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Abstract—A novel class of NF-kB pathway signaling inhibitors was discovered by virtual screening, medicinal chemistry, and
QSAR analysis. An initial set of compounds inhibited NF-kB signaling in a whole cell reporter gene assay in the micro-molar range.
Activity was improved step by step by medicinal chemistry to yield nano-molar signaling inhibitors.

© 2007 Published by Elsevier Ltd.

The important role of the nuclear factor kB (NF-«xB)
signaling pathway in cancer, immunology, and inflam-
mation is well established.! For example, in antigen
stimulated lymphocytes, NF-«B controls the expression
of multiple genes essential for survival, proliferation,
and effector function.>? Additionally, some viruses take
advantage of the NF-kB signaling pathway of the host
cell for their own replication.*> The approach of targeting
host pathways for anti-viral therapy holds the promise
of a low potential for the development of resistant
strains. Finally, it has been reported that NF-«xB down-
regulation can sensitize cells to the anti-viral effects of
interferon.%’

The mechanism of action of some known drugs or folk
medicines is presumed to function via the inhibition of
NF-«B signaling pathway.® In general, the NF-xB sig-
naling pathway consists of a complex set of biochemical
principles, such as receptors, protein adapters, protein
kinases and phosphoprotein binding proteins, DNA
binding proteins, and transporter proteins. A series of
compounds targeting various enzymes in this pathway
have been developed.®® Other compounds, such as pro-
teasome inhibitors, were shown to interfere with the NF-
kB ls(i)gnaling pathway by inhibiting degradation of
IxB.
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Compound 1. Proteasome ICsy 0.58 uM, NF-kB inhibi-
tion 30% at 20 uM, PBMC proliferation 1Csq 37 uM.
Virtual screening for proteasome inhibitors'! resulted in
the discovery of compounds, for example, compound 1,

with inhibitory activity for the proteasome,'> NF-xB
signaling,'3 and PBMC proliferation.'4
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Scheme 1. Reagents and conditions: (i) DMF, heat; (i) NaOH; (iii)
HBTU, DIEPA, DMF, 75°C; HCI, Dioxan, DCM, 2h; R'-Cl,
DIEPA, 80 °C, 3 h, DMF.
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Accordingly, the piperidinyl-thiazole scaffold was ex-
plored by medicinal chemistry. The synthesis proceeded
as published in a patent (see Scheme 1).'> This proce-
dure allows the synthesis of analogs modified at the N-
and C-terminal of the molecule.!® All building blocks
were from commercial sources. Some of the 2-amino-
benzimidazoles were synthesized from the appropriate
commercial o-phenylenediamine by the reaction with
cyanogen-bromide.!” Heterocycles for the N-terminal
modification were from commercial source. The hetero-
cycle for compound 22 was synthesized according to
Ref. 18 and the heterocycle for compound 11 according
to Ref. 19.

From a series of C-terminal modifications substituted
phenyl-piperazine analogs were found to have superior
activity (Table 1, compounds 2-10). In this set of com-
pounds low micro-molar activities in the NF-kB repor-
ter gene assay were obtained. But, in spite of an effort
with many analogs we were not able to reach lower than

Table 1. Phenyl-piperazine analogs
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micro-molar activity with this series. The structure—
activity relationships seen in the cell-based NF-xB
reporter gene assay, however, could not be explained
consistently by proteasome inhibition. For example,
some compounds showed considerably higher activities
in the reporter gene assay compared to the proteasome
enzyme assay (e.g., compound 15: NF-kB ECs
0.3 uM, proteasome ICsy> 3 uM) while other com-
pounds were inactive in the NF-kB assay but active in
the proteasome assay (e.g., compound 9: NF-xB
ECso ~ 20uM, proteasome ICsy 0.48 uM). Additionally,
even some compounds (e.g., compound 13) with activity
in the proteasome enzyme assay did not show activity in
a secondary proteasome assay, which uses native protea-
some extracted from cells.? Due to the particular
importance of the NF-kB signaling pathway further ef-
forts were directed to optimize the piperidinyl-thiazole
scaffold with respect to inhibition of this pathway.

In order to guide the optimization of the compounds
a QSAR model was used. The QSAR model of the
NF-kB activities was built using 28 MOE descriptors
and ridge regression (A =1, 20 effective degrees of
freedom). This model was incrementally refined as
more experimental data became available and finally
reached a correlation coefficient of R>=0.84, cross-
validated 0% =0.58, and a root mean square error of
prediction (RMSEP) of 0.34 log units as validated
with a leave-multiple-out bootstrapping procedure.
This is close to the experimental error (SD) of 0.2
log units as estimated from multiple measurements
of two selected compounds (=6 and n=7). Com-
pounds that showed a negative effect on cell viability
were not considered in this model (Fig. 1).

Selection of building blocks with respect to availability
and predicted NF-«B activity resulted in a series of com-
pounds, which is depicted in Table 2 with compounds
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Figure 1. QSAR of NF-«B activity of 71 compounds as determined in
the reporter gene assay.
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Table 2. Amino-benzimidazole analogs
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Table 2 (continued)
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Table 3. Inhibition of human PBMC proliferation Acknowledgments
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11-27. The replacement of the phenyl-piperazino moiety
by an amino-benzimidazole was tolerated but did not
improve activity considerably (compound 27). On the
average the substitution of the amino-benzimidazole
by a phenylketo residue resulted in a substantial
improvement. (e.g., compound 25 vs 27, compound 13
vs 18). At the N-terminus of the compounds different
aromatic substituents are tolerated without effecting
activity, however heterocycles similar to adenine mimics
did increase potency. Finally, potent inhibitors of the
NF-«B signaling pathway were identified.

To solidify the assumption that these compounds have
immunosuppressive activity we tested a subset of com-
pounds in a PBMC proliferation assay. Due to the
phytohemagglutinin stimulus used in the assay the
measured effect can be attributed mainly to T-cells.
A 1Zigniﬁcant suppressive effect was detected (Table
3).

In conclusion, we have discovered a novel class of po-
tent NF-kB signaling inhibitors.?! Such compounds
have the potential to be useful for the treatment of
inflammatory and autoimmune diseases, for anti-viral
therapy and interferon co-therapy, and could lead to a
novel concept of host cell pathway modulation toward
an anti-viral therapy.
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