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Abstract Desloratadine (DES) is an antihistamine used
in the treatment of allergies and chronic urticaria. "H NMR
spectroscopic study of varying ratios of DES and
B-Cyclodextrin (f-CD) in D,O suggests the formation of a
1:1 inclusion complex formed by the penetration of
Cl-substituted aromatic ring into the -CD cavity. The
stoichiometry and binding constant of the complex were
determined by Scott’s method.
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Introduction

Desloratadine (DES), 8-chloro-11-(piperidin-4-ylidene)-6,
11-dihydro-5H-benzo[4,5]cyclohepta[2,1-b]pyridine, a new
nonsedating H1-antihistamine, is efficacious and safe in the
treatment of perennial allergic rhinitis [1] and chronic
idiopathic urticaria [2]. It inhibits important cytokin and
cellular activity, suggesting an antiallergic and anti-
inflammatory profile [3]. DES is a chiral, light sensitive
drug whose solubility in water is 0.01 mg/mL.

We are interested in the study of complexation of
pharmaceutical compounds with f-cyclodextrin (f-CD)
because inclusion of the guest or part of it into the CD
cavity leads to altered physicochemical properties of the
guest. The host-guest complexes of pharmaceutical com-
pounds with CDs have, therefore, been extensively studied
and utilized to improve their solubility [4], dissolution rate
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[5] and bioavailability of poorly water-soluble drugs [6].
Other applications of CD complexes with pharmaceuticals
[7] include elimination of undesirable drug properties, such
as irritation and unpleasant odor or taste and improved
stability of light and oxygen sensitive drugs.

CDs are doughnut-shaped cyclic oligosaccharides com-
posed of six (), seven (f), and eight (y) glucopyranose
units linked by o-(1,4) linkages. The exterior of the CDs is
highly hydrophilic due to the presence of numerous hy-
droxyl groups while the interior of the CDs cavity is
hydrophobic and, thus, interacts with a variety of hydro-
phobic compounds to form inclusion complexes [8, 9]. The
size and shape of the torus shaped hydrophobic cavity in
combination with the size, polarity and polarizability of the
guest are major determinants for the formation of inclusion
complexes.

Various techniques are used to study the CD inclusion
complexes but NMR spectroscopy has been found to be an
important tool in this type of studies [10]. "H NMR spectra
of mixture of CD and guest molecules are recorded and
chemical shift changes (Ad) for both host as well as guest
protons are studied. Inclusion of a molecule inside the CD
cavity is characterized by the shift variation of the CD
protons located inside the cavity (H-3" and H-5"), while
other CD protons (H-2’, H-4" and H-6") are less affected.
The highfield shift changes in the CD cavity protons are
attributed to the anisotropic ring current effect of the aro-
matic guest. Beside the determination of stoichiometry and
binding constant of the complex, inferences like mode of
penetration of the guest, stability of the complexes and
depth of penetration may be drawn from simple '"H NMR
complexation induced shift data.

ROESY spectroscopy has been found very useful for the
investigation of the interactions between CDs and guest
molecule [10, 11] since cross peaks are observed in
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ROESY spectrum between the protons that are closer than
0.4 nm in space. The relative intensities of cross peaks
depend on the spaces between the corresponding protons.
NOE cross correlation peaks between the guest and -CD
cavity protons (H-3" and H-5") are observed when the guest
molecule is included into the 5-CD cavity. The data proves
very helpful in determining the mode and depth of pene-
tration of the guest, and thus establishing the structure of
the complex.

We are interested in the study of complexation of
pharmaceutical compounds with CDs and report herein our
results on the detailed "H NMR spectroscopic study of the
complexation between desloratadine (DES) and f-cyclo-
dextrin (f-CD) in aqueous solution.

Desloratadine

Results and discussion

All the 'H NMR spectra were acquired on a JEOL
o-500 MHz instruments at room temperature in D,O. The
chemical shift values are reported in ¢ (ppm) relative to the
HDO peak at 4.800 ppm. '"H NMR spectra for seven
samples of mixtures of DES and f-CD with f-CD/DES
molar ratios ranging from 0.15 M—-1.70 M were recorded.
The concentration of the DES was kept constant at
1.03 x 107> M while that of f-CD was varied. All the re-
corded spectra contained one set of resonances suggesting
a fast reversible exchange between free and the complexed
drug, on the NMR time scale.

A detailed inspection of the f;-CD proton signals in the
"H NMR spectra of mixture of DES and -CD displayed
upfield shift changes in the H-3" and H-5" proton
resonances of $-CD compared to pure -CD. The upfield
shift of f-CD cavity proton signals can be explained in
terms of ring current effect of aromatic ring penetrating the
B-CD cavity, and therefore, confirming the formation of
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DES/B-CD inclusion complex in analogy to previous
studies [10, 12]. Other S-CD protons also displayed shift
changes but these were not significant. Expansions of part
of the spectra showing signals for -CD protons, in the
presence as well as absence of DES, are shown in Fig. 1.

To establish which of the two rings was involved in the
complexation, an unambiguous resonance assignment of
guest protons (DES) in the free as well as complexed state
was required which was made with the help of 2D COSY
spectral data (Fig. 2). As expected, the signals for pyridine
ring protons appeared downfield compared to chlorophenyl
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Fig. 1 Part of 500 MHz 'H NMR spectra showing -CD protons in
presence as well as in absence of DES
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Fig. 2 Part of the COSY spectrum (500 MHz) of a mixture of DES
and f-CD showing the interaction of aromatic protons
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Table 1 'H NMR chemical

shif change (A3) data of B-CD/DES H-5 H-7 H-6 H-10 H-9 H-8
aromatic protons of DES, in the 5 0.0100 ~0.0094 ~0.0260 0.0367 0.0271 0.0101
presence of -CD
0.31 0.0108 ~0.0164 ~0.0337 0.0538 0.0293 0.0246
0.44 0.0155 ~0.0235 ~0.0377 0.0653 0.0341 0.0376
0.65 0.0236 ~0.0240 ~0.0394 0.0867 0.0354 0.0404
1.06 0.0332 ~0.0407 ~0.0499 0.1047 0.0467 0.0467
. o 1.40 0.0366 ~0.0568 ~0.0540 0.1138 0.0532 0.0524
Negative values indicate upfield —, -, 0.0377 —0.0580 —0.0588 0.1203 0.0540 0.0546
shift changes
Fig. 3 A part of '"H NMR M
spectrum (500 MHz) showing I G | S R A N

aromatic protons of
desloratadine (DES) in the
absence as well as in the
presence of varying amount of
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ring. The signal in the lowest field appearing at 8.5334 was
assigned to H-5 and it showed interaction with H-6
(7.8009) signal in the COSY spectrum. The doublet at
8.2704 was assigned to H-7 as it displayed cross peak with
H-6. The signal at 7.3250 was easily attributed to H-9
because it showed interaction with two other signals (H-8
and H-10). The signal at 7.1821 was assigned to H-8
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In the presence of f-CD, all the aromatic signals of DES
exhibited induced shift changes and splitting. The chemical
shift change (Ad) data for the aromatic protons of DES in
presence of $-CD is given in Table 1, while Fig. 3 shows
aromatic region of spectra of DES, pure and in the presence
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Fig. 4 Scott’s plot showing 1:1 stoichiometry of the [-CD/DES
complex

Fig. 5 Expanded region of ROESY spectrum of ,~-CD/DES mixture
showing cross peaks of aromatic ring protons with f-CD cavity
protons
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Fig. 6 Proposed model for
DES/f-CD inclusion complex

of varying amount of f-CD. It was established with the
help of ROESY data that only chlorophenyl ring was in-
volved in complexation.

The stoichiometry of DES/S-CD complex was deter-
mined by using Scott’s modification [13] of Benesi-Hil-
debrand equation. In Scott’s equation,

[CDJ,/Adobs = [CD],/Adc + 1/K,Ad,

[CD], is the molar concentration of the CD, Ady, is
the observed chemical shift difference for a given [CD],
concentration, Ao, is the chemical shift difference be-
tween a pure sample of complex and the free component
at the saturation. The plot of chemical shift changes (Ad)
for the DES protons against [$-CD] in the form of
[-CDJ/AS versus [B-CD] gave excellent linear fit con-
firming 1:1 stoichiometry for the DES/f-CD complex
(Fig. 4).

The slop of the plot is thus equal to 1/Ad. and the
intercept with the vertical axis to 1/K,Ad. allowing the
estimation of binding constant (K,) to be 124 M

ROESY spectrum of a DES/f-CD mixture under spin
lock conditions exhibited cross peaks between chlorophe-
nyl ring and -CD cavity protons, confirming that only one
aromatic ring was involved in the complexation and taking
into account the stoichiometry, it becomes obvious that
only one 1:1 inclusion complex was formed. Expansion of
the part of the ROESY spectrum of DES/S-CD mixture
showing aromatic region is given in Fig. 5.

There are two probable structures that can be considered
(Fig. 6) which involve the entry of the guest ring from
wider rim side. The deep penetration of chlorophenyl from
narrower rim side can be ruled out on steric grounds. Mode
II was ruled out because it can not explain the interaction
of H-8 with f-CD cavity protons, especially H-5". The
mode I was therefore assigned to the complex formed
between DES and f-CD under the experimental conditions
studied.
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Conclusion

"H NMR spectroscopic studies of desloratadine (DES) in
the presence of $-CD in D,O at room temperature con-
firmed the formation of a 1:1 DES/f-CD inclusion complex
in which chlorophenyl ring acts as the guest. The binding
constant (K,,) for the DES/S-CD complex was determined
to be 124 M
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