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Summary. The invention in this patent application relates to
1,4,6-trisubstituted-2-alkyl-1H-benzo[d]imidazole derivatives
represented generally by formula I. These compounds are
inhibitors of dihydroorotate dehydrogenase (DHODH) and
may potentially be used for the treatment and/or prevention of
diseases or disorders associated with the function of DHODH
such as autoimmune and inflammatory disorders including
multiple sclerosis and rheumatoid arthritis as well as cancer.

Pyrimidine nucleotides are important to the synthesis of
DNA, RNA, and sugar nucleotides. Pyrimidine nucleotides are
biosynthesized from L-glutamine, L-aspartic acid, ATP, and
bicarbonate via a six-step conserved enzymatic reaction
sequence known as the de novo biosynthesis pathway. The
fourth step of this synthesis sequence is a rate-limiting oxidation
in which dihydroorotate (DHO) is dehydrogenated to orotate
(the conjugate base of orotic acid). This oxidation is catalyzed
by an essential mitochondrial enzyme known as dihydroorotate
oxygenase or dihydroorotate dehydrogenase (DHODH) using
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the cofactor ubiquinone in the presence of flavin mononucleo-
tide (FMN) as a redox cofactor.

Orotate is 2,6-dioxopyrimidine-4-carboxylate (or uracil-6-
carboxylate). This pyrimidine derivative can exist in several
tautomeric forms, but the keto form (shown in Scheme 1) is the
more stable tautomer.

Scheme 1. Enzymatic Conversion of Dihydroorotate to
Orotate
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The enzyme DHODH is expressed in every cell but not
known to be overexpressed or mutate in cancer cells,; thus, it was
not initially regarded as a therapeutic target for treating cancer.
However, studies have shown that the de novo biosynthesis of
pyrimidine nucleotides is activated in response to activation of
oncogenic pathways such as PI3K, PTEN, and mTOR in
proliferating cancer cells. In order for these cells to sustain
proliferation, they require high concentrations of pyrimidine
nucleotides for the synthesis of DNA and RNA.

These data suggest that reducing the pyrimidine nucleotide
concentration is a potentially effective strategy to slow the
proliferation of cancer cells. Therefore, because of the key role of
DHODH in the biosynthesis of pyrimidine nucleotides, its
inhibition has become a viable therapeutic target for the
treatment of cancer and autoimmune diseases such as
rheumatoid arthritis.

Preclinical studies have provided evidence to show that
inhibition of DHODH prevents the growth of many types of
cancers. Moreover, it was demonstrated that inhibition of
DHODH induces differentiation of acute myeloid leukemia
(AML) cells. Pharmacologic inhibition of de novo pyrimidine
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nucleotide synthesis sensitizes triple-negative breast cancer cells
to genotoxic chemotherapy agents and reduces chemotherapy
resistance.

Inhibitors of DHODH block the synthesis of pyrimidine-
based nucleotides and are known to potentially possess wide
applications as chemotherapeutic agents. Studies have deter-
mined that the inhibition of DHODH is a promising target for
treating transplant rejection, rheumatoid arthritis, psoriasis, as
well as autoimmune diseases. Furthermore, DHODH inhibitors
may also be useful in the treatment of viral mediated diseases.

Several known DHODH inhibitors such as brequinar,
leflunomide, and teriflunomide have been clinically evaluated
but were not approved for use in oncology due to a narrow
therapeutic window as a result of lesser potency and/or off-
target activities such as their inhibition of kinases.

Brequinar (Figure 1) exhibits anticancer activity toward
L1210 murine leukemia and potentiates S-fluorouracil anti-
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Figure 1. Structure of brequinar.

tumor activity in a murine model colon 38 tumor by tissue-
specific modulation of uridine nucleotide pools.

Leflunomide, (Figure 2) has been used for the treatment of
rheumatoid arthritis, and it is also under evaluation for use in the

fo) HO

<N
oh o \}_/2—Me
FsC NH
me F1C NH CN
Leflunomide Teriflunomide

Figure 2. Structures of leflunomide and teriflunomide.

treatment of inflammatory bowel disease and chronic allograft
rejection. Leflunomide quickly metabolizes in vivo into the
active metabolite teriflunomide (Figure 2) through the opening
of the isoxazole ring. Teriflunomide was approved in the USA for
the treatment of patients with relapsing multiple sclerosis. It is
about a 100 times more potent inhibitor of DHODH than

leflunomide.

There is an unmet and crucial need for new effective
immunosuppressive therapies to treat the increased number of
patients suffering from a wide variety of autoimmune and
chronic inflammatory diseases. The compounds of formula I
described in this patent application are dihydroorotate
dehydrogenase (DHODH) inhibitors and thus may provide
useful treatments for autoimmune and inflammatory disorders
such as multiple sclerosis, inflammatory bowel disease,
rheumatoid arthritis. and other DHODH-associated disorders.
These compounds may also potentially be useful for treatment

of cancer and leukemia.

Key Structures. The inventors described the structures and
methods of synthesis of 156 examples of formula I including the
following representative examples.
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Biological Assay.

e Measurement of DHODH Inhibitory Enzyme Activity
(In Vitro Assay)

Biological Data. The inventors reported the DHODH
inhibitory activity data using the above-mentioned assay for 32
compounds of formula I. The IC, data for the representative
examples are listed in the following table.

DHODH Inhibitory Enzyme Activity (In Vitro Assays)
Example ICs (uM)* Example ICso (uM)*
1 B 52 A
20 B 64 A
25 A 84 B
46 A 111 A

* A refers to an ICy, value in the range of 0.001 to 0.0099 uM;
B refers to ICs, value in the range of 0.01 to 0.099 uM.
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