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Abstract—Fluorescently labeled histamine H2 receptor antagonists were synthesized starting from N-cyano-N0-[3-(3-piperidin-1-
ylmethylphenoxy)propyl]guanidines with an additional N00-o-aminoalkyl substituent (chain lengths 2–8 methylene groups) or from
3-(3-piperidin-1-ylmethylphenoxy)propylamine. The primary amino group was derivatized with various fluorophores (fluorescein,
acridine, dansyl, nitrobenzoxadiazole (NBD), indolo[2,3-a]quinolizine). On the isolated spontaneously beating guinea pig right
atrium most of the fluorescent probes were only weakly active, however, the NBD-labeled substances proved to be potent histamine
H2 receptor antagonists achieving pA2 values in the range of 7.5–8.0, comparable to the activity of famotidine.
# 2003 Elsevier Science Ltd. All rights reserved.
As part of a program to develop fluorescence-based
methods for the study of ligand receptor interactions at
G-protein coupled receptors (GPCRs) we have recently
demonstrated that the affinity of agonists and antago-
nists can be determined by flow cytometry under equili-
brium conditions by using cyanine5-labeled neuro
peptide Y.2 This approach is very promising in case of
peptides, and it could generally be a very attractive
alternative to radioligand binding if it were also applic-
able to the investigation of small molecules acting at
GPCRs such as biogenic amines and their antagonists.
Therefore, suitable fluorescent probes are needed to
investigate the applicability of such methods. We selec-
ted histamine receptors3,4 as a model to study low
molecular weight ligands which interact with GPCRs.
Very recently, we reported on fluorescent histamine H1

receptor antagonists related to mepyramine.5 In the
present study fluorescently labeled H2 antagonists are
described.1 As spacefilling residues such as radiolabeled
partial structures including spacer groups are tolerated
in the aminopotentidine series,6 the title compounds
were designed by analogy with the approach that has
been successfully applied to the development of the high
affinity radioligand for the H2 receptor, [125I]iodoami-
nopotentidine6,7 (Scheme 1).
Chemistry

The fluorescent histamine H2 receptor antagonists 7a,c,
8a,c, 9a, 10a, 11a–g, 12a were synthesized as outlined in
Scheme 2. 3-(3-Piperidin-1-ylmethylphenoxy)propyl-
amine (2) was prepared in three steps from 3-hydro-
xybenzaldehyde (1) as described elsewhere.8 The
synthesis of the o-aminoalkyl-substituted cyanoguani-
dines 5a–g from 2 was accomplished by analogy with
the procedures described in the literature6,8 using
diphenoxymethylenecyanamide (3) and the pertinent
diamines of various chain lengths (4a–g). The primary
amino group was conjugated to fluorescent dyes by
treating 5a–g with the corresponding succinimidyl esters
(6A/B, 6D) or acid chlorides (6C, 6F) or with 4-chloro-
7-nitrobenzo[2,1,3]oxadiazole (6E).
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The coupling reactions with the succinimidyl esters of
5-/6-carboxyfluorescein (commercially available mix-
ture of the isomers 6A and 6B) and the NBD-sub-
stituted aminohexanoic acid 6D were carried out in
anhydrous dichloromethane/DMSO in the dark.9 Sub-
sequently, the isomers 7a/8a and 7c/8c were separated
by HPLC on a semipreparative scale. Analogously, the
derivatization of the amines with acridine-9-carbonyl
chloride (6C) NBD-Cl (6E), and dansyl chloride (6F)
was accomplished in anhydrous solvents in the pre-
sence of triethylamine or diisopropylethylamine
(DIPEA).

In addition to the preparation of the cyanoguanidines the
amine 2 was converted to the amide 15 with succinic acid
monoester 14 after activation with carbonyldiimidazole
(Scheme 3). Compound 14 was obtained from (S)-tryp-
tophane by a multistep procedure via 13 as described10

followed by conversion of the alcohol to 14 with succinic
anhydride in the presence of 4-dimethylaminopyridine.
Pharmacology

The fluorescent compounds were investigated for hista-
mine H2 receptor antagonistic activity on the isolated
spontaneously beating guinea pig right atrium11

according to standard experimental protocols.12 The
results are summarized in Table 1. Representative con-
centration-response curves and a Schild-plot are shown
for compound 11g in Figure 1.
Results and Discussion

Amide derivatives of compound 2, such as roxatidine,
as well as related compounds having N,N0-disubstituted
cyanoguanidine or nitroethenediamine partial structures
are known as rather potent histamine H2 antagonists
(for review see ref 15). It is characteristic of these 3-(3-
piperidin-1-ylmethylphenoxy)propylamine derivatives
that relatively bulky residues may be tolerated without
loss of activity. Depending on their structure the sub-
stituents may even confer additional H2 receptor affi-
nity, as demonstrated by [125I]iodoaminopotentidine,
the high affinity radioligand for the histamine H2

receptor.6,7 Therefore, by analogy with the design of the
latter, except compound 18, the fluorescent probes for
the H2 receptor described in this study were structurally
Scheme 2.
Scheme 3.
Table 1. Histamine H2 receptor antagonistic activities of fluorescent

ligands and reference compounds on the isolated guinea pig right

atrium
Compd
 lmax Ex
(nm)a
lmax Em
(nm)a
Guinea pig atriumb

pA2�SEM
Cimetidine
 6.00�0.06c
Ranitidine
 6.77�0.10d
Roxatidine acetate
 7.41�0.06e
Famotidine
 7.74f
5a
 5.96�0.11

7a
 n.d.
 n.d.
 4.18�0.13

7c
 n.d.
 n.d.
 5.05�0.09

8a
 497
 525
 4.35�0.37

8c
 n.d.
 n.d.
 5.00�0.18

9a
 360
 433
 6.74�0.08

10a
 482
 539
 7.59�0.09

11b
 483
 539
 7.43�0.15

11e
 482
 539
 7.49�0.12

11g
 483
 539
 7.96�0.05g
12a
 333
 539
 5.71�0.16

15
 421h
 513h
 5.74�0.02
aLongest wavelength absorption and fluorescence emission maximum
determined with a Kontron UV–Vis-Spectrometer and a Perkin–Elmer
LS-50B spectrofluorimeter, the compounds were dissolved in a buffer
(NaCl 120 mM, KCl 5 mM, MgCl2 2 mM, CaCl2 1.5 mM, Hepes 25
mM, glucose 10 mM, adjusted to pH 7.4 with NaOH); n.d.: not
determined.
bInhibition of histamine-stimulated positive chronotropic response;
pA2: mean values calculated from the rightward-shift of isometrically
recorded cumulative concentration–response curves for histamine in
the absence and presence of the H2 receptor antagonists at 32.5 �C;
n=2–10; antagonist concentrations from 0.1 to 100 mM (depending on
the activity the test compound). Schild-plots were constructed for
cimetidine, roxatidine acetate and 11g.
cn=16, slope: 0.85�0.04.
dSlope not significantly different from unity.
en=15; slope: 0.85�0.04; ref 13: pA2=6.56.
fRef 14.
gcf. Fig. 1.
hIn MeOH: lmax Ex: 420 nm, lmax Em: 495 nm.
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derived from aminoalkyl-substituted N-[3-(3-piperidin-
1-ylmethylphenoxy)propyl]cyanoguanidine.

The results of the investigation for H2 antagonism on
the isolated guinea pig right atrium (Table 1) show that
the nitrobenzoxadiazole group was by far the best one
to obtain compounds with reasonable antagonistic
activity. These NBD derivatives achieve activities in the
range of pA2 7.5–8.0. A spacer with 6–8 methylene
groups proved to be favorable, whereas an additional
chain as in compound 10a (CO(CH2)5) did not increase
the antagonistic activity further. For instance, the pA2

value of 7.96 found for compound 11g on the guinea pig
atrium (Fig. 1) is comparable to that of famotidine,
which is the most potent therapeutically used H2

antagonist. Obviously, the fluorophore contributes to
the increase in the receptor affinity of the ligand by
interaction with an extra binding site, as the primary
amines used as starting material were only weak or
moderately active H2 antagonists (e.g., 5a).

All the other fluorophores were inappropriate to confer
high histamine H2 receptor antagonistic activity. This is
in contrast to a series of H1 antagonists related to
mepyramine, where both the NBD as well as the car-
boxyfluorescein moiety were found to have an activity-
enhancing effect. As the NBD group is the smallest
among the fluorescent labeling agents tested in this
study, it may be speculated that the bulk of the fluor-
ophore and not the length of the connecting chains is
the limiting factor in case of the H2 antagonists related
to iodoaminopotentidine.
Conclusions

The results summarized in Table 1 show that potent
fluorescence-labeled H2 antagonists of the N-[3-(3-piper-
idin-1-ylmethylphenoxy)propyl]cyanoguanidine type
can be obtained by derivatization of corresponding pri-
mary amines having appropriate spacer lengths with
NBD dyes. Such fluorescent probes may be useful to
study the GPCRs in tissue preparations and on cells.
Although, due to its spectral properties and low quan-
tum yield in physiological buffers, NBD is not an ideal
fluorophore, we demonstrated by the strategy described
in this paper, that it is possible to obtain fluorescent
histamine H2 receptor ligands which should be useful
pharmacological tools to investigate ligand receptor
interactions, for example in fluorimetric binding assays
and functional studies.
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