Targeting Alzheimer’s Disease By Investigating Previously Unexplored
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Introduction

In Vitro Studies

One of the most extensively studied causes of dementia is Alzheimer’s disease (AD). Arguably the most successful of
acetylcholinesterase (AChE) inhibitors has been the reversible inhibitor Donepezil 3h (Figure 1) which was identified
by Sugimoto et al as a new class of AChE inhibitor.1 Extensive structural-activity relationship (SAR) studies have been
conducted on Donepezil and related piperidine-based AChE inhibitors,1,2 however two areas of chemical space that
have received limited attention are the N-benzylpiperidine ring (B) and the methyl linker (A) between the indanone
and piperidine rings. In our endeavors to develop new AChE inhibitors we designed and synthesized a range of
Donepezil analogues replacing the piperidine ring system with a range of different saturated N-benzylated ring
systems; and replacing the methyl linker with several different functionalities.

The inhibitory activity of all new synthetic compounds was assessed against AChE (type VI-S from electric eel) using
Ellman’s spectrophotometric method, 3 with minor modifications.4 Table 2 shows the anticholinesterase activities for
the synthesised compounds expressed as IC50 values. In addition, selected compounds were assessed for cytotoxicity
in neuroblastoma cells (SH-SY5Y).5 It should be noted that all analogues were prepared and screened as racemic
mixtures and biological results are representative of the additive effect of all the diastereomers for each analogue.

Figure 1. Structure of Donepezil.

Synthetic Chemistry
The preparation of analogues of Donepezil in which the piperidine ring system was replaced with various saturated Nbenzyl containing ring systems was envisaged through an aldol coupling between 5,6-dimethoxy-1-indanone 1 with
the appropriate ring sized aldehydes to afford α,β-unsaturated ketones 2 which in turn were reduced to afford
derivatives 3 (Scheme 1). The aldehydes were prepared individually using several different synthetic approaches.

Table 2: IC50 determination of AChE inhibition and cytotoxicity

Compound

IC50 ± SEM
(µM)
AChE

IC50 ± SEM
(µM)
Cytotoxicity

2a

> 10

2b

Compound

IC50 ± SEM
(µM)
AChE

IC50 ± SEM
(µM)
Cytotoxicity

-

3c

1.13 ± 0.05

> 10

-

3d

2c

0.70 ± 0.12

1.26 ± 1.08

2d

> 10

2e

Compound

IC50 ± SEM
(µM)
AChE

IC50 ± SEM
(µM)
Cytotoxicity

8.01 ± 1.09

5e

> 10

-

3.16 ± 0.07

-

5f

> 10

-

3e

1.74 ± 0.06

-

5g

> 10

-

18.98 ± 1.02

3f

0.46 ± 0.08

>100

5h

> 10

-

0.52 ± 0.15

6.59 ± 1.14

3g

0.51 ± 0.16

66.74 ± 1.13

5i

3.03 ± 0.05

>100

2f

0.75 ± 0.14

-

3h (Donepezil)

0.05 ± 0.06

15.54 ± 1.12

6

0.66 ± 0.07

63.89 ± 1.13

2g

1.18 ± 0.08

4.72 ± 1.26

5a

> 10

-

8

0.03 ± 0.07

>100

2h

0.42 ± 0.11

3.99 ± 1.13

5b

> 10

-

Galantamine

3.57 ± 1.42

-

3a

> 10

-

5c

> 10

>100

3b

> 10

58.5 ± 1.18

5d

> 10

-

Results indicate that the benzyl piperidine ring system in general affords good activity and the linker between the
indanone and piperidine rings plays an important role in AChE inhibition with subtle changes resulting in dramatic
changes in the ability to inhibit AChE. Most notably introduction of an ester linker 5 reduced activity in all but one
example, however when reversed to afford 8 the activity was equivalent to that of Donepezil 3h. Cytotoxic
assessment indicated that the more flexible systems with a methyl or ester linker were less cytotoxic than those with
a methylene linker. The most active molecule in the series, reverse ester 6, displayed nano-molar activity (0.03 ± 0.07)
and no observable cytotoxicity (>100 µM).

In Silico Studies
In an attempt to rationalise the results, compounds 2a-h, 3a-h, 5a-i, 6 and 8 were docked into the binding site of
acetylcholinesterase (pdb accession code 4EY7) using CDOCKER (Accelrys Discovery Studio 3.0). From the docking
results obtained, the strongest binding contributions stems from: (i) the clear π-π interactions of the phenyl groups in
the inhibitors with Trp286, Tyr341 and Trp86, (ii) a π-cation interaction with N-3 of His447, (iii) along with a consistent
hydrogen bond between the indanone carbonyl group in each case and the NH of Phe295. In the instance of the most
active analogue reverse ester 8, the favoured pose mimics Donepezil 3h, with the required interactions clearly
present (Figure 2). The ester carbonyl projects into an empty pocket, allowing the piperidine ring to occupy a chair
conformation similar to that in 3h. It should be noted that both in the original crystal structure and with the docked
compounds, no hydrogen bond was evident between the nitrogen atom in the inhibitor rings and HOH931, which
forms a well-defined hydrogen bonding network with HOH856, Tyr341, Tyr337 and Thr83, and appears to be
unavailable for this sort of interaction.
Scheme 1 (i) K2CO3, R1-CHO, MeOH, 45°C, 4 hr, [43 - 75%]; (ii) H2, 10% Pd/C, MeOH, rt, 2 hr, [80 – 96%]; (iii) NaH,
dimethyl carbonate, THF, reflux, 1 hr, [81 %]; (iv) R2-OH, Amberlyst-15, PhMe, reflux, [18 – 82%]; (v) 9, NaH, DMSO, rt,
5 h, [8%]; (vi) Br2, MeOH, rt, 10 min, [76 %]; (vii) R4-CO2H, Ag2O, AcCN, 60°C, 18 hr, [85 %].
Ester linked derivatives 5 were obtained in two steps from 5,6-dimethoxy-1-indanone 1 (Scheme 1). Carboxylation of
the indanone 1 with dimethyl carbonate afforded 4, subsequent Amberlyst-15 catalysed transesterification with
various alcohols afforded the ester derivatives 5. All alcohols were synthesized from commercially available
precursors in 2-4 steps.
The synthesis of an analogue with the ester linker reversed was achieved in two steps (Scheme 1). 5,6-Dimethoxy-1indanone 1 was brominated affording 7, subsequent displacement of the halogen with the appropriate carboxylic
acid, catalyzed by silver oxide afforded the reverse ester 8. The carboxylic acid used was prepared in 2 steps from the
commercially available precursor. Finally dione 6 was prepared by an aldol-type condensation with 9. All compounds
synthesised using this approach are shown in Table 1.
Table 1: Substituents for compounds synthesized

Figure 2 Overlay of the docked poses of reverse ester 8
(white) and Donepezil 3h (green).

Figure 3 Overlay of the docked poses of alkene 2b
(white) and Donepezil 3h (green).

R1
Nr

2a, 3a

2b, 3b

2c, 3c

2d, 3d

2e, 3e

R2

Compound Nr

5a

5b

5c

5d

R2
Compound Nr

5f

5g

5h

2f, 3f

R3

In compounds 2a – h (methylene bridging linker), the increased planarity afforded by the indanone system in each
case limited the ability of the linking cyclic system to accommodate the residues of the active site, particularly in the
case of the fairly rigid aziridino and azepino species 2a and 2b (Figure 3). This rigidity enforced a “shorter” linker
length between the aromatic systems, with the indanone α-C to phenyl ring C-1 distance being 6.0 Å and 5.9 Å
respectively. The same distance for 3h was 7.5 Å, with the result that the hydrogen bonding and π-π stacking
interactions in these compounds were suboptimal.

R4

The modelling also reinforced the preference of the compounds to adopt an orientation corresponding to the (R)isomer of Donepezil 3h at α-C of the indanone skeleton. While all the docking as well as biological evaluations were
done on the racemic mixtures of isomers, invariably the best docked pose of those materials having this stereocentre
had the corresponding orientation to Donepezil 3h. The stereocentre associated with the heterocycle, if any, adopted
either a diequatorial or diaxial chair conformation, the former being energetically favoured.

2g, 3g

5e

2h, 3h

6

5i

8
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Conclusion
Two libraries of potential AChE inhibitors were designed and prepared based upon the molecular skeleton of AChE
inhibitor Donepezil 3h. Analogues were prepared by either changing the size of the piperidine ring and/or altering the
methyl linker between the indanone and piperidine ring system found in Donepezil 3h. Structure activity relationships
revealed that the piperidine ring system afforded the best activities. Introduction of an alkene linker reduced activity
and replacement of the linker with an ester moiety bound to the indanone via the carbonyl group resulted in a
complete loss of activity in all but one case. Interestingly reversal of the ester to afford binding to the indanone via
the oxygen atom improved activity to the range of that of Donepezil 3h. Finally molecular modelling also suggests
that the (R)-isomer at the α-carbon of the indanone ring shows more favourable docking interactions, and although in
biological systems this position is readily epimerised the replacement of the hydrogen atom at the α-C to afford nonepimerisable analogues could allow for the preparation more potent analogues.

