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We report the synthesis, octanol/water partition coefficient (log P), dissociation constants (pKa),
H3-receptor affinity (pKi in rat brain membranes, [3H]-NR-methylhistamine), and H3-antagonist
potency (pA2 in guinea ileum, (R)-R-methylhistamine) of novel H3-receptor antagonists obtained
by introducing a para or meta substituent on the phenyl ring of the lead compound 4(5)-phenyl-
2-[[2-[4(5)-imidazolyl]ethyl]thio]imidazole (3a). The substituents were chosen to obtain broad
and uncorrelated variation in their lipophilic, electronic, and steric properties. The log P values
of the neutral species cover almost 3 orders of magnitude (from 1.40 to 4.11). The pKa,2 values
(protonation of the 2-thioimidazole fragment) vary from 3.13 to 4.34, indicating that this
fragment, which incorporates the so-called polar group common to many H3-receptor antago-
nists, is neutral at physiological pH. The compounds had pKi values in a range too narrow
(from 7.28 to 8.03) to derive QSAR equations. In one case (3g), a biphasic displacement curve
was observed (pKi,1 ) 8.53; pKi,2 ) 6.90). The pA2 values ranged 2 orders of magnitude (from
6.83 to 8.87) and yielded a QSAR model (PLS) indicating that antagonist potency depends
parabolically on lipophilicity and is decreased by bulky para substituents. The compounds of
this series, therefore, maintain a fair-to-good affinity for rat brain H3-receptor and a fair-to-
good H3-antagonist potency on guinea pig ileum, although varying markedly in their
lipophilicity. The series thus appears as a good candidate for pharmacokinetic optimization
leading to brain-penetrating H3-receptor antagonists.

Introduction

The histamine H3-receptor is a G-protein-coupled
receptor which controls the synthesis and release of
histamine, and the release of other neurotransmitters,
from nerve endings.1,2 H3-receptor antagonists inhibit
the action of the physiological agonist, thus enhancing
neurotransmission. The increase in histaminergic and
cholinergic3 transmission in the CNS suggests potential
therapeutic uses of brain-penetrating H3-receptor an-
tagonists in a number of diseases such as epilepsy,4,5
vertigo,6 cognitive disorders,7,8 and obesity.9

Different classes of H3-receptor antagonists have been
reported,10-12 comprising some high-potency agents
such as the lead compounds thioperamide,13 clobenpro-
pit,14 iodophenpropit,15 and iodoproxyfan.16 With re-
spect to thioperamide and clobenpropit, an attempt was
made to replace the potentially toxic thiourea and
isothiourea groups with bioisosteric moieties and even
heterocycles.17-19 Another aim in the design of H3-
receptor antagonists has been easy access to the CNS,
which can be retarded by protonation, as in clobenpro-
pit, or by other distribution phenomena such as the high
binding to plasma proteins, as observed for thioperam-
ide.20

From a structural point of view, H3-receptor antago-
nists are characterized by the presence of an imidazole
ring connected by an alkyl spacer to a polar group,
which in turn is attached to a lipophilic ending group.
One possible classification of these compounds considers
the polar group, which can be strongly basic and thus
protonated at physiological pH (e.g. clobenpropit), or
neutral as in thioperamide. The state of protonation
can affect not only the pharmacokinetic behavior of the
drug, but also the structure-activity profile of a series
of analogs. The basicity of the polar group is therefore
a crucial feature in the study of structure-activity
relationships for H3-receptor antagonists. Furthermore,
given the importance of the lipophilic ending group in
many classes of H3-receptor antagonists, it is also of
interest to investigate the effect of lipophilicity on
receptor affinity and antagonist potency.
Our studies on H3-receptor antagonists began with

the inclusion of the carbothioamide fragment of thio-
peramide in a benzo-condensed heterocycle, giving a
series of 1-(benzothiazol-2-yl)-4-[4(5)-imidazolyl]piperi-
dine derivatives.21,22 A QSAR study in this series
suggested the need for less bulky or more flexible
structures to achieve higher H3-receptor affinities. A
series of [(heteroarylamino)ethyl]- and [(heteroarylthio)-
ethyl]imidazoles was therefore synthesized and tested,18,23
with the polar group represented by an imidazole or
thiazole ring or by their benzo-condensed derivatives.
Among the most promising compounds, the (4-phenyl-
2-imidazolyl)thio derivative (3a in Table 1) showed good
affinity for central H3-receptors (pKi ) 7.85 ( 0.06) and
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‡ Istituto di Farmacologia e Farmacognosia, Università degli Studi
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good H3-receptor antagonist potency on electrically
stimulated guinea pig ileum (pA2 ) 8.19 ( 0.18).
Compound 3a was therefore taken as a putative lead
compound in the subsequent optimization study de-
scribed here.
In the present work, we have modulated the physi-

cochemical features of the terminal group, introducing
meta or para substituents on the phenyl ring of com-
pound 3a, with the aim of assessing their influence on
lipophilicity and ionization and exploring their effect on
H3-receptor antagonist potency and affinity. Here, we
report the synthesis, physicochemical parameters (log
P and pKa values measured by the pH-metric method24),
binding affinity to rat brain H3-receptor, H3-receptor
antagonist potency on electrically stimulated guinea pig
ileum, and structure-activity relationships of com-
pounds 3a-l. In order to establish the H3 selectivity
of these new compounds, we tested them on H1- and H2-
receptors as well.

Design

The substituents were chosen to obtain broad, uncor-
related variations in their lipophilic, electronic, and
steric properties. They were introduced in the para or
meta position, avoiding ortho substitution which could
lead to unpredictable conformational effects. For both
para and meta substituents, the selection was made
starting from a factorial design, which proved biased
due to uneven distribution in the parameter space and
to the criterion of good synthetic accessibility. The
compounds were therefore selected by considering the
D-efficiency25 of the overall design.
The variable space was defined by the physicochem-

ical parameters π, σ, and MR for the 100 aromatic
substituents reported by Skagerberg et al.26 In the case
of para substituents, an initial two-level full factorial
design27 led to the selection of eight substituents, some
of which were replaced by others considered more
accessible from a synthetic point of view. The replace-
ments were carried out with the aid of the D-optimal
design program DESDOP.28 In particular, the substitu-

ent CONH2 belongs to the same octant as NO2 (that of
the hydrophilic, electron-withdrawing small substitu-
ents), but its inclusion allowed the reduction of the
correlation coefficient between π and MR from 0.57 to
0.48, and it increased the lipophilicity range by more
than 1 unit. The final D-efficiency for the eight para
substituents was 42.8%, starting from the entire set of
100 substituents. Ranges of variables for para substit-
uents were as follows: π, -1.49 (CONH2) to 1.55 (O-n-
C4H9); σ, -0.83 (N(CH3)2) to 0.78 (NO2); MR, 1.03 (H)
to 36.7 (OSO2C6H5). Correlation coefficients were as
follows: π-σ, -0.29; π-MR, 0.48; σ-MR, 0.03.
For meta substitution a simpler design was applied:

four substituents (H, NO2, O-n-C3H7, Br) were selected
according to a factorial design on π and σ, and a further
substituent (CONH2) was added as proposed by DES-
DOP, in order to expand the range of lipophilicity and
to obtain a low correlation between π and the steric
descriptor MR. For meta substituents, ranges were as
follows: π, -1.49 (CONH2) to 1.05 (O-n-C3H7); σ, 0.00
(H) to 0.71 (NO2); MR, 1.03 (H) to 17.1 (O-n-C3H7).
Correlation coefficients were as follows: π-σ, -0.19;
π-MR, 0.33; σ-MR, 0.01.

Chemistry

For the synthesis of the desired compounds (Table 1),
a general and simple synthetic route was employed,
starting from easily accessible acetophenone derivatives.
The compounds were prepared (Scheme 1) starting from
phenyl-substituted ω-aminoacetophenones (1a-l), which
were synthesized by a Delepine reaction starting from
commercially available ω-bromoacetophenones. The
phenyl-substituted ω-aminoacetophenones (1a-l) were
cyclized with potassium thiocyanate to 4(5)-(X-phenyl)-
2-mercaptoimidazoles (2a-l). These were then con-
densed with 4(5)-(2-chloroethyl)imidazole, employing
appropriate acceptor bases and experimental conditions
(see Experimental Section), giving the desired products
3a-l. For the two carbamoyl derivatives, 3h and 3l,
the intermediates 2h and 2lwere prepared with a cyano
group on the phenyl ring; the CN group was then
hydrolyzed to a CONH2 group before condensation with
(chloroethyl)imidazole.

Table 1. Histamine H3-Receptor Affinity and Antagonist
Potency of Compounds 3a-l

compd X pKi
a pA2

b

3a H 7.85 ( 0.06 8.19 ( 0.18
3b p-Cl 7.45 ( 0.04 8.87 ( 0.18
3c p-NO2 7.28 ( 0.04 7.79 ( 0.25
3d p-O-n-C4H9 7.71 ( 0.06 6.83 ( 0.09
3e p-n-C3H7 7.40 ( 0.08 -c

3f p-N(CH3)2 7.53 ( 0.05 7.28 ( 0.09
3g p-OSO2C6H5 8.53 ( 0.20d 7.30 ( 0.04

6.90 ( 0.42d
3h p-CONH2 7.55 ( 0.03 6.93 ( 0.12
3i m-Br 7.85 ( 0.04 8.11 ( 0.29
3j m-NO2 7.51 ( 0.03 8.46 ( 0.18
3k m-O-n-C3H7 8.03 ( 0.02 -c

3l m-CONH2 7.79 ( 0.04 6.84 ( 0.13
a Inhibition of [3H]NAMHA binding to rat brain membranes.

b H3-antagonist potency on electrically stimulated guinea pig
ileum. c Unsurmountable antagonism at concentration > 10-7 M.
d A two-site model gave a significantly better fit. The relative
proportions of the high (pKi,1) and low (pKi,2) affinity site were
66% and 34%, respectively.

Scheme 1
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Pharmacology
The H3-receptor affinity was determined by the

displacement of [3H]-NR-methylhistamine bound to rat
cerebral cortex membranes, whereas the H3 antagonist
potency was assessed by the inhibition of (R)-R-meth-
ylhistamine-induced responses on the electrically stimu-
lated guinea pig ileum. Possible interactions at H1- and
H2-receptor subtypes were investigated on histamine-
induced contractions of the guinea pig isolated ileum
and on dimaprit-evoked chronotropic responses of guinea
pig isolated atria, respectively.

Results and Discussion
log P(BH+), log P(B), and pKa. The results of pKa

and log P determinations are reported in Table 2. The
low stability of compound 3f (X ) N(CH3)2) made its
study impossible. The two dissociation constants refer
to the two imidazole rings, the lower (pKa,1) and higher
(pKa,2) values corresponding respectively to the 4(5)-
phenyl-2-thioimidazole and 4(5)-alkylimidazole moieties.
Two values of log P are also reported, one for the
monoprotonated species (log P(BH+)) and the second for
the free base (log P(B)). A high variation in lipophilicity
was produced by the substituents, since log P(B) varies
from 1.4 (3h) to 4.11 (3d). This is in good agreement
with the π values of the substituents (eq 1).

The protonation of the stronger basic center produces
a decrease in log P of about 2.7 units [log P(B) - log
P(BH+) ) 2.69 ( 0.23]. Thus, whereas the free bases
are relatively lipophilic and have a good potential for
brain penetration, protonation leads to intrinsically
hydrophilic species which as such have a low potential
for passive diffusion into the brain. The first protona-
tion is believed to occur at the 4(5)-alkylimidazole ring,
as the values of the higher dissociation constant (pKa,2)
are quite constant around 7, similar to the pKa of free
imidazole. The pKa,1 values reflect the inductive effect
of the sulfur atom in position 2 and the electronic effect
of the substituents in position 4(5) of the second imi-
dazole ring. The variation in pKa,1 can in fact be
correlated with the σ values of aromatic substituents26
(eq 2).

The separation of inductive and resonance effects, as
described by F and R,29 did not bring about any
significant improvement in the correlation with pKa,1
(eq 3).

As a result of these various contributions, the so-
called polar group of this series has a markedly reduced
basicity (pKa,1 range: 3.13-4.34) and will be uncharged
at physiological pH. The present compounds can there-

fore be classified as thioperamide-like H3-receptor an-
tagonists, characterized by neutral polar groups.
H3-Receptor Binding Affinity and Antagonist

Potency. Table 1 reports the pKi values of compounds
3a-l as measured in rat brain cortex preparations.
Comparable affinities were observed for all compounds
in the series (pKi range 7.28-8.03). Compound 3g (the
(p-phenylsulfonyl)oxy derivative) showed a slightly bi-
phasic curve in its inhibition of [3H]-NR-methylhista-
mine binding ([3H]NAMHA), yielding a significantly
better fit with a two-site model (pKi,1 ) 8.53, pKi,2 )
6.90) with relative proportions of 66% and 34%, respec-
tively. A biphasic inhibition curve had been observed
also for thioperamide,30 but the presence of sodium ions
in the buffer rendered the curve monophasic. This is
the first time that a biphasic curve is reported for an
H3-receptor antagonist displacing [3H]NAMHA in the
presence of 50 mM NaCl. Such biphasic curves can be
due to receptor heterogeneity or to the presence of
different conformations/states of the same receptor.30

In the functional studies, all of the compounds tested
(except 3e and 3k) competitively antagonized (R)-R-
methylhistamine-induced responses, showing different
potencies as indicated by the pA2 values reported in
Table 1. Above 10-7 M, p-propyl- (3e) and m-propoxy-
(3k) substituted compounds displayed an unsurmount-
able antagonism, shifting rightward the H3-receptor
antagonist concentration-response curve and simulta-
neously reducing its maximum. Within this series, the
highest H3-antagonist potency was that of compound 3b,
which showed an increase of 0.68 in pA2 value relative
to the parent compound (3a).
Some differences are evident between the binding and

functional data, namely a larger variation in pA2 than
in pKi values, and a different ranking order. Thus,
compound 3b (p-Cl) was the most potent antagonist but
did not have the highest affinity. Compound 3k (m-O-
n-C3H7) had the highest affinity but displayed a non-
competitive behavior in the functional test. Moreover,
compounds 3d, 3h, and 3l had a significantly lower
potency than the other compounds in the functional test,
but their affinity was similar to that of the parent
compound. Relevant differences between binding af-
finities in rat brain cortex and potencies in guinea pig
ileum have been reported for H3-receptor antagonists,31-33

but it is still unclear whether this can be attributed to
receptor heterogeneity, nor are structural features
known that could discriminate between these activities.

log P(B) ) 0.885((0.045)π + 2.83((0.05) (1)

n ) 11; r2 ) 0.977; s ) 0.155; F ) 383.5

pKa,1 ) -1.17((0.15)σ + 4.18((0.06) (2)

n ) 11; r2 ) 0.865; s ) 0.161; F ) 57.9

pKa,1 ) -1.41((0.24)F - 0.943((0.249)R +
4.27((0.10) (3)

n ) 11; r2 ) 0.885; s ) 0.157; F ) 30.9

Table 2. Dissociation Constants and Partition Coefficients of
Compounds 3a-l

compd pKa,1
a pKa,2

b log P(BH+)c log P(B)d

3a 4.28 7.07 -0.15 2.62
3b 4.12 7.10 1.02 3.66
3c 3.13 6.94 0.00 2.75
3d 4.30 7.06 1.21 4.11
3e 4.34 7.03 1.36 4.09
3fe
3g 3.84 6.93 0.81 3.72
3h 3.63 7.07 -1.34 1.4
3i 3.90 7.08 0.94 3.76
3j 3.21 6.89 -0.13 2.43
3k 4.04 7.04 0.99 3.7
3l 4.01 7.05 -0.46 1.61

a Basicity of the substituted imidazole ring. b Basicity of the
unsubstituted imidazole ring. c log P of monocation. d log P of
neutral species. e The compound was not stable enough.
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H1- and H2-Receptor Activity. The compounds
tested did not exhibit any remarkable inhibition of H1
and H2 mediated responses up to 10-6 M.
QSAR. No QSAR study was undertaken for the

binding data (pKi), given the small variation in affinity
over the entire set of ligands. Indeed, excluding com-
pound 3g which had a biphasic inhibition curve, the
standard deviation of the average pKi was 0.247. Thus
structural variations on the phenyl ring did not influ-
ence markedly receptor affinity, despite the broad
exploration of parameter space achieved with the se-
lected substituents.
Much larger variations were seen in the pA2 data.

Two compounds (3e and 3k) did not yield potency data
consistent with the other pA2 since they showed non-
competitive antagonism with unsurmountable decrease
in the maximum effect of the agonist (R)-R-methylhis-
tamine at concentrations > 10-7 M. For the 10 remain-
ing compounds, no simple quantitative relation between
pA2 and log P or pKa,1 was obtained. A decrease in
potency at the two extremes of the lipophilicity range
(compounds 3d, 3h, and 3l) was observed, whereas
variation in the basicity of the polar group (pKa,1) was
not sufficient to cause effective differences in protona-
tion at physiological pH and to influence in vitro
potency.
Since the lack of simple correlations could be due to

complex structure-activity relationships, we investi-
gated the correlation between pA2 and a multivariate
description of physicochemical properties. Fifteen vari-
ables were used, taken from different literature sources
and describing the lipophilic, electronic, and steric
properties of the substituents (Table 3). In this multi-
variate characterization, the π values were used instead
of experimental log P values, since they were highly
correlated with experimental lipophilicity (eq 1), and it
was not possible to measure the log P of compound 3f.
The square of the lipophilicity parameter (π2) was
included to account for a second-degree effect in the low
potency of highly hydrophilic and lipophilic substituents.
The field and resonance descriptors (F and R) were

weighted according to Norrington et al.34 for meta
substituents. The steric parameters, comprising bulki-
ness (MR), shape (L, B1, and B5), and a topological
descriptor (Sb),35 were split for para and meta substitu-
tion.
Multiple linear regression analysis (MRA) was not an

appropriate tool in this study, given the high risk of
chance correlations with variable selection.36 A PLS
analysis with the 15 descriptors listed in Table 3 was
therefore performed, controlling the number of latent
variables by cross-validation. By using all the 15
variables, the best Q2 (0.42, SDEP ) 0.53) was obtained
for the two-latent-variables model, which had an r2 )
0.84 (SDEC ) 0.27). The variable selection imple-
mented in GOLPE37,38 allowed discrimination between
informative and noisy descriptors, and actually the
exclusion of variables 5 (R), 8 (B1p), 11 (MRm), 13 (B1m),
14 (B5m), and 15 (Sbm) gave a PLS model with the same
descriptive capacity (r2 ) 0.84, SDEC ) 0.27) and a
significantly better predictive power (Q2 ) 0.63, SDEP
) 0.42). The characteristic data of this model are
reported in Tables 3 and 4 and represented in Figures
1 and 2. As seen in Figure 1, the first latent variable
(LV) is related mainly to the dimension of the para
substituents and to π2, both with negative weights,
while the highest absolute values for the second LV are
presented by lipophilicity (positive), its squared value
(negative), and the length of the meta substituents. The
contribution of the electronic parameters is lower. This
is confirmed by the fact that excluding those parameters,
whose influence on the predictive power was considered

Table 3. Partial Weights of the Two Latent Variables (LV)
and Pseudocoefficients of Physicochemical Variables vs pA2
Obtained for the PLS Model

partial weights
no. variable 1st LV 2nd LV

pseudo-
coefficientsa

1 πb 0.1795 0.5886 0.2382
2 π2 -0.5378 -0.3975 -0.3533
3 σb 0.2571 -0.0425 0.2195
4 Fc 0.2638 0.1108 0.7336
5 Rc excluded excluded
6 MRpb,d -0.3374 0.2595 -0.0071
7 Lpd,e -0.3292 0.2983 -0.0321
8 B1pd,e excluded excluded
9 B5pd,e -0.4387 0.1504 -0.1177
10 Sbpd,f -0.3563 0.1919 -0.0594
11 MRmb,g excluded excluded
12 Lme,g 0.0342 -0.5154 -0.1465
13 B1me,g excluded excluded
14 B5me,g excluded excluded
15 Sbmf,g excluded excluded
intercept 8.62
a Referred to original unscaled variables. b Taken from Skager-

berg et al.26 c Taken from Skagerberg et al.26 for meta substitu-
ents; F and R were weighted by the positional weighting factors
fmeta ) 0.980 and rmeta ) 0.347 (see ref 34). d p indicates para
substituents. e Taken from Hansch et al.29 f Branching parameter
from Austel et al.35 g m indicates meta substituents.

Table 4. Observed and Calculated pA2 Valuesa

pA2

compd substituent obsd calcd

3a H 8.19 8.12
3b p-Cl 8.87 8.23
3c p-NO2 7.79 8.24
3d p-OC4H9 6.83 6.86
3f p-NMe2 7.28 7.51
3g p-OSO2Ph 7.30 7.31
3h p-CONH2 6.93 6.71
3i m-Br 8.11 8.22
3j m-NO2 8.46 8.45
3l m-CONH2 6.84 6.94

a The latter were obtained with the PLS model whose partial
weights are reported in Table 3.

Figure 1. Partial weights of the descriptors in the first two
latent variables (LV) of the PLS model. The first LV is
represented in the abscissa.

2574 Journal of Medicinal Chemistry, 1997, Vol. 40, No. 16 Mor et al.



as uncertain by the GOLPE38 procedure, gave a model
with r2 ) 0.74 and Q2 ) 0.44 (2 LV) based only on
variables 1 (π), 2 (π2), and 9 (B5p). These three variables
therefore contain sufficient information to explain most
of the pA2 variation accounted for by the model with
nine variables.
A broad parabolic dependence on lipophilicity and a

negative effect of steric hindrance in the para position
are the main relations that emerge between physico-
chemical descriptors and antagonist potency. The low
significance of steric parameters for meta substituents
is probably caused by loss of information due to the
exclusion of compound 3k (which has the bulkiest meta
substituent).
The relation between observed pA2 values and those

calculated with the best PLS model is shown in Figure
2. As can be seen, the PLS model can only discriminate
between two groups of compounds having low (3d, 3f,
3g, 3h, and 3l) or medium-to-high potencies (3a, 3b,
3c, 3i, and 3j). This feature is common to all the PLS
models employed here independently of variable exclu-
sion and can be ascribed to experimental uncertainty
in pA2 determination or to loss of information in
structure parametrization. The model described is
insufficient to make new predictions, particularly for
meta substitution, where the noncompetitive antago-
nism of compound 3k results in loss of information.
However, the model can suggest an explanation for the
differences observed between pA2 and pKi values.
Indeed, the model shows that an optimal lipophilicity

range (around π ) 0.34) is required for high pA2, as
calculated from PLS pseudocoefficients (see Table 3).
This optimal range is not observed with affinity data,
perhaps reflecting a different access to the active site
in the two tests. The negative steric effect of para
substituents, observed only in pA2, is difficult to explain
unless highly hypothetical differences in the topography
of the two binding sites are evoked.

Conclusion
Them- and p-phenyl derivatives of 4(5)-phenyl-2-[[2-

[4(5)-imidazolyl]ethyl]thio]imidazole (3a) represent a
new class of antagonists with good affinity for rat brain
H3 binding sites and with interesting selectivity and
potency for the guinea pig ileum H3-receptor. These
agents have an imidazole ring that acts as the polar

group in the general formula of the H3-receptor antago-
nists. Because this imidazole ring is not protonated at
physiological pH, this class of compounds belongs to the
thioperamide-like group of H3-receptor antagonists.
With the introduction of substituents on the phenyl

ring, the lipophilicity of the uncharged species spans a
wide range of log P values around 2, while there is
relatively little variation in receptor affinities. This
characteristic could be gainfully exploited to optimize
pharmacokinetic properties such as protein binding and
brain penetration.
The H3-receptor antagonist potency in the guinea pig

ileum follows a different structure-activity pattern than
the affinity for rat brain H3-receptors. Indeed, the
dependence of this activity on physicochemical proper-
ties is more apparent, an optimal lipophilicity range and
a reduced steric hindrance in the para position repre-
senting crucial requirements to provide high H3 antago-
nist potency. Such differences could perhaps be due to
receptor heterogeneity or to different access to the active
site.
The H3-receptor antagonists presented here are there-

fore of potential interest due to their good affinity and
potency, and to their relative tolerance to physicochem-
ical modulation aimed at pharmacokinetic optimization.

Experimental Section

Chemistry. Melting points (uncorrected) were measured
with a Büchi instrument (Tottoli). The newly synthesized
compounds were analyzed for C, H, and N. The 1H-NMR
spectra were recorded on a Bruker 300 spectrometer (300
MHz) with tetramethylsilane (TMS) as the internal standard.
Samples were dissolved in DMSO-d6, unless indicated other-
wise.
Reactions were monitored by TLC on Kieselgel 60 F 254

(DC-Alufolien, Merck). The products of the reactions were
controlled by IR and mass spectroscopy. Compounds and
intermediates were purified by chromatography on a prepara-
tive Gilson HPLC using an SiO2 column (LiChroprep., Si60,
15-25 µm,Merck); the eluents were mixtures of CH2Cl2/MeOH
or CHCl3/MeOH at various volume ratios.
General Method of Preparation of Substituted 4(5)-

Phenyl-2-mercaptoimidazole Derivatives (2a-l). Sub-
stituted 4(5)-phenyl-2-mercaptoimidazole derivatives (Scheme
1: 2a,18 2b,39 2c-g, and 2i-k) were prepared from the
corresponding ω-aminoacetophenones and KSCN following the
general method of Norris39 (in CH3COOH) or that of Pyman40
(in water). For p- and m-carbamoyl derivatives (2h and 2l),
the cyclization was performed from p- and m-cyano-ω-ami-
noacetophenone, giving 4(5)-(4-cyanophenyl)-2-mercaptoimi-
dazole and 4(5)-(3-cyanophenyl)-2-mercaptoimidazole, respec-
tively; these were then hydrolyzed to the respective carbamoyl
derivatives by addition of water, according to the method of
Snyder.41

Yields and melting points of the newly synthesized inter-
mediates were as follows: 2c (X ) p-NO2) yield 40%, mp 278-
279 °C dec; 2d (p-O-n-C4H9) yield 45%, mp 230 °C; 2e (p-n-
C3H7) yield 40%, mp 250-253 °C dec; 2f (p-N(CH3)2) yield 31%,
mp 229-231 °C; 2g (p-OSO2C6H5) yield 31%, mp 237-239 °C;
2h (p-CONH2) yield 90%, mp 302-303 °C; 2i (m-Br) yield 67%,
mp 272.5-274 °C; 2j (m-NO2) yield 40%, mp 283-285 °C dec;
2k (m-O-n-C3H7) yield 45%, mp 250-253 °C dec; 2l (m-CONH2)
yield 75%, mp 299-302 °C.
General Method of Condensation of 2-Mercaptoimi-

dazole Derivatives with 4(5)-(2-Chloroethyl)imidazole
(Preparation of Compounds 3a-l). Compounds 3a-lwere
prepared, according to Scheme 1, starting from 4(5)-(2-chlo-
roethyl)imidazole and the appropriate mercaptoheterocycle
as a nucleophile, in the presence of EtONa in DMSO at room
temperature. Equimolar ratios of (chloroethyl)imidazole/nu-
cleophile were used, with double molar ratio of base, because

Figure 2. The relation between observed pA2 values and those
calculated with the best PLS model.
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(chloroethyl)imidazole hydrochloride was employed as the
starting compound. Reactions were followed by TLC (SiO2,
CH3COOEt/EtOH/NH3(aq) 6/1/1); at the end of the reaction
(1-48 h) the products were precipitated with water, purified
by column chromatography, and crystallized, generally as
dihydrochlorides.
4(5)-Phenyl-2-[[2-[4(5)-imidazolyl]ethyl]thio]imida-

zole dihydrochloride (3a‚HCl):18 yield 65%; mp 243-246
°C from propanol; 1H-NMR (DMSO-d6) δ 3.07 (t, J ) 7.0 Hz,
2H, CH2), 3.70 (t, J ) 7.0 Hz, 2H, CH2-S), 7.39 (t, J ) 7.4 Hz,
1H, Ph-4-H), 7.48 (t, J ) 7.4 Hz, 2H, Ph-3-H), 7.57 (s, 1H, Im-
5-H), 7.92 (d, J ) 7.4 Hz, 2H, Ph-2-H), 8.15 (s, 1H, Ph-Im-5-
H), 9.03 (s, 1H, Im-2-H). Anal. (C14H14N4S‚2HCl) C, H, N.
4(5)-(4-Chlorophenyl)-2-[[2-[4(5)-imidazolyl]ethyl]thio]-

imidazole dihydrochloride (3b‚2HCl): yield 70%; mp 289-
292 °C from ethanol; 1H-NMR (DMSO-d6) δ 3.05 (t, J ) 7.3
Hz, 2H, CH2), 3.62 (t, J ) 7.3 Hz, 2H, CH2-S), 7.52 (d, J ) 8.6
Hz, 2H, Ph-H), 7.54 (s, 1H, Im-5-H), 7.90 (d, J ) 8.6 Hz, 2H,
Ph-H), 8.08 (s, 1H, Ph-Im-5-H), 9.00 (s, 1H, Im-2-H). Anal.
(C14H13ClN4S‚2HCl) C, H, N.
4(5)-(4-Nitrophenyl)-2-[[2-[4(5)-imidazolyl]ethyl]thio-

]imidazole dihydrochloride (3c‚2HCl): yield 79%; mp 245-
246 °C dec from ethanol; 1H-NMR (DMSO-d6) δ 2.88 (t, J )
7.4 Hz, 2H, CH2), 3.33 (t, J ) 7.4 Hz, 2H, CH2-S), 6.90 (s, 1H,
Im-5-H), 7.66 (s, 1H, Ph-Im-5-H), 7.95 (s, 1H, Im-2-H), 7.98
(d, J ) 9.0 Hz, 2H, Ph-H), 8.21 (d, J ) 9.0 Hz, 2H, Ph-H).
Anal. (C14H13N5O2S‚2HCl) C, H, N.
4(5)-(4-n-butoxyphenyl)-2-[[2-[4(5)-imidazolyl]ethyl]-

thio]imidazole dihydrochloride (3d‚2HCl): yield 75%; mp
238-239 °C from ethanol/ethyl ether; 1H-NMR (DMSO-d6) δ
0.94 (t, J ) 7.4 Hz, 3H, CH3), 1.44 (m, 2H, CH2), 1.70 (m, 2H,
CH2), 2.85 (t, J ) 7.7 Hz, 2H, CH2-Im), 3.25 (t, J ) 7.7 Hz,
2H, CH2S), 3.96 (t, J ) 6.5 Hz, 2H, CH2OPh), 6.86 (s, 1H, Im-
5-H), 6.91 (d, J ) 8.7 Hz, 2H, Ph-H), 7.45 (s, 1H, Ph-Im-5-H),
7.60 (s, 1H, Im-2-H), 7.63 (d, J ) 8.7 Hz, 2H, Ph-H). Anal.
(C18H22N4OS‚2HCl) C, H, N.
4(5)-(4-n-Propylphenyl)-2-[[2-[4(5)-imidazolyl]ethyl]-

thio]imidazole dihydrochloride (3e‚2HCl): yield 80%; mp
235-237 °C from ethanol/water; 1H-NMR (DMSO-d6) δ 0.88
(t, J ) 7.2 Hz, 3H, CH3), 1.60 (m, 2H, CH2), 2.58 (t, J ) 7.2
Hz, 2H, CH2Ph), 3.05 (t, J ) 7.0 Hz, 2H, CH2-Im), 3.74 (t, J )
7.0 Hz, 2H, CH2S), 7.29 (d, J ) 8.0 Hz, 2H, Ph-H), 7.58 (s, 1H,
Ph-Im-5-H), 7.85 (d, J ) 8.0 Hz, 2H, Ph-H), 8.13 (s, 1H, Ph-
Im-5-H), 9.04 (s, 1H, Im-2-H). Anal. (C17H20N4S‚2HCl) C, H,
N.
4(5)-[4-(Dimethylamino)phenyl]-2-[[2-[4(5)-imidazolyl]-

ethyl]thio]imidazole (3f): yield 61%; mp 127-129 °C from
ethanol; 1H-NMR (DMSO-d6) δ 2.87 (t, J ) 7.45 Hz, 2H, CH2),
2.89 (s, 6H, CH3), 3.24 (t, J ) 7.5 Hz, 2H, CH2S), 6.71 (d, J )
8.9 Hz, 2H, Ph-H), 6.92 (s, 1H, Im-5-H), 7.31 (s, 1H, Ph-Im-
5-H), 7.53 (d, J ) 8.9 Hz, 2H, Ph-H), 7.73 (s, 1H, Im-2-H). Anal.
(as tripicrate: C16H19N5S‚3C6H3N3O7) C, H, N.
4(5)-[4-[(Phenylsulfonyl)oxy]phenyl]-2-[[2-[4(5)-imida-

zolyl]ethyl]thio]imidazole dihydrochloride (3g‚2HCl):
yield 90%; mp 197-198 °C from ethanol/ethyl ether; 1H-NMR
(DMSO-d6) δ 2.85 (t, J ) 7.4 Hz, 2H, CH2), 3.27 (t, J ) 7.4 Hz,
2H, CH2S), 6.85 (s, 1H, Im-5-H), 6.98 (d, 2H, Ph-H), 7.56-
7.87 (m, 9H, Ph-H + Im-H). Anal. (C20H18N4O3S2‚2HCl) C,
H, N.
4(5)-(4-Carbamoylphenyl)-2-[[2-[4(5)-imidazolyl]ethyl]-

thio]imidazole dihydrochloride (3h‚2HCl): yield 55%; mp
277-280 °C from ethanol/ethyl ether; 1H-NMR (DMSO-d6) δ
2.88 (t, J ) 7.4 Hz, 2H, CH2), 3.30 (t, J ) 7.4 Hz, 2H, CH2S),
6.94 (s, 1H, Im-5-H), 7.26 (bs, 1H, CONH2), 7.74 (s, 1H, Ph-
Im-5-H), 7.75 (s, 1H, Im-2-H), 7.79 (d, J ) 8.2 Hz, 2H, Ph-H),
7.86 (d, J ) 8.2 Hz, 2H, Ph-H), 7.91 (bs, 1H, CONH2). Anal.
(C15H15N5OS‚2HCl) C, H, N.
4(5)-(3-Bromophenyl)-2-[[2-[4(5)-imidazolyl]ethyl]thio-

]imidazole dihydrochloride (3i‚2HCl): yield 89%; mp 277-
278 °C from methanol/ethyl ether; 1H-NMR (DMSO-d6) δ 3.05
(t, J ) 7.0 Hz, 2H, CH2), 3.70 (t, J ) 7.0 Hz, 2H, CH2-S), 7.42
(t, J ) 7.9 Hz, 1H, Ph-H), 7.53-7-58 (m, 2H, Im-5-H + Ph-
H), 7.94 (d, J ) 7.9 Hz, 1H, Ph-H), 8.18 (s, 1H, Ph-H), 8.20 (s,
1H, Ph-Im-5-H), 9.02 (s, 1H, Im-2-H). Anal. (C14H13N4SBr‚
2HCl) C, H, N.

4(5)-(3-Nitrophenyl)-2-[[2-[4(5)-imidazolyl]ethyl]thio-
]imidazole (3j): yield 94%; mp 216-217 °C from ethanol/ethyl
ether; 1H-NMR (DMSO-d6) δ 2.85 (t, J ) 7.4 Hz, 2H, CH2),
3.30 (t, J ) 7.4 Hz, 2H, CH2S), 6.84 (s, 1H, Im-5-H), 7.53 (s,
1H, Ph-Im-5-H), 7.63 (t, J ) 7.9 Hz, 1H, Ph-H), 7.90 (s, 1H,
Im-2-H), 8.02 (d, J ) 7.9 Hz, 1H, Ph-H), 8.17 (d, J ) 7.9 Hz,
1H, Ph-H), 8.54 (s, 1H, Ph-H). Anal. (C14H13N5O2S) C, H, N.
4(5)-(3-n-Propoxyphenyl)-2-[[2-[4(5)-imidazolyl]ethyl]-

thio]imidazole dihydrochloride (3k‚2HCl): yield 95%; mp
230-233 °C from ethanol/ethyl ether; 1H-NMR (DMSO-d6) δ
0.99 (t, J ) 7.4 Hz, 3H, CH3), 1.73 (m, 2H, CH2), 2.89 (t, J )
7.3 Hz, 2H, CH2-Im), 3.29 (t, J ) 7.3 Hz, 2H, CH2S), 3.94 (t, J
) 6.4 Hz, 2H, CH2OPh), 6.74 (d, 1H, Ph-H), 6.96 (s, 1H, Im-
5-H), 7.20-7.28 (m, 3H, Ph-H), 7.61 (s, 1H, Ph-Im-5-H), 7.83
(s, 1H, Im-2-H). Anal. (C17H20N4OS‚2HCl) C, H, N.
4(5)-(3-Carbamoylphenyl)-2-[[2-[4(5)-imidazolyl]ethyl]-

thio]imidazole dihydrochloride (3l‚2HCl): yield 72%; mp
277-281 °C from ethanol/ethyl ether; 1H-NMR (DMSO-d6) δ
2.84 (t, J ) 7.5 Hz, 2H, CH2), 3.28 (t, J ) 7.5 Hz, 2H, CH2-S),
6.84 (s, 1H, Im-5-H), 7.32 (bs, 1H, CONH2), 7.40 (t, J ) 7.7
Hz, 1H, Ph-H), 7.55 (s, 1H, Ph-Im-5-H), 7.65 (s, 1H, Im-2-H),
7.68 (d, J ) 7.7 Hz, 1H, Ph-H), 7.85 (d, J ) 7.7 Hz, 1H, Ph-H),
7.94 (bs, 1H, CONH2), 8.21 (s, 1H, Ph-H). Anal. (C15H15N5-
OS‚2HCl) C, H, N.
Ionization Constants and Partition Coefficients. The

pKa and log P values were determined by the pH-metric
method24 using a Sirius-PCA 101 instrument equipped with a
semi-microcombined electrode, a precision dispenser, a six-way
valve for distributing reagents and titrants (0.5 M HCl, 0.15
M KCl, 0.5 M NaOH, water-saturated octanol, methanol), a
temperature probe, and a stirrer. Water and methanol
contained 0.15 M KCl as an ionic strength adjuster. The
weighted samples (0.5-4 mM) were added manually to the
glass vessel while the titrant and all other reagents were
supplied automatically. A circulating bath maintained the
temperature of the sample solution at 25.0 ( 0.1 °C.
None of the compounds (with the exception of compound 3a)

was sufficiently water-soluble for normal aqueous titrations.
Therefore the pKa values were determined from 15-60 wt %
methanol/water solutions and Yasuda-Shedlovsky extrapola-
tion.42 log P values were calculated from octanol/water titra-
tions and Bjerrum plots.24 The approximate set of pKa and
log P constants so obtained were refined by a nonlinear least-
squares procedure.43
Pharmacology: H3-Receptor Binding to Rat Brain

Membranes. Binding affinities were measured in rat brain
cortex membranes as previously described.44 Membranes (0.5
mg of protein) of Wistar rat brain were incubated with the
labeled ligand ([3H]NAMHA) in Tris-HCl, 50 mM, pH ) 7.4,
NaCl, 50 mM, EDTA, 1 mM. Incubation was ended by the
addition of 4 mL of an ice-cold Tris-HCl/NaCl solution and
rapid filtration on AAWP Millipore filters (pore diameter )
0.8 µM) under vacuum. Specific binding was defined as the
binding inhibited by 1 µM thioperamide. Protein concentra-
tions were measured by the Biorad method using bovine serum
albumin as standard.
The pKi values were calculated from the inhibition curves

of the compounds tested vs 0.5 nM [3H]NAMHA, whose KD

measured independently was 0.62 nM.44 Analysis of inhibition
curves was performed with the software LIGAND45 on the
specific binding defined above. Both one-site and two-site
models were tested, and the latter was chosen when a
significant difference in fitting was observed by the F-test.46
Standard error of the mean (SEM) was calculated from at least
four independent experiments. Under these conditions, com-
petitive binding assays with thioperamide gave a monophasic
curve with pKi ) 8.49, nH ) 1.01;44 this result was in
agreement with the Ki value reported by Arrang et al.,13 who
employed [3H]-(R)-R-methylhistamine (Ki ) 2.1 nM) as the
labeled ligand. West et al. reported a biphasic inhibition of
[3H]NAMHA binding for thioperamide, with two Ki values of
4.9 nM (KiA) and 64 nM (KiB)47 and a single Ki value of 16 nM
vs [3H]-(R)-R-methylhistamine.48 As these differences may be
due to different ionic compositions of the solution,30 we kept
ionic composition constant during all experiments. In the
competitive binding experiments, inhibitor concentrations up
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to 10 µM were tested, and therefore pKi values lower than 6
could not be accurately calculated.
H1, H2, and H3 Potency on Guinea Pig Peripheral

Organs. Terminal ileum and atria, isolated from guinea pigs
(350-550 g), were set up as previously described in detail.49
Briefly, segments of the terminal ileum were suspended under
1 g load in a 10 mL tissue bath filled with Krebs Henseleit
solution at 37 °C and bubbled with O2 95%:CO2 5%. Atria were
set up under 0.5 g tension in a 20 mL organ bath containing
Ringer-Locke solution at 32 °C and gassed with O2 95%:CO2

5%. Tissues were allowed to equilibrate for at least 60 min
before the start of the experiments. Changes in mechanical
activity of the tissues were recorded isometrically, and the
variations in the atrial rate were detected by a cardiotachog-
rapher connected to the isometric transducer.
The H3-receptor activity was studied on the tissue trans-

murally stimulated by means of two coaxial platinum elec-
trodes (0.1 Hz, 1 ms, submax voltage). The H3-antagonistic
activity of the newly synthesized compounds, tested up to 10-6

M (30 min incubation), was determined on the concentration-
dependent inhibition of twitch contractions induced by (R)-R-
methylhistamine cumulatively administered (10-9-10-6 M).
To study H1 activity in ileal smooth muscle or H2 activity

in atria, cumulative concentration-response curves to hista-
mine (10-9-10-6 M) or to dimaprit (10-7-10-4 M) were
respectively constructed in the presence and in the absence of
the test compounds up to 10-6 M (30 min incubation).
The results were expressed as percentage of the maximum

response induced by the agonist, and the data were reported
as mean ( SEM of 10-12 observations. EC50 values and
slopes of the regression line were calculated by analyzing the
concentration-response curves by least-squares method. The
antagonistic potency of the drugs tested were estimated by pA2

determination calculated from Schild regression analysis. The
statistical evaluation was performed using Student’s t-test. P
values < 0.05 were considered to be significant.
Data Analysis. PLS analysis was performed with the

GOLPE program37 running on an SGI Indigo2 R4400 200 MHz
64MB RAM workstation. The variables were autoscaled to
unit variance before the calculation of the PLS model. The
predictive power of the model was evaluated by cross-valida-
tion excluding one compound at a time (leave one out), and it
was expressed by standard deviation of errors of predictions
(SDEP) and Q2.38 All of the cited 15 structural variables were
initially included in the calculation of the PLS model. The
values of these variables is given in Table 5 (Supporting
Information). The second step of the analysis consisted in
removing the noisy variables which decreased the predictive
power of the model. This was achieved with the GOLPE
procedure,38 which evaluates the effect of each variable on the
SDEP considering various combinations of variables and
comparing their effect with that of “dummy” variables; the nine
variables indicated in the work were selected for a two-latent-
variable PLS model, with a combination/variables ratio of 5,
50% dummy variables, and retention of those with an uncer-
tain effect.
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