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4-(Aminoalkylamino)-3-benzimidazole-quinolinones
as potent CHK-1 inhibitors
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Abstract—CHK-1 is one of the key enzymes regulating checkpoints in cellular growth cycles. Novel 4-(aminoalkylamino)-3-benz-
imidazole-quinolinones were prepared and assayed for their ability to inhibit CHK-1. These compounds are potent cell permeable
CHK-1 inhibitors and showed synergistic effect with a DNA-damaging agent, camptothecin.
� 2006 Elsevier Ltd. All rights reserved.
Upon DNA damage by ultraviolet light, radiation or
cytotoxic drugs, the cellular response is to arrest the cell
cycle at one of three checkpoints (G1/S, intra-S or G2/
M) to either permit DNA repair or to initiate apoptosis.
The serine/threonine checkpoint kinase, (CHK-1), regu-
lates both the G2/M and intra-S checkpoints, and plays
an important role in cell-cycle progression,1–4 especially
for p53-defective cancer cells. Since cell-cycle arrest is a
mechanism by which tumor cells can overcome the dam-
age induced by cytotoxic agents, abrogation of the G2/
M checkpoint with novel small molecule compounds
may increase the sensitivity of p53-deficient tumors to
chemotherapy.5,6 Importantly, in contrast to many cur-
rent therapies for cancer, this mechanism potentially
carries with it only a low risk of toxicity against non-
malignant cells, as CHK-1 inhibition is most effective
in p53-defective cancer cells. Thus, a major advantage
of CHK-1 inhibitors as a treatment for cancer is their
selective activity in conjunction with cytotoxics, such
as DNA-damaging reagents.

Several CHK-1 inhibitors have been reported in the lit-
erature. Of these, UCN-01 (7-hydroxystaurosporine) is
a potent inhibitor of CHK-1 (Ki = 5.6 nM)7–9 and has
modest selectivity among other kinases.7 UCN-01 is cur-
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rently in clinical trials.10 Other CHK-1 inhibitors report-
ed in the literature include indazole–imidazole
analogs,11 and more selective UCN-01 analogs, such
as ICP-1.12 Recently a series of novel CHK-1 inhibitors
were reported, including N-aryl-N 0-pyrazinylurea,13 1,3-
dihydro-indolone,14 and furanopyrimidine.15 Here, we
report 4-(aminoalkylamino)-3-benzimidazole-quinolin-
one derivatives as potent CHK-1 inhibitors with syner-
gistic effects with DNA-damaging agents in tumor cells.

The synthesis of 4-(aminoalkylamino)-3-benzimidazole-
quinolinone is shown in Scheme 1. Reaction of ethyl
2-benzimidazole-acetate with 1-N-p-methoxy-benzyl
(PMB) protected isatoic anhydride16 in the presence of
a base in THF yielded 4-hydroxy-3-benzimidazole-quin-
olinone A in good yields. Conversion of the 4-hydroxy
compound to the corresponding bis-triflate B was
accomplished with triflic anhydride in the presence of
pyridine at �5 �C. Reaction of the bis-triflate with alkyl-
amines via a SNAr reaction was carried out in acetoni-
trile with Hünig’s base at 80 �C. Deprotection of the
PMB group and removal of the triflate group on the
benzimidazole of the intermediate C occurred in one
pot under acidic conditions (trifluoroacetic acid and
concentrated HCl; v/v, 7:1) at 90 �C to yield 4-alkylami-
no-3-benzimidazole-quinolinone (4-alkyl ABIQ) com-
pounds in good yields.17

Unsubstituted 4-aminobenzimidazolequinolone 1 has
moderate activity (IC50 = 0.73 lM) against CHK-1. A
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Scheme 1. Preparation of CHK-1 inhibitors.
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NH group at C-4 is favorable for the potency. Presum-
ably, a hydrogen-bond donor at C-4 or simply a small
size hydrogen is important for keeping the two bicycles
in a co-planar configuration. Replacement of the C-4
amine group with a hydroxy group reduced the potency
by 4-fold, while the 4-diethylamino analog 3 was
inactive.
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tions. The hydrogen bond donor–acceptor–donor

The affinity of ABIQ analogs was sensitive to substitu-

(DAD) motif of the quinolinone and benzimidazole
interacts with the lower hinge of the ATP-binding pock-
et. Methylation at N-1 eliminated the hydrogen-bond
interaction with the protein and abolished activity. Sim-
ple 4-alkylamino groups were tolerated with moderate
success (data not shown). Furthermore, an aminoalkyl-
amine, e.g., (S)-3-aminoquinuclidine, introduced at the
4-position of product 4, led to a dramatic increase in
potency. To further explore the SAR of the C-4 alkyl-
amine group and the effect of substituents on the A-ring,
a set of amino-containing ABIQs was prepared. Table 1
highlights the inhibitory properties of representative
amine-containing alkyl ABIQs. The inhibition of
CHK-1 activity was dependent on the nature of amino-
alkyl group, especially its stereochemistry. For example,
compound 5 was 60-fold less potent than its enantiomer
4 although the effect was less striking for the enantio-
meric pair 9 and 10.

To better understand the interactions of these inhibitors
with the CHK-1 protein, a co-crystal structure of com-
pound 11 with CHK-1 was obtained.18 The co-crystal
structure showed that the inhibitor formed hydrogen
bonds with Glu85 and Cys87 in the hinge region,
explaining the general kinase affinity of this ABIQ scaf-
fold. Significantly improved potency for the amino
groups at 4-position was derived from the strong inter-
actions of the tertiary-amine of 11 with an acidic patch
formed by Glu91 and Glu134, as shown in Figure 1.19

This charge–charge interaction also greatly improved
selectivity of this series of inhibitors against many other
kinases (cdk and cdc data are shown below).20 Several
inhibitors in the literature occupied the same ATP-bind-
ing pocket. However, none of the known inhibitors has
fully utilized the acidic patch.14,15

The ability of the aminoalkyl ABIQ to inhibit CHK-1
activity was also sensitive to the substitution on the
A-ring of the quinolinone. Thus, modification of the
substitutions on the A-ring provided a series of potent
ABIQ-containing CHK-1 inhibitors (IC50 < 1 nM).
X-ray crystal structure shows a hydrophobic space near
C-6. Thus, substitutions at position C-6 are well tolerat-
ed. Medium size groups, such as methyl and chloro,
enhanced the activity more than 10-fold (compounds
6–9 and 11–13). Multiple substitutions on the A-ring
diminished the affinity (compound 14), while any group
at position C-8 (methyl in compound 15) was detrimen-
tal to the activity.
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Figure 2. Synergestic effect of compound 11 with CPT.

Table 1. IC50 of CHK-1 inhibitors
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Figure 1. X-ray co-crystal structure of ABIQ 11 with CHK-1.
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An ideal CHK-1 inhibitor would be minimally cytotox-
ic, while enhancing the anti-tumor effect of a real cyto-
toxic agent that would be used in combination with
the inhibitor. Our CHK-1 inhibitors have shown excel-
lent selectivity over a panel of kinases including those
regulating the cell cycle, but these compounds have also
shown cytotoxicity to tumor cell lines. Compound 11
had an IC50 of 0.32 nM for CHK-1 with an EC50 of
80 nM (breast cell line MDA-MB-435), while its selectiv-
ity ratio for cdk2/cyclin A, cdk4/cyclin D, and cdc2/
cyclin B was over 500-, 5000-, and 1500-fold, respective-
ly.21 More importantly, this class of compounds was
synergistic with known cytotoxic agents. When
MDA-MB-435 cells were treated with compound 11
and camptothecin (CPT), an inhibitor of topoisomerase
1, compound 11 significantly accelerated cell death
(Fig. 2).22,23 This represents a new example of small
molecule CHK-1 inhibitors having synergistic activity
with traditional cytotoxic agents.

In summary, we have identified a novel class of small
molecule CHK-1 inhibitors. The current synthetic
approach provided us with easy access to structurally
diverse 4-(aminoalkylamino)-3-benzimidazole-quino-
linones. These inhibitors were potent, selective, and able
to enhance anti-tumor effect in conjunction with cyto-
toxic agents. Their PK properties in rodents and in vivo
efficacy data will be reported in due course.
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