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The development of a novel series of piperazinyl pyrimidines as c-secretase modulators for potential use
in the treatment of Alzheimer’s disease is disclosed herein. Optimization of a screening hit provided a ser-
ies of potent c-secretase modulators with >180-fold in vitro selectivity over inhibition of Notch cleavage.
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Alzheimer’s disease (AD) is a debilitating illness that represents a
significant unmet medical need.1 The number of people afflicted
with the disease worldwide is expected to triple by the year 2050.2

While there are symptomatic treatments available, there is currently
no treatment that is considered disease-modifying.3 The primary
pathological event in sporadic and familial AD is the extracellular
accumulation of amyloid-b (Fb) peptides and formation of amyloid
plaques.4 One strategy for developing a disease-modifying AD ther-
apy has been to reduce or eliminate the production of Fb peptides
through inhibition of c-secretase, which generates Fb peptides from
the amyloid precursor protein (APP).

Several c-secretase inhibitors are currently in clinical trials.5

The major side effects observed with c-secretase inhibitors are
thought to be associated with blocking the processing of Notch, a
transmembrane receptor which is also a substrate of c-secretase.6

To avoid Notch-related toxicity we pursued a strategy that focused
on the discovery of a small molecule that modulates the processing
of c-secretase substrates, specifically targeting reductions in Ab42.
The pathogenic Ab42 peptide fragment is thought to play a more
significant role in AD pathology.4 This approach was supported
by recent reports that non-steroidal anti-inflammatory drugs re-
duce Ab42 generation and spare Notch processing and Ab40
production.7,8

We describe herein the synthesis and biological activity of a novel
series of piperazinyl pyrimidine based c-secretase modulators,
which have been the subject of a recent patent application by our
group.9 As part of our screening campaign, we identified 1 which
ll rights reserved.

in).
selectively inhibited the production of Fb42 over Fb40
(IC50 � Fb42 = 1912 nM and IC50 � Fb40 = 3736 nM; Figure 1).10

Preliminary SAR studies led to the discovery of 2, a more selective
c-secretase modulator (IC50 � Fb42 = 169 nM and IC50 � Fb40 =
2953 nM), which was identified as a lead candidate. Encouraged by
the structural simplicity and degree of selectivity of this lead candi-
date, we initiated a lead optimization campaign.

The general synthetic approach employed to prepare analogs of
1 is outlined in Scheme 1. Regioselective nucleophilic addition of
anilines and aminopyrazoles to 2,4-dichloropyrimidines 3 in the
O 2 ( IC50(nM) Aβ42/40 = 169/ 2953)

Figure 1. Novel class of piperazinyl pyrimidine c-secretase modulators.
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Scheme 1. Synthetic strategy for the preparation of 2,4-disubstituted and 2,4,6-
trisubstituted pyrimidines.

Table 1
In vitro activity of 2,4-disubstituted pyrimidines against Ab42 and Ab40
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presence of base afforded the corresponding 4-aminopyrimidines.
A second addition of 4-methoxyphenyl piperazines to 4 using
microwave irradiation gave the corresponding pyrimidines 1, 2,
5–28.11

Initial SAR studies focused on improving potency, selectivity of
Ab42 against Ab40, and the replacement of the electron rich
anilines which are potential metabolic liabilities. SAR of the 4-
methoxyphenyl piperazine of 1 showed this region to be very
sensitive to modification. For example, attempts to migrate or re-
place the 4-methoxy group led to complete loss in potency. The
piperazine ring proved to tolerate substitution, with minor
changes often leading to very little change in potency; however,
there was one important exception. Introduction of a gem-di-
methyl group into the piperazine ring improved potency of Ab42
inhibition but had very little effect on Ab40 inhibition ( Fig. 1 ,
1?2). The conformation of the 4-methoxyphenyl piperazine of 1
and 2 sample different conformational spaces as shown in Figure
2.12 This subtle difference in the conformational space, especially
the orientation of the 4-methoxyphenyl group with respect to
the aniline group, may contribute to the observed 17-fold Ab42
selectivity of 2. Given the improvement in selectivity, future SAR
continued with 2 as the lead candidate.

We then turned our attention toward exploring the SAR profile
of the 1,4-benzenediamine moiety (Table 1). Removal of the
4-diethylamino group led to a loss in potency that could be
partially recovered via introduction of a 4-ethoxy group (5, 6).
Interestingly, removal of the 5-methyl group led to a 10-fold loss
in potency, whereas introduction of an isopropyl group in the same
position resulted in a 10-fold improvement in potency (7, 8). Using
this observation to our advantage, we were able to remove the 4-
ethoxy group while maintaining potency by introduction of a
tert-butyl group at the 5-position (9). The introduction of a phenyl
Figure 2. Two most diverse representative conformers of 1 (left) and 2 (right) are
shown above.12
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ring at the 5-position led to a loss of potency (10). The methyl
group in the 2-position proved to be important for both potency
and selectivity (11). The importance of the 5-tert-butyl and 2-
methyl groups for potency and selectivity is further supported by
the fact that the 3-tert-butyl-1-methyl-1H-pyrazol-5-amine is a
good isostere for the 5-tert-butyl-2-methylaniline (9 vs 12). We



Table 3
In vitro activity of 2,4,6-trisubstituted pyrimidines against Notch cleavage

Compound Notch IC50
13 (nM) Notch IC50/Ab42 IC50

19 6140 180
22 >50,000 >250
23 >50,000 >190
24 28,840 270
25 >50,000 >230
26 >50,000 >210
27 >50,000 >190
29 34,430 390
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continued our SAR studies with 9 since 5-tert-butyl-2-methylani-
line was potentially less prone to metabolism than 4-ethoxyaniline
or 1,4-benzenediamine moieties.

Preliminary SAR studies showed that the 6-position of the
pyrimidine ring of 9 was a permissive region for polar groups. With
this in mind, we focused our SAR efforts in this area with the goal
of concurrently improving potency and the physical parameters of
9 (Table 2). In our survey we found that polar groups were well tol-
erated in this region with potency retained and physical parame-
ters improved. Of all the polar substitutions examined,
Table 2
In vitro activity of 2,4,6-trisubstituted pyrimidines against Ab42 and Ab40
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hydroxymethyl 19 was the most potent which may be due to the
gain of a hydrogen bond interaction.

Several lead compounds were profiled in a Notch cleavage as-
say13 and found to have at least a 180-fold selectivity ratio be-
tween inhibition of Ab42 and Notch cleavage (Table 3).

In summary, a novel class of piperazinyl pyrimidines was dis-
covered which demonstrates potent and selective in vitro inhibi-
tion of Fb42 over Ab40 production and at least 180-fold
selectivity over inhibition of Notch cleavage. The SAR studies are
highlighted by the significant improvement in Fb42/Ab40 selectiv-
ity via introduction of the gem-dimethyl group. These results sup-
port that modulating the cleavage site of c-secretase substrates
with small molecules may prove to be an effective anti-amyloid
therapeutic strategy while avoiding Notch-related toxicities.
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