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2,3-Benzodiazepin-1,4-diones as peptidomimetic inhibitors of
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Abstract—2,3-Benzodiazepin-1,4-diones were designed as peptidomimetics at the carboxy terminus of hydroxyamides. Inhibition of
brain Ab production was improved by one of the compounds containing constrained modification.
� 2004 Elsevier Ltd. All rights reserved.
Alzheimer’s Disease (AD) is a progressive neurodegen-
erative disorder marked by loss of memory, cognition,
and behavioral stability. Genetic analysis provides the
best clues for a logical therapeutic intervention to AD.1

Familial early onset forms of AD have been linked to
missense mutations in the b-amyloid precursor protein
(b-APP) and in the presenilin proteins 1 and 2.2 All
mutations found to date affect the quantitative or
qualitative product of the amyloidogenic peptide known
as Ab-protein (Ab). Transgenic animals have been
developed overexpressing b-APP bearing familial
mutations. The animals exhibit certain aspects of AD
histopathology and cognitive deficits.3;4 Additionally,
Ab is neurotoxic in several cell systems including cul-
tured neurons.5 The hypothesized link between Ab and
AD pathology emphasizes the need for development of
small-molecule secretase inhibitors that modulate Ab
production in brain.
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In a recent communication,6 we described a series of
potent inhibitors of c-secretase identified using a cell-
based assay.7 These agents are triamides with two sec-
ondary amide bonds and a third tertiary amide bond.
The greatest reduction of Ab formation, and, hence,
greatest inhibition of c-secretase, was observed in the
tripeptide series as represented by 1 (Fig. 1).

Oral administration of 1 in Tg2576 bAPP-Swedish
transgenic mice3 resulted in insignificant reductions
(15%) of Ab levels in the CNS. This single dose of
200 lmol/kg gave 1833± 196 nM concentration in the
plasma, but only 65± 7 nM in the brain 3 h after dosing.
The lack of significant activity in the brain appears to be
due to the low brain to plasma ratio of this compound.6

To circumvent the potential liabilities of these triamides,
we investigated conformationally constrained analogs.
Several conformationally restricted c-secretase inhibi-
tors have also been described in the patent literature
(Fig. 2).8

Since both the N-terminal and internal secondary amide
bonds were critical for recognition, our starting point
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Figure 1. Design considerations of diazepinediones based on H-bond

motiff recognition patterns (c-secretase IC50’s shown).
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Figure 2. Known conformationally restricted c-secretase inhibitors.
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Scheme 1. Reagents and conditions: (a) (Me)HNNHCH(Me)2, HOAc,

pyridine, reflux, 12 h, 60%; (b) KN(SiMe3)2, )78 �C, trisyl azide, then
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for peptidomimetic design was at the carboxy terminus.
We had only modest success in replacing the tertiary
amide bond with the b-sheet mimetic cis-aminoindanol
in 3.9 Although the cis-aminoindanol moiety was able to
satisfy the carbonyl hydrogen bond requirement,6 it
lacked the binding contribution from the N-methylbutyl
functionality. To satisfy the integrity of hydrogen bond
pattern as well as the contribution from the N-methyl-
butyl moiety, we examined the utility of a 5-amino-2-
methylpyrimidinone moiety. It was hoped that the aryl
group of pyrimidinone would occupy the adjacent
hydrophobic pocket where n-butyl group of 1 was
believed to reside (Fig. 1). A pyrimidinone based
mimetic has been successfully used in the design of
orally active human leukocyte elastase inhibitors.10

Thus, a series of inhibitors incorporating pyrimidinone
were synthesized and tested for c-secretase inhibition.
Compound 4 exhibited weak activity, as it was planar at
the carboxy terminus. Two methyl groups were intro-
duced onto the pyrimidinone 5 to afford greater facial
discrimination. However, compound 5 proved to be
even less active than 4. X-ray crystallographic analysis
of 5 revealed considerable distortion of key carbonyl
group at the carboxy terminus (Fig. 3). To bring the
carbonyl group to the preferred orientation and incor-
porate facial bias, a diazepinedione ring system was
examined. The design features of diazepinedione ring
system are shown in Figure 1.

A convergent approach to the synthesis of inhibitors
containing the diazepinedione moiety is shown in
Scheme 1. The approach involved coupling aminodia-
zepinedione 9 with N-protected alanine using standard
amide bond coupling reagents. Aminodiazepinediones 8
were prepared from the diazepinediones 7 using Evan’s
enolate chemistry and 2,4,6-triisopropylbenzenesulfonyl
azide (trisyl azide).11 The diazepinediones in turn were
prepared by reacting homophthalic anhydride with
substituted hydrazines in refluxing acetic acid. The reg-
ioselective formation of 7 may result from the reaction
of less hindered nitrogen of 1-isopropyl-2-methylhydr-
azine with the more reactive carbonyl group of the
anhydride. The coupled product 10 was isolated by flash
chromatography as a inseparable diastereomeric mix-
ture.

Exposure of 10 to trifluoroacetic acid resulted in re-
moval of the N-terminal t-butoxycarbonyl group to af-
ford the amine salt in 70% overall yield. This material
was coupled with various carboxylic acids mediated by



Table 1. Modifications at the amino and the carboxy terminus

N
H

N
NO
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X
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Compound X R R1 R2 IC50 (nM)a

1 NA NA NA NA 1

2 NA NA NA NA 6

11 H Phenyl Me CH(Me)2 140

12 H 3,5-F,F-phenyl Me CH(Me)2 47

13 H 3-F-phenyl Me CH(Me)2 57

14 H Cyclohexyl Me CH(Me)2 150

15 H 2-Naphthyl Me CH(Me)2 >2500

16 H 2-Pyridyl Me CH(Me)2 Na

17 H 3-Pyridyl Me CH(Me)2 >2500

18 H 4-Pyridyl Me CH(Me)2 >2500

19 H 3,5-(OMe)2phenyl Me CH(Me)2 >2500

20 H 3,5-(CF3)2phenyl Me CH(Me)2 >2500

21 H 2-Furyl Me CH(Me)2 86

22 H 3-Furyl Me CH(Me)2 38

23 H 3-Thienyl Me CH(Me)2 14

24 OH 3,5-F,F-phenyl Me CH(Me)2 5

25 H 3,5-F,F-phenyl CH2CH(Me)2 CH(Me)2 37

26 H 3-Thienyl CH2CH(Me)2 CH(Me)2 4

27 H 3,5-F,F-phenyl CH(Me)2 CH(Me)2 190

28 H 3,5-F,F-phenyl Me Me 5

aValues are means of two experiments, with 16 data points in each experiment.; intra-assay variance <10% (NA¼not applicable). IC50s were

determined using a cell-based assay.7
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polymer bound EDC to afford the desired products as
inseparable diastereomeric mixtures in excellent yields.12

Although, the diastereomeric mixture was inseparable
via conventional silica gel chromatagraphic techniques,
the mixture could easily be separated into pure diaste-
reoisomers with a chiral HPLC column (Chiracel OD,
5 · 50 cm, particle size 20 l) using 10% ethanol in hexane
as eluent.

c-Secretase inhibition data for compounds 11–28 is
presented in Table 1. Direct comparison of the potency
of agents 12 and 24 to their triamide congeners 1–2
demonstrates that the diazepinediones are reasonably
effective mimetics of the carboxy terminus present in
1 and 2. Within the diazepinedione-based inhibitors
bearing the N-isopropyl substituent (11–27), modifica-
tions of the N-terminal phenylacetyl group were exam-
ined. Introduction of halogens (e.g., 3,5-difluoro-
phenylacetyl (12), 3-fluorophenylacetyl (13) improved
potency. Similar trends also were seen in the SAR
of the triamide congeners.6 In examples 14–15, the
phenylacetyl group was replaced with hydrophobic N-
terminal groups (e.g., cyclohexyl, 2-naphthyl). As the
data suggests, incorporation of larger hydrophobic
groups was detrimental to potency (12 vs 15). In
examples 16–18, the phenylacetyl group was exchanged
with hydrophilic N-terminal groups (e.g., 2-pyridyl, 3-
pyridyl, and 4-pyridyl). These groups were introduced to
enhance the solubility of the inhibitors, but they suffered
a significant loss in potency compared to the parent
inhibitor 11. Attenuation in potency was observed for
inhibitors 19 and 20 when the phenylacetyl group is
replaced with either the 3,5-bis(trifluoromethyl)phenyl-
acetyl (20) or 3,5-dimethoxyphenylacetyl (19) groups.
Inhibitors 22–23 are equipotent with 12, although a
slight increase in potency was observed for the diazep-
inedione bearing the 3-thienyl N-capping group. Thus,
in addition to halogenated aryl moieties, the 3-furyl-
acetyl and 3-thiopheneacetyl functionalities afforded
excellent potency. The most potent compound in this
series was obtained by replacing the phenylacetyl group
with the (S)-hydroxyphenylacetyl moiety.

Structure–activity relationships were also investigated at
the diazepinedione moiety. Improvement in potency
is seen when N(2)-isopropyl diazepinedione ring was
replaced by a smaller methyl group (12 vs 28).

The role of the hydrophobic amino acid of the central
amide bond also was investigated (12 vs 25 and 27). It
was evident that leucine was the preferred residue for
highest potency. The stereochemical role of the diazep-
inedione asymmetric carbon on potency was investi-
gated by resolving compound 12 into pure
diastereoisomers (absolute stereochemistry not deter-
mined) 12a and 12b by employing chiral HPLC column.
Not unexpectedly, the isomers differed substantially in
potency (12a: IC50 ¼ 26 nM; 12b: IC50 ¼ 710 nM).13

In further studies, compound 28 was selected for oral
administration in Tg2576 mice at 200 lmol/kg. Three
hours after dosing, 28 gave a 43% reduction in brain Ab.
The plasma level of compound was 2987± 415 nM and
brain was 77± 11 nM. Although the mean plasma level
was 63% higher than that obtained for 1, this was not a
statistically significant difference, and, surprisingly, there
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was no major improvement in total brain exposure of
the compound compared to 1. This suggests that the
brain efficacy observed with 28 is not due to improved
pharmacokinetic properties, at least as can be inferred
from a single dose and time point. The reproducible
reduction in brain Ab measured after dosing 28 in these
mice may reflect better brain exposure at the c-secretase
target.

In summary, we have discovered that a diazepinedione
moiety can function as a peptidomimetic at the carboxy
terminus of our previously disclosed triamide series of
gamma-secretase inhibitors. We have introduced amino-
diazepinediones as novel b-sheet mimetics and described
synthetic procedures ideal for analog generation in a
combinatorial setting. The design strategy we pursued
sought to retain key hydrogen bond interactions of the
triamides while enforcing conformational restriction at
the carboxy terminus. An inhibitor containing the new
peptidomimetic moiety displayed improved inhibition of
Ab production in the brain over their triamide congen-
ers without significant improvements in brain penetra-
tion. Investigations are underway in our laboratories to
continue to improve the brain activity of these agents.
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