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Following up high-throughput screening
with parallel chemistry for the generation
of actives against biological targets

2-Arylbenzoxazoles as new cholesteryl
ester transfer protein inhibitors

The treatment of coronary heart disease utilizing
a lipid-modifying modality has focused on low-
ering circulating levels of low-density lipoprotein
cholesterol (LDL-C). In turn, drug discovery
efforts have focused on investigating mechan-
isms which have the potential for raising high-
density lipoprotein cholesterol (HDL-C) in
plasma through the knowledge that there is an
inverse relationship between HDL-C and the risk
of coronary heart disease [1]. Current therapies,
such as fibrates or niacin, exert only a moderate
effect on increasing HDL-C levels while display-
ing considerable side effects [2]. Thus, there is a
need in the medical community for a safer and
more efficacious method of increasing HDL-C
levels. In this regard, cholesteryl ester transfer
protein (CETP), which is a 74-kDa plasma gly-
coprotein secreted by the liver, has been
brought to the fore. CETP facilitates the transfer
of cholesterol ester from HDL to LDL and VLDL in
exchange for triglycerides [3] and additionally,

CETP inhibition leads to increased HDL-C in
humans. HDL particles can accept cholesterol
from peripheral tissues, so CETP inhibitors could
promote reverse cholesterol transport and,
therefore, be antiatherogenic [4]. Recent work
has led to the identification and optimization of
a novel series of 2-arylbenzoxazole-based CETP
inhibitors [5]. In this work, a screening cam-
paign was carried out on the BMS compound
collection using a fluorescence assay. Potent
compounds thus obtained were then evaluated
for activity in a human whole plasma assay
(WPA) and the 2-arylbenzoxazole hit (i) was
obtained as a starting point for further inves-
tigation. Compound (i) possessed an ICsq in the
WPA assay of 10 wM. The modular structure of
this chemotype was well suited for rapid
exploration of its SAR through the application
of parallel synthesis. The SAR strategy involved
developing chemistry that allowed exploration
of substitutions on either the fused phenyl of
the benzoxazole (A) or the phenyl ether (B),
marked on (i). The synthetic strategy to study
various A ring substitutions involved the for-
mation of two amide bonds to deliver com-
pounds of generic structure (ii) which then
underwent a microwave-assisted acid-pro-
moted cyclization of the anilide-alcohol (ii)

using p-toluenesulfonic acid to deliver com-
pounds of general structure (iii). The average
purity (by HPLC-UV) of the final products was
94%. The synthetic approach utilized for var-
iation of the B-ring proceeded via formation of
aniline (iv) and then exploration of the B-ring
through the parallel synthesis of aryloxyacetyl
chlorides, to provide the desired products of
generic structure (v). Alternatively, and to
improve the range of diversity contained within
the final compounds, aniline (iv) was acylated
with chloroacetyl chloride to give (vi). This
compound then underwent a displacement of
the chlorine of (vi) with phenols using parallel
synthesis to give the desired products of gen-
eric structure (v) in an average purity of 98%, as
determined by HPLC-UV. From these libraries,
several compounds were obtained that dis-
played reasonable activity. One of the most
potent compounds tested was (vii) which
possessed an ICso of 0.91 M in the WPA assay.
This work is of interest because it has utilized
parallel synthesis to rapidly generate several
libraries of singletons and to elucidate SAR in
the series under discussion. Further work in this
area is warranted with a view to improve the
compounds CETP inhibition profile, for example
in the WPA assay.
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1,4-Dihydroindenol[1,2-c]pyrazoles as
potent and selective checkpoint kinase 1
inhibitors

A stratagem used in the battle against cancer is
the application of treatments with DNA-dama-
ging effects. The effectiveness of these cytotoxic
treatments, such as ionizing or UV radiation and
chemotherapy, is reduced because of severe side
effects and drug resistance developed by
patients. A solution to these problems may lie in
sensitization to DNA-damaging treatments to
make them more potent and/or more selective
toward tumor cells. Recently, there have been
studies on the role of checkpoint kinase 1 (CHK-
1) in the cell cycle in response to genotoxic
stresses. These studies demonstrated that inhi-
bition of CHK-1 offers a mechanism for sensi-
tizing various DNA-damaging therapies [6].
Human CHK-1 is a serine/threonine kinase that,
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upon DNA damage, is phosphorylated by the
upstream kinases ATR and/or ATM. CHK-1 sub-
sequently phosphorylates Cdc25A and induces
its degradation. This results in the inhibition of
the downstream cyclin E/Cdk2 or cyclin B/Cdc2
kinases, leading to cell cycle arrestat the S phase
or G2/M phase, respectively [7]. As tumor cells
can arrest at different cell cycle checkpoints
mediated by CHK-1, they have a chance to repair
themselves. Thus, the inhibition of CHK-1 to
remove S and G2/M checkpoints will cause
tumor cells to undergo premature mitotic entry,
leading to cell death. Tumor cells and normal
cells differ in that tumor cells are often deficient
in p53, preventing arrest at the G1 checkpoint,
whereas, in response to DNA damage, normal
cells are capable of arresting at G1 checkpoint
through the p53-mediated pathway, ensuring
genomic integrity. This difference provides the
potential for a therapeutic window for sensi-
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tizing DNA-damaging treatments of cancer
using CHK-1 inhibitors. A recent publication [8]
reports on the discovery of 1,4-dihydroin-
denol1,2-clpyrazoles as a new class of CHK-1
kinase inhibitors. The program utilized the
screening hit (viii) as a starting point for further
design. This compound possessed an ICsq of
510 nM against CHK-1. An X-ray cocrystal
structure of (viii) in the CHK-1 active site indi-
cated to the project team that they should focus
their efforts on elucidating SAR around the
fluoro group because this group occupied a
region where extra hydrogen bonding between
the inhibitor and several polar residues of the
backbone protein could be envisioned. A hit-to-
lead process was then undertaken, supported
by X-ray crystallography. From these rounds of
medicinal design, a number of potent com-
pounds were obtained that possessed inhibi-
tory properties against CHK-1. One of the most
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potent compounds was (ix) which possessed an
ICso of 6.2 nM. Compounds active in the enzy-
matic inhibition assay, such as (ix), were then
tested in two cellular assays. A cell proliferation
assay (MTS assay) in HelLa cells (a human cervical
cancer cell line) was used to measure the ability
of CHK-1 inhibitors to sensitize cells to a DNA-
damaging agent, doxorubicin. An ECsy was
determined for the inhibitor as a single agent
and the inhibitor in combination with doxoru-
bicin, with the ratio being a relative scale of an
inhibitor’s function to potentiate the DNA-
damaging agent. Additionally, a cell cycle ana-
lysis (FACS assay) in H1299 cells (a human lung
cancer cell line) was performed to determine if
the mechanism of an inhibitor’s ability to sen-
sitize doxorubicin is through abrogation of the
G2/M checkpoint. Here the ECsy was either the
concentration of a CHK-1 inhibitor that reduces
doxorubicin-induced G2/M cell population

by half or it was measured in the absence of
doxorubicin. Compound (ix) possessed an ECsq
of 1.8 uM in the MTS assay, and an ECs, of
770 nM in the FACS assay (with doxorubicin
present). This work is of interest because of the
support provided by X-ray crystallography in
the hit-to-lead phase, and the discovery of
several biaryl phenol inhibitors that exhibit
good profiles in both cell proliferation and cell
cycle assays. Further work in this area is war-
ranted to improve the properties of this series of
inhibitors.
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