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Inhibitors of MIF having a naphthyridine backbone are Y 
provided Which have utility in the treatment of a variety of N 
disorders, including the treatment of pathological conditions 
associated With MIF activity. The inhibitors of MIF have the )n 
following structures: N 
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K X R 
Z N 

Y R 
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R 

including stereoisomers, prodrugs and pharmaceutically 
acceptable salts thereof, Wherein n, R, R1, R2, X, Y and Z are 
as de?ned 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 
same. 
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SUBSTITUTED NAPHTHYRIDINE DERIVATIVES 
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. § 
119(e) to US. Provisional Application No. 60/497,443, ?led 
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 identi?ed as a mediator of the 
function of macrophages in host defense and its expression 
correlates With delayed hypersensitivity, immunoregulation, 
in?ammation, and cellular immunity. See MetZ and Bucala, 
Adv. Immanol. 661197-223, 1997. Macrophage migration 
inhibitory factors (MIFs), Which are betWeen 12-13 kilodal 
tons (kDa) in siZe, have been identi?ed in several mamma 
lian and avian species; see, for example, Galat et al., Fed. 
Ear Biochem. Soc. 3191233-236, 1993; WistoW et al., Proc. 
Natl. Acad. Sci. USA 9011272-1275, 1993; Weiser et al., 
Proc. Natl. Acad. Sci. USA 8617522-7526, 1989; Bernhagen 
et al., Nature 3651756-759, 1993; Blocki et al., Protein 
Science 212095-2102, 1993; and Blocki et al., Nature 
3601269-270, 1992. Although MIF Was ?rst 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 
in?ammation, immunity and the like), there is signi?cant 
toxicity because MIF itself exacerbates the in?ammatory/ 
immune response. See Buccala et al.,Ann. Rep. Med. Chem. 
331243-252, 1998. 

[0004] While MIF is also thought to act on cells through 
a speci?c 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. 2751444 
450, 2000), it also possesses endogenous enZyme activity as 
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exempli?ed 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 38112841-12849, 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)13534 
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. 
14712006-2011, 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 in?ammation. 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 8617522 
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)161-67, 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 signi?cant advantages over other types of 
inhibitors. For example, the link betWeen tautomerase activ 
ity alone and the in?ammatory 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 dif?cult 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 13911-32, 1999; Waeber et al., 
Diabetes M. Res. Rev. 15(1)147-54, 1999; Nishihira, Int. J. 
Mol. Med. 2(1)117-28, 1998; Bucala, Ann. NY Acad. Sci. 
840174-82, 1998; Bernhagen et al., J. Mol. Med. 76(3 
4)1151-161, 1998; Donnelly and Bucala, Mol. Med. Today 
3(11)1502-507, 1997; Bucala et al., FASEB J. 10(14)11607 
1613, 1996. 

SUMMARY OF THE INVENTION 

[0007] As MIF has been identi?ed 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 ful?ll 
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): 

(Ia) 
0 R; 

N 

K j)“ 
Z N 

Y I \ \ R1 

/ 
X N T O 

R 

(1b) 

OYRZ 
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[0009] including stereoisomers, prodrugs, and pharmaceu 
tically acceptable salts thereof, Wherein n, R, R1, R2, X, Y 
and Z are as de?ned 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, in?am 
mation, malarial anemia, septic shock, sepsis, tumor asso 
ciated angiogenesis, vitreoretinopathy, psoriasis, graft ver 
sus host disease (tissue rejection), atopic dermatitis, 
rheumatoid arthritis, in?ammatory boWel disease, in?am 
matory lung disease, otitis media, Crohn’s disease, acute 
respiratory distress syndrome, delayed-type hypersensitiv 
ity, transplant rejection, immune-mediated and in?amma 
tory elements of CNS disease (e.g., AlZheimer’s, Parkin 
son’s, 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 ?rst embodiment a compound for 
inhibiting macrophage migration inhibitory factor is pro 
vided, the compound having a structure selected from the 
group consisting of: 

K I)“ 
Z N 

Y I \ \ R1, 

/ 
X N N O 

l 
OYRZ 

N 

K D)“ 
Z N 

Y I \ \ R1’ 

N / N O 
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C1-C12 alkoXy, and C1-C12 alkylthio; X is selected from the 
group consisting of hydrogen, —F, —Cl, —CN, —NO, 
—NO2, —OCF3, —CF3, —NHSO2R3, —C(=O)R3, 

—(CH2)mC(=O)Ar, and —(CH2)mNR3R3; Y is selected 
from the group consisting of hydrogen, —F, —Cl, —CN, 
—NO, —NO2, —OCF3, —CF3, —NHSO2R3, —C(=O)R3, 

—(CH2)mC(=O)Ar, and —(CH2)mNR3R3; Z is selected 
from the group consisting of hydrogen, —F, —Cl, —CN, 
—NO, —NO2, —OCF3, —CF3, —NHSO2R3, —C(=O)R3, 

—(CH2)mC(=O)Ar, and —(CH2)mNR3R3; Ar is indepen 
dently selected from the group consisting of CG-C12 aryl 
substituted With one or more substituents selected from the 

group consisting of hydrogen, —F, —Cl, —CN, —NO, 
—NO2, —CN, —NO, —NO2, CJL-C12 alkyl, CJL-C12 alkoXy, 
and C1-C12 alkylthio; and m is independently 0, 1, 2, 3, or 
4. 

[0015] In an aspect of the ?rst embodiment, a compound 
having a structure: 

03/ R2 

[N] 
Z N 

/ 
X N N o 

I 

[0016] or a stereoisomer, a prodrug, or a pharmaceutically 
acceptable salt thereof, Wherein R is selected from the group 
consisting of hydrogen, C1-C12 alkyl, C2-C12 alkenyl, 
C3-C12 cycloalkyl, C6-C12 aryl, C7-C12 arylalkyl, C7-C12 
alkylaryl, C2-C12 acylalkyl, C3-C12 heterocyclealkyl, C3-C12 
alkylheterocycle, and C2-C12 heterocycle, Wherein R is 
substituted With one or more substituents selected from the 

group consisting of hydrogen, —F, —Cl, —CN, —NO, 
—NO2, —NHSO2R3, —C(=O)R3, —C(=O)OR3, 
—OC(=O)R3, —C(=O)NR3R3, —NR3C(=O)R3, 
—SO2NR3R3, —NR3SO2R3, —OR3, —SR3, —S(O)mR3, 
—(CH2)mC(=O)Ar, and CH2)mNR3R3; R1 is selected from 
the group consisting of —CN, —NO, —NO2, —C(=O)R3, 

—(CH2)mC(=O)Ar, and —(CH2)mNR3R3; R2 is selected 
from the group consisting —NR4R5, —OR3, and —R3; R3 
is independently selected from the group consisting of 
C1-C12 alkyl, C2-C12 alkenyl, C3-C12 cycloalkyl, CG-C12 
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aryl, C7-C12 arylalkyl, C7-C12 alkylaryl, C2-C12 acylalkyl, 
C3-C12 heterocyclealkyl, C3-C12 alkylheterocycle, and 
CZ-C12 heterocycle, Wherein R3 is substituted With one or 
more substituents selected from the group consisting of 

hydrogen, —F, —Cl, —CN, —NO, —NO2, —CN, —NO, 
—NO2, C1-C12 alkoXy, and C1-C12 alkylthio; R4 and R5 are 
independently selected from the group consisting C1-C12 
alkyl, C2-C12 alkenyl, C3-C12 cycloalkyl, C6-C12 aryl, 
C7-C12 arylalkyl, C7-C12 alkylaryl, C2-C12 acylalkyl, C3-C12 
heterocyclealkyl, C3-C12 alkylheterocycle, and C2-C12 het 
erocycle substituted With one or more substituents selected 

from the group consisting of hydrogen, —F, —Cl, —CN, 
—NO, —NO2, —CN, —NO, —NO2, C1-C12 alkoXy, and 
C1-C12 alkylthio, or R4 and R5 together comprise a C2-C12 
heterocycle substituted With one or more substituents 

selected from the group consisting of hydrogen, —F, —Cl, 
—CN, —NO, —NO2, —CN, —NO, —NO2, C1-C12 alkyl, 
C1-C12 alkoXy, C1-C12 alkylthio, and C1-C12 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, —OCF3, 
—CF3, C1-C12 alkyl, and C1-C12 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, —OCF3, —CF3, C1-C12 
alkyl, and CJL-C12 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, —OCF3, —CF3, CJL-C12 alkyl, and 
C1-C12 alkyl substituted With one or more substituents 
selected from the group consisting of hydrogen, —F, and 
—Cl; Ar is selected from the group consisting of CG-C12 aryl 
substituted With one or more substituents selected from the 

group consisting of hydrogen, —F, —Cl, CJL-C12 alkyl, and 
C1-C12 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 ?rst embodiment, R1 comprises 
—<cH2>mc(=O>Ar 
[0018] In an aspect of the ?rst embodiment, R1 comprises 
—C(=O)OCH2CH3. 
[0019] In an aspect of the ?rst embodiment, R1 comprises 
—NH—C(=O)CH3. 
[0020] In an aspect of the ?rst embodiment, R1 comprises 
—CN. 

[0021] In an aspect of the ?rst embodiment, R1 comprises 
—NO2. 

[0022] In an aspect of the ?rst embodiment, R1 comprises 
—NH2. 

[0023] In an aspect of the ?rst embodiment, R2 comprises 

S\. 
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[0024] In an aspect of the ?rst embodiment, R2 comprises 

0\. 

[0025] In an aspect of the ?rst embodiment, R comprises 
—(CH2)mC(=O)Ar. 
[0026] In an aspect of the ?rst embodiment, X is selected 
from the group consisting of hydrogen, ?uorine, and chlo 
rine; Wherein Y is selected from the group consisting of 
hydrogen, ?uorine, and chlorine; and Wherein Z is selected 
from the group consisting of hydrogen, ?uorine, and chlo 
r1ne. 

[0027] In an aspect of the ?rst 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 ?rst 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 ?rst 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 ?rst embodiment, a compound 
having a structure: 

w 5 
KN] 

N O 

I \ \ O/\CH3 
/ 
N N O 

N 

H3C/ \CH3 

[0034] or a stereoisomer, a prodrug, or a pharmaceutically 
acceptable salt thereof is provided. 
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[0035] In an aspect of the ?rst embodiment, a compound 
having a structure: 

0 
s 

Q 
N 

&N 
I \ \ 

/ 
N N o 

[0036] or a stereoisomer, a prodrug, or a pharmaceutically 
acceptable salt thereof is provided. 

[0037] In an aspect of the ?rst embodiment, a compound 
having a structure: 

[0038] or a stereoisomer, a prodrug, or a pharmaceutically 
acceptable salt thereof is provided. 
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[0039] In an aspect of the ?rst embodiment, a compound 
having a structure: 

[0040] or a stereoisomer, a prodrug, or a pharmaceutically 
acceptable salt thereof is provided. 

[0041] In an aspect of the ?rst embodiment, a compound 
having a structure: 

F 

[0042] or a stereoisomer, a prodrug, or a pharmaceutically 
acceptable salt thereof. 
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[0043] In an aspect of the ?rst embodiment, a compound 
having a structure: 

S 

[:1 O 
\ \ O/\CH. 

[0044] or a stereoisomer, a prodrug, or a pharmaceutically 
acceptable salt thereof is provided. 

[0045] In an aspect of the ?rst embodiment, a compound 
having a structure: 

[0046] or a stereoisomer, a prodrug, or a pharmaceutically 
acceptable salt thereof is provided. 
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[0047] In an aspect of the ?rst embodiment, a compound 
having a structure: 

S 

{:1 O 

[0048] or a stereoisomer, a prodrug, or a pharmaceutically 
acceptable salt thereof is provided. 

[0049] In an aspect of the ?rst embodiment, a compound 
having a structure: 

CH3 

[0050] or a stereoisomer, a prodrug, or a pharmaceutically 
acceptable salt thereof is provided. 
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[0051] In an aspect of the ?rst embodiment, a compound [0055] In an aspect of the ?rst embodiment, a compound 
having a structure: havlng a Structure? 

0 | 
s 

KN] 
O S N O 

N I \ \ O/\CH3 

N N O 
N O 

I \ \ o/\<:H3 
CH 

/ N/ 3 
N N o | 

CH3 

[0056] or a stereoisomer, a prodrug, or a pharmaceutically 
F acceptable salt thereof is provided. 

[0057] In an aspect of the ?rst embodiment, a compound 
having a structure: 

. . O l 
[0052] or a stereoisomer, a prodrug, or a pharmaceutically 5 
acceptable salt thereof is provided. N 

[0053] In an aspect of the ?rst embodiment, a compound 
having a structure: 

N O 

N T O 
I \ CH3 

0 
s 

[0058] or a stereoisomer, a prodrug, or a pharmaceutically 
N acceptable salt thereof is provided. 

[0059] In an aspect of the ?rst embodiment, a compound 
having a structure: 

N O \ 

I \ \ O/\CH3 O I S 

/ 

N N o KN] 
N 

V“ 
\ \ 

F | 
/ 
N T O 

[0054] or a stereoisomer, a prodrug, or a pharmaceutically CH3 
acceptable salt thereof is provided. 
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[0060] or a stereoisomer, a prodrug, or a pharmaceutically 
acceptable salt thereof is provided. 

[0061] In an aspect of the ?rst embodiment, a compound 
having a structure: 

0 
s 

KN] 
N 

&N 
I \ \ 

/ 
N N o 

| 
CH3 

[0062] or a stereoisomer, a prodrug, or a pharmaceutically 
acceptable salt thereof is provided. 

[0063] In an aspect of the ?rst embodiment, a compound 
having a structure: 

0 
s 

KN] 
N 

&N 
I \ \ 

/ 
N N o 

[0064] or a stereoisomer, a prodrug, or a pharmaceutically 
acceptable salt thereof is provided. 
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[0065] In an aspect of the ?rst embodiment, a compound 
having a structure: 

0 
s 

[N] 
N 

&N 
I \ \ 

/ 
N N o 

[0066] or a stereoisomer, a prodrug, or a pharmaceutically 
acceptable salt thereof is provided. 

[0067] In an aspect of the ?rst embodiment, a compound 
having a structure: 

0 
s 

KN] 
N 

/N / 
I \ \ 

/ 
N N o 

o 

[0068] or a stereoisomer, a prodrug, or a pharmaceutically 
acceptable salt thereof is provided. 
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[0069] In an aspect of the ?rst embodiment, a compound [0073] In an aspect of the ?rst embodiment, a compound 
having a structure: having a structure: 

l 
S 

N N 

Q r; 
/N 

/ I / 
N N O N N O 

O of. 
[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 ?rst embodiment, a compound 
acceptable salt thereof is provided. having a structure: 

[0071] In an aspect of the ?rst embodiment, a compound 
having a structure: 

0 | 

O S N 

CN 

CN / 

/ 
N N O 

0Y0 
CH3 

F 

[0072] or a stereoisomer, a prodrug, or a pharmaceutically [0076] 0r a StereOiSOIIler, a prodrug, Or a pharmaceutically 
acceptable salt thereof is provided. acceptable salt thereof is provided. 
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[0077] In an aspect of the ?rst embodiment, a compound [0081] In an aspect of the ?rst embodiment, a compound 
having a structure: having a structure: 

@ |\ O S O S 

N 

L] 
/N 

(if \ \ / I / I / 
N N O N N O 

CH3 
CN 

[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 ?rst embodiment, a compound 
having a Structure: [0083] In an aspect of the ?rst embodiment, a compound 

having a structure: 

\ 

Owl} I \ O 
S 

N 

(N1 (N1 
CN 

[ii I \ \ W 
N/ N o / 

H3C 

H3C 

N N O 

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 ?rst embodiment, a compound [0089] In an aspect of the ?rst embodiment, a compound 
having a structure: having a structure: 

OYE> O I s s 

[N] [N] 
N N 

COOEt Cl CN 

N651 P \ I / 
/ N O N N O 

[0086] or a stereoisomer, a prodrug, or a pharmaceutically 

acceptable Salt thefeOf iS PIOVidfId- [0090] or a stereoisomer, a prodrug, or a pharmaceutically 

[0087] In an aspect of the ?rst embodiment, a compound acceptable Salt thereof 15 provlded' 

having a StrllCtllfeI [0091] In an aspect of the ?rst embodiment, a compound 
having a structure: 

[N] [:1 
Cl \ \ CN C1 CN 

0 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 ?rst embodiment, a compound 
having a structure: 

Q] 
\N N 0 

or I / 

[0094] or a stereoisomer, a prodrug, or a pharmaceutically 
acceptable salt thereof is provided. 

[0095] In an aspect of the ?rst embodiment, a compound 
having a structure: 

Q] 
I / N 0 

[0096] or a stereoisomer, a prodrug, or a pharmaceutically 
acceptable salt thereof is provided. 

[0097] In an aspect of the ?rst embodiment, the compound 
of the ?rst 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 N 

[1)“ Z N Z N 

Y|\\R1’Y|\\R1’ N 

X N/ T o / T o 
R X R 

OYRZ 
N 

K j)“ 
Z N 

N \ \ R1, and 

Y / N o 

X R 

OYRZ 
N 

K j)“ 
N 

Z I N\ \ R1; 

Y / T 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, 
—(CH2)mC(=O)Ar, and CH2)mNR4R5; R1 is selected from 
the group consisting of —CN, —NO, —NO2, —C(=O)R3, 

and CH2)mC(=O)Ar; R2 is selected from the group con 
sisting —CH2R3, —NR4R5, —OR3, and —R3; R3 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; R4 and R5 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 R4 and R5 taken 
together comprise heterocycle or substituted heterocycle; X 
is selected from the group consisting of hydrogen, halogen, 
—F, —Cl, —CN, —NO, —NO2, —OCF3, —CF3, 

—NHC(=O)R3, and —NR4R5; Y is selected from the group 
consisting of hydrogen, halogen, —F, —Cl, —CN, —NO, 
—NO2, —OCF3, —CF3, —NHSO2R3, —C(=O)R3, 
—C(=O)OR3, —C(=O)NR4R5, —NR3C(=O)R3, 
—NR3SO2R3, —S(O)mR3, —R3, —OR3, —SR3, 
—C(=O)OH, —NHC(=O)R3, and —NR4R5; Z is selected 
from the group consisting of hydrogen, halogen, —F, —Cl, 
—CN, —NO, —NO2, —OCF3, —CF3, —NHSO2R3, 
—C(=O)R3, —C(=O)OR3, —(=O)NR4R5, 
—NR3C(=O)R3, —NR3SO2R3, —S(O)mR3, —R3, —OR3, 
—SR3, —C(=O)OH, —NHC(=O)R3, and —NR4R5; Ar is 
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 ?rst embodiment, a method for 
treating in?ammation in a Warm-blooded animal is pro 
vided, comprising administering to the animal an effective 
amount of the compound of the ?rst embodiment. 

[0101] In an aspect of the ?rst 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 ?rst embodiment. 

[0102] In an aspect of the ?rst 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 ?rst embodiment. 

[0103] In an aspect of the ?rst 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 ?rst embodiment. 

[0104] In an aspect of the ?rst 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 ?rst 
embodiment. 

[0105] In an aspect of the ?rst embodiment, a method for 
treating an in?ammatory disease in a Warm-blooded animal 
is provided, comprising administering to the animal an 
effective amount of the compound of the ?rst embodiment. 
The in?ammatory disease can be selected from the group 
consisting of rheumatoid arthritis, osteoarthritis, in?amma 
tory boWel disease, and asthma. 

[0106] In an aspect of the ?rst 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 ?rst 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 ?rst 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 ?rst 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 ?rst 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 ?rst embodiment. 

[0109] In an aspect of the ?rst 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 ?rst embodiment. 

[0110] In an aspect of the ?rst 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 ?rst 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 POCl3 With a compound of Formula (3): 

Formula (3) 
Z OH 

Y R1, I \ \ 

/ 
X N T 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, 
—(CH2)mC(=O)Ar, and CH2)mNR4R5; R1 is selected from 
the group consisting of —CN, —NO, —NO2, —C(=O)R3, 
—C(=O)OH, —NHC(=O)R3, —C(=O)OR3, 
—C(=O)NR4R5, —NR3C(=O)R3, —SO2NR4R5, 
—NR3SO2R3, —NHSO2R3, —S(O)mR3, —(CH2)mNR4R5, 
and CH2)mC(=O)Ar; R3 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; R4 
and R5 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 R4 
and R5 taken together comprise heterocycle or substituted 
heterocycle; X is selected from the group consisting of 
hydrogen, halogen, —F, —Cl, —CN, —NO, —NO2, 
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—SR3, —C(=O)OH, —NHC(=O)R3, and —NR4R5; Z is 
selected from the group consisting of hydrogen, halogen, 
—F, —Cl, —CN, —NO, —NO2, —OCF3, —CF3, 

—NHC(=O)R3, and —NR4R5; 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; I \ \ 

/ 
X N T O 

R 

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

Z [:1 
Formula (5) 

Y R ; 
I \ \ 1 

/ 
X N T O 

R 

[0114] reacting the compound of Formula (5) With a 
compound having the formula R2—C(=O)Cl, Wherein R2 is 
selected from the group consisting —CH2R3, —NR4R5, 
—OR3, and —R3, thereby yielding a compound of Formula 
(6): 

Formula (6) 

03/ R2 

[N] 
R1 

0 

N Z 

‘iii |/ 
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, R1 comprises 
—<cH2>mc(=O>Ar 
[0117] In an aspect of the third embodiment, R1 comprises 
—C(=O)OCH2CH3. 
[0118] In an aspect of the third embodiment, R1 comprises 
—NH—C(=O)CH3. 
[0119] In an aspect of the third embodiment, R1 comprises 
—CN 

[0120] In an aspect of the third embodiment, R1 comprises 
_ 2_ 

[0121] In an aspect of the third embodiment, R1 comprises 
_ 2_ 

[0122] In an aspect of the third embodiment, R2 comprises 

5 \ 
\ 

[0123] In an aspect of the third embodiment, R2 comprises 

0 \ 
\ 

[0124] In an aspect of the third embodiment, R comprises 

[0125] In an aspect of the third embodiment, X is selected 
from the group consisting of hydrogen, ?uorine, and chlo 
rine; Wherein Y is selected from the group consisting of 
hydrogen, ?uorine, and chlorine; and Wherein Z is selected 
from the group consisting of hydrogen, ?uorine, and chlo 
rme. 

[0126] 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)mC(=O)Ar, and CH2)mNR4R5; R4 and R5 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 R4 and R5 
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taken together comprise heterocycle or substituted hetero 
cycle; X is selected from the group consisting of hydrogen, 
halogen, —F, —Cl, —CN, —NO, —NO2, —OCF3, —CF3, 

—NHC(=O)R3, and —NR4R5; Y is selected from the group 
consisting of hydrogen, halogen, —F, —Cl, —CN, —NO, 
—NO2, —OCF3, —CF3, —NHSO2R3, —C(=O)R3, 
—C(=O)OR3, —C(=O)NR4R5, —NR3C(=O)R3, 
—NR3SO2R3> —S(O)mR3> —R3> —OR3> —SR3> 
—C(=O)OH, —NHC(=O)R3, and —NR4R5; Z is selected 
from the group consisting of hydrogen, halogen, —F, —Cl, 
—CN, —NO, —NO2, —OCF3, —CF3, —NHSO2R3, 
—C(:O)R3> —C(:O)OR3> C(=O)NR4R5> 

—NR3SO2R3> —S(O)rnR3> —R3> —OR3> 
—SR3, —C(=O)OH, —NHC(=O)R3, and —NR4R5; R3 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; Ar is 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 0 /@ Y ; MN / 
X N T o 

R 

Formula (14) 

[0128] reacting the compound of Formula (14) With 
POCl3, thereby yielding a compound of Formula (15): 

Formula (15) 
Z (:1 

Y CN; I \ \ 

/ 
X N T o 

R 

[0129] reacting the compound of Formula (15) With pip 
eraZine, thereby yielding a compound of Formula (16): 

Formula (1 6) 

Y CN; I \ \ 

/ 
X N T O 

R 

[0130] reacting the compound of Formula (16) With a 
compound having the formula R2—C(=O)Cl, Wherein R2 is 
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selected from the group consisting —CH2R3, —NR4R5, 
—OR3, and —R3, thereby yielding a compound of Formula 
(17): 

03/ R2 
Formula (17) 

(U 
Z N 

/ 
X N N o 

I 
[0131] Wherein the compound of Formula (17) is suitable 
for use as a MIF inhibitor. 

[0132] In an aspect of the fourth embodiment, R2 com 
prises 

\ 

[0133] In an aspect of the fourth embodiment, R2 com 
prises 

O \ 
\ 

[0134] In an aspect of the fourth embodiment, R com 
prises —(CH2)mC(=O)Ar. 
[0135] In an aspect of the fourth embodiment, X is 
selected from the group consisting of hydrogen, ?uorine, 
and chlorine; Wherein Y is selected from the group consist 
ing of hydrogen, ?uorine, and chlorine; and Wherein Z is 
selected from the group consisting of hydrogen, ?uorine, 
and chlorine. 

[0136] In a ?fth 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, 
\ \ 

/ 
X N N 0 

MeO 
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[0137] wherein R1 is selected from the group consisting of 
—CN, —NO, —NO2, —C(=O)R3, —C(=O)OH, 
—NHC(=O)R3, —C(=O)OR3, —C(=O)NR4R5, 
—NR3C(=O)R3, —SO2NR4R5, —NR3SO2R3, 
—NHSO2R3, —S(O)mR3, —(CH2)mNR4R5, and 
—(CH2)mC(=O)Ar; R3 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; R4 
and R5 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 R4 
and R5 taken together comprise heterocycle or substituted 
heterocycle; X is selected from the group consisting of 
hydrogen, halogen, —F, —Cl, —CN, —NO, —NO2, 

—C(=O)OH, —NHC(=O)R3, and —NR4R5; Y is selected 
from the group consisting of hydrogen, halogen, —F, —Cl, 
—CN, —NO, —NO2, —OCF3, —CF3, —NHSO2R3, 
—C(=O)R3, —C(=O)OR3, —C(=O)NR4R5, 
—NR3C(=O)R3, —NR3SO2R3, —S(O)mR3, —R3, —OR3, 
—SR3, —C(=O)OH, —NHC(=O)R3, and —NR4R5; Z is 
selected from the group consisting of hydrogen, halogen, 
—F, —Cl, —CN, —NO, —NO2, —OCF3, —CF3, 

—NHC(=O)R3, and —NR4R5; Ar is independently 
selected from the group consisting of aryl and substituted 
aryl; and m is independently 0, 1, 2, 3, or 4, With POCl3 and 
tri?uoroacetic acid, thereby yielding a compound of For 
mula (24): 

Formula (24) 
Z Cl 

Y R1; I \ \ 

/ 
X N N O 

[0138] reacting the compound of Formula (24) With a 
compound of formula: 

OYRZ’ 
KN] 

N 

[0139] Wherein R2 is selected from the group consisting 
—CH2R3, —NR4R5, —OR3, and —R3, thereby yielding a 
compound of Formula (25): 
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Formula (25) 

0y R2 
N 

Z [N] 
Y R ; 

I \ \ 1 

/ 
X N N O 

[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, 
—(CH2)mC(=O)Ar, and CH2)mNR4R5, thereby yielding a 
compound of Formula (26): 

0y R2 

N] 
Z N 

Formula (26) 

Y R 
I \ \ 1 

/ 
X N III 0 

R 

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

[0142] In an aspect of the ?fth embodiment, R1 comprises 
—<cH2>mc(=O>Ar 
[0143] In an aspect of the ?fth embodiment, R1 comprises 
—C(=O)OCH2CH3. 
[0144] In an aspect of the ?fth embodiment, R1 comprises 
—NH—C(=O)CH3. 
[0145] 
—CN. 

[0146] 

In an aspect of the ?fth embodiment, R1 comprises 

In an aspect of the ?fth embodiment, R1 comprises 
2. 

[0147] In an aspect of the ?fth embodiment, R1 comprises 
2. 

[0148] In an aspect of the ?fth embodiment, R2 comprises 

S\. 
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[0149] In an aspect of the ?fth embodiment, R2 comprises 

0\. 

[0150] In an aspect of the ?fth embodiment, R comprises 
CH2)mC(=O)Ar. 
[0151] In an aspect of the ?fth embodiment, X is selected 
from the group consisting of hydrogen, ?uorine, and chlo 
rine; Wherein Y is selected from the group consisting of 
hydrogen, ?uorine, and chlorine; and Wherein Z is selected 
from the group consisting of hydrogen, ?uorine, and chlo 
r1ne. 

[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 ?fth embodiment, R comprises 

Formula (3a) 
OH 0 

(YILM / 
N N o 

[0154] With POCl3, thereby yielding a compound of For 
mula (4a): 

Formula (4a) 
c1 0 

(if / 
N N o 

[0155] reacting the compound of Formula (4a) With pip 
eraZine, thereby yielding a compound of Formula (5a): 

[N] 
N o 

\ \ 0 CH3; 

/ 
N N O 

Formula (5a) 

> 
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[0156] reacting the compound of Formula (5a) With a 
compound having the formula R2—C(=O)Cl, Wherein R2 is 
selected from the group consisting —CH2R3, —NR4R5, 
—OR3, and —R3, Wherein R3 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 
R4 and R5 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 R4 and R5 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, R2 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 0 

fflkm‘s / 
N N o 
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[0160] With cycloheXylamine, thereby yielding a com 
pound of Formula (14): 

Formula (14a) 

(ilk, / 
NNO 

[0161] reacting the compound of Formula (14a) With 
POCl3, thereby yielding a compound of Formula (15a): 

Formula (15a) 

CN; 

QZ\/ 
z / Q 

[0162] reacting the compound of Formula (15a) With 
piperaZine, thereby yielding a compound of Formula (16a): 

Formula (16a) 

CN; 

/ 
N N O 

[0163] reacting the compound of Formula (16a) With a 
compound having the formula R2—C(=O)Cl, Wherein R2 is 
selected from the group consisting —CH2R3, —NR4R5, 
—OR3, and —R3, Wherein R3 is selected from the group 
consisting of R3 alkyl, substituted alkyl, alkenyl, substituted 
alkenyl, cycloalkyl, substituted cycloalkyl, aryl, substituted 
aryl, arylalkyl, substituted arylalkyl, acylalkyl, subtituted 
acylalkyl, heterocycle, substituted heterocycle; R4 and R5 
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 R4 
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and R5 taken together comprise heterocycle or substituted 
heterocycle, thereby yielding a compound of Formula (17a): 

N 

O 
N 

I / 
N N O 

Formula (17a) 

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

[0165] In an aspect of the seventh embodiment, R2 com 
prises 

O s 
\ or \ . 
\ \ 

[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 

[0167] With POCl3 and tri?uoroacetic acid, thereby yield 
ing a compound of Formula (24a): 

Formula (24a) 
c1 0 

\ \ O/\; 

/ 
N N o 
























































































































































































































































































































































































