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Abstract—Continuing with our search of aliphatic dicationic derivatives as I2-IBS ligands and looking at Amiloride, a known ligand
of 12-IBS, we have incorporated the guanidinocarbonyl moiety into our aliphatic compounds with the intention of improving the
binding to 12-IBS. Thus, we present the different approaches to the preparation and pharmacological evaluation (in human brain
tissue) as 12-IBS ligands of a new series of aliphatic derivatives incorporating the guanidinocarbonyl group and with different chain

length (n = 8-12, and 14 methylene groups).
© 2007 Elsevier Ltd. All rights reserved.

Imidazoline Binding Sites (IBS), only discovered two
decades ago,! are involved in a large number of pharma-
cological functions and diseases. For example, there is
evidence of their over-expression in the brain of Alzhei-
mer’s?> and Parkinson’s® disease patients as well as in
human glial tumours.* On the other hand, it has been
described that the ligands of the I,-IBS subtype can
attenuate tolerance when using opioids as analgesic
therapy.®> To date, most I,-IBS ligands prepared always
included a (hetero-)aromatic group structurally related
to clonidine as we recently showed.® In fact, our group
was the first to test aliphatic dicationic derivatives
related to the endogenous IBS ligand, Agmatine, obtain-
ing compound 1 (Fig. 1) that showed good I,-IBS affin-
ity and selectivity versus a,-adrenoceptors (a-AR).”

Thus, continuing with our search of aliphatic dicationic
derivatives as I,-IBS ligands we have prepared a new
series of compounds incorporating a different cationic
moiety. Looking at Amiloride (Fig. 1), which shows a
good affinity for I,-IBS,® we have incorporated the gua-
nidinocarbonyl moiety into our aliphatic derivatives,
with the intention of improving the binding to I,-IBS.
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Hence, we present here the preparation and biological
evaluation as I,-IBS ligands of a new series of aliphatic
derivatives, similar to 1, incorporating the guanidinocar-
bonyl group and with different chain length (n = 8-12,
and 14 methylene groups).

To synthesise compounds 2a (n = 8) to 2f (n = 14), sev-
eral approaches could be considered such as those used
by Schmuck®-!? and Jansen!! to synthesise pyrrole based
receptors and analogues of Sorangicin A, respectively.

Starting from the commercial dicarboxylic acids (3), the
corresponding methyl esters (4) were obtained in good
yield by reaction with thionyl chloride in methanol.
Then, following Schmuck method,’ reaction with guani-
dine, in the presence of sodium methoxide (Scheme 1),
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yielded the corresponding bis-guanidinocarbonyl deriva-
tives.!? Unfortunately, the yields obtained were disap-
pointing (highest yield obtained was 20% for 2a).
Probably these low yields are a consequence of the for-
mation of ketoesters through a Claisen condensation
reaction.

Following Jansen’s procedure!! a second synthetic route
was attempted, which involved first the activation of the
carboxylic acids by means of CDI and then the use of
guanidine as guanidilating agent (Scheme 2).'* This
method provided better yields as presented in Table 1.

The hydrochloride salts of the neutral alkyl bis-guanid-
inylamides were obtained by dissolving the correspond-
ing compounds (1 mmol) in DCM (15ml) and then
bubbling with HCI gas. The salts precipitated out of
the solution and were recrystallized from methanol.

To improve the yields obtained, and based in another
method that had proved successful for Schmuck
et al.!% using PyBOP as coupling reagent, we prepared
the alkyl bis-guanidinylamide derivatives utilizing BOP
as the coupling reagent and the N-Boc-mono-protected
guanidine for the guanidilation step, as previously
reported by Zapf'* (Scheme 3).!°

The Boc groups were removed by treatment with TFA
in DCM at room temperature during 6 h and, then,
the HCI salts were obtained, in good yields (Table 1),
by treatment with an excess of basic anion exchange
resin (IRA-400, Chloride form) in water, at room tem-
perature during 12 h. Absence of the trifluoroacetate salt
was checked by '*C NMR.
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Table 1. Total yields obtained for the preparation of the HCI salts
(isolated pure products) of the alkyl guanidinylamides 2 calculated
from the reactions shown in Schemes 1-3

Scheme 1 Scheme 2 Scheme 3
(% yield) (% yield) (% yield)

2a (n=23) 20 41 74

2b (n=9) 9 45 50

2¢ (n=10) 17 38 76

2d (n=11) 15 34 74

2e (n=12) 11 43 60

2f (n=14) 10 41 48

The full characterization of compound 2a is presented in Ref. 16.
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The pharmacological affinity of the prepared com-
pounds was evaluated through competition binding
studies against the selective I,-IBS radioligand [*H]-2-
[(2-benzofuranil)-2-imidazoline] (2-BFI).!” The studies
were performed in membranes from post-mortem
human frontal cortex, a brain area that shows an impor-
tant density of I,-IBS.>!® The inhibition constants (K;)
for each compound were obtained and are expressed
as the corresponding pK; in Table 2. Idazoxan, a com-
pound with well-established affinity for I,-IBS, and the
alkyl bis-guanidine derivative 1, previously prepared
by us,” were used as references.

Unfortunately, the affinity for the I,-IBS of this new ser-
ies of compounds did not improve compared to the lead
compound 1. This was a disappointing result consider-
ing the good I,-IBS affinity showed by both Amiloride
(pK; = 6.8)% and our lead compound. Moreover, in the
guanidinium series’ we found a good correlation
between the length of the aliphatic chain and the I»-
IBS affinity. However, in this series no relation at all
was found between the length of the linker chain and
the affinity for the I,-IBS receptors.

It seems that the introduction of the carbonyl groups at
both cationic sides of the aliphatic chains could interfere
with the interaction between the guanidinium group and
the residues in the actual I,-IBS binding pocket. Maybe
the intramolecular formation of a hydrogen bond (HB) be-
tween one of the H atoms of the guanidine and the O atom
of the carbonyl group is preventing the delocalisation
inherent to the guanidinium moiety that provides this par-
ticular functional cation with special chemical characteris-
tics to establish both ionic and HBs interactions.

For that reason, we have performed DFT computations'®
of models of the guanidinylamides in both an aromatic

Table 2. Affinity of the alkyl guanidinylamides prepared towards I,-
IBS measured as pK; values

Compound pK; (PH]2-BFT)
Idazoxan 7.43
1 7.48
2a (n=28) 6.11
2b (n=9) 5.20
2¢ (n = 10) 5.69
2d (n=11) 5.06
2e (n=12) 591
2f (n = 14) 5.70
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Figure 2. Optimised structures of N-(3-amino-pyrazine-2-carbonyl)-guanidinium (a), N-acetyl-guanidinium (b) and ethylguanidinium (c) optimised

at B3LYP/6-31+G" level.

environment similar to that of Amiloride (N-(3-amino-
pyrazine-2-carbonyl)-guanidinium, A) and an aliphatic
environment such as that of the molecules presented in
this paper (N-acetyl-guanidinium, B), as well as the ethyl-
guanidinium (C) as a model of compound 1.2° All opti-
mised structures at B3LYP/6-31+G™ level are shown in
Figure 2. The presence of HB has been assessed following
the Atoms in Molecules (AIM) theory.?!

In the aliphatic guanidinium C it is obvious that no intra-
molecular HB is established, the cation is free to rotate
and can freely interact with the binding pocket of the I,-
IBS. The characteristics of the guanidinium cation in
terms of planarity, acidity and electronic properties are
unaffected. However, in the aromatic guanidinylamidini-
um A (our model for Amiloride) and in the N-acetyl-guan-
idinium B the C=0 is in the same plane and conjugated to
the guanidinium group, and in the aromatic case A, both
groups are rotated out-of-plane with respect to the pyra-
zine ring by 16°. This distortion does not affect the strong
conjugation between the guanidinium and the C=0
group, and in fact in both derivatives a similar and very
strong intramolecular N-H O HB is formed between
one of the NH of the guanidinium and the carbonyl oxy-
gen. This strength is reflected in the short HB distances:
1.86 A in both cases, high values of electron density at
the bond critical point p(BCP): 0.0344 and 0.0343 a.u.
for A and B respectively, and a positive Laplacian of
p(BCP) in both cases (V>p(BCP)=0.117 a.u. in both
derivatives).?! In the case of the amiloride-like derivative
A, an extra HB is found between the NH, group in the
pyrazine ring (acting as an acceptor) and one of the NH
of the guanidinium moiety (d[N-H 'N]=1.88A,
p(BCP): 0.0379 a.u., V> p(BCP) = 0.103 a.u.).

Hence, it seems that the optimal interaction between the
guanidinium derivatives and the I,-IBS occurs in those
compounds where the guanidinium cation is not conju-
gated or interacting with any other functional group.
That will explain that the aliphatic bis-guanidinium
derivative 1 shows the best pK;. Those compounds
where the guanidinium cation is forming an intramolec-
ular HB with an adjacent carbonyl group showed poorer
pK; values and the better performance of Amiloride
could be explained by other type of interactions in the
binding site such as n—r interactions or hydrogen bond-
ing through the 3- or 5-NH; groups in the pyrazine ring.

Summarizing, we have presented here different synthetic
approaches towards the preparation of aliphatic guanid-
inylamide derivatives, the results of the biological
evaluation of the affinity of these compounds towards

the I,-IBS, and computational results to rationalize this
affinity values, concluding that the introduction of a
conjugated carbonyl group to the guanidinium moieties
does not improve the affinity towards I,-IBS due to the
formation of an intramolecular HB.
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proposed by Bader [Bader, R. F. W. Atoms In Molecules.
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