
Bioorganic & Medicinal Chemistry Letters 15 (2005) 1973–1977
Substituted aminobenzimidazole pyrimidines as
cyclin-dependent kinase inhibitors
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Abstract—A series of aminobenzimidazole-substituted pyrimidines were synthesized and evaluated for biochemical activity against
CDK1. A high-speed parallel synthesis approach enabled the identification of a potent lead series having improved potency in the
CDK1 assay (IC50 < 10 nM). Cell cycle analysis showed that the compounds induced a G2/M block. Docking studies were carried
out with a CDK1 homology model, and provide a rationale for the observed activities.
� 2005 Elsevier Ltd. All rights reserved.
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c) R = F, IC50 = 430 nM
d) R = H, IC50 > 1,000 nM
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f) R = CF3, IC50 > 1,000 nM
g) R = F, IC50 > 1,000 nM
h) R = H, IC50 > 1,000 nM
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Figure 1. Aminobenzimidazole substituted pyrimidine based CDK1

inhibitors.
The cyclin-dependent kinases (CDKs) represent a family
of serine–threonine protein kinases, which control cell
cycle progression in proliferating eukaryotic cells.1

CDK activity is dependent on the presence of cyclin
partners, whose levels are regulated in a sequential man-
ner to ensure that the phases of the cell cycle proceed in
the correct order.2 Perturbations in CDK function and
consequent loss of cell cycle regulation have been di-
rectly linked to the molecular pathology of cancer.3 As
a result of the strong association between the CDKs
and cancer biology, efforts have been aimed towards
the development of CDK inhibitors for the treatment
of cancer.4

The pyrimidine scaffold is found in several kinase inhib-
itor classes,5 and the use of 2,4,5-trisubstituted pyrimi-
dines as inhibitors of CDKs reported.6 In this context,
the design, synthesis, and testing of a number of kinase
biased analogs was executed, and the bis-2,4-amino-
benzimidazole pyrimidines 1a and 1b were identified as
potent inhibitors of CDK1 (Fig. 1). It quickly became
apparent that the presence of an aminobenzimidazole
group at either the C-2 and/or C-4 positions is critical
for CDK1 inhibitory activity. For example, replacement
of the aminobenzimidazoles at C-2 and C-4 with an
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aminoindole results in IC50 > 1000 nM. Furthermore,
it was observed that trifluoromethyl or bromo groups
were optimal as C-5 substituents, while replacement
with hydrogen or fluorine resulted in 200- and 10-fold
decreases in potency, respectively.

CDK1 inhibition is further exemplified in a cell func-
tional assay by compound 1a, which displays a G2/M
cell cycle arrest in proliferating cells (Fig. 2). When
MDA-MB-231 cells were treated with 3 lM of com-
pound 1a for 24 h, the cells showed a complete block
in the G2/M phase of the cell cycle.4c
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Figure 2. G2/M phase cell cycle arrest of 1a in MDA-MB-231 cells.
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By virtue of their observed activity and potential for effi-
cient analoging, compounds 1a and 1b were selected as
leads for further optimization. Preparation of substi-
tuted pyrimidines was generally straightforward, as de-
scribed in Figure 3. Modification of either the C-2 or
C-4 positions of the lead structure core 1 entailed the
use of a two-step synthetic protocol. Treatment of com-
mercially available dichloropyrimidines of type 2 with 5-
aminobenzimidazole and sodium carbonate in ethanol
at room temperature for 16 h affords C-4 substituted
pyrimidines of type 3.7 Subsequent coupling of arylam-
ines at the C-2 position was then accomplished by heat-
ing chloropyrimidine 3 with the corresponding
arylamine in n-BuOH under acidic conditions at
110 �C for 12 h, to afford compounds of type 4 (route
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Figure 3. Reagents and conditions: (i) 5-aminobenzimidazole, Na2CO3,

EtOH, rt, 16 h, 68%; (ii) Ar–NHR, n-BuOH, cat. HCl, 110 �C, 12 h, 20–

60%; (iii) Ar–NHR, Na2CO3, EtOH, rt, 16 h, 85–99%; (iv) 5-amino-

benzimidazole, n-BuOH, 110 �C, 12 h, 20–60%; (v) (Boc)2O, THF,

Et3N, rt, 16 h, 62%; (vi) n-BuLi, THF, �78 �C to rt, compound 8, 24 h,

55%; (vii) (1) Ar–NH2, n-BuOH, cat. HCl, 110 �C, 12 h, (2) TFA, 45–

55% overall; (viii) (1) K2CO3, CH3CN, Ar–OH or Ar–SH, (2) TFA, 35–

55% overall.
A). Likewise, reversal of these steps as shown in route
B furnished analogs having an aminobenzimidazole
group attached at C-2, as in compound 6. It should be
noted that preparation of the lead analogs 1a and 1b
could be accomplished in one step by heating of chloro-
pyrimidine 2 with 2 equiv of 5-aminobenzimidazole in n-
BuOH at 110 �C for 12 h. For the preparation of
analogs containing an aminobenzimidazole group at
the C-2 position wherein X = CF3, route C was utilized.
This method first involved conversion of 5-aminobenz-
imidazole to its corresponding bis–Boc derivative 8,
obtained as a mixture of regioisomers with respect to
N-Boc substitution on the imidazole ring. Subsequent
coupling of compound 8 with dichloropyrimidine 2
(X = 5-CF3) occurs regioselectively at the C-2 position
to afford chloropyrimidine 9.7 Treatment of chloropyr-
imidine 9 with arylamines as above followed by depro-
tection furnished analogs of type 6. Likewise, the
N-linker could be replaced with either O or S by treat-
ment of chloropyrimidine 9 with the appropriate phe-
nols or thiols.

First, we replaced the aminobenzimidazole group at the
C-2 position with anilines while retaining the amino-
benzimidazole group at the C-4 position of the pyrimi-
dine ring, and the results are summarized in Table 1.
Analogs containing a substituted aniline at the C-2 posi-
tion of the pyrimidine displayed good activity in the
CDK1 biochemical assay, as IC50 values <50 nM were
routinely observed.8 Overall, substitution at the 3- or
4-position of the aniline ring is preferred, as placement
of a substituent at the 2-position results in a loss in po-
tency (e.g., 15). The greatest potency was exhibited by
analogs bearing anilines containing a sulfonamide group
such as compound 10, which displays a 100-fold
improvement in potency compared to lead compound
1a. This result is consistent with docking studies, as
shown in Figure 4.9 In our binding model, the C-2
NH group comes in contact with the hinge region at
Leu83 through two hydrogen bonds, an interaction that
would be determined to be crucial for activity.10 The en-
hanced activity displayed by compound 10 results from
the interaction of the sulfonamide group with Lys89,
Table 1. Activities for C-2 modified analogs

N

NX
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Z

Compound X Y Z CDK1 IC50 (nM)

1a CF3 NH 3,4-NCNH 10

10 CF3 NH 4-SO2NH2 0.1

11 CF3 NH 4-Br 11

12 CF3 NH 3-Cl 22

13 CF3 NCH3 3-Cl >1000

14 Br NH 3-Cl 9

15 CF3 NH 2-Cl >1000

16 CF3 NH 3-CH3 15

17 CF3 NH 4-CF3 15

18 Br NH 4-O-(3-Pyridyl) 248



Figure 4. Docking of compound 10 with CDK1.

Table 2. Activities for C-4 modified analogs
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Z

Compound X Y Z CDK1 IC50 (nM)

1a CF3 NH 3,4-NCNH 10

19 CF3 NH 2-Cl 0.9

20 CF3 NH 3-Cl 3

21 CF3 NH 4-Cl 4

22 Br NH 4-F 4

23 CF3 NH 4-OCH3 8

24 Br NH 3,4-OCH2O 9

25 Br NH 4-O-(3-Pyridyl) 34

26 Br NHCH2 2,3-Dichloro 126

27 CF3 O 2-CH3 4

28 CF3 S 2-CH3 135

29 CF3 O 4-F 32

30 CF3 O 4-Cl 252

31 CF3 O 4-Br 562

32 CF3 O 4-CF3 >1000

33 CF3 O 3-OCH3 160

34 CF3 S 3-OCH3 >1000
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Asp86, and solvent. Furthermore, the CF3 group occu-
pies a hydrophobic region defined by Phe80, Val64,
Leu135, and Ala145. The benzimidazole fragment forms
a hydrogen bond with Gln132 and with the main-chain
carbonyl of Glu12.

In order to validate the importance of the C-2 NH
group, compound 13 which has an N-methyl group
substituted at C-2 was synthesized and tested. As antici-
pated, compound 13 was found to be inactive. The
inability of this analog to hydrogen bond in the hinge re-
gion, crucial for this class of inhibitors, is reasoned to
account for this observation (Fig. 5). Likewise, analogs
having a sterically encumbering group substituted to
the aniline were found to be less potent (e.g., 18). These
results would suggest that potency for the C-2 modified
series is limited to those groups (i.e., benzimidazole, ani-
lines), which are capable of adopting an appropriate
hydrogen-bonding pattern for hinge binding.

We then replaced the aminobenzimidazole group at the
C-4 position while retaining the aminobenzimidazole
group at the C-2 position of the pyrimidine ring, and
the results are summarized in Table 2. The C-4 position
of the molecule tolerated modification to a greater ex-
tent than the C-2 position, as a highly diverse group
of compounds were observed to be potent. The main
reason for this difference as suggested by docking studies
is that the benzimidazole fragment attached at C-2 can
adopt a hydrogen bonding pattern similar to that of
10 (Fig. 4). Unlike the C-2 modified series, C-4 bound
Figure 5. Inability of compound 13 to bind to the hinge region.
anilines tolerated substitution at the 2-position of the
ring (e.g., 19). Among the groups at the C-4 position
which were also found to demonstrate potency in the
biochemical assay were anilines bearing groups which
are sterically encumbering (e.g., 24–25). Groups having
an N-methylene linker (e.g., 26) displayed activity in
the CDK1 biochemical assay as well. Compounds hav-
ing an O-linker at C-4 were also tolerated, and observed
to be more potent than those having an S-linker (e.g., 27
vs 28, 33 vs 34). Substitution of the ortho position of the
phenyl ether ring is tolerated, as well as for the meta and
para positions.

Compound 35 was made with the intention of providing
an analog that would be isosteric with compound 26,
and was observed to be potent in the biochemical assay.
Modeling of compound 35 suggests two hydrogen bonds
between the benzimidazole fragment and Asp86 and
Figure 6. Docking of compound 35 with CDK1.



Table 4. Activities against other kinases

Compound IC50 (nM)

CDK1 CK2 ETK PDGFR p38 ERK1

1a 10 89 400 110 >1000 300

11 11 91 1200 190 >1000 750

19 0.9 510 >1000 290 >1000 >1000

23 8 11 230 33 >1000 >1000

Table 5. Activities against other CDKs

Compound IC50 (nM)

CDK1 CDK2 CDK4

1a 10 19 260

11 11 73 260

19 0.9 20 29

23 8 31 57
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Lys89, while the phenyl from the benzimidazole group is
between Phe82 and Leu135 (Fig. 6). The 5-Br group
binds in the same hydrophobic region as the CF3 group
in compound 10. Likewise, hydrophobic groups at the 4-
position on the pyrimidine ring come in contact with
Val118. Longer side chains such as in compound 35
can also potentially interact with Tyr15.

However, increasing the size of the five-membered ring
of the aminoindane group of compound 35 to the corre-
sponding tetrahydronaphthalene of compound 36, re-
sulted in a drop in potency (Fig. 7). A similar result
was observed for compounds 29–32, wherein potency
decreases as the size of the para-substituent on the C-4
substituted aniline increases (Table 2). These results
would suggest that although larger groups are tolerated
with respect to C-4 substitution of the molecule, there
are spatial limits. One possible explanation could be that
the increasingly larger groups at C-4 disrupt the stabiliz-
ing hydrophobic interaction between the 5-Br (or CF3)
group and Val118, thereby resulting in reduced potency.

Interestingly, replacement of the substituted phenyl
groups with alkyl groups within the O-linked series
was well tolerated in the CDK1 assay (e.g., 37–40, Table
3). Analogs within this series were generally tested below
100 nM, with some less than 5 nM (e.g., 39). Thus, there
is room to further expand this series with respect to po-
tency and structural diversity.

A subset of compounds from these studies were tested
against CDK2, CDK4, and other kinases (e.g., CK2,
ETK, PDGFR, p38, ERK1), and the results are summa-
rized in Tables 4 and 5. The compounds tested showed
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Figure 7. Biochemical potencies of compound 35 and 36.

Table 3. Activities for C-4 O-linked analogs

N

NF3C
O

N
H

N
H

N

R

Compound R CDK1 IC50 (nM)

37 O-Ethyl 77

38 O-Isopropyl 25

39 O-Isobutyl 2

40 O-Cyclohexyl 43
specificity for the CDKs in comparison to the other
kinases, with a preference for CDK1.

In summary, a modular, high-speed route to aminobenz-
imidazole-substituted pyrimidines and their biological
evaluation in the CDK1 biochemical assay has been de-
scribed. The G2/M cell cycle block displayed by com-
pound 1a exemplifies the anti-proliferative properties
for the compounds reported herein. Docking studies uti-
lizing a CDK1 homology model provides a rationale for
the observed activities. Potency in the C-2 modified ser-
ies is limited to those groups, which are capable of
adopting a critical hydrogen bonding pattern to the
hinge region, for example, aminobenzimidazoles and
anilines. The C-4 position can tolerate a greater number
of groups without loss of activity. The presence of a tri-
fluoromethyl or bromo group at C-5 is preferred, while
replacements with fluorine or hydrogen result in loss of
activity. Further pharmacological evaluation of selected
compounds from these series will be reported in due
course.
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