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Fluorine substituents have become a widespread and important component in drug design and develop-
ment. Here, the synthesis of fluorine containing compounds and some corresponding precursor mole-
cules are presented for potential isotope labelling as well as their data obtained with in vitro and
in vivo screenings. The compounds vary in the basic centres (piperidine or pyrrolidine) and are fluoro
substituted in different positions of the basic alicyclic moiety. Pharmacological evaluation resulted in
ligands with high affinities at hH3 receptor in the nanomolar and subnanomolar concentration range
and some with high antagonist in vivo potencies.

� 2009 Elsevier Ltd. All rights reserved.
The histamine H3 receptor (H3R) is one of four different G pro-
tein-coupled histamine receptors known as H1–4.1 The H3R was
first discovered in 1983 in rats2 and cloned in 1999.3 As presynap-
tic auto- and heteroreceptor the H3R is acting mainly in the central
nervous system (CNS) controlling the synthesis and release of his-
tamine, but also modulating the liberation of several other neuro-
transmitters, for example, dopamine, serotonin, c-aminobutyric
acid, noradrenaline, or acetylcholine. The abundance and localiza-
tion of H3Rs in the CNS suggests an integrative role in neuronal
functions and behaviour, for example, arousal, cognition, memory
or food intake.4

Numerous H3R antagonists demonstrate positive effects in ani-
mal models of various CNS-related dysfunctions5 and might be
useful for the treatment of these disorders such as daytime sleep-
iness, attention deficit and hyperactivity, Alzheimer’s disease,
schizophrenia or obesity.6

One clinical candidate is the inverse H3R agonist Tiprolisant, the
former BF2.649 (Fig. 1), which shows high H3R affinity.7 The com-
pound is now in phase II of clinical testing and targeting on narco-
lepsy, and epilepsy.8

We have exploited of the common ‘amino-propyloxy’ H3R phar-
macophore of Tiprolisant and others and linked it to benzyl moie-
ties as central element to obtain our lead structures. This aromatic
All rights reserved.
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spacer has also been successfully used in other H3R antagonists like
UCL 2138.9 The diamine approach in our compounds is based on
previously described related benzylic derivatives like FUB 88010

and JNJ-520785211 (Fig. 1). Different lead developments with such
a diamine element was described, in some cases with some
potential therapeutic long-term treatment drawbacks like
phospholipidosis.12,13

We combined the phenoxy moiety with heterogeneous ali-
phatic mono- and difluorinated substitutions. These compounds
were screened for hH3R affinity displaying influence of fluoro
Figure 1. Non-imidazole histamine H3 receptor antagonists.
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substitution in comparison to other halogenated derivatives or an-
other leaving group. The high affinity hH3R ligands were screened
to determine their in vivo potencies after p.o. application. Novel
compounds might be useful as pharmacological tools for drug
development with changed basicity or for radioactive labelling eli-
gible tool to get rapid information on receptor occupation in
vivo.14,15

The compounds have been synthesized in two different sequen-
tial approaches, described in Figure 2 as Method A or Method B.
The synthesis route in Method A has started with alkylation of a
5- or 6-membered aliphatic heterocycle (piperidine and pyrroli-
dine) with 3-chloropropan-1-ol under basic conditions resulting
in synthon 1a and 1b, respectively. The alcohol group has been
activated by reaction with thionyl chloride. These alkyl chlorides
have been directly coupled to different phenols in a Williamson
reaction. Based on this linear synthesis strategy, compounds 2, 3,
4a, and 4b have been obtained in good yields. The benzaldehydes
(4a, 4b) have been used as starting material for reductive amina-
tion with corresponding secondary amines to 5a–h.

The mesylate compound 7 has not been synthesized directly by
reductive amination, but it has been formed from the 4-hydroxypi-
peridine derivate 6 by transformation with mesyl chloride.

In Method B the central part of the structure has been built up
firstly by Williamson reaction of 3-chloropropan-1-ol with 4-cya-
nophenol for compound 8 or 4-hydroxybenzaldehyde for com-
pound 9, respectively, under iodide catalysis. Afterwards, the
different fluorinated aminergic rings have been linked on the cor-
responding functional group on either side. 4,4-Difluoropiperidine
has been coupled with 4-(3-hydroxypropoxy)benzonitrile (8),
which was previously activated by reaction with thionyl chloride,
to obtain compound 10.

For compound 12 the aldehyde functionality of 9 has been re-
acted with pyrrolidine in a reductive amination to give the alcohol
11, which has been finally activated by thionyl chloride and cou-
pled with 4-fluoropiperidine.
Figure 2. Synthesis of compounds: (i) (1) SOCl2, toluene, 0 �C ? 60 �C, 3 h; (2) different phe
rt, 1–12 h; (iii) (1) SOCl2, toluene, 0 �C ? 60 �C, 3 h; (2) sec-amine base, KI, K2CO3, acetone
Briefly, the compounds have been pharmacologically screened
for H3R affinities by [125I]iodoproxyfan displacement assay on
HEK-293 cells stably expressing the hH3R.16 The non-specific bind-
ing was determined using imetit. Central in vivo H3R potency has
been determined after p.o. administration of the compounds to
Swiss mice measuring the increase of Ns-methylhistamine level
in the cerebral cortex.17

Introduction of fluorine changes properties of neighbouring
functional groups, especially pKA values.18 Thereby, it modifies
pharmacodynamic and pharmacokinetic properties.19 Fluoro sub-
stitution can be used to solve problems unique to the CNS, for
example, blood brain barrier (BBB) permeation.20 Additionally it
may exert a substantial effect on the conformation of a molecule
and it is used to enhance the binding affinity to the target
protein.21

Our initial starting point was the difluorination of the piperidine
of a modern monoamine non-imidazole H3R antagonist (com-
pound 10) (Table 1). This derivatisation disappointingly caused a
complete loss in affinity. Consequently, our studies mainly focused
on modification and fluorination of the lipophilic pharmacophore
on the right-hand part of the molecule. The monofluorination to
fluorobenzyl derivate 2 resulted in moderate affinity, which even
decreased with elongation of the spacer to fluoroethylphenyl
derivative 3.

The development of dibasic structures in combination of mono-
fluorination on the right-hand basic centre (5a–e) involved high
affinities in low subnanomolar concentration ranges. Compound
5a fluorinated on the second piperidine moiety showed the highest
affinity in this short series.

After changing piperidine to pyrrolidine fluorination in 3-posi-
tion introduced a stereocenter. Stereoselective differentiation of
eutomer and distomer has not been observed with the enantio-
meric compounds 5b and 5c. Change of the left-hand basic ring
system from piperidine to pyrrolidine (5a ? 5d, 5c ? 5e) did not
result in any improvement of affinity.
nols, KI, K2CO3, acetone, reflux, 48 h; (ii) sec-amine base, NaBH(AcO)3, dichloroethane,
, reflux, 48 h; (iv) for compound 7 only: CH3SO2Cl, DCM, 0 �C ? rt.



Table 1
hH3R affinities and potencies of compounds 2, 3, 5a–h, 7, 10 and 12

No. Structure hH3R Ki
a (nM) ED50

b (mg/kg)

10
>1000

2 17.3 ± 3.4

3 43 ± 5

5a 0.094 ± 0.011 7.4 ± 3.9

5b 0.28 ± 0.07 3.9 ± 0.4

5c 0.28 ± 0.16

5d 0.26 ± 0.02 12 ± 1

5e 0.31 ± 0.08

12 0.99 ± 0.16

5f 0.24 ± 0.05 0.40 ± 0.01

5g 0.20 ± 0.03

5h 0.068 ± 0.004

7 0.84 ± 0.08

a HEK-293 cells expressing hH3R.16

b p.o. Administration to Swiss mice.17
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Fluorination on the left-hand side as in compound 10 is ac-
cepted by maintaining affinity (12) although the Ki value is about
1 nM, which constitutes the worst Ki in the diamine series. In con-
trast to the derivatisation of 10 the difluorination of piperidine on
the right-hand moiety of compound 5f involved an affinity in the
subnanomolar concentration range.

Interestingly, the chlorinated precursor molecule 5h for poten-
tial [18F]-labelling showed the highest affinity pointing out the dis-
tinct steric demands for hH3R binding pocket interaction.

Selected compounds with high affinity have been tested for
their central antagonist in vivo potencies by p.o. application to
mice. All tested compounds showed central antagonistic efficacies
with good oral potencies. Here, the best compound is the difluori-
nated derivative 5f (ED50 value of 0.23 mg/kg). Metabolic lability,
distribution differences or other potential reasons for the related
monofluorinated compound 5a in comparison to difluoro com-
pound 5f might taken into account, but need additional
investigations.

In addition to fluorination other halogenations (5g, 5h) or intro-
duction of other leaving groups (7) have been introduced has also
led to bioisosteric replacements. These compounds have not been
tested in vivo due to their chemical reactivity.

In summary, all diamine compounds with fluorination on the
right-hand side showed subnanomolar affinities at hH3R. The
high affinity of 5a recommends this compound as a potential
candidate for [18F]-labelling to receive a novel pharmacological
tool for drug discovery in CNS by means of positron emission
tomography (PET)22 or ligand-based [19F]NMR binding screen-
ing.23 With compounds 5g, 5h, and 7 suitable precursors are
available for a convenient and last-step labelling. Further studies
in this direction are in progress. In addition, all high affine fluo-
rinated antagonists exhibit antagonist potency in vivo after p.o.
administration indicating that this structural modification is a
new lead element in compound optimization (cf. 5f). This offers
the possibility of a potent, orally available hH3R antagonist. Fur-
ther non-target studies and pharmacokinetic investigations are
awaited for compound evaluation.
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