-Bis(trifluoromethyl)phenyl]-N-{4-[(E,Z)-[(3-bromo-4-

fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}propanamide; 
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N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

2-methyl-3-phenylpropanamide; 

2-Benzyl-N-{4-[(E,Z)-[(3-bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-

oxadiazol-3-yl}-3,3-dimethylbutanamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

1-[4-(trifluoromethyl)pyrimidin-2-yl]piperidine-4-carboxamide; 

1-Benzyl-N-{4-[(E,Z)-[(3-bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-

oxadiazol-3-yl}-3-tert-butyl-1H-pyrazole-5-carboxamide; 

2-(Benzyloxy)-N-{4-[(E,Z)-[(3-bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-

oxadiazol-3-yl}acetamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

1-(4-chlorophenyl)cyclopentanecarboxamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

3-phenoxybenzamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

2,4,6-trichlorobenzamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

2-methoxybenzamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

3-methoxybenzamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

2,2-diphenylacetamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

4-(trifluoromethoxy)benzamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

4-methoxybenzamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

3,4-dimethoxybenzamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

2-(2-nitrophenoxy)acetamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-

yl}biphenyl-4-carboxamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

2-(2,6-dichlorobenzyl)-1,3-thiazole-4-carboxamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

2,6-dimethoxybenzamide; 
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N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

4-nitrobenzamide; 

5-Bromo-N-{4-[(E,Z)-[(3-bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-

oxadiazol-3-yl}nicotinamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

3,3-dimethylbutanamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

2-(2-thienyl)acetamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

4-phenylbutanamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

2,2-dimethylpropanamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

4-(morpholin-4-ylmethyl)benzamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

4-[(1,1-dioxidothiomorpholin-4-yl)methyl]benzamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

1-(phenylacetyl)piperidine-4-carboxamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

1-(methylsulfonyl)piperidine-4-carboxamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

2-pyridin-4-yl-1,3-thiazole-4-carboxamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

2-nitrobenzamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

3-nitrobenzamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

1-isopropylpiperidine-4-carboxamide; 

tert-Butyl 4-{4-[({4-[(E,Z)-[(3-bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-

oxadiazol-3-yl}amino)carbonyl]-1,3-thiazol-2-yl}piperidine-1-carboxylate; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

2-phenyl-1,3-thiazole-4-carboxamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

2-methyl-1,3-thiazole-4-carboxamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

2-piperidin-4-yl-1,3-thiazole-4-carboxamide; 
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N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

2-(4-cyanophenoxy)acetamide; 

tert-Butyl 3-[({4-[(E,Z)-[(3-bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-

oxadiazol-3-yl}amino)carbonyl]piperidine-1-carboxylate; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

3-(3-nitrophenyl)propanamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

2-(3-nitrophenoxy)acetamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

2-(4-nitrophenoxy)acetamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-

yl}piperidine-3-carboxamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

4-methyl-2-pyridin-3-yl-1,3-thiazole-5-carboxamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

4-methyl-1,3-thiazole-5-carboxamide; 

2-Amino-N-{4-[(E,Z)-[(3-bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-

oxadiazol-3-yl}-1,3-thiazole-4-carboxamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

4-methyl-2-pyrazin-2-yl-1,3-thiazole-5-carboxamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

4-methyl-2-[4-(trifluoromethyl)phenyl]-1,3-thiazole-5-carboxamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

2,4-dimethyl-1,3-thiazole-5-carboxamide; 

1-Acetyl-N-{4-[(E,Z)-[(3-bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-

oxadiazol-3-yl}pyrrolidine-2-carboxamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

1,5-dimethyl-1H-pyrazole-3-carboxamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

5-chloro-1-methyl-1H-pyrazole-4-carboxamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

1,3-dimethyl-1H-pyrazole-5-carboxamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

1-methyl-1H-imidazole-2-carboxamide; 

4-[(Acetylamino)methyl]-N-{4-[(E,Z)-[(3-bromo-4-

fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}benzamide; 
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N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

4-methylpiperidine-4-carboxamide; 

1-Acetyl-N-{4-[(E,Z)-[(3-bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-

oxadiazol-3-yl}piperidine-3-carboxamide; 

1-Acetyl-N-{4-[(E,Z)-[(3-bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-

oxadiazol-3-yl}-4-methylpiperidine-4-carboxamide; 

1-Acetyl-N-{4-[(E,Z)-[(3-bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-

oxadiazol-3-yl}-4-phenylpiperidine-4-carboxamide; 

4-(Benzylamino)-N-(3-bromo-4-fluorophenyl)-N'-hydroxy-1,2,5-oxadiazole-3-

carboximidamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

1-ethylpiperidine-3-carboxamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

4-ethylpiperazine-1-carboxamide; 

4-Acetyl-N-{4-[(E,Z)-[(3-bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-

oxadiazol-3-yl}piperazine-1-carboxamide; 

N-{4-[(E,Z)-[(3-Bromo-4-fluorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-

2-(1-ethylpiperidin-4-yl)-1,3-thiazole-4-carboxamide; 

N-(3-Bromo-4-fluorophenyl)-N'-hydroxy-4-[(1,3-thiazol-4-ylmethyl)amino]-1,2,5-

oxadiazole-3-carboximidamide; 

N-(3-Bromo-4-fluorophenyl)-4-[(4-cyanobenzyl)amino]-N'-hydroxy-1,2,5-oxadiazole-3-

carboximidamide; 

N-(3-Bromo-4-fluorophenyl)-N'-hydroxy-4-{[(1-methylpiperidin-4-yl)methyl]amino}-1,2,5-

oxadiazole-3-carboximidamide; 

N-(3-Bromo-4-fluorophenyl)-N'-hydroxy-4-{[4-(piperazin-1-ylmethyl)benzyl]amino}-1,2,5-

oxadiazole-3-carboximidamide; 

N-(3-Bromo-4-fluorophenyl)-4-({4-[(4-ethylpiperazin-1-yl)methyl]benzyl}amino)-N'-

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

N-(3-Bromo-4-fluorophenyl)-N'-hydroxy-4-[(pyridin-4-ylmethyl)amino]-1,2,5-oxadiazole-3-

carboximidamide; and 

N-(3-Bromo-4-fluorophenyl)-4-[(3-cyanobenzyl)amino]-N'-hydroxy-1,2,5-oxadiazole-3-

carboximidamide;  

N-{4-[[(3-Chlorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}-2-

phenylacetamide; 

N-{4-[[(3-Chlorophenyl)amino](hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}benzamide; and 

N-{4-[(Benzylamino)(hydroxyimino)methyl]-1,2,5-oxadiazol-3-yl}benzamide; or a 

pharmaceutically acceptable salt thereof. 
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14. The use of claim 1, wherein said cancer is selected from cancer of the colon, pancreatic 

cancer, breast cancer, prostate cancer, lung cancer, brain cancer, ovarian cancer, cervical cancer, 

testicular cancer, renal cancer, cancer of the head and neck, lymphoma, leukemia, and melanoma. 
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