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Abstract. Three new ligands for odorant-binding proteins (OBPs) have been prepared, to be used in
protein structure studies: the photoaffinity label 2-azido-4-butyl-5-propylthiazole, the NMR probe 2-
trifluoromethyl-4-butyl-5-propylthiazole and the X-ray probe 2-amino-4-butyl-5-propylselenazole. All
three compounds bind the bovine OBP with dissociation constants in the micromolar range.

Odorant-binding proteins (OBPs) are soluble proteins, abundant in the nasal mucosa of
several vertebrates and involved in odour recognition and transduction.l The first member of
this family was purified from cow nasal tissue;2-4 other odorant-binding proteins were later
identified and purified from different species of vertebrates.1.5-7

All the OBPs studied so far bind several classes of odorants with affinities in the micromolar
range and broad specificity.8.2 Thiazoles are among the best ligands, provided they carry
hydrophobic substituents. Several derivatives have been synthesized and used in biochemical
measurements, in order to define the structural requirements for a tight binding.10.11 The
results have indicated that the best ligands bear an hydrophobic region, either as open
hydrocarbon chains attached to positions 4 and 5 of the ring, or as cycloalkanes condensed with
the thiazole in the same positions. On the other hand, binding does not seem to be affected by
the presence of polar groups in position 2.

The molecular structure of the bovine OBP has been thoroughly investigated: both the
aminoacid sequence!? and the tridimensional structure in the solid state!3 have been
determined. The protein crystallizes as a dimer with a cavity between the two subunits of the
right size to accommodate small molecules like odorants. The identification of the actual
binding site is the main structural aspect, that remains to be clarified. Its elucidation could
represent an important contribution towards the definition of the physiological function of
OBPs in the process of odour recognition.

We wish to report here the synthesis and the binding properties to the bovine OBP of azole
derivatives 1-3, which have been designed as probes for the investigation of the OBP binding
site.
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In particular, azido derivative 1 is a candidate for photoaffinity labelling studies;14
trifluoromethyl derivative 2 was conceived as a tool to study the receptor site by mean of the
NMR spectroscopy;1® finally, selenium containing derivative 3 should be able to make the
identification of the ligand much easier when interpretating X-ray diffraction data of protein
crystals grown in the presence of this ligand.1®
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Scheme. Reaction conditions: a) H,SO,, NaNO,; b) NaNj;
¢) Trifluoroacetamide, P,S;; d) selenurea; e) NaOH.

The azido compound 117 was obtained from the 2-aminoderivative 410, by conversion to the
diazonium salt and reaction with sodium azide (Scheme), following classical procedures.10,18,19
As expected, 2021 this sequence actually yielded a slowly equilibrating mixture of 1 and its
tetrazole cyclization product 5. This was evidenced by two-dimensional TLC (silica gel, hexane :
diethyl ether = 1 : 1 as eluant): the purified main reaction product (Rf = 0.6) still exhibited an
impurity of Rf = 0.85; a second eluition after a few minutes showed that each single spot,
separated in the first eluition, gave rise to the same mixture of two components of Rf 0.6 and
0.85. No attempt was made to determine the equilibrium constant; however, based on the
relative intensity of the spots in the TLC, the component of Rf 0.6 seemed to be largely
predominant; the TH-NMR indicated the main product being at least 95% pure. Based on the
weak intensity of the band at 2131 cm! in the IR spectrum of the mixture, which is attributable
to the azido group, we believe that the main component in the equilibrium mixture is 5 rather
than 1. Anyway, when this equilibrium mixture was irradiated with UV light (254 nm) in the
presence of 1 M lysine, it gave rise to chemical species non migrating on TLC, with the same
eluent. Furthermore, neither the azido nor the tetrazole compounds could be detected after UV
irradiation, thus demonstrating that both forms can generate nitrene species (as reported in the
literature for similar compounds)?? and are suitable for photoaffinity labelling studies.

The trifluoromethyl substituted thiazole 223 was prepared using one of the well known
synthetic routes for the thiazole ring.24 Accordingly, 4-bromo-5-nonanone 6 was reacted with
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trifluoroacetamide and phosphorous pentasulphide, to give the desidered 2 in 27% (Scheme).
Using an adaptation of a general synthetic route for 2-aminothiazoles,!8 that also proved
effective for 2-aminoselenazoles,2> the selenazole derivative 3 was synthesized,?6 by reaction of
6 with selenourea and obtained in 73% yield as the hydrobromide (Scheme). The free base was
generated from the salt by alcalinization with NaOH, extraction with diethyl ether and
recrystallization from isooctane.The same compound was also prepared by reaction of 5-nonan-
one with selenourea in the presence of iodine, according to a method reported for other
selenazole derivatives,2” but the yield was much lower (around 15%).

All three ligands present a strong and characteristic odour of bell peppers, typical of 2-
isobutyl-3-methoxypyrazine, the natural aroma component of bell peppers, and of 4-butyl-5--
propylthiazole, the compound taken as a reference in designing the structures of these odorants.

Figure . Competitive binding of ligands 1-3
to a purified sample of bovine odorant-binding
100 ‘__ proteine (OBP), in the presence of tritiated
’.‘ e 2-isobutyl-3-methoxypyrazine (*PYR).
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The affinity of these ligands towards the bovine OBP was measured in competitive binding
experiments,?8 using tritiated 2-isobutyl-3-methoxypyrazine as the radioactive ligand; the
relative inhibition curves are shown in the Figure. The three ligands show significant
competition with the radioactive pyrazine, with dissociation constants in the micromolar range.
Such values indicate binding affinities, strong enough for intended biochemical studies.
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