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Abstract—Novel nicotinic ligands, characterized by the presence of an amino substituted cyclopropane ring connected to a pyridine
nucleus, are described. Pharmacological investigation revealed that these compounds exhibit highest affinity for the rat 042 subtype
of the nicotinic receptor with no affinity for the muscarinic receptor. No appreciable affinity for the muscular or for the ganglionic
nicotinic receptor was observed at concentrations up to 10 pM. The increase in cortical ACh release as well as a positive effect on

memory in a social recognition test in rat are exemplified.
© 2008 Elsevier Ltd. All rights reserved.

Nicotine(S(—)nicotine) and nicotinic acetylcholine
receptors (NnAChR) have been known and studied for a
long time, but it is only recently that renewed interest
and research has focalized on their potential role in dis-
ease and therapy.!

Indeed, evidence coming from clinical investigations
demonstrated that S(—)nicotine is beneficial for age-re-
lated memory impairments and in particular attention
deficits.? However, until recently clinical use of nicotinic
ligands has been thought to be severely limited by car-
diovascular and neuromuscular side effects resulting
from a non-selective activation of nAChR. Nevertheless,
recent studies indicate that it is possible to develop selec-
tive nicotinic agents with marked effects on cognition
but without some of the nicotine-related side effects.?3?

Thus ispronicline (TC-1734) showed good affinities for
the a4B2 nicotinic subtype and negligible affinities for
other subtypes. Oral administration increases cortical
ACh release (agonist effect) improving short and long
time memory. Furthermore, encouraging clinical results
have been reported recently.?®

Another example is the anabaseine analog GTS-21, a
weak partial agonist at the o7 subtype® and a more
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potent antagonist of receptors containing 32 and 4 sub-
units,3d possessing beneficial effects on neurodegeneres-
cence and cognitive dysfunction.’®

Our own research effort was aimed at developing novel
specific nicotinic ligands binding selectively to the a4p2
nAChR subtype.

Thus we have previously shown that ACh carbamate
analogs (I) with reduced conformational flexibility
induced by a cyclopropane ring are specific nicotinic
ligand versus muscarinic receptors, binding selectively
to the non-o7 subtype of nAChR. Investigation of
related compounds possessing a pyridine ring as a nico-
tinic element (II) further demonstrated the strength of
this approach for the design of new, powerful, and selec-
tive nicotinic ligands (Fig. 1).*>

In this paper, we present synthetic details for com-
pounds belonging to the general formula IT as well as
binding studies permitting the determination of the
structural elements influencing potency and selectivity
with respect to nicotinic receptors.

From the general formula II it is apparent that three
structural elements can be modulated, namely the linker,
the amino-head substitution, and the pyridine ring
substitution.

We therefore set up a synthetic program aimed at the
preparation of representative members of each class.
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Figure 1. Nicotinic ligands with reduced conformational flexibility.

Most of the compounds have been obtained via a com-
mon alcohol intermediate, itself obtained from the com-
mercially available diester of cyclopropane 1,1
dicarboxylic acid (Scheme 1).

Thus seven different linkers and 14 N-monomethylated
analogs have been prepared from this key intermediate
(Scheme 2). An Eischweiler—Clark reaction allowed the
transformation of N-monomethylated compounds into
N-dimethylated derivatives (Scheme 3) while N-unsub-
stituted analogs were obtained via an N-Boc carbamate
already used for the synthesis of the common key alco-
hol (Scheme 4).

All compounds have been fully characterized by 'H, '*C
NMR, and LCMS; final compounds possessed elemen-
tal analysis within accepted limits (+0.4%) from theory.®

Free bases were converted to their hydrochlorides or
fumarate salts and purified by crystallization.

Binding experiments for o7, a4p2, and muscarinic recep-
tors were carried out in a final volume of 250 pul in 96-
well plates.”

The following tables illustrate the influence of each
parameter mentioned above (linker, amino-head substi-
tution, pyridine substitution) on the binding observed
for the a4pB2, a7, and muscarinic receptors.

Thus both heteroatoms containing and C-only linkers
have been investigated and compared (Table 1).
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H,C00C” ~COOCH, —> H,CO0C” “COOH —>
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Scheme 1. Synthesis of a key alcohol intermediate. Reagents and
condition: (a) NaOH 1 N, CH3;0H (95%); (b) NEt;, DPPA, toluene,
tert-butanol (72%); (c) NaH, CH;I, DMF (82%); (d) LiBH,, THF
(82%)).
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All synthesized compounds lack muscarinic activity;
04p2 nAChR specificity versus o7 nAChR is observed
for all compounds with either type of linker.

The most powerful ligand in the series (K;, 3 nM), is 1a
possessing an ether linker; carbon linkers (saturated or
unsaturated) containing compounds are less powerful
binders but are still selective for the a4pf2 nAChR
subtype.

The amino-head substitution has been examined (Table 2)
on analogs of the most powerful ligand found, 1a.

Specific binding for a4B2 nAChR subtype versus o7
nAChR and muscarinic receptors is observed.

The order of binding is NHCH; > NH, > N(CHj),,
compound 1a still remaining the best in the series.

Increasing the steric hindrance on the amino-head
decreases receptor binding (la vs 15, 1b vs 16).

Next parameter studied was the pyridine ring substitu-
tion on positions 5 and 6 (monomethylated amino-head,
Table 3).

For the first time a muscarinic affinity was observed for
vinyl substituted pyridine 8, the affinity for the o4p2
nAChR subtype being roughly 2-fold higher (no affinity
for a7 subtype was observed).

All other compounds are specific ligands for the a4p2
nAChR subtype. Substitution of the pyridine ring has
a beneficial effect on binding leading to 5a the most
powerful compound obtained.

Although 5-bromo, 6-chloro di-substitution led to the
very powerful and specific ligand 6a, the order of
magnitude was comparable with that obtained for
mono-substituted, or non-substituted compounds 1a, 7
(slightly less than 5a).

Subtle effects on a4P2 binding depending on the nature
of the substituents and their position was observed.
Thus 5a (Br in the 5 position) has the largest binding
while a nearly 40-fold drop in binding is observed with
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Scheme 2. Synthesis of N-monomethylated compounds. Reagents: (a) CICOCOCI, DMSO, CH,Cl, (87%); (b) Ph;P=CHCOOEt, CH,Cl, (trans/
cis > 90/10) (95%); (c) Hyp, Pd/C, EtOH (90%) then LiBH4/THF (97%); (d) 3-hydroxypyridine, Ph3P-PS resin, DIAD, THF (75%) then HCl/dioxan
and fumaric acid, EtOH (60%); (e) dibal/hexane, CH,Cl, (65%); (f) 3-hydroxypyridine, Ph3P-PS resin, DIAD, THF (40%) then HCl/dioxan (50%);
(g) (PhO),POCH,COO¢-Bu, Triton B, THF (75%) then dibal/hexane (45%); (h) 3-hydroxypyridine, Ph;P-PS resin, DIAD, THF (45%) then HCI/
dioxan (40%); (i) 3-(Ph;P + CH,)-pyridine, Cl ™, ~-BuOK, DMSO (55%); (j) HCl/dioxan then fumaric acid, EtOH (50%); (k) H,, Pd/C, MeOH (90%)
then HCl/dioxan (95%); (1) CBry, PPh;, ether (95%); (m) 3,5-diBr-pyridine, HNa, DMSO (81%); (n) Pd(Ph;P),, H,C=CHSnBuj;, toluene (80%) then
HCl/dioxan (65%); (o) Pd(PPh;),Cl,, (CH;3);SiCCH, Et;N, Cul (78%) then TBAF, THF and HCl/dioxan (80%); (p) 5 or 6-substituted 3-
hydroxypyridine, Cs,COs, butanone (70-90%) then HCI/EtOH (60-85%); (q) KCN, KI, DMSO (95%); (r) HCI/MeOH (73%) then Boc,0O, DMAP,

CH,Cl, (90%) and LiBH4/THF (84%); (s) 3-hydroxypyridine, PH;P, DIAD, THF (70%) then HCl/dioxan and fumaric acid, EtOH (80%).
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R =H (1a,1b), 6-CH, (2a,2b), 6-Cl (3a,3b), 6-Br (4a,4b),
R= 5-Br (5a,5b), RR' = 5-Br,6Cl (6a,6b)

Scheme 3. Synthesis of N-dimethylated compounds. Reagents: (a)
HCHO, HCOOH (75-95%); (b) HCI, EtOH (73-96%).

a-d X O\/‘ iNH

H,C00C” "NHBoc ~— > R
1c-4c
R=H (1c), 6-CH, (2c), 6-Cl (3c), 6-Br(4c)

Scheme 4. Synthesis of N-unsubstituted compounds. Reagents: (a)
LiBH,, THF (95%); (b) CBry4, PH3P, ether (65%); (c) 6-substituted 3-
hydroxypyridine, HNa, DMSO (45-65%); (d) HCl/dioxan (75-85%).

4a (Br in the 6 position); the same drop in binding is
observed for the 6-methyl substituted pyridine 2a while

surprisingly a 6-chloro substitution induced a better
binding.

All these results are most probably due at least in part,
to subtle steric and stereoelectronic effects influencing
the interactions of the pyridine nitrogen and/or the pyr-
idine ring as a whole with the 42 receptor site.

Table 4 below illustrates the results obtained when vary-
ing both the amino-head substitution (e.g., no substitu-
tion, methyl, dimethyl substitution) and the pyridine
ring substitution (e.g., no substitution, methyl, chloro,
bromo substitution).

Regardless of the substitution pattern on the pyridine
ring, the binding ranking follows the order
NHCH; > NH, > N(CHj3),, most potent compounds in
the series being monomethylated 1a, 5a (5-bromo substi-
tution on the pyridine ring), and 6a (5-bromo, 6-chloro
substitution on the pyridine ring).

The drop in affinity of N(CHj3), versus NHCH;
compounds can be anywhere between 10-fold and
300-fold (compare 5a, 5b); compared to NHCH;
compounds non-substituted amino-head derivates



Y. Charton et al. | Bioorg. Med. Chem. Lett. 18 (2008) 2188-2193 2191

Table 1. Linker dependence of binding

(linker) NH-CH,

y

N
Compound® Linker Nicotinic affinity Muscarinic affinity (K;, nM)
04p2 (K;, nM) a7 (K;, nM)

la O-CH, 3 >10,000 >10,000
9 CH,—CH, 251 1910 >10,000
10 CH=CH 1160 3460 >10,000
11 O-CH,-CH,-CH, 2460 >10,000 >10,000
12 O-CH,-CH=CHtrans 1100 >10,000 >10,000
13 O-CH,~CH=CHcis 2280 >10,000 >10,000
14 O-CH,-CH, 109 >10,000 >10,000
ACh — 39 3509 85
Nicotine — 4 1500 >10,000

#Compounds 1, 9, 12, and 13 were tested as HCl salts, compounds 10, 11, and 14 were tested as fumarates.

Table 2. Amino-head substitution dependence of binding

Cy e
) I

N

Compound® N-R'R? Nicotinic affinity Muscarinic affinity
042 (K;, nM) o7 (K;, nM)

la NHCH; 3 >10,000 >10,000

1b N(CH3), 95 >10,000 >10,000

1c NH, 34 >10,000 >10,000

15 C,Hs—NH 1010 >10,000 >10,000

16 N-pyrrolidine 1610 >10,000 >10,000

ACh — 39 3509 85

Nicotine — 4 1500 >10,000

4 Compounds 1, 9, 12, and 13 were tested as HCI salts, compounds 10, 11, and 14 were tested as fumarates. Synthesis of compounds 15 and 16 is
described in Ref. 5.

Table 3. Pyridine substitution dependence of binding

Re 0. Q
= NH-CH,

~
R#* N
Compound® Pyridine substitution Nicotinic affinity Muscarinic affinity (K;, nM)
042 (K;, nM) a7 (K;, nM)
la — 3 >10,000 >10,000
2a 6-CHj; 40 >10,000 >10,000
3a 6-Cl 13 >10,000 >10,000
4a 6-Br 38.8 >10,000 >10,000
5a 5-Br 1.07 >10,000 >10,000
6a 5-Br,6-Cl 5.37 >10,000 >10,000
7 5-Ethynyl 6.56 >10,000 >10,000
8 5-Vinyl 70.1 >10,000 179
ACh — 39 3509 85
Nicotine — 4 1500 >10,000

# All compounds were tested as HCI salts.
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Table 4. Binding dependence on cumulative pyridine and amino-head

substitution
|
Re~ N7 R
Compound?® Pyridine NR!R? Nicotinic
substitution affinity o4f2
K; (nM)
la — NHCH; 3
1b — N(CH3;), 95
1c — NH, 34
2a 6-CH; NHCH; 40
2b 6-CHj; N(CH3), 1090
2c 6-CH; NH2 266
3a 6-Cl NHCH; 13
3b 6-Cl N(CHs), 304
3c 6-Cl NH2 98
4a 6-Br NHCH; 38.8
4b 6-Br N(CHj), 394
5a 5-Br NHCH; 1.07
5b 5-Br N(CHs3), 273
6a 5-Br,6-Cl NHCH; 5.37
6b 5-Br,6-Cl N(CHj3), 110

# All compounds were tested as HCI salts.

have somewhat lower but not negligible 04p2 binding
affinities.

As far as pyridine substitution is concerned it is appar-
ent from the data in Table 4 that Me or Br-substitution,
and to a lesser extent Cl-substitution, on the 6 position
of pyridine is detrimental for affinity. Br-substitution
on the 5-position is beneficial only for the NHCHj; but
not for the N(CH3), amino-head.

Compared to mono-substitution on the pyridine ring,
dihalogen, 5-Br,6-Cl, substitution leads to the only com-
pounds (6a, 6b) having affinity of the same level as
unsubstituted pyridine compounds (1a, 1b).

In summary novel potent and selective 042 nicotinic
ligands have been obtained by combining structural
elements of ACh and of nicotine while restraining the
conformational mobility using a cyclopropane ring.
For the vast majority of the synthesized compounds
no muscarinic activity has been observed; most mole-
cules have exhibited high specificity toward the o4f2
subtype versus the a7 subtype. The 0432 nAChR affinity
of these new ligands is modulated mainly by the nature
and length of the linker between the pyridine moiety and
the cyclopropane ring as well as by the degree of substi-
tution of the amine. The best a4p2 affinities are obtained
for the N-monomethylated compounds and an oxy-
methylene linker (ethers la—6a, 7). Good to excellent
affinities for the a4p2 nAChR subtypes are obtained
by the pyridine substitution on the 5 and/or 6 position.
The affinity observed for the primary amines lc-3c is
intermediate between that observed for secondary la—

3a amines or tertiary 1b—3b amines. Despite the lesser
steric hindrance this result might be explained by a lower
interaction energy with the receptor site due to less fit-
ting and/or loss of hydrophobic interaction coming from
the lacking methyl group.

All investigated compounds tested at concentrations up
to 10 uM did not demonstrate any appreciable affinity
neither for muscular ((a1),B6y) (binding assays using
['**T]a-bungarotoxin on Torpedo marmorata electroplax
tissue) nor for the %anglionic nicotinic receptors (bind-
ing assays using ['HJ-epibatidine on IMR-32 cells).

300
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2 200
=
(7]
3
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. —— compound 1a 1mk ip (n=7)
0- I-p- —A— compound 1a 3mk ip (n=8)
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Figure 2. Effect of compound 1a on acetylcholine release in prefrontal

cortex of the freely moving rat. Values shown on percentage of control
value. "p < 0.05, ™p < 0.01, ***p < 0.001 versus control group.
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Figure 3. Effect of compound 1a on the social Wistar rats. Values are
means = sem with the number of animals/group in parentheses.
***p < 0.001 versus control; *p < 0.05 versus 1 mg/kg “*p < 0.001
versus 3 mg/kg, ANOVA + Newman-Keuls.
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Other pharmaceutical properties are exemplified for
compound la. Thus 1a increased in a dose-dependant
manner (microdialysis, freely moving rats), the release
of cortical ACh (Fig. 2).'° This effect is indicative of
an agonist character. Moreover a positive effect on
memory was observed in the social recognition test in
Wistar rats (Fig. 3).!!

Further pharmacological characterization of the above
compounds is ongoing and will be reported in due time.
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