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The 70-kDa ribosomal protein S6 kinase (p70S6K) is part of the PI3K/AKT/mTOR pathway and has been
implicated in cancer. High throughput screening versus p70S6K led to the identification of aminopyrim-
idine 3a as active inhibitor. Lead optimization of 3a resulted in highly potent, selective, and orally bio-
available pyrazolopyrimidines. In this manuscript we report the structure–activity relationship of this
series and pharmacokinetic, pharmacodynamic, and efficacy data of the lead compound 13c.

� 2012 Elsevier Ltd. All rights reserved.
Table 1
Biochemical activity of compounds 3a–h
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Hyperactivated signaling due to dysregulation of the phosphoin-
ositide 3-kinase (PI3K)/phosphatase and tensin homolog on
chromosome ten (PTEN) pathway is observed in many cancers
and correlates with tumor growth and survival.1 These observations
suggest that inhibitors targeting components of the PI3K/PTEN
kinase cascade may have utility for therapeutic intervention in
cancer, and several excellent reviews describing this strategy have
been published.2–5 The last kinase of the PI3K/AKT/mammalian
target of rapamycin (mTOR) pathway is the 70-kDa ribosomal pro-
tein S6 kinase (p70S6K). p70S6K is a serine/threonine kinase that
belongs to the AGC kinase family.6 In response to activation by a
complex of mTOR with two proteins, Raptor and GbL (this complex
is commonly referred to as TORC1), p70S6K phosphorylates the S6
protein of the 40S ribosomal subunit. Phosphorylation of S6 is in-
volved in translational control of 50 oligopyrimidine tract mRNAs
and ultimately results in upregulation of cellular protein synthesis.7

As part of our overall strategy to develop kinase inhibitors with
different inhibition profiles within the PI3K/Akt/mTOR pathway we
were interested in investigating the selective inhibition of p70S6K,
which has been targeted by other groups as well.8

Our p70S6K research program began with a high throughput
screening campaign of our internal small molecule library
ll rights reserved.
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against p70S6K. This campaign led to the identification of the
4-amino-5-nitropyrimidine-containing inhibitor 3a with an IC50

of 85 nM (no activity below 2000 nM against any other kinase
of our in-house panel), which was considered acceptable for
further structure–activity optimization efforts (Table 1).9 These
efforts consisted of two separate activities which were carried
out in parallel. First, to improve the biochemical activity of 3a
3e N = CH H 196
3f CH = CH H 162
3g CH = N H 107
3h CH = N Me 13
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we embarked on a survey of different substitution patterns on
the phenylpiperazine part of the molecule. A total of 55 com-
pounds were evaluated, and from this set the 2-methyl-5-chlor-
ophenylpiperazine 3b had the lowest IC50 of 3 nM (Table 1).
Second, we were concerned about the potential for multistep
reductive bioactivation forming hazardous metabolites from the
nitro group contained in 3a10 and therefore directed our efforts
to find a replacement for this substituent. Complete removal
(compound 3c) or substitution with other small groups (e.g.,
3d) resulted in significant loss of activity. More successful was
the incorporation of both the nitro and the amino nitrogens in
an imidazole heterocycle. The resulting imidazopyrimidine 3e
exhibited only a twofold loss of activity compared to 3a. Encour-
aged by this result we also prepared the pyrrolopyrimidine 3f
and pyrazolopyrimidine 3g. In particular the pyrazolopyrimidine
3g was almost as active as the original HTS hit 3a. We then syn-
thesized compound 3h to determine if the SAR from the phenyl-
piperazine pattern translated from the nitropyrimidines to the
new pyrazolopyrimidine. Indeed, by making the small change
from 3g to 3h the biochemical activity was increased almost
tenfold. Compound 3h was viewed as lead compound for further
SAR development, considering the improvement of biochemical
activity and reduction of potential metabolic liabilities over
HTS hit 3a. The compounds in Table 1 were prepared by reaction
of commercially available chloropyrimidine analogs or the corre-
sponding bicyclic systems with either 3-chlorophenylpiperazine
or 5-chloro-2-methylphenylpiperazine as illustrated in Scheme 1.

Despite good biochemical activity, compound 3h only had an
IC50 of 1.1 lM in the cellular S6 phosphorylation assay in A549
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Scheme 1. Synthesis of compounds 3 (for detailed structures see Table 1). Reagents
and conditions: (a) EtOH, DIEA, 70 �C, 4–15 h, (for 3c: NMP, DIEA, 180 �C, 16 h; for
3d: DMSO, DIEA, 140 �C, 15 h).

Table 2
Activity of substituted pyrazolopyrimidines
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ID R1 R2 p70S6K IC50 (nM) A549 Cell IC50 (nM) c logP

4 Me H >2000 — 4.0
3h H H 13 1132 3.5
5a H Me 9 500 3.8
5b H Et 6 150 4.3
5c H iPr 16 207 4.7
5d H nPr 6 275 4.9
5e H Br 7 86 4.4
5f H CF3 29 41 4.5
cells (Table 2).11 We therefore planned on increasing the lipophil-
icity of the compounds to improve permeability. To get a better
understanding of which modifications could be beneficial, homol-
ogy models of p70S6K were constructed based on the crystal
structure of active (PDB code 1O6L) and inactive (PDB code
1GZK) Akt (PKB). The model proposed binding of the pyrazole
NH with the carbonyl of Glu173 and the pyrimidine N-7 with the
backbone NH of Leu175 in the kinase hinge region. The model also
predicted that substitution in the 6-position of the pyrazolopyrim-
idine would not be tolerated, since it was too close to the C@O of
the backbone of Leu175. This was confirmed experimentally by
compound 4 (Table 2). On the other side, substitution on C-3 with
a hydrophobic group seemed to be favorable. The synthesis of
compounds 5a and 5b with increased steric bulk in the 3-position
suggested that this proposal was also correct. In addition to a po-
sitive effect on biochemical activity, the structural change resulted
in compounds with increased lipophilicity as indicated by their
N N
H N N

H

9a,b 10a,b

Scheme 2. Synthesis of non-commercial chloropyrazolopyrimidines. Reagents and
conditions: (a) malononitrile, THF, NaH, rt, 16; (b) TMS-diazomethane, Et2O, MeOH,
0 �C, 3 h; (c) hydrazine monohydrate, EtOH, 80 �C, 3 h; (d) formic acid, 110 �C, 4 h;
(e) SOCl2, DMF, reflux, 2 h.

Table 3
Activity of solubilized analogs
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11a Et O NEt2 11 339
12a Et CH2 NEt2 3 211
13a Et NH NEt2 3 184

11b Et O N 5 243

12b Et CH2 N 2 152

13b Et NH N 3 80

11c Et O NMe2 6 143
13c Et NH NMe2 2 45
14 Br NH NMe2 2 43
15 CF3 NH NMe2 4 50



J. Bussenius et al. / Bioorg. Med. Chem. Lett. 22 (2012) 2283–2286 2285
c logP values, and also significantly increased their cellular poten-
cies (Table 2). However, there are limitations to the overall size
of this group. Larger alkyl substituents as in 5c or 5d showed no
benefit in biochemical activity and also led to a reduction in cell
based potency. The SAR motivated us to focus on the improved
lead compound 5b for ongoing optimization. Also of interest were
the bromo-compound 5e and the trifluoromethyl analog 5f, since
both substituents resulted in further improvements in cellular
potency.

For the synthesis of the compounds shown in Table 2 the same
reaction as described in Scheme 1 was used. The required substi-
tuted 4-chloropyrazolopyrimidines were either commercially
available (R2 = H, Me, Et, Br, CF3); or prepared according to Scheme
2 (R2 = iPr, nPr). Condensation of malononitrile with either butyryl-
or isobutyryl chloride afforded enols, which were treated with
TMS-diazomethane to give the enolethers 7a,b. Cyclization of
7a,b with hydrazine provided the pyrazoles 8a,b. Compounds
8a,b were then transformed into the chloroypyrazolopyrimidines
10a,b by condensation with formic acid followed by chlorination
with thionyl chloride.

With compound 5b being very active in the biochemical assay
and also showing good potency in the cell, we were interested in
its pharmacokinetic profile, which was determined in the rat. As
shown in Table 4, the compound exhibited poor oral absorption
and low oral bioavailability. To overcome these liabilities we chose
Table 4
Comparison of rat PK properties of compound 5b with 13c

ID Dose (mg/kg) CL (mL/h/kg) Vd (L/kg) T1/2 (h) IV/P

5b 2.5 1549 6.3 7.1/1.4
13c 2.5 1044 3.7 2.9/3.3
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Scheme 3. Preparation of phenylpiperazines used for products listed in Table 3. Reagent
di-tert-butyldicarbonate, THF, rt, 15 h, 92%; (c) bis(pinacolato)diborane, PdCl2dppf, K
substituted chloroethylamine (a: NR0R00 = NEt2, b: NR0R00 = pyrrolidine, c: NR0R00 = NMe2), C
Pd(OAc)2, TBAC, DMF, 50 �C, 4 h, 69%; (h) amine (a: diethylamine, b: pyrrolidine, c: d
NaOtBu, XANTPHOS, Pd2(dba)3, dioxane, reflux, 5 h.
to incorporate a basic amino group in order to improve aqueous
solubility. Our homology model predicted substitution at C-30 on
the phenyl group as most likely to avoid negative interactions with
the protein. The 40-position on the other hand was too close to the
G-loop of the enzyme to allow appropriate substitution. Evaluation
of compounds with basic amino groups attached via oxygen,
carbon, and nitrogen on C-30 of the phenyl moiety ( 11a–c, 12a
and b, 13a–c, Table 3) indeed showed good tolerance for these sub-
stituents. While all the compounds are very potent, two trends can
be observed. First, the biochemical activities of the C and N linked
compounds are comparable, and both are considerable higher than
the O analogs. For the O analogs the reduced biochemical activity is
also reflected in lower cellular potency. Second, despite almost
identical biochemical activities of the C and N analogs, the N linked
compounds show significantly higher cellular potency. In particu-
lar the dimethyl-aminoethyl-amino analog 13c demonstrates
excellent potency against S6 phosphorylation in A549 cells.
Replacement of the ethyl group on the pyrazolopyrimidine with
a bromo- (14) or trifluoromethyl-substituent (15) did not result
in any improvement of cell based activity over 13c in contrast to
our observations of the unsolubilized analogs 5b, 5e, and 5f.

Ethyl analog 13c also had the best selectivity profile compared
to 14 or 15. When screened against our in-house kinase panel,
compound 13c showed no cross reactivity towards non-AGC
kinases (IC50 >1000 nM). However, some activity towards AGC
O F (%) Cmax (lM) IV/PO AUC/dose (lM h kg/mg) IV/PO

2 6.29/0.03 1.74/0.02
23 1.47/0.15 1.72/0.45
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s and conditions: (a) bis(2-chloroethyl)amine, diglyme, K2CO3, reflux, 24 h, 40%; (b)
OAc, DMSO, 80 �C, 24 h, 48%; (d) H2O2, NaOH, THF, rt, 30 min, quantitative; (e)
s2CO3, DMF, rt, 16 h; (f) HCl, dioxane, MeOH, reflux, 2 min; (g) allyl alcohol, NaHCO3,
imethylamine), NaB(OAc)3H, dichloroethane; (i) corresponding aminoethylamine,
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kinases, particularly Rsk2 (68 nM) and PKA (42 nM) were observed.
For the two Akt isoforms Akt1 and Akt2 only weak activity was
measured (371 and 3021 nM, respectively). Compound 14 on the
other hand had stronger activity against AGC kinases (Akt1:
53 nM, Akt2: 311 nM, Rsk2: 248 nM, and PKA: 25 nM). Addition-
ally, this compound showed some cross reactivity with IC50s
<500 nM against several other targets outside the AGC kinase fam-
ily (e.g., PIM1). Further, the trifluoromethyl-analog 15 was also ac-
tive against AGC kinases (Akt1: 74 nM, Akt2: 477 nM, Rsk2: 24 nM,
and particularly PKA with 6 nM).

On the basis of these in vitro data we decided to take compound
13c forward into in vivo studies. First, the pharmacokinetic profile
of 13c was determined in the rat and the results are summarized in
Table 4. Compared to compound 5b, the absorption and oral bio-
availability were significantly improved. This result in combination
with the high potency led to the advancement of 13c into a mouse
pharmacodynamic study in which the inhibition of S6 phosphory-
lation was measured. In this study 13c demonstrated >60% inhibi-
tion at 100 mg/kg PO dosing in the PC3 prostate carcinoma model.
Compound 13c was subsequently evaluated in a PC3 xenograft effi-
cacy experiment and dosed orally at 30, 100, and 300 mg/kg twice
a day for 14 days. The compound was also active in this study and
showed a good dose–response relationship with 21%, 49%, and 69%
tumor growth inhibition, respectively

Scheme 3 describes the synthesis of highly functionalized phe-
nylpiperazines needed for the preparation of the products shown
in Table 3. Reaction of aniline 16 with bis(2-chloroethyl)amine fol-
lowed by protection with di-tert-butyl dicarbonate yielded iod-
ophenylpiperazine 17. Palladium mediated conversion of 17 into
pinacolester 18 and oxidation with hydrogen peroxide gave phenol
19, which was then alkylated with chloroethylamines followed by
deprotection to afford the phenylpiperazines 20a–c, where the ba-
sic amino group is attached to the phenyl ring via oxygen. The
preparation of the corresponding compounds 22a–c, in which the
basic amine was tethered to the phenyl ring through a propyl lin-
ker, was carried out by Heck reaction of iodophenylpiperazine 17
with allyl alcohol,12 followed by reductive amination and depro-
tection. Finally, the nitrogen linked analogs 23a–c were synthe-
sized by Buchwald–Hartwig amination of 17 followed by
deprotection of the Boc group. The coupling of these phenylpiper-
azines with the respective chloropyrazolopyrimidines was then
carried out again as described in Scheme 1.

In summary, we have outlined the successful optimization of
novel and highly potent p70S6K inhibitors based on the pyrazolo-
pyrimidine structural motif. The resulting lead compound 13c is
selective over other kinases, has a reasonable ADME profile, and
is efficacious in the PC3 xenograft model. Further optimization of
13c leading to clinical candidate XL418 will be reported in due
course.
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