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Abstract: In this study, the piperidine ring of immepip and
its analogues was replaced by a rigid heterocyclic pyridine ring.
Many compounds in the series exhibit high affinity and agonist
activity at the human histamine Hs; receptor. Particularly, the
4-pyridinyl analogue of immepip (1c, immethridine) is identi-
fied as a novel potent and highly selective histamine Hs
receptor agonist (pK; = 9.07, pECs, = 9.74) with a 300-fold
selectivity over the closely related H, receptor.

Histamine is a biogenic amine with multiple physi-
ological effects. It exerts its biological activities through
four histamine receptors, i.e., Hi, H», Hs, and Hy recep-
tors, which all belong to the superfamily of heptahelical
(7TM) G-protein-coupled receptors.1= The histamine H;
and H, receptors have been identified by pharmacologi-
cal means many years ago, and histamine H; and H,
antagonists have been used clinically for the treatment
of allergy and gastric ulcers, respectively.>=8 The his-
tamine Hjs receptor, however, was discovered in 1983
by Arrang et al. and was identified as a presynaptic
autoreceptor in the brain controlling the release of
histamine.®10 Subsequently, the histamine Hj receptor
was also shown to act as presynaptic heteroreceptor at
nonhistaminergic neurons in the central and peripheral
nervous system modulating the release of neurotrans-
mitters such as acetylcholine,!! dopamine,!? serotonin,3
and noradrenaline.’* The therapeutic potential for
histamine Hs receptor antagonists and agonists has
been suggested in a variety of disorders; antagonists
have been proposed for several central nervous system
disorders, e.g., epilepsy,'® attention-deficit hyperactivity
disorder,'® Alzheimer’s disease,'” schizophrenia,® and
obesity,’® while agonists could be of potential use in
myocardial ischemia,?® inflammatory,?! and gastric acid
related diseases.??
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Chart 1. Binding Affinities and Functional Activities of
Histamine Hs Receptor Ligands

N NH N NH N NH

Imbutamine Immepip VUF5681
pK;=8.39 pK; =9.32 pK,=8.35

pEC,,=8.13 pEC,,=9.88 pA,=8.10

A previous study on conformationally constrained
analogues of histamine and its homologues demon-
strated that increased rigidity by incorporation of a
piperidine ring into the side chain results in increased
affinity and agonist efficacy at the human histamine H;
receptor. Immepip, a conformationally constrained ana-
logue of imbutamine, possesses improved affinity and
functional activity at the human H; receptor (Chart 1).23
Although the piperidine ring is more rigid than the
aliphatic alkylamine, this ring system still shows some
flexibility. We hypothesized that the histamine Hj
receptor affinity could be improved further by imparting
a conformational constraint of the side chain via re-
placement of the piperidine ring with an aromatic
pyridine ring. Our previous study also showed that
extension of the spacer between the imidazole and the
piperidine ring resulted in a potent neutral Hz antago-
nist (VUF5681, Chart 1).23 We therefore designed a new
series of compounds with variation in the spacer length
between the imidazole and pyridine ring and/or alter-
ation of nitrogen position in the pyridine ring (Figure

1).
/:((—}nNHz—> WH_» W

Ny _NH Ny _NH NVNH

A4 A%
Increased binding affinity ?
Increased functional activity

Figure 1. Design of novel histamine Hs receptor agonists
based on the hypothesis that increased rigidity leads to
increased activity.

Some of the ligands have been described before?* but
were synthesized differently in this work. Compounds
la—c were synthesized from protected 4-iodoimidazole?®
(4) as shown in Scheme 1. The iodo compound was
treated with EtMgBr, then with pyridinecarboxalde-
hydes to give the intermediate alcohols (5) in good yield
(85—90%). The alcohol was acetylated by acetic anhy-
dride using dimethylaminopyridine (DMAP) as a cata-
lyst to obtain 6, which was subsequently hydrogenated
under 50 atm of H, to give 7 in moderate yield (70—
75%). Deprotection of 7, by heating in 30% HBr at reflux
temperature, provided la—c.

Compounds 2a—c were synthesized according to
Scheme 2. The intermediate aldehydes (9) were pre-
pared from commercially available 3-pyridinepropan-
1-ols via a Swern oxidation in moderate to good yield
(75—85%).26 By use of TosMIC-mediated imidazole
synthesis,?” 2a—c were obtained in moderate yield (65—
75%).

The synthesis of 3-(1H-imidazol-4(5)-yl)propyl-
pyridines (3a—c) followed Scheme 3. The key inter-
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Table 1. Affinities and Functional Activities of Pyridine-Containing Ligands on the Human Histamine Hs and H4 Receptors

|

Nv

NH

3

AN

human histamine Hj receptor

human histamine H, receptor

compd VUF n isomer pKj+SEM2 pECso+SEMP of pKi+SEM2 pECso+ SEMP  of  selectivityd

la 4886 1 2 6.23 £ 0.00 6.22 £ 0.05 0.9 5.34 £ 0.02 4.98 + 0.05 1.0 8
1b 4857 1 3 7.28 £0.02 7.41+0.12 1.0 6.16 + 0.02 4.82 +0.23 0.5 5
1c immethridine 1 4 9.07 £ 0.00 9.74 £ 0.14 0.9 6.61 £+ 0.02 6.04 £ 0.07 0.8 288
2a 5912 2 2 5.93 £ 0.02 5.87 £ 0.09 0.6 4.91 + 0.05 4.23+0.19 0.6 10
2b 5913 2 3 6.85 £+ 0.03 6.45 £ 0.10 1.0 5.29 £ 0.05 4.49 + 0.07 0.3 36
2c 5889 2 4 8.16 £ 0.05 8.17 £ 0.02 0.9 5.88 + 0.04 5.82 +£0.34 0.4 191
3a 5914 3 2 5.98 £ 0.01 6.04 £ 0.02 0.5 5.90 £+ 0.06 5.50 £ 0.10 0.6 1
3b 5915 3 3 7.48 £0.03 7.51 +£0.03 1.0 6.32 £ 0.02 5.90 £ 0.13 0.4 14
3c 5916 3 4 7.81+0.03 7.71 £ 0.09 1.0 6.00 £ 0.01 581 +0.11 0.4 65

imbutamine 8.39 £ 0.03 8.13 £ 0.08 0.9 7.84 £0.09 7.05 £ 0.04 1.0 4

immepip 9.32 £ 0.04 9.88 £ 0.02 1.0 7.66 £ 0.04 7.25+£0.16 0.7 46

aThe pK; values were measured by [3H]-N*-methylhistamine or [3H]-histamine binding to membranes of SK-N-MC cells expressing
the human Hs or H, receptor, respectively. ® The pECso values were determined by the inhibition of the cAMP-stimulated g-galactosidase
transcription in SK-N-MC cells expressing the human Hz or Hy receptor. The results were presented as the mean + SEM of at least three
independent experiments. ¢ o = intrinsic activity as the ratio of the maximum response of each ligand to the maximum response of

histamine. 9 Selectivity = Ki(H4)/Ki(H3).

Scheme 1. Synthetic Pathway for la—c?
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a Reagents and conditions: (i) EtMgBr, THF, pyridinecarbox-
aldehyde, room temp, 16 h; (ii) DMAP, DCM, acetic anhydride,
room temp, 3 h; (iii) Hz (50 atm), 10% Pd/C, MeOH, 24 h; (iv) 30%
HBr, reflux 24 h.

Scheme 2. Synthetic Pathway for 2a—c?
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N 2a = 2-isomer
b = 3-isomer
¢ = 4-isomer

a Reagents and conditions: (i) oxalyl chloride, DMSO, DCM,
triethylamine, —65 °C to room temp, 5 h; (ii) TosMIC, NaCN,
EtOH; (iii) saturated NHz in EtOH, 90—110 °C, 10—12 atm, 24 h.

mediate w-pyridinebutanals (14) were prepared from
corresponding pyridinecarboxaldehydes (11) following
the procedure earlier described.?® By use of the afore-
mentioned TosMIC chemistry, the imidazole products
3a—c were obtained in moderate yield (60—70%).

Characterization and physical properties of the target
compounds are shown in Table 3.

Binding affinities and functional activities of all
compounds were performed using SK-N-MC cells ex-
pressing the human histamine Hz or H, receptor fol-
lowing procedure described in ref 23.

Scheme 3. Synthetic Pathway for 3a—c?
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3a 2-isomer
b = 3-isomer
¢ = 4-isomer
2 Reagents and conditions: (i) n-BuLi, THF, [2-(1,3-dioxolan-
2-yl)ethyl]triphenylphosphonium bromide, —30 °C, 3 h; (ii) Hz, 5%
Pd/C, 1 atm, 24 h; (iii) 1 N HCI, room temp, 10 min; (iv) TosMIC,
NaCN, EtOH, room temp, 2 h; (v) saturated NH3 in EtOH, 90—
110 °C, 10—12 atm, 24 h.

Table 2. Activities of Hz Agonists on the Twitch Contraction
Induced on the Paced Myenteric Plexus Isolated from Guinea
Pig lleum?

compd pD; £ SEM Emax = SEM (%)
immethridine 7.45 £ 0.08 38.5 £ 7.56
immepip 7.97 £0.10 25.2 +4.24
imetit 7.88 +£0.13 31.3+6.00

2 The potency (pD2) and maximum inhibitory effect of contrac-
tion amplitude (% Emax) values were determined from concentra-
tion—response curves of ligands elicited on the paced isolated
guinea pig ileal myenteric plexus. The results were presented as
the mean + SEM of at least five independent experiments.

Many histamine analogues have been described as
selective Hz receptor agonists.?82° For ligands with a
basic nitrogen in the side chain, increased rigidity
appears to result in an increase in binding affinity and
agonist potency at the human Hs receptor.2® The pip-
eridine side chain analogue, immepip, is a typical
example of such a ligand that exhibits a 10-fold higher
affinity for the human Hs receptor than its flexible
ligand (imbutamine) as seen in Table 1. Immepip is
currently one of the most potent Hs; agonist known
(pKi = 9.32 and pECsy = 9.88) but also shows reason-
able potency for the recently discovered histamine Hj
receptor (pK; = 7.66 and pECsy = 7.25). In our search
for potent and selective histamine Hsz and Hj ligands,
a further conformational constraint in the side chain
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Table 3. Characterization and Physical Properties of Ligands
yield? Mse
compd salt (%) mp® (°C) M+ 1]+ NMR (D,0)4 formula
la HBr 55 2251-226.3 160.3 08.6(d, 1H,J=7Hz), 85 (s, 1H), 8.4 (t, 1H,J = CoH11N3Br;
(dec) 7 Hz), 7.9 (t, 1H, J = 7 Hz), 7.8 (d, 1H, J = 7 Hz),
7.4 (s, 1H), 4.6 (s, 2H)
1b HBr 42 262.4-264.2 1604  68.7 (m, 2H), 8.6 (s, 1H), 8.5 (d, 1H, J = 7 Hz), CoH11N3Br;
8.0 (t, 1H, J = 7 Hz), 7.3 (s, 1H), 4.4 (s, 2H)
immethridine HBr 47 >300 160.4 08.6(d,2H,J =7 Hz), 8.5 (s, 1H), 7.9 (d, 2H, CgoH11N3Br;
J=7Hz), 7.4 (s, 1H), 4.5 (s, 2H)
2a HBr 63 213.5—2154 174.3 08.5(d, 1H,J =7 Hz), 7.5 (m, 2H), 7.1 (m, 2H), C10H13N3Br»:0.3H,0
(dec) 6.7 (s, 1H), 3.0 (m, 4H)
2b HBr 58 225.8-226.5 1745 ¢8.3(m, 2H), 7.5 (s, 1H), 7.4 (d, 1H, J = 8 Hz), C10H13N3Br2
7.1 (m, 1H), 6.6 (s, 1H), 2.9 (M, 4H)
2c HBr 68 264.8-265.6 174.6 08.4(d, 2H,J =7 Hz), 7.5 (s, 1H), 7.1 (d, 2H, C10H13N3Br2
(dec) J=7Hz),2.9(m, 4H)
3a HCI 53 174.3—175.6 188.4 08.5(d, 1H,J =7 Hz), 7.6 (m, 2H), 7.2 (m, 2H), C11H15N3Cl2-0.3H,0
6.8 (s, 1H), 2.8 (t, 2H, 3 = 7 Hz), 2.6 (t, 2H,
J =7 Hz), 2.0 (quint, 2H, J = 7 H2)
3b HCl 57 190.4-191.1 1883 ¢85 (m, 2H), 7.6 (s, 1H), 7.5 (d, 1H, J =8 Hz), 7.2 (m,  C11H15sN3Cl»-0.3H,0
1H), 6.8 (s, 1H), 2.6 (m, 4H), 2.0 (quint, 2H, J = 7 Hz)
3c HBr 55 220.4—221.1 188.6 08.5(d, 2H,J=7Hz), 7.6 (s, 1H), 7.1 (d, 2H, C11H1sN3Br2

(dec) J =7Hz), 6.8 (s, 1H), 2.6 (m, 4H), 1.9 (m, 2H)

aYields after recrystallization from EtOH/ether. ® Melting points were determined on an Electrothermal 1A9200 apparatus. ¢ Mass
spectrometry were performed on Finnigan LCQDECA ion-trap mass spectrometer using APCI technique. 9 *H NMR spectra were recorded
on Bruker AC-200 spectrometer with the residual undeuterated solvent peak as reference.

was achieved by a replacement of the piperidine ring
with a pyridine ring. Although none of the new com-
pounds exhibits greater affinity or agonist efficacy
than immepip, some do demonstrate greater selec-
tivity for the human Hs receptor (Table 1). At the human
Hs receptor, the 4-pyridinyl analogue of immepip,
immethridine (1c), also acts as a full agonist with high
affinity and potency (pKi = 9.07 and pECsy = 9.74).
Although the affinity of immethridine at the human Hs
receptor equals the affinity of immepip, immethridine
displays a 10-fold lower binding affinity at the human
H4 receptor (pK; = 6.61 and pECso = 6.04, Table 1). This
decreased binding affinity leads to a 300-fold selectivity
at the human Hj receptor over the H, receptor. Further
evaluation of immethridine at the human H; and H;
receptors indicated no binding affinity even at 10 uM
(data not shown). Therefore, immethridine is one of the
most potent and selective agonist for the human Hsj
receptor.

Consistent with observations in the piperidine-
containing series,? the optimal spacer length within the
pyridine series is one methylene unit. Extension of the
spacer length between the imidazole ring and the
pyridine ring leads to reduced affinity and less agonist
activity at the human histamine Hz and H, receptors.
Compounds 2c and 3c respectively exhibit pK; values
of 8.16 and 7.81 at the human Hj; receptor and 5.88 and
6.00 at the human H, receptor (Table 1).

We previously observed that extension of the spacer
length in the 4-piperidine-containing series also resulted
in a decreased agonist efficacy at the human Hj; recep-
tor, eventually resulting in a neutral antagonist (pro-
pylene spacer).2® In contrast, in the 4-pyridine-contain-
ing series, the longer homologues of immethridine (2c
and 3c) still behave as full agonists at the human Hs
receptor. At the human Hj receptor, most of the
compounds in this series behave as partial agonists
(Table 1).

The 2- and 3-pyridinyl analogues exhibited decreased
affinity and agonist potency at the human Hj receptor,
but this change did not significantly affect the human

H, receptor activity. At the human histamine Hs recep-
tor, the full agonists 1a and 1b exhibit a significantly
reduced affinity (pK; = 6.23 and 7.28, respectively)
compared to immethridine, whereas only a small de-
crease was observed at the human H, receptor (pK; =
5.34 and 6.16, respectively; Table 1). This isomer
preference was also observed for the longer immethri-
dine homologues (2c — b — a and 3c — b — a). On the
basis of these findings, we conclude that the pyridine
nitrogen plays a role in the binding to the human Hs
receptor. Moreover, the position of the pyridine nitrogen
is crucial for Hz receptor binding affinity but is less
important for H, receptor affinity.

Histamine and other Hs agonists inhibit the twitch
contraction of the paced myenteric plexus isolated from
guinea pig ileum through the activation of the hista-
minergic Hz presynaptic receptor.3°=32 Immethridine
was therefore evaluated in this model. Similar to the
potent Hz agonists, i.e., imetit and immepip, immethri-
dine induces a concentration-dependent decrease of the
electrically induced twitch contraction of the guinea pig
ileal myenteric plexus. Immethridine again acts as a full
agonist and is slightly less effective (pD, = 7.45) than
immepip and imetit in this model (Table 2).

In this study, the replacement of the piperidine ring
of immepip with a 4-pyridine ring resulted in the
discovery of a potent and highly selective histamine Hs
receptor agonist (immethridine). Although immethri-
dine possesses no improved affinity or functional activity
at the human Hj receptor (pK; = 9.07, pECsp = 9.74,
= 0.9) compared to immepip, a strongly reduced affinity
at the human H, receptor was observed. With about
300-fold Hgs receptor selectivity over the human Hy
receptor and lack of binding affinity at the human
histamine H; and H; receptors, immethridine is cur-
rently one of the most potent and selective Hs re-
ceptor agonists. Previously, the nitrogen of histamine
and other histamine Hj receptor agonists such as
imbutamine and (R)-o-methylhistamine has been sug-
gested to form an ionic interaction with a conserved
aspartate residue (D114) in transmembrane domain 3.33
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Because of the weakly basic property of the pyridine
nitrogen, we hypothesize that immethridine may not
interact with the human Hs receptor via an ionic
interaction with the aforementioned aspartate residue.
Therefore, immethridine might serve future molecular
modeling studies by helping to distinguish between
different models of the binding site of the human
histamine Hs receptor.
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