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4-Aminopyridine derivatives with anticholinesterase
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Abstract—Several carbamate derivatives of 4-aminopyridine were synthesized and their anticholinesterase activity was evaluated.
Compound 4d showed the highest inhibitory effect blocking non-competitively acetylcholinesterase and competitively butyrylcho-
linesterase. Furthermore, carbamate 4d was able to revert the amnesic effects of scopolamine in the passive avoidance test in rats.
� 2007 Elsevier Ltd. All rights reserved.
Alzheimer’s disease (AD), the most common form of
dementia in elderly people, is a complex neurodegenera-
tive disorder of the central nervous system, character-
ized by progressive impairment in memory, cognitive
functions and behavioral disturbances.1 The AD syn-
drome is associated with a severe deficit in the choliner-
gic neurotransmission due to a progressive degeneration
in basal forebrain,2 with the loss of neuronal projections
to the cortex accompanied by a reduction of the levels of
the acetylcholine (ACh), and biosynthetic enzyme
choline acetyl transferase (ChAT) and of acetylcholines-
terase (AChE).3,4

Among the different strategies investigated to improve
cholinergic neurotransmission, the reduction of Ach
synaptic hydrolysis by Cholinesterase inhibitors (ChEIs)
and the increase in ACh synthesis are, up to date, the
prevalent AD effective symptomatic treatment.

Unfortunately, the response to AD treatment with
ChEIs shows a modest average degree of benefit.5–7
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Recently, we have reported the synthesis of [2-(2,2-dim-
ethylpropionyloxy)ethyl]trimethylammonium 2,2-dim-
ethylpropionate (choline pivaloylester—CPE) (1)8 and the
evaluation of its biological effects on scopolamine-treated
or nucleus basalis magnocellularis (NBM)-lesioned rats;
CPE was able to restore object discrimination ability
and improve spatial memory,9 it was also able to induce
electroencephalographic (EEG) desynchronisation and
significant changes in the architecture of EEG trac-
ings.10 Furthermore, 1 was able to enhance the benefit
effects of ChEIs, such as Tacrine and Galantamine, on
EEG and cognitive performance in NBM lesioned and
aged rats.11
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This synergic effect is probably due to the activity of 1,

or of its hydrolytic metabolite choline, as an agonist of
pre- and postsynaptic a7 nicotinic acetylcholine recep-
tors (a7 nAChRs).12,13 These subtypes of functional
nAChRs are highly expressed in the basal forebrain cho-
linergic neurons that project to the hippocampus and
the cortex and are critically involved in cognitive and
memory functions.14
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On the basis of this positive example of synergism it
seemed to be useful to associate 1 with 4-aminopyri-
dine (4-AP), known as an enhancer of ACh in the
intersynaptic space.15 Notably, the molecular scaffold
of 4-AP is also present in some carbamate cholinester-
ase inhibitors which proved to be effective in amelio-
rating behavioral performances in scopolamine
treated animals.16

Previously, passive avoidance performance test was car-
ried out on scopolamine-treated rats receiving, respec-
tively, 1, 4-AP and 1 + 4-AP.17

The scopolamine-treated rats exhibited significantly
shorter Retention Trial latency time (RT) in comparison
with vehicle-treated controls (51.1 ± 8.1 vs 152.0 ± 7.0,
P < 0.01). 4-AP improved the memory deficit induced
by scopolamine in rats showing a U-shaped dose–re-
sponse curve. A significant antiamnesic effect was de-
tected only at 0.005 mg/kg (92.3 ± 9.0 vs 51.1 ± 8.1,
P < 0.05). In contrast with these results, 1 failed to affect
the scopolamine-dependent cognitive deficit up to
34.73 mg/kg. A synergic protective effect on memory
impairment was detected when 1 was associated to the
lowest dose (0.001 mg/kg) (99.6 ± 23.6 vs 51.1 ± 8.1,
P < 0.05) but not to the effective dose (0.005 mg/kg) of
4-AP.

These results led us to investigate the activity of com-
pounds generated by linking 4-AP derivatives with cho-
line, by means of a carbamate function. This kind of
molecules is developed expressly, through a dualistic
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Scheme 1. Reagents: (a) Compounds 2a–d (2 mmol), TEA (6 mmol), tripho

ethanol; (d) HCL(g) ethanol.
approach, to target multiple brain systems for the treat-
ment of memory and cognition impairment.18

First we carried out the synthesis of the carbamate 4a
following the pathway depicted in Scheme 1.

4-AP was refluxed with triphosgene in presence of TEA;
at the end of reaction dimethylaminoethanol was added
and the solution stirred overnight at room tempera-
ture.19 The obtained carbamate 3a was used to prepare
choline derivative 4a, which was assessed for its ability
to inhibit acetyl and butyrylcholinesterase.

First, compounds 3a and 4a, dissolved in D2O, pH 7.4,
phosphate buffer containing acetyl or butyrylcholinest-
erase, were analyzed every 15 min for 1.5 h, by means
of 1H NMR spectroscopy, to evaluate possible enzy-
matic hydrolysis. Blank assays without enzymes were
executed. Neither spontaneous nor catalyzed hydrolysis
was observed.

Subsequently the spectrophotometric method of Ellman
was used to determine the type of inhibition and Ki val-
ues.20 Briefly, 3 mL of 0.1 M (pH 7.4) phosphate buffer
containing 0.75 mmol of DTNB and 0.083 U AChE or
0.25 U of BChE was mixed with one of studied com-
pounds (10–1000 lmol) in a polystyrene cuvette of
1 cm path length. The reaction was started by the addi-
tion of acetylthiocholine iodide or butyrylthiocholine io-
dide (75–900 lmol) and the changes in the absorbance at
412 nm were recorded at 25 �C between 0.5 and 1.5 min
after reagent addition. Each determination was per-
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Table 1. Cholinesterase inhibition data of compounds 3a, 4a–d and

5b–d

AChE BChE

Ki ± SEM (lM) r2 Ki ± SEM (lM) r2

3a nc 313.7 ± 27.7 0.978 c 20.4 ± 0.7 0.994

4a nc 159.0 ± 11.7 0.934 nc 754.2 ± 33.9 0.963

4b nc 150.9 ± 5.9 0.984 c 161.3 ± 10.2 0.986

4c nc 115.9 ± 6.8 0.967 nc 273.8 ± 11.5 0.994

4d nc 64.4 ± 2.3 0.988 c 19.5 ± 2.0 0.991

5b nc 207.7± 12.6 0.983 nc 379.7 ± 14.2 0.989

5c nc 316.4 ± 23.8 0.989 c 273.4 ± 14.6 0.991

5d nc 140.2 ± 4.6 0.989 nc 174.5 ± 8.2 0.986

nc, non-competitive; c, competitive.

Table 2. Effects of studied compounds on rat passive avoidance test,

using scopolamine (0.5 mg/kg sc) as amnesic drug

Drugs (dose, mg/kg ip) Entry latency (s)

TT RT

Saline 20.8 ± 0.3 152.0 ± 7.0

Scopolamine 18.4 ± 0.4 51.1 ± 8.1a

+4-AP (0.001) 23.9 ± 6.5 38.5 ± 2.5

+4-AP (0.005) 22.1 ± 4.9 92.3 ± 9.0b

+4-AP (0.01) 46.3 ± 22.7 63.5 ± 10.5

+4-AP (0.1) 20.3 ± 10.3 33.6 ± 5.2

+1 (17.37) 38.8 ± 8.3 36.8 ± 10.8

+1 (34.73) 14.5 ± 2.5 45.8 ± 20.1

+4-AP (0.001) + 1 (17.37) 13.2 ± 0.8 86.5 ± 22.2

+4-AP (0.001) + 1 (34.73) 29.8 ± 3.1 99.6 ± 23.6b

+4-AP (0.005) + 1 (17.37) 18.9 ± 2.0 18.7 ± 4.3

+4-AP (0.005) + 1 (34.73) 20.1 ± 2.0 51.1 ± 12.3

+3a (0.01) 20.3 ± 12.6 12.1 ± 0.9

+3a (0.5) 43.6 ± 16.4 49.7 ± 6.2

+3a (50) 25.5 ± 6.1 39.6 ± 3.5

+4a (0.02) 37.3 ± 17.7 40.4 ± 4.9

+4a (1.0) 21.4 ± 5.1 21.0 ± 4.7

+4a (100) 30.6 ± 8.4 21.3 ± 3.1

+4d (0.024) 14.4 ± 1.3 36.8 ± 13.5

+4d (0.24) 19.7 ± 5.2 56.9 ± 21.1

+4d (1.2) 21.4 ± 9.8 92.9 ± 19.4b

+4d (2.4) 19.0 ± 5.9 32.3 ± 10.1

Data are expressed as means ± SEM. Ten animals for each group.

TT, training trial; RT, retention trial.

Data were statistically analyzed by one way ANOVA followed by

Dunnett’s post-test. Differences are considered to be statistically sig-

nificant if the probability has a value of 0.05 or less.
a Significantly different from saline-treated group P < 0.01.
b Significantly different from scopolamine-treated group P < 0.05.
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formed at least in triplicate. The recorded data were
analyzed with the enzyme kinetic module of SigmaPlot,
version 8.02a (Systat Software, Inc.) in order to find the
best fitting model of inhibition. Ki values were obtained
according to Dixon’s method.21

The obtained data are summarized in Table 1.

Carbamate 4a showed non-competitive inhibition to-
wards AChE and BChE with moderate potency. Com-
pound 3a inhibited both AchE and BChE, in a non-
competitive and a competitive mode, respectively, with
Ki value of 20.4 ± 0.7 lM versus BChE.

It is known that the introduction in some Tacrine deriv-
atives of chlorine atoms provides more active AChE
inhibitors.22 This finding suggested us to modify the
structure of carbamates 3a and 4a by inserting halogen
substituents at 2, 3, and 6 position of the pyridine ring.
Thus, we have synthesized 2-chloro, 3-bromo, and 2,6-
dichloro substituted carbamates following the above-de-
scribed procedure.19 Compounds 4b–d and 5b–d were
analyzed by 1H NMR to evaluate the possible spontane-
ous or cholinesterase catalyzed hydrolysis; in no case
hydrolysis was observed.

Afterwards, compounds 4b–d and 5b–d were also tested
to determine their ability to inhibit acetyl and butyrylch-
olinesterase. The kinetic data, reported in Table 1, show
that all studied carbamates are non-competitive
inhibitors towards AChE with the lowest Ki (64.4
± 2.3 lM) value for the derivative 4d, which also
resulted the most potent BChE competitive inhibitor
(Ki = 19.5 ± 2.0 lM).

Compounds 3a, 4a, and 4d were thus studied in passive
avoidance test to evaluate their ability in ameliorating
mnemonic and cognitive performances in impaired sco-
polamine-treated rats. The obtained data are summa-
rized in Table 2.

The 2,6-dichloro derivative 4d, at variance with com-
pounds 3a and 4a which were substantially inactive,
showed a significant antiamnesic activity. Despite the
moderate affinity exhibited by the compound towards
AChE and BChE in in vitro test, it was able to reverse
scopolamine-induced amnesia in a U-shaped dose–
response way, showing maximal activity when adminis-
tered at 1.2 mg/kg. This effectiveness led us to speculate
the involvement of mechanisms additional to the simple
inhibition of cholinesterase; the activity of compound 4d
could be also due to the above-mentioned cholinergic
properties of 4-AP derivatives.

It is noteworthy that all synthesized carbamates showed
non-competitive inhibition of AChE, suggesting for
these compounds a possible interaction with the periph-
eral anionic site (PAS) of the enzyme. This site, besides
its ability to regulate esterasic activity, is considered to
be responsible for the b-amyloid aggregation and repre-
sents a putative target for novel drugs;23 new molecules
should be able to enhance cholinergic tone by reducing
the hydrolytic activity of AChE and decreasing the
deposition of Ab fibrils.

The evidence of the positive behavioral effects of 4d and
the possible correlation with its anticholinesterase activ-
ity suggest the possibility for an in depth study to eval-
uate its amyloid anti-aggregating properties. Results
could provide information for further structural optimi-
zation of these 4-aminopyridine derivatives, in order to
obtain more potent cholinesterase inhibitors potentially
useful in the treatment of AD.
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