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Abstract. As a-cyclodextrin ¢-CD) was added to gD solutions of 2-methylnaphthalene, its proton
signals shifted to lower fields at low concentrationsxe€D. At 2.0 x 10~2 mol dm3 of «-CD,
however, a reverse, higher-field shift was observed for the H-8 signal, indicating the formation of
1:1 and 2: lu-CD-2-methylnaphthalene inclusion complexes. Intrinsic chemical shift differences
of all the protons in 2-methylnaphthalene have been evaluated for both the 1:1 and the 2:1
CD-2-methylnaphthalene inclusion complexes. These intrinsic chemical shift differences suggest
that the firste-CD molecule has no selectivity in accommodating one end of uncomplexed 2-
methylnaphthaleney-CD binds to a methyl group, as well as a naphthalene ring-end having no
methyl group, to form the 1:1 inclusion complex, resulting in the formation of two kinds of 1:1
complexes.
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1. Introduction

Cyclodextrins (CDs) are cyclic oligosaccharides composed of six, seven, and eight
glucose units, which are designatedwasg-, andy-CD, respectively. Since CDs
are shaped like a truncated cone with a relatively hydrophobic cavity, guest mole-
cules of an appropriate size can be incorporated into their cavities to form inclusion
complexes [1, 2].

In the formation of a CD inclusion complex, there is a problem regarding the
binding site in a guest molecule. In 1:1 inclusion complexes-@D with phe-
nol, m-tert-butylphenol, andp-tert-butylphenol, a hydroxyl group of phenol or
tert butylphenol protrudes from th&-CD cavity or is located near the secondary
hydroxyl side ofg-CD [3]. For other phenol derivatives-cyano, p-cyano, nitro,
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and carboxyl substituents are also preferentially bound intet8® cavity [4—

6]. A conformation in which a nitro group selectively enters dh€D cavity has
been described for- and p-nitrophenylacetate inclusion complexes withfCD

[7]. 2-Naphthalenecarboxylate is axially included into €D cavity, with an
orientation in which a carboxylate group is located on the primary hydroxyl side
of the 8-CD cavity [8].

Recently,«-CD has been revealed to form a 2e¢4ACD—naphthalene derivative
inclusion complex in aqueous solutions [9-14]. Since, unlikes@D cavity, the
«-CD cavity is not large enough to include an entire naphthalene ring, a question
arises as to the binding site of anCD molecule inu-CD—naphthalene derivative
inclusion complexes. 6-Bromo-2-naphthol is bound todh@D cavity first from
a bromine atom on a naphthalene ring to form a 1:1 inclusion complex [11].
The secondr-CD molecule accommodates the other end (hydroxyl-group side)
of the naphthalene ring, resulting in the formation of a 2:CD-guest inclusion
complex. For 2-methylnaphthalene, however, the binding site-GD ina 1:1
inclusion complex has not been investigated so far [12].

In the course of studies on 2 vt:CD—-naphthalene derivative inclusion com-
plexes in aqueous solutions, we thus aimed to examine the binding site of
2-methylnaphthalene in forming a 1 1CD-2-methylnaphthalene inclusion com-
plex. In this paper, we report two binding modes of 2-methylnaphthalene inthe 1:1
complexation withw-CD; 2-methylnaphthalene enters into thD cavity from a
methyl group as well as a naphthalene ring-end carrying no methyl group.

2. Experimental

a-Cyclodextrin ¢-CD) was purchased from Nacalai Tesque, Inc., and was used as
received. 2-Methylnaphthalene obtained from Tokyo Kasei Kogyo Co., Ltd. was
purified employing silica-gel column chromatography.

IH-NMR and'H-'H COSY spectra were run on a Varian VXR-500S or a Varian
Unity Plus 400 spectrometer, operating at 500 or 400 MHz, respectively. About
500 transients were collected for eddf-NMR spectrum. Chemical shifts were
expressed in parts per million (ppm) relative to methyl protons (2.00 ppm) of
acetonitrile, which was used as an internal reference [15, 16]. Measurements of
IH-NMR spectra were performed at 250.2°C.

3. Results and Discussion

Figure 1 shows partidiH-NMR spectra of 2-methylnaphthalene in® contain-

ing varying concentrations af-CD. Assignments of proton signals were made
based on both ¥H-'H COSY spectrum of 2-methylnaphthalene iscontaining

1.0 x 1072 mol dnm3 «-CD (Figure 2) and the assignments in CB@iported by
Emsleyet al. [17] and Ernst and Schulz [18]. In the absencexeED, doublet
signals of H-4 and H-8 of 2-methylnaphthalene overlap at 7.80-7.82 ppm. When



BINDING OF 2-METHYLNAPHTHALENE TO«-CYCLODEXTRIN IN DO 267

a-CD is added to a BD solution of 2-methylnaphthalene, all the proton signals
of 2-methylnaphthalene are shifted to lower fields. Aka@D concentration of

2.0 x 1072 mol dn3, chemical shift differences for H-3, H-5, and H-7 are con-
siderably greater than those for H-1, H-4, H-6, and H-8. In addition, the proton
signals of H-4 and H-8, which coalesce in the absence-GD, are separated at
«-CD concentrations higher than approximatel§>610~-3 mol dnt3. On the basis

of a'H-'H COSY spectrum of 2-methylnaphthalene solution containiig 10-2

mol dn2 «-CD (Figure 2), we tentatively assign the proton signals for H-4 and
H-8 as shown in Figure 1. Of the proton signals, the H-8 doublet signals alone
are reversely shifted to higher fields as D concentration is raised from

1.0 x 1072 to 20 x 1072 mol dnr3, indicating the existence of at least two
kinds of inclusion complexes. From analyses of electronic absorption and emis-
sion spectra, it has been concluded that 1:1 ande2CD-2-methylnaphthalene
inclusion complexes are present in aqueatGSD solutions [12]. Therefore, the
result obtained frontH-NMR spectra is consistent with the conclusion obtained
from the results based on absorption and fluorescence spectroscopy. The equilibria
in aqueousx-CD solutions of 2-methylnaphthalene are represented as follows:

@-CD + 2MN = ¢-CD - 2MN. @
@-CD - 2MN + a-CD =2 (a-CD); - 2MN. @)

Here, 2MN«-CD-2MN, and ¢-CD),-2MN stand for uncomplexed 2-methylnaph-
thalene, the 1: -CD-2-methylnaphthalene inclusion complex, and the @- 1
CD-2-methylnaphthalene inclusion complex, respectively, Endand K, are
the equilibrium constants for the formation of the 1:1 and the 2:1 inclusion
complexes, respectively.

Observed chemical shift difference’s§qps, are expressed as the sum of a con-
tribution from the product of the intrinsic chemical shift differenasy, and the
concentration of each species:

Adops = (Ad(a-CD - 2MN)[a-CD - 2MN]
+ASo((2-CD); - 2MN)[(c-CD); - 2MN]/[2MN]q 3)

where a subscript 0 with respect to the concentration represents the initial con-
centration. The concentrations of the 1:1 and 2-CD-2-methylnaphthalene
inclusion complexes at a givewm-CD concentration are respectively estimated
using the knowrk; (44.6 mot! dm®) andK, (376 mot* dm?®) values [12]:

[@-CD - 2MN] = K1[2MN]o[a-CD]o/(1 + K1[a-CD]o + K1Ko[a-CDJ3)  (4)
[(@-CD); - 2MN] = K; K5[2MN]o[a-CD]5/

(1 + K1[a-CD]o + K1K>[a-CDJ3). (5)
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Figure 1. Partial'H-NMR spectra of 2-methylnaphthalene in® solutions containing var-
ious concentrations af-CD. The 2-methylnaphthalene concentrations were about@ 4
mol dni~3. Concentration of-CD: (A) 0, (B) 10 x 1073, (C) 20 x 1073, (D) 5.0 x 1073,
(E) 7.0 x 1073, (F) 1.0 x 102, and (G) 20 x 102 mol dni~3.

Consequently, we simulated chemical shift differences for all the protons of 2-
methylnaphthalene as a function @fCD concentration. Figure 3 illustrates the
best fit curves for H-1 and H-8, in whichég values of H-1 forthe 1:1and 2:1
inclusion complexes are assumed to be 0.212 and 0.0706 ppm, respectively, and
those of H-8 are assumed to be 0.160 and 0.00249 ppm, respectively. The values
of A§p for other protons of 2-methylnaphthalene were similarly evaluated from
the simulation procedures. Figure 4 depicts A#g values for all the protons with
respect to the 1:1 and 2 12 CD—-2-methylnaphthalene inclusion complexes. The
Adg values, of the 1:1 inclusion complex, for H-3, H-7, and methyl protons are
nearly the same as those of the inclusion complex. In additionAthevalues

of H-4, H-5, and H-6 are not too different between the 1:1 and 2:1 inclusion
complexes. These findings suggest that a 2-methylnaphthalene molecule is bound
to thex-CD cavity from a methyl group as well as a naphthalene ring-end carrying
no methyl group to form a 1:1 inclusion complex; there are two kinds of 1:1
a-CD-2-methylnaphthalene inclusion complexes in aques@d solutions. In

one complex (Complex 1), am-CD molecule encapsulates a methyl group of
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Figure 2. 1H-IH COSY spectrum of 2-methylnaphthalene ip@ solution containing
1.0 x 102 mol dm 3 of «-CD.

2-methylnaphthalene, and in the other complex (Complex 2%-&D molecule
encapsulates the other end of 2-methylnaphthalene carrying no methyl group. As
seen in Figure 4, a plot okég for the 1:1 inclusion complex against proton po-
sition follows a pattern analogous to that for the 2¢-CD—-2-methylnaphthalene
inclusion complex, although th&§, values of the 1: 1 inclusion complex for H-1,
H-4, H-6, and H-8 are greater than those of the 2: 1 inclusion complexAThe
value, of methyl protons, for the 1: 1 inclusion complex is slightly greater than that
for the 2: 1 inclusion complex, whereas,, of H-5, for the 1: 1 inclusion complex
is smaller than that for the 2 : 1 inclusion complex. This finding may imply that the
inclusion of 2-methylnaphthalene byCD somewhat prefers the naphthalene-ring
side possessing the methyl group; that is, the concentration of Complex 1 may be
slightly higher than that of Complex 2.

From analyses of induced circular dichroism spectra of aqueous CD solutions of
2-methylnaphthalene, it is suggested that in 1 : 1 ande2CD-2-methylnaphtha-
lene inclusion complexes, symmetry axesxe€D molecules are tilted by about
30 from the longitudinal axis of 2-methylnaphthalene [13]. Consequently, the H-6
signal of 2-methylnaphthalene is not too much affected by @D cavity since
the H-6 is not in close contact with the wall of theCD cavity. This deduction is
consistent with the result obtained frakd, as shown in Figure 4. Th&s, value
of H-6 for the 1:1 inclusion complex is considerably less than those of H-5 and
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Figure 3. Best fit curves for the observed chemical shift differences of H-1 and H-8 of
2-methylnaphthalene in JD solutions. The best fit curves were calculated, assuming that
values of Asg(a-CD-2MN) and Adg((e-CD)2-2MN) for H-1 are 0.212 and 0.0706 ppm,
respectively, and that those for H-8 are 0.160 and 0.00249 pm, respectively.

H-7 which are adjacent to H-6. The same is true for the 2:1 inclusion complex.
In aqueouss-CD solutions of azulene, an azulene molecule is axially included
by a 8-CD molecule to form a 1:B-CD-azulene inclusion complex [19]. The
chemical shift differences for H-2 and H-6 of azulene are remarkably less than
those of the other protons. The smalles;, value for H-6 of 2-methylnaphthalene
is consistent with the results concerning those for H-2 and H-6 of azulene. Protons
near the center of the cavity end are affected to a lesser extent by the cavity wall,
resulting in the significantly small chemical shift differences.

In a 1:1a-CD-6-bromo-2-naphthol inclusion complex, a bromine atom on a
naphthalene ring is preferentially bound into h€D cavity [5]. A bromine atom
is more hydrophobic than a methyl substituent, so that the selective accommodation
of a bromine atom by the first-CD molecule occurs in the 1 :d-CD-6-bromo-
2-naphthol inclusion complex. The hydroxyl-group side of 6-bromo-2-naphthol
within the 1: 1 inclusion complex progressively enters another ea@ip cavity,
leading to a 2 : r-CD—-6-bromo-2-naphthol inclusion complex [20]. Similarly, the
encapsulation of a chlorine atom in 2-chloronaphthalene is preferred by the first
a-CD molecule to form a 1: 1 inclusion complex [14]. The secerdD molecule
successively binds to the other naphthalene-ring end carrying no chlorine atom,
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Figure 4. Intrinsic chemical shift differences of protons for 2-methylnaphthalene in the
inclusion complexes witk-CD.

resulting in the formation of a 2 :d-CD-2-chloronaphthalene inclusion complex.
For 2-methylnaphthalene, the hydrophobicity of the methyl group seems to be not
too different from that of the naphthalene ring-end bearing no methyl group. Con-
sequently, it is possible that the fikgtCD molecule binds to a methyl group of
2-methylnaphthalene as well as a haphthalene ring-end carrying no methyl group.
The fact that theX, value is an order of magnitude greater thanAhevalue seems

to indicate that the twa-CD molecules are hydrogen-bonded with each other in
the 2 : 1o-CD-2-methylnaphthalene inclusion complex.

As in the case of 6-bromo-2-naphthol, thé, values for some protons of 2-
methylnaphthalene in the 1:1 inclusion complex are rather smaller than those in
the 2: 1o-CD-2-methylnaphthalene inclusion complex. This finding suggests that
the molecular disposition of 2-methylnaphthalene in the 2:1 inclusion complex
relative toa-CD molecules is slightly different from that in the 1:1 inclusion
complex.

4. Conclusions

As thea-CD concentration is increased in the l@ACD concentration rangéH-
NMR signals of 2-methylnaphthalene are shifted to lower fields..Bt21072
mol dnT3 of «-CD, the H-8 signal is reverse shifted to higher fields, indicating
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Figure 5. Possible structures afCD-2-methylnaphthalene inclusion complexes. Trapezoids
represent-CD molecules.

the formation of the two kinds of inclusion complexes; taking into account the
small cavity size ofx-CD, it is most reasonable that the 1:1 and 2:-CD-2-
methylnaphthalene inclusion complexes are present@ dntainingx-CD. The
intrinsic chemical shift differences, of protons in 2-methylnaphthalene, estimated
from a simulation method, suggest that the selectivity-6fD towards the binding

site is nearly the same with respect to a methyl group end and a naphthalene ring-
end carrying no methyl group. This finding implies the existence of two kinds of
1:1inclusion complexes, in which the binding siteoeCD is different from one
another.
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