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Rapid assembly of diverse and potent allosteric Akt inhibitors
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Abstract—This paper describes the rapid assembly of four different classes of potent Akt inhibitors from a common intermediate.
Among them, a pyridopyrimidine series displayed the best intrinsic and cell potency against Akt1 and Akt2. This series also showed
a promising pharmacokinetic profile and excellent selectivity over other closely related kinases.
� 2008 Published by Elsevier Ltd.
Akt is a serine/threonine kinase that is a key regulator of
apoptosis and directly phosphorylates several proteins
that are part of the cell survival machinery.1,2 Akt has
also been shown to be involved in the regulation of cell
cycle progression, cell proliferation, and cell growth.1,2

Thus Akt activation plays a critical role in tumorigenesis.
This is supported by the common observation of dysreg-
ulation of Akt in the development of human cancer.2a–f,3

Therefore, Akt inhibitors have potential as a new thera-
peutic treatment for cancer and may induce apoptosis
alone or in combination with standard cancer
chemotherapeutics.

The three isoforms of human Akt (Akt1, Akt2, and
Akt3) have an amino terminal pleckstrin homology
(PH) domain and a kinase domain separated by a 39-
amino acid hinge region. They share more than 80%
of their amino acid identities.2a,b,4 In addition, Akt be-
longs to the AGC family of kinases and shares high
homology with PKA and PKC. Therefore, it is a chal-
lenge to develop isozyme selective and Akt specific (vs
the AGC family of kinases) inhibitors. Recently, leading
compound 1 was found to reversibly inhibit the activity
as well as the activation of Akt1 and Akt2, but not
Akt3.5–7 It was shown that inhibition of both Akt1
and Akt2, but not Akt1 or Akt2 alone, was sufficient
to maximally sensitize tumor cells to apoptotic stimuli.
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This sensitization was not reversed by over-expression
of a functionally active Akt3. In addition, compound 1
is PH domain-dependent and also specific for Akt over
other closely related kinases. Our goal is to develop
highly specific Akt inhibitors for therapeutic use that
are devoid of off-target activities.
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Optimization of potency for 1 by library synthesis led to
compound 2 which induced apoptosis,5–7 but displayed
a high molecular weight and limited solubility. To elim-
inate these problems as well as improve potency and
physical properties, we modified the quinoxaline tem-
plate. We communicate here a rapid assembly of potent
Akt1 and Akt2 dual inhibitors with diversified core
structures from a common intermediate.

The earlier SAR studies of quinoxalines pointed out the
importance of 2,3-diphenyl substituents and the N-1
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Scheme 1. Synthesis of the common intermediate 8.

Table 1. Akt activities of tetrasubstituted pyridines

N

Ph

R

NC

N

N NH

O

9

Compound R Akt1 IC50 (nM) Akt2 IC50 (nM)

8 Cl 253 ± 47 7356 ± 5104

9a NH2 495 ± 240 2062 ± 1021

9b NHMe 2249 ± 915 8141 ± 2584

9c NMe2 8457 ± 975 15390 ± 692

9d OMe 5548 ± 1660 37720 ± 8779

Table 2. Akt activities of pyrazolopyridines

N

Ph

N

N NH

O

N
N

R

H2N 10

Compound R Akt1 IC50 (nM) Akt2 IC50 (nM)

10a H 86 ± 9 7356 ± 5104

10b Me 121 ± 22 556 ± 26

10c CH2CH2OH 131 ± 12 1228 ± 26

10d
HN

N

21 ± 6 839 ± 53
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heteroatom.5 Taken together with the known versatility
of 2-chloro-3-cyanopyridine functionality,8 we envi-
sioned pyridine 8 (Scheme 1) as a common intermediate
to generate analogs with different heterocyclic cores.
Compound 8 was easily obtained in five steps from
ketone 39 (Scheme 1). Condensation of 3 with N,N-
dimethylformamide dimethylacetal gave 4, which
cyclized with 2-cyanoacetamide to afford pyridone 5.
Treatment of 5 with phosphorus oxychloride produced
chloropyridine 6. Radical bromination followed by dis-
placement with suitably substituted amines generated
the proposed intermediate 8.

Compound 8 served as a powerful common intermediate
and afforded different heterocyclic systems in just one
further step including: (a) tetrasubstituted aminopyri-
dines or alkoxypyridines (9) via the displacement of
the chlorine atom; (b) pyrazolopyridines (10) through
the reaction with hydrazines; (c) furopyridines (11)
via the reaction with glycolates; and (d) pyridopyrimi-
dines (12) through the reaction with amidines (Scheme 2).

The Akt activities10 of selected tetrasubstituted pyri-
dines are shown in Table 1. Chloropyridine 8 provided
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Scheme 2. Synthesis of different core structures from 8.
encouraging results (Akt1 IC50 = 253 nM, Akt2
IC50 = 7356 nM). However, its analogs, aminopyridines
(9a–c) or alkoxypyridine (9d), offered lower potency
against both Akt1 and Akt2.
Table 3. Akt activities of pyridopyrimidines

N

N

N NH

O
N

N

NH2

R

12

Compound R Akt1 IC50

(nM)

Akt2 IC50

(nM)

Caspase 3-fold

induction*

12a OH 244 ± 146 577 ± 300 1.4

12b NH2 107 ± 76 274 ± 148 2.2

12c H 81 ± 48 259 ± 150 2.7

* @ 4000 nM.
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We then turned our attention to bicyclic cores. Shown in
Table 2 are the Akt activities of selected pyrazolopyri-
dines. In this series, the Akt1 potency was greatly im-
proved with the best compound (10d) displaying an
Akt1 IC50 = 21 nM. However, its Akt2 IC50 was still
839 nM. These compounds were not active in cells as
they were not able to sensitize LNCaP cells toward
apoptosis in a caspase 3 induction assay (no induction
was observed at 4000 nM in the presence of TRAIL).11

Their weak Akt2 activities might be responsible for the
lack of cell potency.

We also investigated furopyridines as another6,5 fused
system represented by compound 11. This compound
gave good Akt activity: Akt1 IC50 = 40 ± 18 nM, Akt2
IC50 = 237 ± 123 nM. More importantly, it displayed
good caspase 3 induction activity (fold induction = 5.2
at 4000 nM).11 Further quantitative measurement of
its ability to inhibit Akt phosphorylation in cells showed
encouraging results: Akt1 IC50 = 256 nM and Akt2
IC50 = 1200 nM).12
Table 4. Optimization of pyridopyrimidines
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Fused [6,6] pyridopyrimidines also yielded satisfactory
results. Shown in Table 3 are pyridopyrimidines with
activity against Akt1 and Akt2. They also showed good

different 2-substituents. These compounds offer potent

cell activity in the caspase-induction assay.11 The 2-non-
substituted 12c and the 2-amino substituted 12b dis-
played better intrinsic potency and greater fold
induction in the caspase 3 assay.

With the initial encouraging results of 2-unsubstituted
pyridopyrimidines, we further optimized this series by
modifying the terminal benzimidazolone group (Table
4). Clearly, the terminal groups had a great impact on
the compounds’ Akt activity. While purine (13a) and
N

R

nM) Cell IC50 (nM)

Akt2 Akt1 Akt2

259 ± 150 1834 5084

696 ± 5 nd nd

281 ± 26 221 ± 63 344 ± 112

239 ± 18 277 1811

85 ± 30 463 1198

99 ± 8 295 468



Table 5. Akt1 fold-selectivity of pyridopyrimidines

Compound Akt2 Akt3 Akt1-dPH SGK PKA PKC

13c 13 105 >2800 >2800 nd nd

13e 7 40 >3400 >3400 >2700 1862
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methylbenzimidazole (13b) gave similar results to benz-
imidazolone (12c), fluorobenzimidazole (13c), pyridopy-
razole (13d), and isopurine (13e) displayed much more
potent enzyme activities against Akt1 (IC50 6 20 nM)
and Akt2 (IC50 � 100 nM). Further, they were also very
active at inhibiting Akt phosphorylation in cells.12 It
should be noted that pyridopyrimidine 13c and furo-
pyridine 11 share the same terminal fluorobenzimidazole
group and have similar Akt activity. Further, these com-
pounds generally have good solubility in common or-
ganic solvents and acidic aqueous solution (pH < 4).

Initial pharmacokinetic studies in dogs showed promis-
ing profiles for the pyridopyrimidines. For example,
compound 13c had a long half-life (t1/2 = 2.8 h) with a
low clearance (Cl = 5.6 mL/min/kg).13

We also examined the selectivity of these compounds for
Akt1 versus Akt2, Akt3, and other closely related ki-
nases. Akt1 fold selectivities for 13c and 13e over related
kinases are shown in Table 5. In general, these com-
pounds behaved similarly to compound 2. They dis-
played a modest level of selectivity against Akt2 and a
high level of selectivity against Akt3. Their activity
against Akt1 required the presence of the PH domain
and they were not active against other closely related ki-
nases such as SGK, PKA, and PKC.

In summary, we have rapidly synthesized four classes of
compounds from a common pyridine intermediate.
Among them, furopyridines and pyridopyrimidines have
been identified as potent dual inhibitors of Akt1 and
Akt2. In addition, pyridopyrimidine compounds have
shown a promising pharmacokinetic profile and an
excellent selectivity profile. Future investigation will fo-
cus on further improving potency to develop clinical
candidates for the treatment of cancer. Efforts along this
line will be reported in due course.
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