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Design and synthesis of quinolin-2(1H)-one derivatives
as potent CDK5 inhibitors
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Abstract—Cyclin-dependent kinase 5 (CDK5) is a serine/threonine protein kinase and its deregulation is implicated in a number of
neurodegenerative disorders such as Alzheimer’s disease, amyotrophic lateral sclerosis, and ischemic stroke. Using active site homol-
ogy modeling between CDK5 and CDK2, we explored several different chemical series of potent CDK5 inhibitors. In this report, we
describe the design, synthesis, and CDK5 inhibitory activities of quinolin-2(1H)-one derivatives.
� 2007 Elsevier Ltd. All rights reserved.
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Figure 1. CDK5 inhibitors.
Cyclin-dependent kinase 5 (CDK5) is a serine/threonine
protein kinase believed to play a critical role in the early
development of the central nervous system.1,2 It has no
known involvement in cell cycle progression, but it is
shown to be involved in cellular processes such as neuronal
differentiation,3 cell adhesion,4 and axonal guidance.5

Recently, a large body of evidence suggests that deregu-
lation of CDK5 is implicated in the pathology of a num-
ber of neurodegenerative disorders.6–8 As a
consequence, CDK5 inhibitors are of potential thera-
peutic uses for diseases such as Alzheimer’s disease,6

Parkinson’s disease,7 amyotrophic lateral sclerosis,8

and ischemic stroke.9 Several different classes of
CDK5 inhibitors have recently appeared in the
literature.10

From high throughput screening efforts, we identified a
series of acyclic thiazolo-urea compounds as potent
CDK2 and CDK5 inhibitors.11,12 Based on the co-crys-
tal structure of CDK2 and acyclic urea 1 (Fig. 1, CDK2
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IC50 = 4.6 nM; CDK5 IC50 = 15 nM), we developed an
active site homology model of CDK5 for further explo-
ration and optimization of potent CDK5 inhibitors.13

To mimic the intramolecular hydrogen bond between
N1 and N3–H in urea 1, which was believed to help
pre-organize the inhibitor to a U-shaped binding con-
formation, we investigated ring-constrained CDK5
inhibitors (Fig. 1). We recently described a series of
3,4-dihydro-1H-quinazolin-2-ones that showed potent
CDK5 inhibitory activities (2, CDK5 IC50 = 79 nM).13

To extend our investigations of ring-constrained sys-
tems, we examined the analogous quinolin-2(1H)-one
derivatives. We proposed that quinolin-2(1H)-one deriv-
atives such as 3 should overlay ideally with the core
structures of the 3,4-dihydro-1H-quinazolin-2-ones and
the same donor–acceptor hydrogen bond pattern for
binding would project to the linker residues of the
CDK5 active site. Herein we report the design, synthesis,
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and CDK5 inhibitory activities of the quinolin-2(1H)-
one derivatives.

A general synthesis of the quinolin-2(1H)-one deriva-
tives is outlined in Scheme 1. Treatment of commercially
available thioisonicotinamide 4 with chloroacetoacetate
in refluxing MeOH provided methyl 2-(2-(pyridin-4-
yl)thiazol-4-yl)acetate 5.14 Alkylation of 5 with appro-
priately substituted o-nitro benzylbromides 6 afforded
intermediates 7. Subsequent reductive cyclization of 7
with Fe/NH4Cl in refluxing aqueous EtOH furnished
3,4-dihydro-quinolin-2(1H)-ones 8 in good overall
yield.15 Treatment of 8 with NBS/AIBN in CCl4 at
85 �C proceeded smoothly to provide quinolin-2(1H)-
one derivatives 3, 9a and b, or 9d–f.16 For analogs 9c,
the synthesis was completed with ester hydrolysis using
lithium hydroxide in aqueous MeOH and amide forma-
tion using standard EDCI–HOAt coupling conditions.

An alternative method for synthesizing derivatives
bearing substituents at the 4-position of the quinolin-
2(1H)-one core was employed. As shown in Scheme 2,
compound 5 was hydrolyzed to provide the correspond-
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Scheme 1. Reagents and conditions: (i) ClCH2COCH2CO2CH3,

MeOH, reflux, 12 h; (ii) LiHMDS, THF, �78 �C, 1.5 h; (iii) Fe,

NH4Cl, H2O–EtOH (1:1), 80 �C, 2 h; (iv) NBS, AIBN, CCl4, 85 �C,

2 h; for 9c, additional steps were: (a) LiOH, MeOH, H2O, 75 �C, 2 h;

(b) EDCI, HOAt, iPr2NEt, amine, CH2Cl2, 0 �C—room temperature,

12 h.
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Scheme 2. Reagents and conditions: (i) LiOH, H2O, MeOH, 75 �C,

2 h; (ii) EDCI, HOAt, iPr2NEt, CH2Cl2, 0 �C—room temperature,

12 h; (iii) KOtBu or LiHMDS, THF, 0 �C—room temperature, 12 h.
ing acid 10, which was coupled to o-substituted anilines
11 using EDCI–HOAt to afford key intermediates 12.
Treatment of 12 with strong bases such as KOtBu or
LiHMDS led to the formation of the 4-substituted quin-
olin-2(1H)-one derivatives 13a–g.17

To prepare a wide range of analogs that were intended
to replace the pyrid-4-yl group of 3, a flexible three-step
parallel synthesis strategy based on thiazole ring forma-
tion was developed (Scheme 3). Using this method, read-
ily available 2-aminobenzaldehydes 14 were reacted with
diketene to provide 3-acetyl-quinolin-2(1H)-ones 15 in
good yield.18 Treatment of 15 with 5,5-dibromobarbitu-
ric acid (0.55 equiv) in refluxing THF afforded the versa-
tile intermediate 3-bromoacetyl-quinolin-2(1H)-ones 16,
which precipitated out upon cooling of the reaction mix-
ture.19 In the final step, thiazole formation of 16 with a
variety of thioamides in MeOH furnished quinolin-
2(1H)-one derivatives 17a–p.14 In most cases the final
products precipitated from the reaction mixtures and
simple filtration was sufficient for obtaining final prod-
ucts with >95% purity. It should be noted that this
chemistry was also applied to the synthesis of inhibitors
9g–i, wherein two sequential steps of ester hydrolysis
and amide formation were followed.

The derivatives prepared in this study were evaluated for
their ability to inhibit purified human CDK5. Com-
pounds were screened in an HTRF human CDK5/p25
assay that was run in the presence of 25 lM ATP and
1 lM histone-H1. The IC50 values were determined from
dose–response curves and are reported in Tables 1–4 as
the average of two replications (unless otherwise
indicated).

To validate the quinolin-2(1H)-one as a viable alterna-
tive core to the 3,4-dihydro-1H-quinazolin-2-one, we
prepared compound 3 and found it to be a potent
CDK5 inhibitor (IC50 = 54 nM). With this encouraging
result, we started our investigation by systematically
introducing various modifications at the 5-, 6-, and 7-
positions of the quinolin-2(1H)-one core. Table 1 high-
lights the findings. At the 5-position, an ester group
was well tolerated (9a, IC50 = 33 nM), but a carboxyl
group was detrimental to activity (9b, IC50 > 10 lM).
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Table 1. SAR of substituted 3-(2-pyridin-4-yl-thiazol-4-yl)quinolin-

2(1H)-ones

N
S

N

N O

H

R5

R7

R6

Compound R5 R6 R7 CDK5/p25

(IC50; nM)a

3 H H H 54 ± 33

9a CO2Me H H 33 ± 25

9b CO2H H H >10,000

9c N

O

H H 480 ± 100

9d H F H 110 ± 69

9e H Cl H 11 ± 7.0

9f H H CF3 6.3b

9g H H N

O

N 8.3b

9h H H N

O

N

4.4 ± 0.7

9i H H N

O

2.7b

a At least two independent experiments were performed for each

compound to determine the IC50 values.
b One experiment was performed to determine the IC50 value.

Table 2. SAR of substituted 3-(2-pyridin-4-yl-thiazol-4-yl)quinolin-

2(1H)-ones

N
S

N

N O

H

R6

R4

Compound R4 R6 CDK5/p25 (IC50; nM)a

3 H H 54 ± 33

13a OH H 160 ± 98

13b H 470 ± 220

13c CH3 H 2800 ± 1500

13d NH2 H 11 ± 7.0

13e NH2 Cl 3.8b

13f NH2
N 250 ± 210

13g NH2
N

N
120 ± 36

a At least two independent experiments were performed for each

compound to determine the IC50 values.
b One experiment was performed to determine the IC50 value.

Table 3. SAR of pyridin-4-yl replaced thiazol-4-yl-quinolin-2(1H)-

ones

H
N O

N
S

R

Compound R CDK5/p25 (IC50; nM)a

3
N

54 ± 33

17a 1400 ± 81

17b
S

410 ± 190

17c
N

50 ± 26

17d

Cl

>10,000b

17e
Cl

>10,000b

17f
Cl

>10,000b

17g
NH2

170 ± 77 nM

17h
OH

24 ± 15

17i
O

>10,000b

a At least two independent experiments were performed for each

compound to determine the IC50 values.
b One experiment was performed to determine the IC50 value.
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Tertiary amido groups were then incorporated at this
position. It had been established earlier that such amido
groups at the corresponding position in the acyclic urea
series were beneficial for activities (data not shown).
Surprisingly, we did not observe a similar SAR trend
in the quinolin-2(1H)-one series. The best of these amido
analogs, a diethylamido derivative 9c, was only moder-
ately active (IC50 = 480 nM). While the 6-fluoro analog
9d was slightly less active than compound 3, the 6-chloro
analog 9e was about 5-fold more potent (IC50 = 11 nM).
As in the 3,4-dihydro-1H-quinazolin-2-one series, the 7-
position was found to be the most permissive to modifi-
cations.13 For example, introduction of a CF3 group (9f)
increased the potency by approximately 9-fold. In con-
trast to the SAR trend observed at the 5-position, a vari-
ety of analogs containing tertiary amido groups at this
position were among the most potent CDK5 inhibitors
in this series with IC50 values ranging from 2.7 to
8.3 nM (9g–i). This was not very surprising since the
CDK5 active site homology model suggested that the



Table 4. SAR of pyridin-4-yl replaced thiazol-4-yl-quinolin-2(1H)-one

arylsulfone derivatives

H
N O

N
S

R

Compound R CDK5/p25 (IC50; nM)a

3
N

54 ± 33

17j
S

O O

29 ± 19

17k
S

O O

N

10 ± 1.1

17l S
O O

S 2.1 ± 1.1

17m
S

O O

Cl

240 ± 150

17n S
O O 300 ± 160

17o S
O O

6900 ± 1000

(±)-17p S

O

120 ± 47

a At least two independent experiments were performed for each

compound to determine the IC50 values.
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7-position is close to a solvent exposed area from the ac-
tive site and should be more tolerant to substitutions.

Table 2 summarizes the results from the 4-substituted
quinolin-2(1H)-one derivatives. In comparison to com-
pound 3, substitution with a hydroxyl, phenyl, or methyl
group at this position provided inhibitors 13a, 13b, and
13c that were 3-, 9-, and 55-fold less active, respectively.
However, an amino group at this position provided
superior CDK5 activity. Compound 13d was about 5-
fold more potent than compound 3. With the 4-amino
group in place, additional substituents were amended
at the 6-position. While small electron-withdrawing
group such as chloro resulted in an additional 3-fold in-
crease in potency over 13d, large electron-donating
groups such as 1-piperidinyl or 4-methyl-1-piperizinyl
groups resulted in a 10- to 20-fold decrease in activity
(13e–g).

In the 3,4-dihydro-1H-quinazolin-2-one series, we had
shown that the pyrid-4-yl group was optimal for enzyme
activity.13 In the homology model, it was believed that
the pyrid-4-yl group is engaged in a hydrogen bond net-
work involving a salt bridge formed by two highly con-
served residues Lys33 and Asp144. However,
considering the potential Cyp P450 inhibitory liabilities
frequently associated with pyridyl-containing com-
pounds,20 we investigated replacements for this group.
Facilitated by a three-step parallel synthetic strategy,
we were able to readily access the desired analogs.

Table 3 summarizes the CDK5 inhibitory activities of
selected compounds with alternatives to the pyrid-4-yl
group. Not surprisingly, replacement of the pyrid-4-yl
group with a phenyl group resulted in a significant de-
crease of activity (17a, IC50 = 1400 nM). This may be
attributed to the loss of the ability to interact with the
salt bridge formed between Lys33 and Asp144. Consis-
tent with this observation, the thien-3-yl analog 17b also
exhibited an 8-fold decrease in activity. However, the
pyrid-3-yl analog 17c was equipotent as compound 3,
despite the less than optimal positioning of the 3-N
atom for simultaneous interactions with both Lys33
and Asp144 in the homology model. We attempted to
improve potency of 17a by introducing substituents
onto the phenyl ring. Substitution scanning with chloro
at the 2-, 3-, or 4-position of the phenyl ring of 17a pro-
vided inhibitors with additional loss of activity (17d–f,
Table 3), suggesting unfavorable van der Waals interac-
tions between this portion of the inhibitor and the active
site of CDK5. However, a closer examination of the
homology model revealed that the Lys33–Asp144 salt
bridge was at the edge toward a solvent exposed area.
We reasoned that certain hydrophilic substituents at
the 4-position of the phenyl ring may be tolerated. In-
deed, we found that introduction of an amino or a hy-
droxyl group at the 4-position afforded potent
inhibitors 17g and 17h, with the latter being 2-fold more
potent than compound 3. The observed potency
increases may be attributed to the favorable interactions
of the amino or the hydroxy group with the
Lys33–Asp144 salt bridge. The hydrogen donor abilities
of these groups appeared to be important, as the 4-meth-
oxy derivative 17i was >400-fold less active than 17h.

In order to probe different potential binding interactions
at the CDK5 active site, we explored other structurally
diverse pyrid-4-yl alternatives. We discovered an inter-
esting series of quinolin-2(1H)-one arylsulfone deriva-
tives as potent CDK5 inhibitors (Table 4). For
example, arylsulfone derivatives 17j, 17k, and 17l exhib-
ited potencies of 29, 10, and 2.1 nM, respectively. The
aryl ring was found to be sensitive to modifications as
seen with the introduction of chloro at the 4-position
of the phenyl ring of 17j leading to >8-fold decrease in
activity (17m, IC50 = 240 nM). Attempts to replace the
aryl rings with simple alkyl groups were unsuccessful.
While the methylsulfone derivative 17n retained moder-
ate potency, the tert-butylsulfone analog 17o was >240-
fold less active. Finally, we determined that the sulfone
moiety was important for activity. As shown in Table 3,
the corresponding mono-sulfoxide analog of 17j dis-
played an IC50 of 1100 nM ((±)-17p).

To better understand the binding mode of the quino-
lin-2(1H)-one arylsulfone inhibitors, we chose 17j as a
representative example and modeled it in the CDK5
active site.21 In the model illustrated in Figure 2, the
inhibitor binds in a J-shaped conformation whereby
the quinolin-2(1H)-one core forms two key hydrogen
bonds to Cys83 in the linker. Consistent with the



Figure 2. Binding model of compound 17j in the active site of CDK5.

Proposed H-bonding network is shown in green. Carbon atoms of

compound 17j are shown in green, carbon atoms of active site residues

in brown, nitrogen atoms in blue, oxygen in red, and sulfur in yellow.
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3,4-dihydro-1H-quinazolin-2-one series, and our origi-
nal hypothesis, the thiazole ring extends into the con-
served hydrophobic pocket lined in part by Phe80 and
forms an edge-to-face van der Waals interaction with
Phe80. The phenyl group of the arylsulfone moiety
provides additional hydrophobic interactions. Interest-
ingly, one of the oxygen atoms of the sulfone moiety
interacts with the Lys33–Asp144 salt bridge by form-
ing a hydrogen bond to the e-NH2 group of Lys33,
while the other oxygen atom forms a potential hydro-
gen bond with the backbone NH of Asp144. This
mode of interaction differs significantly from that of
the pyrid-4-yl group in the co-crystal structure of
CDK2 and inhibitor 1 and provides a rational basis
to explain the observed SAR trends of these quino-
lin-2(1H)-one arylsulfone inhibitors.

To summarize, using active site homology modeling
based on crystallographic data from the acyclic urea
1/CDK2 complex, we rationally designed and synthe-
sized a novel series of quinolin-2(1H)-one derivatives
as potent CDK5 inhibitors. From these studies, we
found that the 4-amino substituent at the quinolin-
2(1H)-one core was well tolerated and the 7-position
was the most permissive for modifications. In our ef-
fort to explore pyrid-4-yl alternatives, we discovered
a series of arylsulfone compounds as potent CDK5
inhibitors. A binding model was developed for an
exemplary compound from this class of compounds
to account for the major binding interactions. Further
investigations toward improving solubility and selec-
tivity of the quinolin-2(1H)-one derivatives will be re-
ported in due course.
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