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The electronic absorption and fluorescence spectra of 4-(2-naphthyl)pyridine (1) and
N-methyl-4-(2-naphthyl)pyridinium perchlorate (2+-C104*) were studied in aqueous solu-
tions in the absence and presence of B-cyclodextrin (B-CD). In aqueous solutions and organic
solvents in the presence of water or H' ions, compound 1 exhibits intense fluorescence with a
maximum at 21 270 cm~!, and its quantum yield in an aqueous solution is 0.9£0.09. The same
fluorescence spectrum was detected for an aqueous solution of 2*-CIO,~. In an aqueous
solution, compound 1 and B-CD form stable fluorescing supramolecular 2 : 2 complexes,
whose structure was calculated by the quantum-chemical MNDO/PM3 method. The forma-
tion of these complexes induces a hypsochromic shift of the fluorescence maximum of 1 by
5000 cm~!. The stability constant of the complex is ~2-103 L mol~!. A decrease in the pH
results in the formation of a protonated form of 1 (1-H*) and destruction of the complex, thus
favoring the escape of the substrate from the f-CD cavity. The quantum-chemical calculations
showed that the insertion of 1 into the B-CD cavity is thermodynamically more favorable than
hydration; on the contrary, the formation of 1-H* increases dramatically the hydration en-
ergy, which promotes the escape of 1- H* from the p-CD cavity; cation 2% does not form a
complex with B-CD; in the thermodynamically most favorable 2 : 2 complex, the naphthalene
fragments of two molecules 1 are parallel to each other in a broad section of the B-CD dimer
constructed according to the head-to-head type.

Key words: naphthylpyridines, B-cyclodextrin, complex, structure, quantum-chemical cal-
culations, electronic absorption spectra, fluorescence spectra.

Arylpyridines represent an important class of hetero-
cyclic compounds used for the production of liquid-crys-
talline materials as ligands, organic luminophores, and
biologically active compounds.l:2 The naphthylpyridine
framework integrated into more complicated structures of
biologically active compounds is met rather often (see,
e.g., the patent3), because it resembles both endogenous
bioactive amines and exogenous neurotoxin N-methyl-4-
phenyltetrahydropyridine. Therefore, the photochemis-
try of naphthylpyridines is of great interest. Special atten-
tion has recently been given to the photochemistry of
arene complexes with cyclodextrins (CD). This interest is
caused because, first, the inclusion of arenes into a CD
cavity favors an increase in the lifetime of their fluores-
cence and phosphorescence and, second, these complexes
simulate the properties of arenes included in cavities of
biological objects. In addition, organic compounds con-
taining a pyridine fragment possess unusual spectral prop-

erties. Unsubstituted pyridine does not luminesce? but
arenes with a pyridine fragment can luminesce in solu-
tions under certain conditions.>~7 The spectral properties
of these compounds can change upon the protonation of
a nitrogen atom of the pyridine fragment.

The purpose of this work is to study the luminescence
properties of 4-(2-naphthyl)pyridine (1) and its N-methyl
derivative (2% - C1047) in aqueous solutions at different pH
in the absence and presence of B-cyclodextrin (3-CD, 3).

Experimental

4-(2-Naphtyl)pyridine was synthesized by an original pro-
cedure to be published later. Perchlorate of its N-methyl deriva-
tive was synthesized by the treatment of compound 1 with me-
thyl iodide followed by the addition of a concentrated solution
of perchloric acid to an ethanolic solution of 1-methyl-4-
(2-naphthyl)pyridinium iodide.
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Compounds were characterized by 'H NMR spectra re-
corded on a Bruker DRX-500 spectrometer using Me,Si as an
internal standard.

4-(2-Naphthyl)pyridine (1). M.p. 104—105 °C (from hex-
ane). 'H NMR (CDCls), §: 7.55 (m, 2 H, H(6), H(7)); 7.63 (m,
2H,H@3"),H(5));7.75(dd, 1 H, H(3),/=8.5Hz,J= 1.7 Hz);
7.89and 7.93 (both m, 1 H each, H(5), H(8)); 7.96 (d, 1 H, H(4),
J=28.5Hz);8.12 (s, 1 H, H(1)); 8.71 (m, 2 H, H(2"), H(6")).

1-Methyl-4-(2-naphthyl)pyridinium iodide was synthesized by
the reaction of 4-(2-naphthyl)pyridinium (1) with methyl io-
dide. M.p. 215—216 °C. 'H NMR (CDCls), &: 4.66 (s, 3 H,
NMe); 7.61 (m, 2 H, H(6), H(7)); 7.79 (d, 1 H, HQ3), J =
7.4 Hz); 7.88 (d, 1 H, H(4), J = 7.4 Hz); 7.99 (m, 2 H, H(5),
H(8)); 8.35 (m, 3 H, H(5"), H(3"), H(1)); 9.25 (m, 2 H,
H(2"), H(6)).

1-Methyl-4-(2-naphthyl)pyridinium (2* - C10,~) was synthe-
sized by the addition of a concentrated solution of perchloric
acid to an ethanolic solution of 1-methyl-4-(2-naphthyl)pyri-
dinium.

To prepare complexes, we used B-cyclodextrin (Cyclolab,
Hungary) without additional purification. Inclusion complexes
were obtained by the addition of 1 to aqueous solutions of B-CD
heated to 50 °C, and they were studied at room temperature
(~20 °C). Spectra of the resulting samples were measured after
1 day and more. The concentration of 1 in solutions was
10~4—10-% mol L. Bidistilled water, hexane purified by filtra-
tion through a column packed with silica gel followed by distil-
lation, and acetonitrile (Grade-F, Reakhim) with the water con-
tent not higher than 0.01% were used as solvents.

Electronic absorption spectra were recorded on a
Specord-M40 spectrophotometer. Luminescence spectra were
measured on Elyumin-2M and Perkin Elmer LS55 spectro-
fluorimeters. A previously used® technique for measuring life-
times was modified. The number of discrete signal levels was
brought to 1024, and a signal of phosphorescence decay consist-
ing of 350 experimental points was delivered to an IBM PC
computer and processed using a program developed by one of
the authors of the present study. All indicated instruments were
coupled with computers for measurement data transfer and pri-
mary processing of information. The quantum yield of fluores-
cence ¢pwas measured by a standard procedure using anthracene
as an external standard for which ¢; = 0.3 in ethanol.?

Semiempirical quantum-chemical calculations of 1, proto-
nated 1, and their 1 : 1, 1: 2, and 2 : 2 inclusion complexes with
B-CD were performed by the MNDO/PM3 method (further
designated as PM3) with a standard set of parameters!® and
using the PC GAMESS 99 program package.!! As the starting
B-CD molecule, we used the previously optimized structure
close to a global minimum. Its heat of formation AH; is
—1468.4 kcal mol~1,12 and the molecule has the symmetry C;
and is stabilized by intramolecular hydrogen bonds
0(2)—H...O(3") between secondary OH groups in an broad rim
of the cavity. Proton donors are OH groups in position 2 of one

Table 1. Heats of formation (AH;) and the energies of com-
plex formation (Ey;,q/kcal mol~!) for inclusion compounds of
naphthylpyridine and B-CD

Compound, AHf Ebind AEbind
complex

B-CD —1468.4 0

2 B-CD? —2950.3 —13.5

1 71.36

2% 221.5

B-CD-1? —1408.0 ~11.0 0
B-CD-1¢ —1404.9 -7.8 3.2
B-CD-1-H*? —1265.8 -18.9 10.6 (7.9)4
B-CD-1-H*¢ —1276.4 -29.5 0 (21.7)¢
B-CD.2%+? —1264.3 —14.5

B-CD-2%¢ —1274.9 —25.1

2B-CD1°¢ —2891.4 —12.5 7.1
28-CD-21/  —2827.2  —19.6 (—17.4) 0
2B-CD-218 —2826.3 —18.7(-13.4) 0.9 (4.0)

4 "Head-to-head" B-CD dimer.

b Naphthalene fragment in a cavity of p-CD.

¢ Pyridine fragment in a cavity of -CD.

4 Difference in energies of complex formation of charged and
uncharged forms of 1 with -CD.

¢ Naphthylpyridine in a cavity of the "head-to-head" B-CD
dimer.

fComplex 2 B-CD-2 1 with parallel naphthalene fragments in
the broad section of the B-CD dimer.

& Complex 2 B-CD -2 1 with a naphthalene fragment parallel to
a pyridine fragment in the broad section of the B-CD dimer.

unit of glucose, and proton acceptors are oxygen atoms in posi-
tion 3° of the adjacent glucose unit. The "head-to-head"
B-CD dimer has also been calculated previously, its AH; being
—2950.3 kcal mol~!.12 The energy of complex formation (Ep;,q)
was calculated as the difference between the heat of complex
formation AH{complex) and the sum of heats of formation of
components AH{(1) and AH{B-CD). In all cases, the insertion
of 1 into the cavity of one or two B-CD molecules and the
dimerization of binary complexes B-CD -1 are energetically fa-
vorable, which corresponds to negative values of Ey;,4. The re-
sults obtained are presented in Table 1.

The theoretical proof of a possibility of escaping the proto-
nated form of naphthylpyridine from the B-CD cavity in an
aqueous solution is based on a comparison of the free energy of
complex formation of 1-H* with -CD (AG,,;y) and the free
energy of hydration of 1- H* (AGh,0)- The calculation of AGyyiry
was performed by a correlation dependence!3

AGcavity =-2.1+0.066 Ebind

between Eyjpq and experimental values of AGy,q found in the
literature for 25 complexes of naphthalene derivatives and other
compounds with cyclodextrins. The calculation of AGy,q for
naphthalene (4), 1, and 1-H* was performed by the Tomasi
polarized continuum method (PCM) using the PCM procedure
in the Gaussian 98 program package. The obtained values of free
energies are presented in Table 2.
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Table 2. Energies of complex formation (Ey;,q), total energies (E,,) in the
B3LYP/6-31+G** basis set, and free Gibbs energies of inclusion in the B-CD cavity
(AGeayity) and hydration (AGy,) for compounds 1and 4, complex 1+ H™, and cation 2*

System Eying  AGeayity System Eiyia/au AGh,0
/kcal mol~! /kcal mol~!
B-CD-4 —12.4 -2.9 4 —383.77692 -1.3
B-CD-1 —11.0 -2.8 1 —633.48223 -7.3
B-CD-1-H* -29.5 —4.1 1-H* —629.97233 —47.2
B-CD-2* —25.1 -3.8 2* —672.78968 —42.4

Note. The energy Ey;,q was calculated by the PM3 method; the free energies AG,yiqy
were calculated by the formula AG i, = —2.1 +0.066 Ey;pg; AGyypo was calculated by
the quantum-chemical Tomasi polarized continuum method (PCM) at a level of the

B3LYP/6-31+G** theory using the Gaussian-98 program.!4

Results and Discussion

Electronic absorption spectra. The normalized elec-
tronic absorption spectra of 1 and 2%+ Cl10,4~ in different
solvents are presented in Fig. 1. In nonpolar hexane, the
long-wave absorption maxima of 1 are most shifted to a
short-wave region. In a neutral aqueous solution of 1, a
small bathochromic shift (~400 cm™!) is observed in the
spectrum (relatively to the spectrum in hexane), and an
additional weak absorbance appears at 30 000 cm™!, which
can belong (by analogy to an assumption concerning the
spectrum of 2,2 -bipyridine in an aqueous solution®) to a
covalent hydrated form of 1. The spectrum of 2% - Cl10,~
in an aqueous solution has a large bathochromic shift
relatively to the spectrum of 1 and a more resolved vibra-
tional structure of bands. The same spectrum is charac-
teristic of an acidic aqueous solution of 1. This spectral
effect is explained by the protonation of 1 and formation

I (rel. units)
1.0

0.8
0.6
0.4

0.2

4.0 3.5 3.0 2.5 v-10~%/cm™!
Fig. 1. Normalized electronic absorption (/—3) and fluores-
cence (4—7) spectra of solutions of 1 in hexane (I, 4), wa-
ter (2, 7), and acetonitrile (/, 5) and a complex with B-CD (6)
and 1 in water with addition of an aqueous solution of acid

HCIO, (3) or 2*- CIO,~ (7).

of anion 1-H*, whose spectral properties resemble those
of cation 2.

Luminescence spectra. The luminescence spectra of 1
and 2*-Cl0," differ substantially from both the spectra
of unsubstituted naphthalene and the spectra of similar
compounds containing a pyridine fragment. In particular,
4-phenylpyridine possesses no fluorescence in cyclohex-
ane, diethyl ether, acetonitrile, and ethanol, whereas in
the presence of water or in an acidic medium the proto-
nated form of this compound fluoresces with ¢;= 0.2, and
the fluorescence spectrum has a broad structureless band
with a maximum at 26 300 cm~!.6 The absence of fluores-
cence is caused by the position of energy levels of this
compound. According to the calculation,® 4-phenyl-
pyridine excites to a triplet level, and no phosphorescence
is observed in solution at room temperature.

A similar phenomenon is observed for 2,2 -bipyridine,
which does not fluoresce in pure solvents: dimethyl-
formamide, acetonitrile, benzene, cyclohexane, metha-
nol, and ethanol.5 However, an addition of water to any
of these solvents or use of water as a solvent results in the
appearance of a fluorescence band, whose maximum de-
pends on the pH of the solution.’

In anhydrous hexane and acetonitrile, 1 possesses fluo-
rescence, whose spectrum resembles in shape the fluores-
cence spectrum of naphthalene in these solvents but has a
bathochromic shift due to the presence of a pyridine sub-
stituent (see Fig. 1, curves 4 and 5). The well resolved
vibrational structure of the fluorescence spectrum of 1 in
hexane indicates a plane geometry of molecules 1 in the
excited singlet state. The addition of an acid to these
solutions changes sharply the fluorescence spectrum due
to the formation of a cation 1+-H*. Intense fluorescence
with a maximum at 21270 cm~! appears (see Fig. 1,
curve 7). The formation of cation 1-HT is also detected
by a change in the absorption spectrum (see Fig. 1,
curve 3).

A similar process occurs in an aqueous solution of 1 in
the presence of an acid (Scheme 1)
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Scheme 1

(1-H,0) + HX —> (1-H") +X +H,0 — >

— (1‘H+)*+X7+H20 .
—> (1-H") + X+ H,0 + hv (21270 cm™")

This fluorescence, as that of 2,2 -bipyridine, is sensi-
tive to a change in the pH. An increase in the pH results in
a hypsochromic shift of the fluorescence maximum and a
decrease in the band intensity.

A comparison of the absorption and fluorescence spec-
tra of 1 in neutral and acidic aqueous solutions with the
corresponding spectra of 2* - C10,~ indicates that the pro-
tonation of 1 in a neutral aqueous solution occurs in the
excited singlet state of 1. In fact, the absorption spectrum
of 1 in a neutral aqueous solution (see Fig. 1, curve 2)
differs from the absorption spectrum of 1- H* identical to
the spectrum of 2% (curve 3), while the fluorescence
spectra of 1 and 2%-ClO,~ coincide (curve 7, vy, =
21270 cm™!) (Scheme 2). The same effect was observed
for 4-phenylpyridine.®

Scheme 2

1+H,0 — (1-H,0) > (1%-H,0) —>

—> (1-H)* || OH" —>
—> (1-H,0) + hv (21270 cm™")

For this reason, the presence of water traces in solu-
tions of 1 in acetonitrile or hexane also induces fluores-
cence with a maximum at 21 270 cm~1, while fluores-
cence is different in anhydrous solutions of 1 in these
solvents (see Fig. 1, curves 4 and 5). The measured ¢
value for fluorescence of 1 in an neutral aqueous solution
is rather high: 0.9+0.09.

Inclusion complexes. The formation of an inclusion
complex of 1 with B-CD (3) is established from a change
in the fluorescence spectrum, whereas changes in the ab-
sorption spectrum are minimal. The fluorescence spectra
of an aqueous solution of 1 at different concentrations of
B-CD are presented in Fig. 2. An increase in the content
of B-CD results in a decrease in the intensity of the fluo-

Scheme 3
(1-H0)+3 —> (1:3)+H,0 —»

—> (1*:3)+ H,0 —>

— (1-3) + H,0 + hv (26300 cm™")

Fluorescence (rel. units)

nk G-D7! b
0.7

0T 05
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2.0 v-10~4/cm™!

Fig. 2. a. Fluorescence spectra of an aqueous solution of 1
during changing the concentration of added p-CD from 5- 1073
to 1.3-10~* mol L~! (directions of arrows correspond to an in-
crease in the concentration of B-CD). b. Results of spectra pro-
cessing by the Benesi—Hildebrand method.

rescence band with a maximum at 21 270 cm~! and a
simultaneous increase in the band with a maximum at
26 300 cm~! (see Fig. 1, curve 6). The processes related to
complex formation are shown in Scheme 3.

The 1 : 1 complexes also can produce a 2 : 2 complex.

Scheme 4
(1-3)+(1-3) — (3-1-1-3) —»
— (3:1*:1-3) —»

— (3-1-1-3) + hv (26300 cm™)

The fluorescence spectrum of an aqueous solution of 1
changes similarly when the pH increases, thus preventing
the addition of a proton to 1 in the excited state. Since in
an anhydrous solution the fluorescence spectrum of 1 is
shifted to a short-wave region (see Fig. 1, curves 4and 5),
the appearance of a new band in the same spectral region
is explained by the incorporation of molecule 1 into the
B-CD cavity. This restricts a contact of 1 with water mol-
ecules, whose interaction with 1 in the excited state leads
to a protonated form. The addition of perchloric acid to
an aqueous solution of complex 1+ B-CD returns the fluo-
rescence spectrum to the shape observed in an aqueous
solution of 1 in the absence of B-CD (see Fig. 1, curve 7).
This is likely caused by the decomposition of this complex
and escape of the protonated form 1+H™ from the -CD
cavity due to the efficient hydration of this cation. Note
that hydration can occur only beyond the cavity of
B-CD (3) (Scheme 5).



Supramolecules of naphthylpyridine

Russ.Chem.Bull., Int.Ed., Vol. 53, No. 11, November, 2004 2529

Scheme 5

e —

(83-1-1-8) + 2 H,0" +2 X"
—> 2(1-HH)+2X +23+2H,0

This assumption is favored by the fact that the addi-
tion of B-CD to an aqueous solution of 2* - ClO,~ has no
effect on the fluorescence and absorption spectra. It is
most likely that ion 2 cannot form complexes with B-CD.
Thus, varying the pH, one can efficiently control pro-
cesses of formation of supramolecular complexes between
1 and B-CD (3).

The dependence of the fluorescence spectra on the
B-CD concentration (see Fig. 2) made it possible to esti-
mate a stability constant K for a complex of 1 with B-CD,
which was ~2000 mol~! L. The processing of the spectra
by the Benesi—Hildebrand method (see Fig. 2, b) gave K.
The linear dependence in a wide interval of concentra-
tions indicates an equimolar ratio of the components. In
other words, the composition of a fluorescing complex
of 1 with B-CD is 1:1 or 2:2. A comparison of the
obtained stability constant with K, of the naphthalene
complex (4) with B-CD (685 mol~! L) and K_ of complex
24-2B-CD (4-103 mol~! L)!5 shows that the equilib-
rium in our system is strongly shifted, most likely, toward
the formation of the 2 : 2 complex 2 1-2 B-CD.

The fluorescence band at 26 300 cm~! appeared upon
complex formation could belong to excimers 1, as it was
observed for a naphthalene complex with B-CD.16 To
reveal the nature of this band, we measured the lumines-
cence spectra at different concentrations of 1 (from 10~
to 5-10=% mol L) in the presence of B-CD. The shape
of the luminescence spectrum is independent of the con-
centration of 1, indicating the absence of excimeric fluo-
rescence. An additional argument is the absence of
excimeric fluorescence in the luminescence spectra of a
2 : 2 binary complex of 2-phenylnaphthalene (structural
analog of naphthylpyridine) with B-CD. Thus, a bulky
substituent in the second position of naphthalene pre-
vents excimer formation.

The introduction of the third component (cyclohex-
ane (5) or adamantane (6)) into an aqueous solution of
binary complex 1-B-CD results in the formation of a
suspension containing, most likely, tertiary complexes
1-B-CD-+50r 1:B-CD-6. Under these conditions, long-
lived phosphorescence was observed previously!’ at
room temperature for tertiary complexes 4-B3-CD -5 or
4-B-CD-6. In the case of the latter, this phosphores-
cence even did not require oxygen removal from the solu-
tion. However, the addition of the third component to
complex 1+ B-CD induced no changes in the fluorescence
spectrum, and only after elimination of dissolved oxygen
by sodium sulfite, a weak phosphorescence with a maxi-

Fig. 3. Structure of complex 2 B-CD -2 1 calculated by the quan-
tum-chemical semiempirical PM3 method.

mum at 20 000 cm~! and a lifetime of 0.5+0.15 s was
observed.

Energy of complex formation and the structure of the
complexes. The calculated data (see Table 1) show that
the insertion of a neutral molecule of 1 into the B-CD
cavity is an energetically favorable process, and the pres-
ence of the naphthalene fragment in the cavity is by
3.2 kcal mol~! more favorable than the pyridine fragment
in the cavity. At the same time, this difference in energies
does not exclude an equilibrium between complexes of
both types. The energy preference of the first type com-
plexes is likely explained by the fact that the naphthalene
fragment occupies a larger part of the internal volume of
B-CD. It can be explained similarly that the presence of
two molecules of 1 in the cavity of the B-CD dimer is by
7.1 kcal mol~! thermodynamically more favorable than
one molecule of 1. In other words, in addition to the
formation of binary complexes, they can dimerize to form
a 2 : 2 complex. This conclusion does not contradict the
results of processing of the fluorescence spectra of 1 in
an aqueous solution in the presence of B-CD by the
Benesi—Hildebrand method. This method made it pos-
sible to establish experimentally the equimolar ratio of
components and to exclude a possibility of formation of a
1:2 complex 1:B-CD. The calculated structure of the
2 : 2 complex is shown in Fig. 3.

A comparison of the heats of formation of both 2 : 2
complexes shows that the configuration presented in Fig. 3
is by 0.9 kcal mol~! thermodynamically more favorable
than the 2 : 2 complex in which a naphthalene fragment
of one molecule of the substrate is opposite to a pyridine
fragment of another substrate.* In fact, such a low differ-

* The calculation also shows that a 2 : 2 complex, in which two
pyridine fragments are opposite to each other, is not formed.



2530  Russ.Chem.Bull., Int.Ed., Vol. 53, No. 11, November, 2004

Nazarov et al.

ence in binding energies could imply a thermodynamic
equilibrium between complexes of both types at which
the content of the first type complex would be 82%. The
second method of estimating the preference of the first or
second complex gives quantitatively different results. If
both 2 : 2 complexes are considered to form due to the
dimerization of the binary complexes, then it turns out
that the dimerization leading to the formation of the
both type complexes occurs with a thermal effect of
17.4 kcal mol~! and the dimerization producing
the second type complexes has a thermal effect of
13.4 kcal mol~!. In this case, a 2 : 2 complex in which two
naphthalene fragments are parallel to each other is ener-
getically more favorable with an energy difference of
4 kcal mol~!, providing its complete predomination in an
equilibrium mixture. However, as follows from experi-
ment, the parallel orientation of naphthalene fragments
in the 2 : 2 complex is a necessary but insufficient condi-
tion for the manifestation of its excimeric fluorescence,
which is observed for complex 2 42 p-CD.16 The second
condition for the appearance of excimeric fluorescence is
the presence of aggregates!® that were not observed for a
system of 1 with 3-CD.

According to the calculation, the influence of the pro-
tonation of 1 appears as a considerable increase in the
binding energy, most likely, due to the ion-dipole inter-
action between components and in the fact that for 1- H*
the presence of the pyridinium fragment in the cavity is
more preferential. Forion 27, it is also more energetically
favorable to have the pyridinium fragment in the cavity
(see Table 1).

A comparison of the free energies of complex forma-
tion with B-CD and hydration of 4, 1, and 1-H" shows
(see Table 2) that (1) the free energy of naphthalene (4)
insertion into the B-CD cavity is higher than AGy,q of
hydration; therefore, naphthalene prefers to be inside the
hydrophobic cavity of B-CD; (2) AG,yir, of compounds 4
and 1 differ slightly; however, the solubility of the latter in
water is higher than that of 4 due to the appearance of a
more polar substituent; (3) the protonation of 1 increases
AG iy due to the ion-dipole interaction; (4) after proto-
nation, AGy,g increases dramatically and more than two-
fold exceeds AG,,;,- Due to this, as we believe, cation
1-H™" transits from the cavity to a solution. Cation 2%
possesses similar properties (see Table 2) and, hence, is
not prone to insert into the B-CD cavity in an aqueous
solution.

The study of the electronic absorption and lumines-
cence spectra of synthesized 4-(2-naphthyl)pyridine (1)
and 1-methyl-4-(2-naphthyl)pyridinium perchlorate
(2*-Cl10,7) shows that the protonation of 1 changes con-

siderably the spectra. As a result of self-assembling, B-CD
and 1 form stable supramolecular equimolecular com-
plexes in an aqueous solution with a stability constant of
~2+10% mol~! L, and their appearance induces a hypso-
chromic shift by 5000 cm~! of the fluorescence maximum
of 1 relatively to the spectrum in a neutral aqueous solu-
tion. A decrease in the pH resulting in the formation of
the protonated form of 1 decomposes the complex and
favors the escape of the substrate from the cavity of
B-cyclodextrin to an aqueous solution. N-Methyl-4-
(2-naphthyl)pyridinium perchlorate forms no complexes
with B-CD in an aqueous solution. In the most thermo-
dynamically favorable 2 : 2 complex, naphthalene frag-
ments of two molecules 1 are parallel to each other in the
broad rim of the B-CD dimer constructed according to
the "head-to-head" type.
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