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ABSTRACT 

Inhibitors of MIF having a naphthyridine backbone are 
provided which have utility in the treatment of a variety of 
disorders, including the treatment of pathological conditions 
associated with MIF activity. The inhibitors of MIF have the 
following Structures: 
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including Stereoisomers, prodrugs and pharmaceutically 
acceptable Salts thereof, wherein n, R,R,R, X, Y and Z are 
as defined herein. Compositions containing an inhibitor of 
MIF in combination with a pharmaceutically acceptable 
carrier are also provided, as well as methods for use of the 
SC. 
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SUBSTITUTED NAPHTHYRIDINE DERVATIVES 
AS INHIBITORS OF MACROPHAGE MIGRATION 
INHIBITORY FACTOR AND THEIR USE IN THE 

TREATMENT OF HUMAN DISEASES 

RELATED APPLICATION 

0001. This application claims priority under 35 U.S.C. S 
119(e) to U.S. Provisional Application No. 60/497,443, filed 
Aug. 22, 2003, the disclosure of which is hereby incorpo 
rated by reference in its entirety. 

FIELD OF THE INVENTION 

0002 Inhibitors of macrophage migration inhibitory fac 
tor (MIF) having a naphthyridine backbone are provided 
which have utility in the treatment of a variety of disorders, 
including the treatment of pathological conditions associ 
ated with MIF activity. 

BACKGROUND OF THE INVENTION 

0003. The lymphokine, macrophage migration inhibitory 
factor (MIF), has been identified as a mediator of the 
function of macrophages in host defense and its expression 
correlates with delayed hyperSensitivity, immunoregulation, 
inflammation, and cellular immunity. See Metz and Bucala, 
Adv. Immunol. 66:197-223, 1997. Macrophage migration 
inhibitory factors (MIFs), which are between 12-13 kilodal 
tons (kDa) in size, have been identified in Several mamma 
lian and avian Species; See, for example, Galat et al., Fed. 
Eur: Biochem. Soc. 319:233-236, 1993; Wistow et al., Proc. 
Natl. Acad. Sci. USA 90:1272-1275, 1993; Weiser et al., 
Proc. Natl. Acad. Sci. USA 86:7522-7526, 1989; Bernhagen 
et al., Nature 365:756-759, 1993; Blocki et al., Protein 
Science 2:2095-2102, 1993; and Blocki et al., Nature 
360:269-270, 1992. Although MIF was first characterized as 
being able to block macrophage migration, MIF also appears 
to effect macrophage adherence; induce macrophage to 
express interleukin-1-beta, interleukin-6, and tumor necrosis 
factor alpha; up-regulate HLA-DR, increase nitric oxide 
Synthase and nitric oxide concentrations, and activate mac 
rophage to kill Leishmania donovani tumor cells and inhibit 
Mycoplasma avium growth, by a mechanism different from 
that effected by interferon-gamma. In addition to its poten 
tial role as an immunoevasive molecule, MIF can act as an 
immunoadjuvant when given with bovine Serum albumin or 
HIV gp120 in incomplete Freunds or lipoSomes, eliciting 
antigen induced proliferation comparable to that of complete 
Freunds. Also, MIF has been described as a glucocorticoid 
counter regulator and angiogenic factor. AS one of the few 
proteins that is induced and not inhibited by glucocorticoids, 
it Serves to attenuate the immunosuppressive effects of 
glucocorticoids. AS Such, it is viewed as a powerful element 
that regulates the immunosuppressive effects of glucocorti 
coids. Hence, when its activities/gene expression are over 
induced by the administration of exceSS exogenous gluco 
corticoids (for example when clinical indicated to Suppress 
inflammation, immunity and the like), there is significant 
toxicity because MIF itself exacerbates the inflammatory/ 
immune response. See Buccala et al., Ann. Rep. Med. Chem. 
33:243-252, 1998. 
0004 While MIF is also thought to act on cells through 
a Specific receptor that in turn activates an intracellular 
cascade that includes erk phosphorylation and MAP kinase 
and upregulation of matrix metalloproteases, c-jun, c-fos, 
and IL-1 mRNA (see Onodera et al., J. Biol. Chem. 275:444 
450, 2000), it also possesses endogenous enzyme activity as 
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exemplified by its ability to tautomerize the appropriate 
Substrates (e.g., dopachrome). Further, it remains unclear 
whether this enzymatic activity mediates the biological 
response to MIF and the activities of this protein in vitro and 
in vivo. While site directed mutagenesis of MIF has gener 
ated mutants which possess full intrinsic activity, yet fail to 
possess enzyme activity (Hermanowski-VoSatka et al., Bio 
chemistry 38:12841-12849, 1999), Swope et al. have 
described a direct link between cytokine activity and the 
catalytic site for MIF (Swope et al., EMBO J. 17(13):3534 
3541, 1998). Accordingly, it is unclear that strategies to 
identify inhibitors of MIF activity through inhibition of 
dopachrome tautomerase alone yields inhibitors of MIF 
activity of clinical value. The ability to evaluate the inhibi 
tion of MIF to its cell Surface receptor is also limited since 
no high affinity receptor is currently known. 
0005. The interest in developing MIF inhibitors derives 
from the observation that MIF is known for its cytokine 
activity concentrating macrophages at Sites of infection, and 
cell-mediated immunity. Moreover, MIF is known as a 
mediator of macrophage adherence, phagocytosis, and 
tumoricidal activity. See Weiser et al., J. Immunol. 
147:2006-2011, 1991. Hence, the inhibition of MIF results 
in the indirect inhibition of cytokines, growth factors, 
chemokines, and lymphokines that the macrophage can 
otherwise bring to a site of inflammation. Human MIF 
cDNA has been isolated from a T-cell line, and encodes a 
protein having a molecular mass of about 12.4 kDa with 115 
amino acid residues that form a homotrimer as the active 
form (Weiser et al., Proc. Natl. Acad. Sci. USA 86:7522 
7526, 1989). While MIF was originally observed in acti 
Vated T-cells, it has now been reported in a variety of tissues 
including the liver, lung, eye lens, ovary, brain, heart, Spleen, 
kidney, muscle, and others. See Takahashi et al., Microbiol. 
Immunol. 43(1):61-67, 1999. Another characteristic of MIF 
is its lack of a traditional leader Sequence (i.e., a leaderless 
protein) to direct classical Secretion through the ER/Golgi 
pathway. 
0006 A MIF inhibitor (and a method to identify MIF 
inhibitors) that act by neutralizing the cytokine activity of 
MIF presents significant advantages over other types of 
inhibitors. For example, the link between tautomerase activ 
ity alone and the inflammatory response is controversial. 
Furthermore, inhibitors that act intracellularly are often 
toxic by Virtue of their action on related targets or the 
activities of the target inside cells. Small molecule inhibitors 
of the ligand receptor complex are difficult to identify let 
alone optimize and develop. The ideal inhibitor of a cytokine 
like MIF is one that alters MIF itself so that when released 
from the cell it is effectively neutralized. A small molecule 
with this activity is Superior to antibodies because of the 
fundamental difference between proteins and chemicals as 
drugs. See, Metz and Bucala (Supra), Swope and Lolis, Rev. 
Physiol. Biochem. Pharmacol 139:1-32, 1999; Waeber et al., 
Diabetes M. Res. Rev. 15(1):47-54, 1999; Nishihira, Int. J. 
Mol. Med. 2(1):17-28, 1998; Bucala, Ann. N.Y. Acad. Sci. 
840:74-82, 1998; Bernhagen et al., J. Mol. Med. 76(3- 
4): 151-161, 1998; Donnelly and Bucala, Mol. Med. Today 
3(11):502-507, 1997; Bucala et al., FASEB.J. 10(14):1607 
1613, 1996. 

SUMMARY OF THE INVENTION 

0007 AS MIF has been identified in a variety of tissues 
and has been associated with numerous pathological events, 
there exists a need in the art to identify inhibitors of MIF. 
There is also a need for pharmaceutical compositions con 
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taining Such inhibitors, as well as methods relating to the use 
thereof to treat, for example, immune related disorders or 
other MIF induced pathological events, Such as tumor asso 
ciated angiogenesis. The preferred embodiments can fulfill 
these needs, and provide other advantages as well. 

0008. In preferred embodiments, inhibitors of MIF are 
provided that have the following general Structures (Ia), (Ib), 
(Ic), and (Id): 
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0009 including stereoisomers, prodrugs, and pharmaceu 
tically acceptable Salts thereof, wherein n, R, R, R2, X, Y 
and Z are as defined below. 

0010) The MIF inhibitors of preferred embodiments have 
utility over a wide range of therapeutic applications, and can 
be employed to treat a variety of disorders, illnesses, or 
pathological conditions including, but not limited to, a 
variety of immune related responses, tumor growth (e.g., 
cancer, Such as prostate cancer, breast cancer, lung cancer, 
liver cancer, skin cancer, brain cancer, bone cancer, colon 
cancer, testicular cancer, etc.), glomerulonephritis, inflam 
mation, malarial anemia, Septic Shock, Sepsis, tumor asso 
ciated angiogenesis, Vitreoretinopathy, psoriasis, graft Ver 
SuS host disease (tissue rejection), atopic dermatitis, 
rheumatoid arthritis, inflammatory bowel disease, inflam 
matory lung disease, otitis media, Crohn's disease, acute 
respiratory distress Syndrome, delayed-type hyperSensitiv 
ity, transplant rejection, immune-mediated and inflamma 
tory elements of CNS disease (e.g., Alzheimer's, Parkin 
Sons, multiple Sclerosis, etc.), muscular dystrophy, diseases 
of hemostasis (e.g., coagulopathy, veno occlusive diseases, 
etc.), allergic neuritis, granuloma, diabetes, graft versus host 
disease, chronic renal damage, alopecia (hair loss), acute 
pancreatitis, joint disease, cardiac dysfunction (e.g., Systolic 
cardiac dysfunction, diastolic cardiac dysfunction), myocar 
dial infarction, congestive heart failure, cardiovascular dis 
ease (e.g., restenosis, atherosclerosis), joint disease, osteoar 
thritis, peritonitis, nephropathy and others. Such methods 
include administering an effective amount of one or more 
inhibitors of MIF as provided by the preferred embodiments, 
preferably in the form of a pharmaceutical composition, to 
an animal in need thereof. Pharmaceutical compositions are 
provided containing one or more inhibitors of MIF of 
preferred embodiments in combination with a pharmaceu 
tically acceptable carrier and/or diluent. 
0011. Accordingly, in a first embodiment a compound for 
inhibiting macrophage migration inhibitory factor is pro 
Vided, the compound having a structure Selected from the 
group consisting of 
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-continued 
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0012 or a Stereoisomer, a prodrug, or a pharmaceutically 
acceptable Salt thereof, wherein R is Selected from the group 
consisting of hydrogen, alkyl, Substituted alkyl, alkenyl, 
Substituted alkenyl, cycloalkyl, Substituted cycloalkyl, aryl, 
Substituted aryl, arylalkyl, Substituted arylalkyl, acylalkyl, 
Substituted acylalkyl, heterocycle, Substituted heterocycle, 
-(CH),C(=O)Ar, and -(CH), NRRs; R is selected 
from the group consisting of -CN, -NO, -NO, 
-C(=O)R, –C(=O)0H, -NHC(=O)R, 
-C(=O)CR, -C(=O)NRRs, -NRC(=O)R, 
-SONRRs, -NRSOR, -NHSOR, -S(O), R, 
-(CH), NRRs, and -(CH2)C(=O)Ar; R is selected 
from the group consisting -CHR, -NRRs, -OR, and 
-R, R is independently Selected from the group consist 
ing of alkyl, Substituted alkyl, alkenyl, Substituted alkenyl, 
cycloalkyl, Substituted cycloalkyl, aryl, Substituted aryl, 
arylalkyl, Substituted arylalkyl, acylalkyl, Substituted acyla 
lkyl, heterocycle, Substituted heterocycle; R and Rs are 
independently Selected from the group consisting of hydro 
gen, alkyl, Substituted alkyl, alkenyl, Substituted alkenyl, 
cycloalkyl, Substituted cycloalkyl, aryl, Substituted aryl, 
arylalkyl, Substituted arylalkyl, acylalkyl, Subtituted acyla 
lkyl, heterocycle, and Substituted heterocycle, or R and Rs 
taken together comprise heterocycle or Substituted hetero 
cycle, X is Selected from the group consisting of hydrogen, 

-NHC(=O)R, and -NRRs;Y is selected from the group 
consisting of hydrogen, halogen, -F, -Cl, -CN, -NO, 
-NO, -OCF, -CF, -NHSOR, -C(=O)R, 
-C(=O)CR, -C(=O)NRRs, -NRC(=O)R, 
-NRSOR, -S(O), R., -R, -OR-, -SR, 
-C(=O)CH, -NHC(=O)R, and -NRRs; Z is selected 
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from the group consisting of hydrogen, halogen, -F, -Cl, 

SR-, -C(=O)CH, -NHC(=O)R, and -NRRs, Aris 
Selected from the group consisting of aryl and Substituted 
aryl; m is independently 0, 1, 2, 3, or 4, and n is 0, 1, or 2. 
0013 In an aspect of the first embodiment, a compound 
having a structure: 

s R2 

Z. N 

2 
X N N 

R 

0014) or a Stereoisomer, a prodrug, or a pharmaceutically 
acceptable Salt thereof, wherein R is Selected from the group 
consisting of hydrogen, C-C alkyl, C-C alkenyl, 
C-C12 cycloalkyl, Co-C12 aryl, C7-C12 arylalkyl, C7-C12 
alkylaryl, C2-C2 acylalkyl, C-C2 heterocycle alkyl, C-C2 
alkylheterocycle, and C-C heterocycle, wherein R is 
Substituted with one or more Substituents selected from the 
group consisting of hydrogen, -F, -Cl, -CN, -NO, 
-NO, -C(=O)R, -C(=O)CR, -OC(=O)R, 
-C(=O)NRR, -NRC(=O)R, -SONRR, 
-NRSOR, -OR-, -SR, -NHSOR, -S(O), R, 
C(=O)CH, -NHC(=O)R, -(CH),C(=O)Ar, and 

CH)NRR, R is selected from the group consisting of 

-(CH),C(=O)Ar, and CH-), NRR, R is selected from 
the group consisting -NRRs, -OR, and -R, R is 
independently selected from the group consisting of C-C, 
alkyl, C2-C2 alkenyl, C-C2 cycloalkyl, C6-C12 aryl, 
C-C2 arylalkyl, C7-Cia alkylaryl, C-C2 acylalkyl, Ca-Ca 
heterocyclealkyl, C-C alkylheterocycle, and C-C het 
erocycle, wherein R is Substituted with one or more Sub 
Stituents Selected from the group consisting of hydrogen, 

F, -Cl, -CN, -NO, -NO, -CN, -NO, -NO, 
C-C, alkoxy, and C-C, alkylthio; R and Rs are indepen 
dently Selected from the group consisting C-C alkyl, 
C-C2 alkenyl, Ca-Cia cycloalkyl, C-C2 aryl, C7-Cia ary 
lalkyl, C7-C alkylaryl, C-C acylalkyl, C-C heterocy 
clealkyl, C-C alkylheterocycle, and C-C heterocycle 
Substituted with one or more Substituents selected from the 
group consisting of hydrogen, -F, -Cl, -CN, -NO, 
-NO, -CN, -NO, -NO, C-C alkoxy, and C-C, 
alkylthio, or R and Rs together comprise a C-C hetero 
cycle Substituted with one or more Substituents Selected 
from the group consisting of hydrogen, -F, -Cl, -CN, 
NO, -NO, -CN, -NO, -NO, -OCF, -CF, 
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C-C alkoxy, and C-C alkylthio; X is Selected from the 
group consisting of hydrogen, -F, -Cl, -CN, -NO, 
-NO, -OCF, -CF, -NHSOR, -C(=O)R, 

-(CH),C(=O)Ar, and -(CH), NRR; Y is selected 
from the group consisting of hydrogen, -F, -Cl, -CN, 

-(CH),C(=O)Ar, and -(CH), NRR; Z is selected 
from the group consisting of hydrogen, -F, -Cl, -CN, 

-(CH2)C(=O)Ar, and -(CH2)NRR, Ar is indepen 
dently Selected from the group consisting of C-C aryl 
Substituted with one or more Substituents selected from the 
group consisting of hydrogen, -F, -Cl, -CN, -NO, 
-NO,-CN, -NO, -NO, C-C alkyl, C-C alkoxy, 
and C-C alkylthio; and m is independently 0, 1, 2, 3, or 
4. 

0.015. In an aspect of the first embodiment, a compound 
having a structure: 

N R2 

C 
Z. N 

N R1 

2 
N O X N 

R 

0016 or a Stereoisomer, a prodrug, or a pharmaceutically 
acceptable Salt thereof, wherein R is Selected from the group 
consisting of hydrogen, C-C2 alkyl, C-C alkenyl, 
C-C2 cycloalkyl, C-C2 aryl, C7-Cia arylalkyl, C7-Ca 
alkylaryl, C2-C2 acylalkyl, C-C2 heterocyclealkyl, C-C2 
alkylheterocycle, and C-C heterocycle, wherein R is 
Substituted with one or more Substituents selected from the 
group consisting of hydrogen, -F, -Cl, -CN, -NO, 
-NO, -NHSOR, -C(=O)R, -C(=O)CR, 
-OC(=O)R, -C(=O)NRR, -NRC(=O)R, 
-SONRR, -NRSOR, -OR-, -SR, -S(O), R, 
-(CH),C(=O)Ar, and CH), NRR, R is selected from 
the group consisting of -CN, -NO, -NO,-CO=O)R, 

-(CH),C(=O)Ar, and -(CH), NRR, R is selected 
from the group consisting -NRRs, -OR, and -R, R 
is independently Selected from the group consisting of 
C-C12 alkyl, C-C2 alkenyl, Ca-C12 cycloalkyl, Co-C2 
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aryl, C7-C2 arylalkyl, C7-C2 alkylaryl, C2-C2 acylalkyl, 
C-C, a heterocyclealkyl, C-C alkylheterocycle, and 
C-C2 heterocycle, wherein Rs is substituted with one or 
more Substituents Selected from the group consisting of 
hydrogen, -F, -Cl, -CN, -NO, -NO, -CN, -NO, 
-NO, C-C alkoxy, and C-C alkylthio; R and Rs are 
independently Selected from the group consisting C-C2 
alkyl, C-C alkenyl, C-C cycloalkyl, C-C aryl, 
C-C2 arylalkyl, C7-C12 alkylaryl, C2-C12 acylalkyl, Ca-C12 
heterocyclealkyl, C-C alkylheterocycle, and C-C het 
erocycle Substituted with one or more Substituents Selected 
from the group consisting of hydrogen, -F, -Cl, -CN, 
NO, -NO, -CN, -NO, -NO, C-C alkoxy, and 

C-C, alkylthio, or R, and Rs together comprise a C-C, 
heterocycle substituted with one or more substituents 
Selected from the group consisting of hydrogen, -F, -Cl, 
CN, -NO, -NO, -CN, -NO, -NO, C-C alkyl, 

C-C alkoxy, C-C alkylthio, and C-C alkyl Substi 
tuted with one or more Substituents Selected from the group 
consisting of hydrogen, -F, and -Cl; X is Selected from 
the group consisting of hydrogen, -F, -Cl, -OCF, 
-CF, C-C alkyl, and C-C alkyl Substituted with one 
or more Substituents Selected from the group consisting of 
hydrogen, -F, and -Cl; Y is Selected from the group 
consisting of hydrogen, -F, -Cl, -OCF, -CF, C-C2 
alkyl, and C-C alkyl Substituted with one or more Sub 
Stituents Selected from the group consisting of hydrogen, 
-F, and -Cl; Z is selected from the group consisting of 
hydrogen, -F, -Cl, -OCF, -CF, C-C alkyl, and 
C-C2 alkyl Substituted with one or more substituents 
Selected from the group consisting of hydrogen, -F, and 
-Cl, Aris Selected from the group consisting of C-C aryl 
Substituted with one or more Substituents selected from the 
group consisting of hydrogen, -F, -C, C-C alkyl, and 
C-C alkyl Substituted with one or more Substituents 
Selected from the group consisting of hydrogen, -F, and 
-Cl; and m is independently 0, 1, 2, 3, or 4. 

0017. In an aspect of the first embodiment, R comprises 
-(CH),C(=O)Ar. 
0018. In an aspect of the first embodiment, R comprises 
—C(=O)CCHCH 
0019. In an aspect of the first embodiment, R comprises 
-NH-C(=O)CH. 
0020. In an aspect of the first embodiment, R comprises 
-CN. 

0021. In an aspect of the first embodiment, R comprises 
-NO. 

0022. In an aspect of the first embodiment, R comprises 
-NH. 

0023. In an aspect of the first embodiment, R comprises 

1 N. 
S. 
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0024. In an aspect of the first embodiment, R comprises 

1 N. 
S. 

0.025 In an aspect of the first embodiment, R comprises 
-(CH),C(=O)Ar. 
0026. In an aspect of the first embodiment, X is selected 
from the group consisting of hydrogen, fluorine, and chlo 
rine, wherein Y is Selected from the group consisting of 
hydrogen, fluorine, and chlorine; and wherein Z is Selected 
from the group consisting of hydrogen, fluorine, and chlo 

C. 

0027. In an aspect of the first embodiment, a compound 
having a structure: 

0028 or a Stereoisomer, a prodrug, or a pharmaceutically 
acceptable Salt thereof is provided. 
0029. In an aspect of the first embodiment, a compound 
having a structure: 
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0030 or a stereoisomer, a prodrug, or a pharmaceutically 
acceptable Salt thereof is provided. 

0031. In an aspect of the first embodiment, a compound 
having a structure: 

0032 or a Stereoisomer, a prodrug, or a pharmaceutically 
acceptable Salt thereof is provided. 

0033. In an aspect of the first embodiment, a compound 
having a structure: 

S 

C 
N O 

N1 N. o1 NCH, 
2 

N N O 

N 
HC1 YCH, 

0034 or a Stereoisomer, a prodrug, or a pharmaceutically 
acceptable Salt thereof is provided. 
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0035) In an aspect of the first embodiment, a compound 0039. In an aspect of the first embodiment, a compound 
having a structure: having a structure: 

S O 

C C 
N N O 

2' 
N1 N. N1 N. o1 Nott, 

2 2 
N N O N N O 

F 

0.036 or a Stereoisomer, a prodrug, or a pharmaceutically 0040 or a Stereoisomer, a prodrug, or a pharmaceutically 
acceptable Salt thereof is provided. acceptable Salt thereof is provided. 

0037. In an aspect of the first embodiment, a compound 0041. In an aspect of the first embodiment, a compound 
having a structure: having a structure: 

S S 

C ) C ) 
N O N O 

N1 N. 1nCH N1 N. 1nCH 
2 2 
N N O HC N N O 

F F 

0.038 or a Stereoisomer, a prodrug, or a pharmaceutically 0042 or a Stereoisomer, a prodrug, or a pharmaceutically 
acceptable Salt thereof is provided. acceptable Salt thereof. 
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0043. In an aspect of the first embodiment, a compound 0047. In an aspect of the first embodiment, a compound 
having a structure: having a structure: 

Y Y 
O O 

S S 

C ) C ) 
N O N O 

N N O1Ne, N N 1NCH 
2 2 

HC N N O N N O 

HC 

0044 or a Stereoisomer, a prodrug, or a pharmaceutically 0048 or a Stereoisomer, a prodrug, or a pharmaceutically 
acceptable Salt thereof is provided. acceptable Salt thereof is provided. 

(0045 In an aspect of the first embodiment, a compound 0049. In an aspect of the first embodiment, a compound 
having a structure: having a structure: 

S S 

C ) N N O C D O 
N1 N. o1 NCH, N1 N o1 Not, 
2 
N N O 4. N O 

CH CH 

0046 or a Stereoisomer, a prodrug, or a pharmaceutically 0050 or a stereoisomer, a prodrug, or a pharmaceutically 
acceptable Salt thereof is provided. acceptable Salt thereof is provided. 
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0051. In an aspect of the first embodiment, a compound 0055. In an aspect of the first embodiment, a compound 
having a structure: having a structure: 

o, 
S 

C 
O S N O 

N N1 N. o1 NCH, 

N N O 
N O 

N N o1 NCH, 
CH 

2 N1 3 
N N O 

CH 

0056 or a Stereoisomer, a prodrug, or a pharmaceutically 
acceptable Salt thereof is provided. 

F 

0057. In an aspect of the first embodiment, a compound 
having a structure: 

O 
0.052 or a Stereoisomer, a prodrug, or a pharmaceutically S 
acceptable Salt thereof is provided. N 

0053. In an aspect of the first embodiment, a compound 
having a structure: 

N O 

N1 N o1 NCH, 
2 

N O 

N CH 
O 

S 

0058 or a stereoisomer, a prodrug, or a pharmaceutically 
N acceptable Salt thereof is provided. 

0059. In an aspect of the first embodiment, a compound 
having a structure: 

N O N 

N1 N. o1 Not, O S 

2 

N N O C 
N 

2 
N1 N 

F 
2 
N O 

0.054 or a Stereoisomer, a prodrug, or a pharmaceutically CH 
acceptable Salt thereof is provided. 
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0060 or a Stereoisomer, a prodrug, or a pharmaceutically 0065. In an aspect of the first embodiment, a compound 
acceptable Salt thereof is provided. having a structure: 

0061. In an aspect of the first embodiment, a compound 
having a structure: 

o, 
S 

Y N 
S 

N N 

2 
N1 N. 

N 2 
2 N N O 

N1 N. F 

2 
N N O 

CH 

0.066 or a stereoisomer, a prodrug, or a pharmaceutically 
acceptable Salt thereof is provided. 

0.062 or a Stereoisomer, a prodrug, or a pharmaceutically 
acceptable Salt thereof is provided. 0067. In an aspect of the first embodiment, a compound 

having a structure: 
0.063. In an aspect of the first embodiment, a compound 
having a structure: 

O 
S 

Y N 
O C D S 

N N 

2 C D N1 N 
N 

2N 2 
2 N N O 

N1 N. 
O 

2 
N N O 

HC 

0.064 or a Stereoisomer, a prodrug, or a pharmaceutically 0068 or a Stereoisomer, a prodrug, or a pharmaceutically 
acceptable Salt thereof is provided. acceptable Salt thereof is provided. 
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0069. In an aspect of the first embodiment, a compound 0073. In an aspect of the first embodiment, a compound 
having a structure: having a structure: 

Y f S 

N N 

O O 
2N 

2 2 
N N O N N O 

O C 
0074 or a Stereoisomer, a prodrug, or a pharmaceutically 
acceptable Salt thereof is provided. 

0070 or a stereoisomer, a prodrug, or a pharmaceutically 0075. In an aspect of the first embodiment, a compound 
acceptable Salt thereof is provided. having a structure: 
0071. In an aspect of the first embodiment, a compound 
having a structure: 

N S 

O r 
0.072 or a Stereoisomer, a prodrug, or a pharmaceutically 0076 or a Stereoisomer, a prodrug, or a pharmaceutically 
acceptable Salt thereof is provided. acceptable Salt thereof is provided. 

N 
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0077. In an aspect of the first embodiment, a compound 0081. In an aspect of the first embodiment, a compound 
having a structure: having a structure: 

? Y O S O S 

N 

O 
2N 

CC N-1 n-1 
2 2 

N N O N N O 

CH 

0078 or a stereoisomer, a prodrug, or a pharmaceutically 
acceptable Salt thereof is provided. 0082 or a Stereoisomer, a prodrug, or a pharmaceutically 

acceptable Salt thereof is provided. 
0079. In an aspect of the first embodiment, a compound 
having a structure: 0083. In an aspect of the first embodiment, a compound 

having a structure: 

C S 
S 

N 

C D N N C D 
N 

2 
N N O 2 

N N O 

HC 

HC 
CH 

0080 or a stereoisomer, a prodrug, or a pharmaceutically 0084 or a Stereoisomer, a prodrug, or a pharmaceutically 
acceptable Salt thereof is provided. acceptable Salt thereof is provided. 
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0085. In an aspect of the first embodiment, a compound 0089. In an aspect of the first embodiment, a compound 
having a structure: having a structure: 

C C S S 

C ) C ) 
N N 

CC" Cl r 2 2 N O N N O 

0.086 or a stereoisomer, a prodrug, or a pharmaceutically 
acceptable Salt thereof is provided. 0090 or a stereoisomer, a prodrug, or a pharmaceutically 
0087. In an aspect of the first embodiment, a compound acceptable Salt thereof is provided. 
having a structure: 0091. In an aspect of the first embodiment, a compound 

having a structure: 

Y 
O 

S 
N 

O N 
N O 

N 

C N1 N. CN Cl CN 

N1 N. 
2 
N N O 2 

O N N O 

0088 or a stereoisomer, a prodrug, or a pharmaceu- 0092 or a Stereoisomer, a prodrug, or a pharmaceutically 
tically acceptable Salt thereof is provided. acceptable Salt thereof is provided. 
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0093. In an aspect of the first embodiment, a compound 
having a structure: 

O 
s N O 

C 2 
0094) or a Stereoisomer, a prodrug, or a pharmaceutically 
acceptable Salt thereof is provided. 

0.095. In an aspect of the first embodiment, a compound 
having a structure: 

O 
21 N O 

0.096 or a stereoisomer, a prodrug, or a pharmaceutically 
acceptable Salt thereof is provided. 

0097. In an aspect of the first embodiment, the compound 
of the first embodiment in combination with a pharmaceu 
tically acceptable carrier or diluent is provided. 

0098. In a second embodiment, a method for reducing 
MIF activity in a patient in need thereof is provided, 
comprising administering to the patient an effective amount 
of a compound, the compound having a structure Selected 
from the group consisting of: 

13 
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N R2 N R2 
N N 

C )n C D )n 
Z. N Z. N 

r X 4. N O N 2 O 

X R 

N 

C D. 
Z. N 

N N N R1, and 

Y 21 O 

X R 

s' 
N 

C D. 
N 

Z. N N R1; 

Y 2 O 

X R 

0099 or a stereoisomer, a prodrug, or a pharmaceutically 
acceptable Salt thereof, wherein R is Selected from the group 
consisting of hydrogen, alkyl, Substituted alkyl, alkenyl, 
Substituted alkenyl, cycloalkyl, Substituted cycloalkyl, aryl, 
Substituted aryl, arylalkyl, Substituted arylalkyl, acylalkyl, 
Substituted acylalkyl, heterocycle, Substituted heterocycle, 
-(CH),C(=O)Ar, and CH-), NRRs; R is selected from 
the group consisting of -CN, -NO, -NO,-CO=O)R, 
–C(=O)0H, -NHC(=O)R, -C(=O)CR, 
—C(=O)NRRs, -NRC(=O)R, -SO2NRRs, 
-NRSOR, -NHSOR, -S(O),R,-(CH), NRRs, 
and CH), C(=O)Ar; R is selected from the group con 
Sisting -CH2R, -NRRs, -OR, and -R, R is inde 
pendently Selected from the group consisting of alkyl, Sub 
Stituted alkyl, alkenyl, Substituted alkenyl, cycloalkyl, 
Substituted cycloalkyl, aryl, Substituted aryl, arylalkyl, Sub 
Stituted arylalkyl, acylalkyl, Subtituted acylalkyl, hetero 
cycle, Substituted heterocycle; R and Rs are independently 
Selected from the group consisting of hydrogen, alkyl, 
Substituted alkyl, alkenyl, Substituted alkenyl, cycloalkyl, 
Substituted cycloalkyl, aryl, Substituted aryl, arylalkyl, Sub 
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Stituted arylalkyl, acylalkyl, Subtituted acylalkyl, hetero 
cycle, and Substituted heterocycle, or R and Rs taken 
together comprise heterocycle or Substituted heterocycle, X 
is Selected from the group consisting of hydrogen, halogen, 

-NHC(=O)R, and -NRRs;Y is selected from the group 
consisting of hydrogen, halogen, -F, -Cl, -CN, -NO, 
-NO, -OCF, -CF, -NHSOR, -C(=O)R, 
-C(=O)CR, -C(=O)NRRs, -NRC(=O)R, 
-NRSOR, -S(O), R., -R, -OR-, -SR, 
-C(=O)CH, -NHC(=O)R, and -NRRs; Z is selected 
from the group consisting of hydrogen, halogen, -F, -Cl, 

SR-, -C(=O)CH, -NHC(=O)R, and -NRRs, Aris 
Selected from the group consisting of aryl and Substituted 
aryl; m is independently 0, 1, 2, 3, or 4, and n is 0, 1, or 2. 
0100. In an aspect of the first embodiment, a method for 
treating inflammation in a warm-blooded animal is pro 
Vided, comprising administering to the animal an effective 
amount of the compound of the first embodiment. 
0101. In an aspect of the first embodiment, a method for 
treating Septic shock in a warm-blooded animal is provided, 
comprising administering to the animal an effective amount 
of the compound of the first embodiment. 
0102) In an aspect of the first embodiment, a method for 
treating arthritis in a warm-blooded animal is provided, 
comprising administering to the animal an effective amount 
of the compound of the first embodiment. 
0103) In an aspect of the first embodiment, a method for 
treating cancer in a warm-blooded animal is provided, 
comprising administering to the animal an effective amount 
of the compound of the first embodiment. 
0104. In an aspect of the first embodiment, a method for 
treating acute respiratory distreSS Syndrome in a warm 
blooded anima is provided, comprising administering to the 
animal an effective amount of the compound of the first 
embodiment. 

0105. In an aspect of the first embodiment, a method for 
treating an inflammatory disease in a warm-blooded animal 
is provided, comprising administering to the animal an 
effective amount of the compound of the first embodiment. 
The inflammatory disease can be Selected from the group 
consisting of rheumatoid arthritis, Osteoarthritis, inflamma 
tory bowel disease, and asthma. 
0106. In an aspect of the first embodiment, a method for 
treating a cardiac disease in a warm-blooded animal is 
provided, comprising administering to the animal an effec 
tive amount of the compound of the first embodiment. The 
cardiac disease can be Selected from the group consisting of 
cardiac dysfunction, myocardial infarction, congestive heart 
failure, restenosis, and atherosclerosis. 

0107. In an aspect of the first embodiment, a method for 
treating an autoimmune disorder in a warm-blooded animal 
is provided, comprising administering to the animal an 
effective amount of the compound of the first embodiment. 
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The autoimmune disorder can be Selected from the group 
consisting of diabetes, asthma, and multiple Sclerosis. 

0108. In an aspect of the first embodiment, a method for 
Suppressing an immune response in a warm-blooded animal 
is provided, comprising administering to the animal an 
effective amount of the compound of the first embodiment. 

0109. In an aspect of the first embodiment, a method for 
decreasing angiogenesis in a warm-blooded animal is pro 
Vided, comprising administering to the animal an effective 
amount of the compound of the first embodiment. 

0110. In an aspect of the first embodiment, a method for 
treating a disease associated with excess glucocorticoid 
levels in a warm-blooded animal is provided, comprising 
administering to the animal an effective amount of the 
compound of the first embodiment. The disease can be 
Cushing's disease. 

0111. In a third embodiment, a process for preparing a 
compound is provided, the process comprising the Steps of: 
reacting POCl with a compound of Formula (3): 

Formula (3) 
Z. OH 

Y. R1, 
N1 N. 

2 
X N O 

R 

0112 wherein R is selected from the group consisting of 
hydrogen, alkyl, Substituted alkyl, alkenyl, Substituted alk 
enyl, cycloalkyl, Substituted cycloalkyl, aryl, Substituted 
aryl, arylalkyl, Substituted arylalkyl, acylalkyl, Subtituted 
acylalkyl, heterocycle, Substituted heterocycle, 
-(CH),C(=O)Ar, and CH-), NRRs; R is selected from 
the group consisting of -CN, -NO, -NO,-CO=O)R, 
–C(=O)0H, -NHC(=O)R, -C(=O)CR, 
—C(=O)NRRs, -NRC(=O)R, -SO2NRRs, 
-NRSOR, -NHSOR, -S(O),R,-(CH), NRRs, 
and CH-),C(=O)Ar; R is independently selected from the 
group consisting of alkyl, Substituted alkyl, alkenyl, Substi 
tuted alkenyl, cycloalkyl, Substituted cycloalkyl, aryl, Sub 
Stituted aryl, arylalkyl, Substituted arylalkyl, acylalkyl, Sub 
tituted acylalkyl, heterocycle, Substituted heterocycle; R. 
and Rs are independently Selected from the group consisting 
of hydrogen, alkyl, Substituted alkyl, alkenyl, Substituted 
alkenyl, cycloalkyl, Substituted cycloalkyl, aryl, Substituted 
aryl, arylalkyl, Substituted arylalkyl, acylalkyl, Subtituted 
acylalkyl, heterocycle, and Substituted heterocycle, or R 
and Rs taken together comprise heterocycle or Substituted 
heterocycle, X is Selected from the group consisting of 
hydrogen, halogen, -F, -Cl, -CN, -NO, -NO, 

-C(=O)CH, -NHC(=O)R, and -NRRs;Y is selected 
from the group consisting of hydrogen, halogen, -F, -Cl, 
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SR-, -C(=O)CH, -NHC(=O)R, and -NRRs; Z is 
Selected from the group consisting of hydrogen, halogen, 

-NHC(=O)R, and -NRRs; Ar is selected from the 
group consisting of aryl and Substituted aryl; and m is 
independently 0, 1, 2, 3, or 4, thereby yielding a compound 
of Formula (4): 

Formula (4) 
Z. Cl 

Y. R1; N1 N. 

2 
X N O 

R 

0113 reacting the compound of Formula (4) with pipera 
Zine, thereby yielding a compound of Formula (5): 

O 
Formula (5) 

Y. R1; N1,N1 

2 
X N O 

R 

0114 reacting the compound of Formula (5) with a 
compound having the formula Re-C(=O)Cl, wherein R is 
Selected from the group consisting -CHR, -NRRs, 
-OR, and -R, thereby yielding a compound of Formula 
(6): 

Formula (6) 

N R2 

Z. N 

2 
X N N 

R 

0115 wherein the compound of Formula (6) is suitable 
for use as a MIF inhibitor. 
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0116. In an aspect of the third embodiment, R comprises 
-(CH),C(=O)Ar. 
0117. In an aspect of the third embodiment, R comprises 
—C(=O)CCHCH. 
0118. In an aspect of the third embodiment, R comprises 
-NH-C(=O)CH. 
0119). In an aspect of the third embodiment, R comprises 
-CN. 

0120 In an aspect of the third embodiment, R comprises 
-NO. 
0121. In an aspect of the third embodiment, R comprises 
-NH. 
0122) In an aspect of the third embodiment, R comprises 

N 
S. 

0123. In an aspect of the third embodiment, R comprises 

91 N 
S. 

0.124. In an aspect of the third embodiment, R comprises 

0.125. In an aspect of the third embodiment, X is selected 
from the group consisting of hydrogen, fluorine, and chlo 
rine, wherein Y is Selected from the group consisting of 
hydrogen, fluorine, and chlorine, and wherein Z is Selected 
from the group consisting of hydrogen, fluorine, and chlo 

C. 

0.126 In a fourth embodiment, a process for preparing a 
compound is provided, the process comprising the Steps of 
reacting a compound of Formula (13): 

Formula (13) 

0127 wherein R is selected from the group consisting of 
hydrogen, alkyl, Substituted alkyl, alkenyl, Substituted alk 
enyl, cycloalkyl, Substituted cycloalkyl, aryl, Substituted 
aryl, arylalkyl, Substituted arylalkyl, acylalkyl, Subtituted 
acylalkyl, heterocycle, Substituted heterocycle, 
-(CH2)C(=O)Ar, and CH-)NRRs; R and Rs are inde 
pendently Selected from the group consisting of hydrogen, 
alkyl, Substituted alkyl, alkenyl, Substituted alkenyl, 
cycloalkyl, Substituted cycloalkyl, aryl, Substituted aryl, 
arylalkyl, Substituted arylalkyl, acylalkyl, Subtituted acyla 
lkyl, heterocycle, and Substituted heterocycle, or R and Rs 
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taken together comprise heterocycle or Substituted hetero 
cycle, X is Selected from the group consisting of hydrogen, 

-NHC(=O)R, and -NRRs;Y is selected from the group 
consisting of hydrogen, halogen, -F, -Cl, -CN, -NO, 
-NO, -OCF, -CF, -NHSOR, -C(=O)R, 
-C(=O)CR, -C(=O)NRRs, -NRC(=O)R, 
-NRSOR, -S(O),R, -R, -OR, -SR, 
-C(=O)CH, -NHC(=O)R, and -NRRs; Z is selected 
from the group consisting of hydrogen, halogen, -F, -Cl, 
CN, -NO, -NO, -OCF, -CF, -NHSOR, 

-C(=O)R, -C(=O)CR, C(=O)NRRs, 
-NRC(=O)R, -NRSOR, -S(O),R, -R, -OR, 

SR-, -C(=O)CH, -NHC(=O)R, and -NRRs; R is 
independently Selected from the group consisting of alkyl, 
Substituted alkyl, alkenyl, Substituted alkenyl, cycloalkyl, 
Substituted cycloalkyl, aryl, Substituted aryl, arylalkyl, Sub 
Stituted arylalkyl, acylalkyl, Subtituted acylalkyl, hetero 
cycle, Substituted heterocycle, Aris Selected from the group 
consisting of aryl and Substituted aryl; and m is indepen 
dently 0, 1, 2, 3, or 4, with cyclohexylamine, thereby 
yielding a compound of Formula (14): 

Z. OH O JC Y. s 2 
X N O 

R 

Formula (14) 

0128 reacting the compound of Formula (14) with 
POCl, thereby yielding a compound of Formula (15): 

Formula (15) 
Z. Cl 

Y. CN: N1 N. 

2 
X N O 

R 

0129 reacting the compound of Formula (15) with pip 
erazine, thereby yielding a compound of Formula (16): 

O 
Formula (16) 

Y. CN: N1 N. 

2 
X N O 

R 

0130 reacting the compound of Formula (16) with a 
compound having the formula R-C(=O)Cl, wherein R is 
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Selected from the group consisting -CHR, -NRRs, 
-OR, and -R, thereby yielding a compound of Formula 
(17): 

N R2 
Formula (17) 

C 
Z. N 

2 
X N N O 

l 
0131 wherein the compound of Formula (17) is suitable 
for use as a MIF inhibitor. 

0132) In an aspect of the fourth embodiment, R com 
prises 

$1 N 
S. 

0133. In an aspect of the fourth embodiment, R com 
prises 

91 N 
S. 

0.134. In an aspect of the fourth embodiment, R com 
prises -(CH),C(=O)Ar. 
0135) In an aspect of the fourth embodiment, X is 
Selected from the group consisting of hydrogen, fluorine, 
and chlorine; wherein Y is Selected from the group consist 
ing of hydrogen, fluorine, and chlorine; and wherein Z is 
Selected from the group consisting of hydrogen, fluorine, 
and chlorine. 

0.136. In a fifth embodiment, a process for preparing a 
compound is provided, the process comprising the Steps of 
reacting a compound of Formula (23): 

Formula (23) 
Z. OH 

Y. R1, 
N1 N 

2 
X N N O 

MeO 
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0137) 
CN, - NO, 

-NHC(=O)R, 

wherein R is Selected from the group consisting of 
NO, C(=O)R, C(=O)CH, 
-C(=O)CR, -C(=O)NRRs, 

-NRC(=O)R, -SONRRs, -NRSOR, 
-NHSOR, -S(O), R., -(CH), NRRs, and 
-(CH),C(=O)Ar; R is independently selected from the 
group consisting of alkyl, Substituted alkyl, alkenyl, Substi 
tuted alkenyl, cycloalkyl, Substituted cycloalkyl, aryl, Sub 
Stituted aryl, arylalkyl, Substituted arylalkyl, acylalkyl, Sub 
tituted acylalkyl, heterocycle, Substituted heterocycle; R. 
and Rs are independently selected from the group consisting 
of hydrogen, alkyl, Substituted alkyl, alkenyl, Substituted 
alkenyl, cycloalkyl, Substituted cycloalkyl, aryl, Substituted 
aryl, arylalkyl, Substituted arylalkyl, acylalkyl, Subtituted 
acylalkyl, heterocycle, and Substituted heterocycle, or R 
and Rs taken together comprise heterocycle or Substituted 
heterocycle, X is Selected from the group consisting of 
hydrogen, halogen, -F, -Cl, -CN, -NO, -NO, 

-C(=O)CH, -NHC(=O)R, and -NRRs;Y is selected 
from the group consisting of hydrogen, halogen, -F, -Cl, 

SR-, -C(=O)CH, -NHC(=O)R, and -NRRs; Z is 
Selected from the group consisting of hydrogen, halogen, 

-NHC(=O)R, and -NRRs, Ar is independently 
Selected from the group consisting of aryl and Substituted 
aryl; and m is independently 0, 1, 2, 3, or 4, with POCl and 
trifluoroacetic acid, thereby yielding a compound of For 
mula (24): 

Formula (24) 
Z. Cl 

Y. R1; N1 N 

2 
X N N O 

0138 reacting the compound of Formula (24) with a 
compound of formula: 

s' 
C 

N 

0139 wherein R is selected from the group consisting 
-CHR, -NRRs, -OR, and -R, thereby yielding a 
compound of Formula (25): 
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Formula (25) 

s R2 

C ) 
Z. 

N 

2 
N 

N 

Y. R1; 

X O N 

0140 reacting the compound of Formula (25) with a 
compound having the formula RX' wherein X comprises 
halogen and wherein R is Selected from the group consisting 
of hydrogen, alkyl, Substituted alkyl, alkenyl, Substituted 
alkenyl, cycloalkyl, Substituted cycloalkyl, aryl, Substituted 
aryl, arylalkyl, Substituted arylalkyl, acylalkyl, Subtituted 
acylalkyl, heterocycle, Substituted heterocycle, 
-(CH),C(=O)Ar, and CH-)NRRs, thereby yielding a 
compound of Formula (26): 

s R2 

) 
Z. N 

Formula (26) 

Y. R 
N1 N. 1. 

2 
X N O 

R 

0141 wherein the compound of Formula (26) is suitable 
for use as a MIF inhibitor. 

0142. In an aspect of the fifth embodiment, R comprises 
-(CH),C(=O)Ar. 
0143. In an aspect of the fifth embodiment, R comprises 
—C(=O)CCHCH. 
0144. In an aspect of the fifth embodiment, R comprises 
-NH-C(=O)CH. 
0145) 
-CN. 

0146) 
-NO. 
0147) 
-NH. 
0148 

In an aspect of the fifth embodiment, R comprises 

In an aspect of the fifth embodiment, R comprises 

In an aspect of the fifth embodiment, R comprises 

In an aspect of the fifth embodiment, R2 comprises 

$1 N. 
S. 
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0149. In an aspect of the fifth embodiment, R comprises 

91 N. 
S. 

0150. In an aspect of the fifth embodiment, R comprises 
CH),C(=O)Ar. 
0151. In an aspect of the fifth embodiment, X is selected 
from the group consisting of hydrogen, fluorine, and chlo 
rine, wherein Y is Selected from the group consisting of 
hydrogen, fluorine, and chlorine; and wherein Z is Selected 
from the group consisting of hydrogen, fluorine, and chlo 

C. 

0152) 
benzyl. 
0153. In a sixth embodiment, a process for preparing a 
compound is provided, the process comprising the Steps of 
reacting a compound of Formula (3a): 

In an aspect of the fifth embodiment, R comprises 

Formula (3a) 
OH O 

C. r. 2 
N N O 

0154) with POCl, thereby yielding a compound of For 
mula (4a): 

Formula (4a) 
Cl O 

O CH: 

0155 reacting the compound of Formula (4a) with pip 
erazine, thereby yielding a compound of Formula (5a): 

C 
N O 

N1 N. o1 NCH 
2 

N N O 

Formula (5a) 
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0156 reacting the compound of Formula (5a) with a 
compound having the formula R-C(=O)Cl, wherein R is 
Selected from the group consisting -CHR, -NRRs, 
-OR, and -R, wherein R is selected from the group 
consisting of alkyl, Substituted alkyl, alkenyl, Substituted 
alkenyl, cycloalkyl, Substituted cycloalkyl, aryl, Substituted 
aryl, arylalkyl, Substituted arylalkyl, acylalkyl, Subtituted 
acylalkyl, heterocycle, Substituted heterocycle, and wherein 
R and Rs are independently Selected from the group con 
Sisting of hydrogen, alkyl, Substituted alkyl, alkenyl, Sub 
Stituted alkenyl, cycloalkyl, Substituted cycloalkyl, aryl, 
Substituted aryl, arylalkyl, Substituted arylalkyl, acylalkyl, 
Subtituted acylalkyl, heterocycle, and Substituted hetero 
cycle, or R and Rs taken together comprise heterocycle or 
Substituted heterocycle, thereby yielding a compound of 
Formula (6a): 

Formula (6a) 

0157 wherein the compound of Formula (6a) is suitable 
for use as a MIF inhibitor. 

0158. In an aspect of the sixth embodiment, R comprises 

0159. In a seventh embodiment, a process for preparing 
a compound is provided, the process comprising the Steps of 
reacting a compound of Formula (13a): 

Formula (13a) 
OH O 

C. r. 2 
N N O 
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0160 with cyclohexylamine, thereby yielding a com 
pound of Formula (14): 

Formula (14a) 

C 2 
N N O 

0161 reacting the compound of Formula (14a) with 
POCl, thereby yielding a compound of Formula (15a): 

Formula (15a) 
Cl 

CN: 

0162 reacting the compound of Formula (15a) with 
piperazine, thereby yielding a compound of Formula (16a): 

O 
N1 N. 

Formula (16a) 

CN: 

2 
N N O 

0163 reacting the compound of Formula (16a) with a 
compound having the formula R-C(=O)Cl, wherein R is 
Selected from the group consisting -CHR, -NRRs, 
-OR, and -R, wherein R is Selected from the group 
consisting of R alkyl, Substituted alkyl, alkenyl, Substituted 
alkenyl, cycloalkyl, Substituted cycloalkyl, aryl, Substituted 
aryl, arylalkyl, Substituted arylalkyl, acylalkyl, Subtituted 
acylalkyl, heterocycle, Substituted heterocycle; R and Rs 
are independently Selected from the group consisting of 
hydrogen, alkyl, Substituted alkyl, alkenyl, Substituted alk 
enyl, cycloalkyl, Substituted cycloalkyl, aryl, Substituted 
aryl, arylalkyl, Substituted arylalkyl, acylalkyl, Subtituted 
acylalkyl, heterocycle, and Substituted heterocycle, or R 
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and Rs taken together comprise heterocycle or Substituted 
heterocycle, thereby yielding a compound of Formula (17a): 

s R2 
N 

O 
N 

2 
N N O 

Formula (17a) 

0164 wherein the compound of Formula (17a) is suitable 
for use as a MIF inhibitor. 

0.165. In an aspect of the seventh embodiment, R com 
prises 

O S \, . N 
S. S. 

0166 In an eighth embodiment, a process for preparing a 
compound is provided, the process comprising the Steps of 
reacting a compound of Formula (23a): 

Formula (23a) 

MeO 

0.167 with POCl and trifluoroacetic acid, thereby yield 
ing a compound of Formula (24a): 

Formula (24a) 
C O 

N1 N 1)N. 
2 

N N O 
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0168 reacting the compound of Formula (24a) with a 
compound of formula 

s' 
C 

N 

0169 wherein R is selected from the group consisting 
-CHR, -NRRs, -OR, and -R, wherein R is 
Selected from the group consisting of alkyl, Substituted 
alkyl, alkenyl, Substituted alkenyl, cycloalkyl, Substituted 
cycloalkyl, aryl, Substituted aryl, arylalkyl, Substituted ary 
lalkyl, acylalkyl, Subtituted acylalkyl, heterocycle, Substi 
tuted heterocycle; R and Rs are independently Selected from 
the group consisting of hydrogen, alkyl, Substituted alkyl, 
alkenyl, Substituted alkenyl, cycloalkyl, Substituted 
cycloalkyl, aryl, Substituted aryl, arylalkyl, Substituted ary 
lalkyl, acylalkyl, Subtituted acylalkyl, heterocycle, and Sub 
Stituted heterocycle, or R and Rs taken together comprise 
heterocycle or Substituted heterocycle, thereby yielding a 
compound of Formula (25a): 

Formula (25a) 

0170 reacting the compound of Formula (25a) with a 
compound having the formula RX wherein X comprises 
halogen and wherein R is Selected from the group consisting 
of hydrogen, alkyl, Substituted alkyl, alkenyl, Substituted 
alkenyl, cycloalkyl, Substituted cycloalkyl, aryl, Substituted 
aryl, arylalkyl, Substituted arylalkyl, acylalkyl, Subtituted 
acylalkyl, heterocycle, Substituted heterocycle, 
-(CH),C(=O)Ar, and CH-)NRRs, wherein Ar is 
Selected from the group consisting of aryl and Substituted 
aryl; and m is independently 0, 1, 2, 3, or 4, thereby yielding 
a compound of Formula (26a): 

C. 

s1 s1No1 Ne. 
2 
N N O 

Formula (26a) 

O 

N1 N. o1 NCH, 
2 
N N O 

R 

0171 wherein the compound of Formula (26a) is suitable 
for use as a MIF inhibitor. 
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0172 
prises 

In an aspect of the eighth embodiment, R2 com 

0173 In an aspect of the eighth embodiment, R com 
prises 

91 N 
S. 

0.174. In an aspect of the eighth embodiment, R com 
prises CH),C(O)Ar. 

0.175. In an aspect of the eighth embodiment, R com 
prises benzyl. 

0176) These and other embodiments and aspects thereof 
will be apparent upon reference to the following detailed 
description. To this end, various references are set forth 
herein which describe in more detail certain procedures, 
compounds and/or compositions, and are hereby incorpo 
rated by reference in their entirety. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

0177. The following description and examples illustrate a 
preferred embodiment of the present invention in detail. 
Those of skill in the art will recognize that there are 
numerous variations and modifications of this invention that 
are encompassed by its Scope. Accordingly, the description 
of a preferred embodiment should not be deemed to limit the 
Scope of the present invention. 

0.178 As an aid to understanding the preferred embodi 
ments, certain definitions are provided herein. 

0179 The term “MIF activity,” as used herein is a broad 
term and is used in its ordinary Sense, including, without 
limitation, to refer to an activity or effect mediated at least 
in part by macrophage migration inhibitory factor. Accord 
ingly, MIF activity includes, but is not limited to, inhibition 
of macrophage migration, tautomerase activity (e.g., using 
phenylpyruvate or dopachrome), endotoxin induced shock, 
inflammation, glucocorticoid counter regulation, induction 
of thymidine incorporation into 3T3 fibroblasts, induction of 
erk phosphorylation and MAP kinase activity. 

0180. The term “export,” as used herein is a broad term 
and is used in its ordinary Sense, including, without limita 
tion, to refer to a metabolically active process, which may or 
may not be energy-dependent, of transporting a translated 
cellular product to the cell membrane or the extracellular 
Space by a mechanism other than Standard leader Sequence 
directed Secretion via a canonical leader Sequence. Further, 
“export, unlike Secretion that is leader Sequence-dependent, 
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is resistant to brefeldin A (i.e., the exported protein is not 
transported via the ER/Golgi, brefeldin A is expected to have 
no direct effect on trafficking of an exported protein) and 
other Similar compounds. AS used herein, "export' can also 
be referred to as “non-classical Secretion.” 

0181. The term “leaderless protein,” as used herein is a 
broad term and is used in its ordinary Sense, including, 
without limitation, to refer to a protein or polypeptide that 
lacks a canonical leader Sequence, and is exported from 
inside a cell to the extracellular environment. LeaderleSS 
proteins in the extracellular environment refer to proteins 
located in the extracellular Space, or associated with the 
outer Surface of the cell membrane. Within the context of 
preferred embodiments, leaderleSS proteins include naturally 
occurring proteins, Such as macrophage migration inhibitory 
factor and fragments thereof as well as proteins that are 
engineered to lack a leader Sequence and are exported, or 
proteins that are engineered to include a fusion of a leader 
leSS protein, or fraction thereof, with another protein. 

0182. The term “inhibitor,” as used herein is a broad term 
and is used in its ordinary Sense, including, without limita 
tion, to refer to a molecule (e.g., natural or Synthetic com 
pound) that can alter the conformation of MIF and/or 
compete with a monoclonal antibody to MIF and decrease at 
least one activity of MIF or its export from a cell as 
compared to activity or export in the absence of the inhibitor. 
In other words, an “inhibitor' alters conformation and/or 
activity and/or export if there is a Statistically significant 
change in the amount of MIF measured, MIF activity or in 
MIF protein detected extracellularly and/or intracellularly in 
an assay performed with an inhibitor, compared to the assay 
performed without the inhibitor. 

0183 The term “binding agent” as used herein is a broad 
term and is used in its ordinary Sense, including, without 
limitation, to refer to any molecule that binds MIF, including 
inhibitors. 

0184. In general, MIF inhibitors inhibit the physiological 
function of MIF, and thus are useful in the treatment of 
diseases where MIF is pathogenic. 

0185. In certain of the preferred embodiments, inhibitors 
of MIF are provided that have the following structures (Ia), 
(Ib), (Ic), and (Id): 

(Ia) 

Z. N 

2 
X N N O 

R 
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-continued 
(Ib) 

O R2 

N 

D. 
Z. N 

Y, S-1s-1'. 

N 
2 O 

X R 

(Ic) 

s' 
N 

C D. 
Z. N 

1s-1s-1'. 
Y 2 O 

X R 

(Id) 

s' 
N 

C D. 
N 

Z. N N R1 

Y 21 O 

X R 

0186 or a Stereoisomer, a prodrug, or a pharmaceutically 
acceptable Salt thereof, wherein R is Selected from the group 
consisting of hydrogen, alkyl, Substituted alkyl, alkenyl, 
Substituted alkenyl, cycloalkyl, Substituted cycloalkyl, aryl, 
Substituted aryl, arylalkyl, Substituted arylalkyl, acylalkyl, 
Subtituted acylalkyl, heterocycle, Substituted heterocycle, 
-(CH),C(=O)Ar, and CH-), NRRs; R is selected from 
the group consisting of -CN, -NO, -NO,-CO=O)R, 
–C(=O)0H, -NHC(=O)R, -C(=O)CR, 
—C(=O)NRRs, -NRC(=O)R, -SO2NRRs, 
-NRSOR, -NHSOR, -S(O),R,-(CH), NRRs, 
and -(CH2)C(=O)Ar; R2 is selected from the group 
consisting -CHR, -NRRs, -OR, and -Ra, each R 
is independently Selected from the group consisting of alkyl, 
Substituted alkyl, alkenyl, Substituted alkenyl, cycloalkyl, 
Substituted cycloalkyl, aryl, Substituted aryl, arylalkyl, Sub 
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Stituted arylalkyl, acylalkyl, Subtituted acylalkyl, hetero 
cycle, Substituted heterocycle; R and Rs are independently 
Selected from the group consisting of hydrogen, alkyl, 
Substituted alkyl, alkenyl, Substituted alkenyl, cycloalkyl, 
Substituted cycloalkyl, aryl, Substituted aryl, arylalkyl, Sub 
Stituted arylalkyl, acylalkyl, Subtituted acylalkyl, hetero 
cycle, and Substituted heterocycle, or R and Rs taken 
together comprise heterocycle or Substituted heterocycle, X 
is Selected from the group consisting of hydrogen, halogen, 

-NHC(=O)R, and -NRRs;Y is selected from the group 
consisting of hydrogen, halogen, -F, -Cl, -CN, -NO, 
-NO, -OCF, -CF, -NHSOR, -C(=O)R, 
-C(=O)CR, -C(=O)NRRs, -NRC(=O)R, 
-NRSOR, -S(O), R., -R-, -OR-, -SR, 
-C(=O)CH, -NHC(=O)R, and -NRRs; Z is selected 
from the group consisting of hydrogen, halogen, -F, -Cl, 
-CN, -OCF, -CF, -NHSOR, -NO, -NO, 
-C(=O)R, -C(=O)CR, -C(=O)NRRs, 
-NRC(=O)R,-NRSOR, -S(O),R,-R,--OR, 
SR,-CO=O)OH, -NHC(=O)R, and -NRRs; each 

Ar is independently Selected from the group consisting of 
aryl and Substituted aryl; each m is independently 0, 1, 2, 3, 
or 4, and n is 0, 1, or 2. 

0187. In a preferred embodiment, methods are provided 
for reducing MIF activity in a patient in need thereof by 
administering to the patient an effective amount of a com 
pound having the following structure (Ia), (Ib), (Ic), or (Id): 

s R2 
N 

O. 
N 

(Ia) 

Z. 

N1 N. 1. 

2 
X N N O 

R 

s' 
N 

O. Z. 

Y. N N R1 

N 21 N O 

X R 

(Ib) 
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-continued 

s R2 
N 

O. 

(Ic) 

N N 

Z. N 

N R1 

Y 2 O 

X R 

(Id) 

s R2 
N 

C D )n 
N 

Z. N R1 
n 

Y 21 O 

X 
C. 

R 

0188 or a Stereoisomer, a prodrug, or a pharmaceutically 
acceptable Salt thereof, wherein R is Selected from the group 
consisting of hydrogen, alkyl, Substituted alkyl, alkenyl, 
Substituted alkenyl, cycloalkyl, Substituted cycloalkyl, aryl, 
Substituted aryl, arylalkyl, Substituted arylalkyl, acylalkyl, 
Subtituted acylalkyl, heterocycle, Substituted heterocycle, 
-(CH),C(=O)Ar, and CH-), NRRs; R is selected from 
the group consisting of N, -NO, -NO, -C(=O)R, 

and -(CH2)C(=O)Ar; R2 is selected from the group 
consisting -CHR, -NRRs, -OR, and -Ra, each R 
is independently Selected from the group consisting of alkyl, 
Substituted alkyl, alkenyl, Substituted alkenyl, cycloalkyl, 
Substituted cycloalkyl, aryl, Substituted aryl, arylalkyl, Sub 
Stituted arylalkyl, acylalkyl, Subtituted acylalkyl, hetero 
cycle, Substituted heterocycle; R and Rs are independently 
Selected from the group consisting of hydrogen, alkyl, 
Substituted alkyl, alkenyl, Substituted alkenyl, cycloalkyl, 
Substituted cycloalkyl, aryl, Substituted aryl, arylalkyl, Sub 
Stituted arylalkyl, acylalkyl, Subtituted acylalkyl, hetero 
cycle, and Substituted heterocycle, or R and Rs taken 
together comprise heterocycle or Substituted heterocycle, X 
is Selected from the group consisting of hydrogen, halogen, 

-NHC(=O)R, and -NRRs;Y is selected from the group 
consisting of hydrogen, halogen, -F, -Cl, -CN, -NO, 
-NO, -OCF, -CF, -NHSOR, -C(=O)R, 
-C(=O)CR, —C(=O)NRRs, -NRC(=O)R, 
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-NRSOR, -S(O), R., -R-, -OR-, -SR, 
-C(=O)CH, -NHC(=O)R, and -NRRs; Z is selected 
from the group consisting of hydrogen, halogen, -F, -Cl, 
-CN, -OCF, -CF, -NHSOR, -NO, -NO, 
-C(=O)R, -C(=O)CR, -C(=O)NRRs, 
-NRC(=O)R,-NRSOR, -S(O),R,-R,--OR, 

SR-, -C(=O)CH, -NHC(=O)R, and -NRRs; each 
Ar is independently Selected from the group consisting of 
aryl and Substituted aryl; each m is independently 0, 1, 2, 3, 
or 4, and n is 0, 1, or 2. 
0189 As used herein, the above terms have the following 
meanings. The term “alkyl,” as used herein is a broad term 
and is used in its ordinary Sense, including, without limita 
tion, to refer to a Straight chain or branched, acyclic or 
cyclic, unsaturated or Saturated aliphatic hydrocarbon con 
taining from 1 to 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 
16, 17, 18, 19, 20, or more carbon atoms, while the term 
“lower alkyl has the Same meaning as alkyl but contains 
from 1 to 2, 3, 4, 5, 6 carbon atoms. Representative Saturated 
Straight chain alkyls include methyl, ethyl, n-propyl, n-butyl, 
n-pentyl, n-hexyl, and the like; while Saturated branched 
alkyls include isopropyl, Sec-butyl, isobutyl, tert-butyl, iso 
pentyl, and the like. Unsaturated alkyls contain at least one 
double or triple bond between adjacent carbon atoms 
(referred to as an “alkenyl” or “alkynyl,” respectively). 
Representative Straight chain and branched alkenyls include 
ethylenyl, propylenyl, 1-butenyl, 2-butenyl, isobutylenyl, 
1-pentenyl, 2-pentenyl, 3-methyl-1-butenyl, 2-methyl-2- 
butenyl, 2,3-dimethyl-2-butenyl, and the like; while repre 
Sentative Straight chain and branched alkynyls include acety 
lenyl, propynyl, 1-butynyl, 2-butynyl, 1-pentynyl, 
2-pentynyl, 3-methyl-1 butynyl, and the like. 
0190. The term “cycloalkyl,” as used herein is a broad 
term and is used in its ordinary Sense, including, without 
limitation, to refer to alkyls that include mono-, di-, or 
poly-homocyclic rings. Cycloalkyls are also referred to as 
“cyclic alkyls' or “homocyclic rings.” Representative Satu 
rated cyclic alkyls include cyclopropyl, cyclobutyl, cyclo 
pentyl, cyclohexyl, -CH-cyclopropyl, -CH2 cyclobutyl, 
-CH-cyclopentyl, -CH2 cyclohexyl, and the like, while 
unsaturated cyclic alkyls include cyclopentenyl and cyclo 
hexenyl, and the like. Cyclic alkyls include decalin, ada 
mantane, and the like. 
0191 The term “aryl,” as used herein is a broad term and 
is used in its ordinary Sense, including, without limitation, to 
refer to an aromatic carbocyclic moiety Such as phenyl or 
naphthyl. Preferably, the aryl group contains from 6 to 7, 8, 
9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, or more carbon 
atOmS. 

0.192 The term “arylalkyl,” as used herein is a broad term 
and is used in its ordinary Sense, including, without limita 
tion, to refer to an alkyl having at least one alkyl hydrogen 
atom replaced with an aryl moiety, Such as benzyl, -CH2(1 
or 2-naphthyl), -(CH-)phenyl, -(CH-)phenyl, 
-CH(phenyl), and the like. 
0193 The term "heteroaryl” as used herein is a broad 
term and is used in its ordinary Sense, including, without 
limitation, to refer to an aromatic heterocycle ring of 5 or 6 
to 10 members and having at least one heteroatom (or 2, 3, 
or 4 or more heteroatoms) Selected from nitrogen, oxygen 
and Sulfur, and containing at least one carbon atom, includ 
ing both mono and bicyclic ring Systems. Representative 
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heteroaryls include (but are not limited to) furyl, benzofura 
nyl, thiophenyl, benzothiophenyl, pyrrolyl, indolyl, isolin 
dolyl, azaindolyl, pyridyl, quinolinyl, isoquinolinyl, 
Oxazolyl, isooxazolyl, benzoxazolyl, pyrazolyl, imidazolyl, 
benzimidazolyl, thiazolyl, benzothiazolyl, isothiazolyl, 
pyridaZinyl, pyrimidinyl, pyrazinyl, triazinyl, cinnolinyl, 
phthalazinyl, and quinazolinyl. 

0194 The term "heteroarylalkyl” as used herein is a 
broad term and is used in its ordinary Sense, including, 
without limitation, to refer to an alkyl having at least one 
alkyl hydrogen atom replaced with a heteroaryl moiety, Such 
as -CH-pyridinyl, -CH-pyrimidinyl, and the like. 

0.195 The terms "heterocycle” and “heterocycle ring,” as 
used herein, are broad terms and are used in their ordinary 
Sense, including, without limitation, to refer to a 5, 6, or 7 
membered monocyclic heterocyclic ring, or a 7, 8, 9, 10, 11, 
12, 13, to 14 or more membered polycyclic heterocyclic 
ring. The ring can be Saturated, unsaturated, aromatic, or 
nonaromatic, and contains 1, 2, 3, or 4 or more heteroatoms 
independently Selected from nitrogen, oxygen, and Sulfur. 
The nitrogen and Sulfur heteroatoms can be optionally 
oxidized, and the nitrogen heteroatom can be optionally 
quaternized, including bicyclic rings in which any of the 
above heterocycles are fused to a benzene ring as well as 
tricyclic (and higher) heterocyclic rings. The heterocycle 
can be attached via any heteroatom or carbon atom of the 
ring or rings. Heterocycles include heteroaryls as defined 
above. Thus, in addition to the aromatic heteroaryls listed 
above, heterocycles also include (but are not limited to) 
morpholinyl, pyrrolidinonyl, pyrrolidinyl, piperidinyl, 
hydantoinyl, Valerolactamyl, oxiranyl, oxetanyl, tetrahydro 
furanyl, tetrahydropyranyl, tetrahydropyridinyl, tetrahy 
droprimidinyl, tetrahydrothiophenyl, tetrahydrothiopyranyl, 
tetrahydropyrimidinyl, tetrahydrothiophenyl, tetrahydrothi 
opyranyl, and the like. Also included are heterocycles of the 
following Structures: 

0196. The term "heterocyclealkyl,” as used herein is a 
broad term and is used in its ordinary Sense, including, 
without limitation, to refer to an alkyl having at least one 
alkyl hydrogen atom replaced with a heterocycle, Such as 
-CHmorpholinyl, and the like. 

0197) The term “substituted,” as used herein is a broad 
term and is used in its ordinary Sense, including, without 
limitation, to refer to any of the above groups (e.g., alkyl, 
aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocycle or 
heterocyclealkyl) wherein at least one hydrogen atom is 
replaced with a Substituent. In the case of a keto Substituent, 
for example -CO=O)-, two hydrogen atoms are replaced. 
When substituted, “substituents” within the context of pre 
ferred embodiment, include halogen, hydroxy, cyano, nitro, 
amino, alkylamino, dialkylamino, alkyl, alkoxy, alkylthio, 
haloalkyl, aryl, Substituted aryl, arylalkyl, Substituted ary 
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lalkyl, heteroaryl, Substituted heteroaryl, heteroarylalkyl, 
Substituted heteroarylalkyl, heterocycle, Substituted hetero 
cycle, heterocycle alkyl, Substituted heterocyclealkyl, 
-NRR, -NRC(=O)R, -NRC(=O)NRR, 
-NRC(=O)CR, -NRSOR. -OR, -C(=O)R, 
-C(=O)CR, —C(=O)NR,R, —OC(=O)NRR, 

SH, -SR, -SOR, -S(=O).R., -OS(=O).R., 
-S(=O)2OR, wherein R, R, and R are the same or 
different and independently Selected from hydrogen, alkyl, 
haloalkyl, Substituted alkyl, aryl, Substituted aryl, arylalkyl, 
Substituted arylalkyl, heteroaryl, Substituted heteroaryl, het 
eroarylalkyl, Substituted heteroarylalkyl, heterocycle, Sub 
Stituted heterocycle, heterocyclealkyl or Substituted hetero 
cycle alkyl. 

0198 The term “halogen,” as used herein is a broad term 
and is used in its ordinary Sense, including, without limita 
tion, to refer to fluoro, chloro, bromo, and iodo. 
0199 The term “haloalkyl,” as used herein is a broad 
term and is used in its ordinary Sense, including, without 
limitation, to refer to an alkyl having at least one hydrogen 
atom replaced with halogen, Such as trifluoromethyl and the 
like. 

0200. The term “alkoxy,” as used herein is a broad term 
and is used in its ordinary Sense, including, without limita 
tion, to refer to an alkyl moiety attached through an oxygen 
bridge (i.e., (alkyl) such as methoxy, ethoxy, and the like. 
0201 The term “thioalkyl” as used herein is a broad term 
and is used in its ordinary Sense, including, without limita 
tion, to refer to an alkyl moiety attached through a Sulfur 
bridge (i.e., -S-alkyl) Such as methylthio, ethylthio, and the 
like. 

0202) The term “alkylsulfonyl' as used herein is a broad 
term and is used in its ordinary Sense, including, without 
limitation, to refer to an alkyl moiety attached through a 
Sulfonyl bridge (i.e., -SO-alkyl) Such as methylsulfonyl, 
ethylsulfonyl, and the like. 
0203 The terms “alkylamino” and “dialkyl amino” as 
used herein, are broad terms and are used in their ordinary 
Sense, including, without limitation, to refer to one alkyl 
moiety or two alkyl moieties, respectively, attached through 
a nitrogen bridge (i.e., -N-alkyl). Such as methylamino, 
ethylamino, dimethylamino, diethylamino, and the like. 

0204. The term “hydroxyalkyl as used herein is a broad 
term and is used in its ordinary Sense, including, without 
limitation, to refer to an alkyl Substituted with at least one 
hydroxyl group. 

0205 The term “mono- or di(cycloalkyl)methyl,” as used 
herein is a broad term and is used in its ordinary Sense, 
including, without limitation, to refer to a methyl group 
Substituted with one or two cycloalkyl groups, Such as 
cyclopropylmethyl, dicyclopropylmethyl, and the like. 

0206. The terms “alkylcarbonylalkyl” or “acylalkyl” as 
used herein are broad terms and are used in their ordinary 
Sense, including, without limitation, to refer to an alkyl 
substituted with a -C(=O)alkyl group. 
0207. The term “alkylcarbonyloxyalkyl as used herein is 
a broad term and is used in its ordinary Sense, including, 
without limitation, to refer to an alkyl substituted with a 
-C(=O)C)-alkyl group or a -OC(=O)alkyl group. 
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0208. The term “alkyloxyalkyl” as used herein is a broad 
term and is used in its ordinary Sense, including, without 
limitation, to refer to an alkyl Substituted with an -O-alkyl 
grOup. 

0209 The term “arylcarbonylaryl,” as used herein is a 
broad term and is used in its ordinary Sense, including, 
without limitation, to refer to an aryl Substituted with a 
-C(=O)aryl group. 

0210. The term “arylcarbonyloxyaryl” as used herein is a 
broad term and is used in its ordinary Sense, including, 
without limitation, to refer to an aryl Substituted with a 
-C(=O)C-aryl group or a -OC(=O)aryl group. 

0211 The term “aryloxyaryl” as used herein is a broad 
term and is used in its ordinary Sense, including, without 
limitation, to refer to an alkyl Substituted with an aryl group. 

0212. The term “alkylcarbonylaryl,” as used herein is a 
broad term and is used in its ordinary Sense, including, 
without limitation, to refer to an alkyl substituted with a 
-C(=O)aryl group. 

0213 The term “alkylcarbonyloxyaryl” as used herein is 
a broad term and is used in its ordinary Sense, including, 
without limitation, to refer to an alkyl substituted with a 
-C(=O)C-aryl group or a -OC(=O)aryl group. 

0214) The term “alkyloxyaryl” as used herein is a broad 
term and is used in its ordinary Sense, including, without 
limitation, to refer to an alkyl substituted with an -O-aryl 
grOup. 

0215. The term “arylcarbonylalkyl,” as used herein is a 
broad term and is used in its ordinary Sense, including, 
without limitation, to refer to an aryl Substituted with a 
-C(=O)alkyl group. 

0216) The term “arylcarbonyloxyalkyl” as used herein is 
a broad term and is used in its ordinary Sense, including, 
without limitation, to refer to an aryl Substituted with a 
-C(=O)C)-alkyl group or a -OC(=O)alkyl group. 

0217. The term “aryloxyalkyl as used herein is a broad 
term and is used in its ordinary Sense, including, without 
limitation, to refer to an aryl Substituted with an -O-alkyl 
grOup. 

0218. The term “alkylthioalkyl” as used herein is a broad 
term and is used in its ordinary Sense, including, without 
limitation, to refer to an alkyl Substituted with a -S-alkyl 
grOup. 

0219. The term “mono- or di(alkyl)amino” as used herein 
is a broad term and is used in its ordinary Sense, including, 
without limitation, to refer to an amino Substituted with one 
alkyl or with two alkyls, respectively. 

0220) The term “mono- or di(alkyl)aminoalkyl” as used 
herein is a broad term and is used in its ordinary Sense, 
including, without limitation, to refer to an alkyl Substituted 
with a mono- or di(alkyl)amino. 

0221) The cyclic systems referred to herein include fused 
ring, bridged ring, and Spiro ring moieties, in addition to 
isolated monocyclic moieties. 
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0222. The following numbering schemes are used in the 
context of preferred embodiments: 

(Ia) 

N 

C D. 
Z. N 

Y. 6 Sn N R1 

| 2 
82 1. 

X N O 

R 

(Ib) 

s' 

(Ic) 

(Id) 

0223) As depicted above, the nitrogen atom of the naph 
thyridine ring can occupy the 5, 6, 7, or 8 ring position. 
Chemical Structures for representative compounds of the 
preferred embodiments are provided below. In these struc 
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tures, the following Symbol is employed to represent a 
pyridine ring wherein the nitrogen atom can occupy either 
the 5, 6, 7, or 8 ring position: 

0224. In certain of the chemical structures provided 
below, the pyridine ring So depicted includes as a Substituent 
a methyl group or a chlorine atom. Where Such a Substituent 
is present, if the nitrogen atom of the pyridine ring occupies 
the 5 ring position, then the Substituent occupies either the 
6, 7, or 8 ring position. If the nitrogen atom of the pyridine 
ring occupies the 6 ring position, then the Substituent occu 
pies either the 5, 7, or 8 ring position. If the nitrogen atom 
of the pyridine ring occupies the 7 ring position, then the 
Substituent occupies either the 5, 6, or 8 ring position. If the 
nitrogen atom of the pyridine ring occupies the 8 ring 
position, then the Substituent occupies either the 5, 6, or 7 
ring position. In particularly preferred embodiments, the 
nitrogen atom of the pyridine ring occupies the 8 ring 
position, and a Substituent, if present, occupies the 6 ring 
position. 
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