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a b s t r a c t

Led by the structural information of the screening hit with mDM2 protein, a structure modification of
Leu26 moiety of the novel p53–hDM2 inhibitors was conducted. A structure–activity relationship study
of 4-substituted piperidines revealed compound 20t with good potencies and excellent CYP450 profiles.

� 2016 Elsevier Ltd. All rights reserved.

The p53 tumor suppressor protein plays a critical role in the
DNA damage response1,2 and is defective in more than 50% of
human tumors.3,4 Murine mDM2 (or hDM2, the human isoform)
is the main regulator of p53 stability and subjects it to degrada-
tion.5–10 There is a need for effective inhibitors of the hDM2 protein
in order to treat or prevent cancer, other disease states associated
with cell proliferation, diseases associated with hDM2, or diseases
caused by inadequate p53 activity.11,12 In the past few years, small
molecule inhibitors of the hDM2–p53 protein–protein interaction
appear to offer an attractive strategy for cancer therapy.13–16 The
crystal structure of mDM2 bound to p53 revealed that mDM2
has a deep hydrophobic cleft on which the p53 peptide binds as
an amphipathic a helix.17 The interface relies on the steric comple-
mentarity between the mDM2 cleft and the hydrophobic face of
the p53 a helix. In particular, three residues of p53 peptide:
Phe19, Trp23, and Leu26 insert deep into the mDM2 cleft. Thus,
inhibition of p53–mDM2 interaction could be achieved by intro-
ducing a small molecule inhibitor to mimetic p53 peptide, which
has the appropriate three dimensional structure to impact these
hydrophobic binding pockets of mDM2 target protein. Our
research group recently reported the discovery of 3,3-disubstituted
piperidine 1 with hDM2 binding activity.18 To capitalize on this
novel chemical structures of p53–hDM2 inhibitors, a series of lead
optimization efforts were directed to improve upon the potency
and drug properties.19,20 Herein, we focus on the structure
modification on Leu26 binding pockets in our lead series.

The structure of compound 1 in complex with mDM2 protein
was solved using X-ray diffraction data (Fig. 1). On the basis of
the crystal structure, that the piperidine serves as the central core
to hold three subunits in different directions: 4-CF3-nicotinamide
group occupies Phe19 pocket, 4-CF3-phenoxy group inserts deep
into Trp23 pocket and 4-aryl piperizine binds with Leu26 pocket.
The conformation of the central piperidine core and the stereo-
chemistry of C3 position are critical to maintain the potency.
Trp23 and Phe19 binding pockets are sensitive to ligand modifica-
tion and 4-CF3-phenoxy and 4-CF3-nicotinamide were found as
optimal groups for these two binding pockets respectively.
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From the X-ray structure and preliminary SAR study, it was
envisioned that two areas could be explored to improve binding
affinity for this new chemotype. The first strategy relied on
restricting the conformation of the central core;21 the second was
to optimize binding to the Leu26 pocket by targeting interactions
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with His96 and Tyr100 residues of mDM2 protein. 4-Pyridyl piper-
izine group of compound 1 showed potential for p–p stacking with
His96 as well as edge-to-face interaction with Tyr100. Thus, our
group decided to modify the piperazine linker of compound 1 to
probe its effect on such interactions. A comprehensive SAR study
of 4-substituted piperidine analogs on Leu26 moiety is described
herein.

The syntheses of the target compounds are shown in Scheme 1.
Starting from the commercial material 3-piperidone methyl
carbamate (2), the enantiomerically pure 2-R–3-S-isomer 3 was
synthesized and resolved in 4 steps.21 Catalytic hydrogenation
and deprotection of the methyl carbamate with iodotrimethyl-
silane yielded compound 5. Subsequently, amide coupling with
4-trifluoromethyl-nicotinic acid (6) followed by demethylation of

the sterically hindered ester with NaSEt gave acid 8. The final tar-
get compounds were synthesized through the amide coupling
reaction of acid 8 with the corresponding piperidine building
blocks.

Initially, analogs 10, 11 and 12 with phenyl or substituted phe-
nyl groups as Ar group were tested in FP assay and the biological
data (IC50) are summarized in Table 1. From the direct comparison
of 10a–c and 11a–c, the sulfur and oxygen linker were superior to
methylene linker. In terms of substitutions on the phenyl ring,
there were no significant electronic effects when methyl-,
chloro- and cyano-groups were applied. However, in general, the
meta-substitutions show better potencies than ortho- and
para-substitutions. For example, compound 12b was 10 times
more potent than its regioisomers 12a and 11a, and meta-cyano
analog 14b was one of the most potent compounds in this series.

Since the oxygen linker had comparable biological activity and
could potentially be more metabolically stable than the sulfur
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Scheme 1. Reagents and conditions: (a) H2, Pd/C, MeOH, 23 �C, 93%; (b) TMSI, DCM,
23 �C, 55%; (c) HATU, acid 6, DIEA, DMF, 23 �C, 82%; (d) NaSEt, DMF, 80 �C, 75%;
(e) HATU, DIEA, DMF, 23 �C, 60–85%.

Table 1
Enzymatic potency of the analogs with substituted phenyl group

Compd # Piperidine FP IC50

(nM)
Compd # Piperidine FP IC50

(nM)
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Figure 1. Co-crystal structure of compound 1 with mDM2.
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