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Abstract Fluorescence spectroscopy was used to charac-

terize inclusion compounds between 4-amino-1,8-naph-

thalimides (ANI) derivatives and different cyclodextrins

(CDs). The ANI derivatives employed were N-(12-ami-

nododecyl)-4-amino-1,8-naphthalimide (mono-C12ANI)

and N,N0-(1,12-dodecanediyl)bis-4-amino-1,8-naphthali-

mide (bis-C12ANI). The CDs used here were a-CD, b-CD,

c-CD, HP-a-CD, HP-b-CD and HP-c-CD. The presence of

CDs resulted in pronounced blue-shifts in the emission

spectra of the ANI derivatives, with increases in emission

intensity. This behavior was parallel to that observed for the

dyes in apolar solvents, indicating that inclusion complexes

were formed between the ANI and the CDs. Mono-C12ANI

formed inclusion complexes of 1:1 stoichiometry with all

the CDs studied. Complexes with the larger CDs (HP-b-CD,

HP-c-CD and c-CD) were formed by inclusion of the chro-

mophoric ANI ring system, whereas the smaller CDs (a-CD,

HP-a-CD and b-CD) formed complexes with mono-C12ANI

by inclusion of the dodecyl chain. Bis-C12ANI formed

inclusion complexes of 1:2 stoichiometry with HP-b-CD,

HP-c-CD and c-CD, but did not form inclusion complexes

with a-CD, HP-a-CD and b-CD. The data were treated in the

case of the large CDs using a Benesi-Hildebrand like

equation, giving the following equilibrium constants: mono-

C12ANI:HP-b-CD (K11 = 50 M-1), mono-C12ANI:HP-c-

CD (K11 = 180 M-1), bis-C12ANI:HP-b-CD (K12 =

146 M-2), bis-C12ANI:HP-c-CD (K12 = 280 M-2).
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Introduction

The 4-amino-1,8-naphthalimides (ANI) constitute a class

of highly fluorescent organic dyes [1–6], which are soluble

both in water and in organic solvents. Thank to their out-

standing photophysical properties, the ANI have been used

in several applications, such as fluorescent sensors for

cations [7–9] and anions [10, 11], molecular switches [12,

13], systems for the harvesting of solar energy [14–16] and

thermochromic [17] and pH sensing [18] devices, among

others. The ANI are also useful as building blocks for the

construction of supramolecular systems, such as rotaxanes

and catenanes [19, 20]. Recently, the properties of the ANI

as nucleic acids intercalators have been explored for the

binding and photochemical cleavage of DNA [21–23],

making the ANI potential candidates as antitumor agents.

Other biological applications for the ANI include fluores-

cent labeling agents for biological cells [24–26], antiviral

agents [27, 28] and in the promotion of photochemical

protein crosslinking [29].

Considering the wide range of applications available for

the ANI derivatives, it is of great interest to study the

inclusion complexes of these dyes with cyclodextrins

(CDs). The CDs are cyclic oligossacharides that form

inclusion complexes with a great variety of organic com-

pounds in aqueous solution [30–33]. Inclusion of the ANI
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in the hydrophobic CD cavity is expected to change the

photophysical properties of the dyes, increasing the scope

of their use as sensors, switches or solar energy collectors.

Regarding medical applications, the CDs are well known to

increase water solubility of included drugs, thus improving

the bioavailability and altering tissue distribution of the

ANI. Complexes between ANI and cyclodextrins can also

be explored as starting materials for the synthesis of

cyclodextrin-based rotaxanes and catenanes [34].

Our group has studied the inclusion of different aromatic

imides and diimides in the cavity of cyclodextrins [35–37].

In a previous article, we showed that phosphonate-substi-

tuted ANI derivatives form complexes with several CDs

[37], leading to increased fluorescence intensities. In the

present work, we continue our studies with two new ANI

derivatives synthesized by our group: N-(12-aminodode-

cyl)-4-amino-1,8-naphthalimide (mono-C12ANI) and N,N0-
(1,12-dodecanediyl)bis-4-amino-1,8-naphthalimide (bis-

C12ANI), whose structures are shown in Scheme 1.

Experimental part

Materials

All solvents used for fluorescent measurements were spec-

troscopic grade (Merck or J.T. Baker). Imidazole was pur-

chased from Merck. Aqueous solutions were prepared

with deionized water. Buffer solutions were prepared with

high purity salts. The following reagents were purchased

from Aldrich: 4-amino-1,8-naphthalic anhydride, 1,12-di-

aminododecane, a-cyclodextrin (a-CD), b-cyclodextrin

(b-CD), c-cyclodextrin (c-CD), 2-hydroxypropyl-a-cyclo-

dextrin (HP-a-CD) (molar substitution = 0.6, MW &
1,180), 2-hydroxypropyl-b-cyclodextrin (HP-b-CD) (molar

substitution = 0.6, MW & 1,380), 2-hydroxypropyl-c-

cyclodextrin (HP-c-CD) (molar substitution = 0.6,

MW & 1,580), quinine sulfate dihydrate, tetrabutylammo-

nium tetrafluoroborate.

Synthesis of mono-C12ANI and bis-C12ANI

The ANI derivatives were synthesized using molten imid-

azole as a solvent. Imidazole is an excellent solvent for the

synthesis of aromatic imides [38, 39] because it dissolves

the precursors (anhydrides and primary amines), which are

otherwise insoluble in most common solvents.

N-(12-aminododecyl)-4-amino-1,8-naphthalimide (mono-

C12ANI): A mixture of 4-amino-1,8-naphthalic anhydride

(100 mg, 0.47 mmol), 1,12-diaminododecane (188 mg,

0.94 mmol) and imidazole (0.5 g) was heated at 120-140 �C

for 1 h. After cooling, 10 mL of acetonitrile were added, and

the resulting precipitate was filtered off, washed with cold

acetonitrile and dried. The crude product was then purified by

chromatography in silica gel, using a gradient of chloroform/

ethanol as the eluent, giving 91 mg of mono-C12ANI (49%

yield). Melting point [400 �C. Elemental analysis (CHN),

obtained (calculated): 57.3% C (73.1%); 7.87% H (8.12%);

10.2% N (10.7%). A lower than expected carbon content has

been found for several aromatic imides, and has been attrib-

uted to incomplete combustion [40]. However, since traces of

impurities (mainly 1,12-diaminododecane and bis-C12ANI)

were found in the 1H-NMR spectra of mono-C12ANI, even

after chromatography, an analytically pure sample for the

experiments with CDs was obtained by HPLC (see Supple-

mentary Material).

N,N0-(1,12-dodecanediyl)bis-4-amino-1,8-naphthalimide

(bis-C12ANI): A mixture of 4-amino-1,8-naphthalic anhy-

dride (300 mg, 1.41 mmol), 1,12-diaminododecane

(141 mg, 0.71 mmol) and imidazole (1.5 g) was heated at

120-140 �C for 1 h. After cooling, 10 mL of ethanol were

added, and the resulting precipitate was filtered off, washed

with cold ethanol and dried. The crude product was then

purified by recrystallization with 1,2-dichloroethane, giving

164 mg of bis-C12ANI (39% yield). Melting point[400 �C.

Elemental analysis (CHN), obtained (calculated): 70.2% C

(73.2%); 6.23% H (6.44%); 9.03% N (9.49%). 1H-NMR and

HPLC: see Supplementary Material.

Methods

Fluorescence measurements were performed with a Hitachi

F-2500 fluorescence spectrophotometer. Aqueous solutions

with varying concentrations of CDs for binding studies

were prepared as follows: concentrated stock solutions

(0.01–0.1 M) of the CDs were prepared in aqueous buffer

solutions. Aliquots from these stock solutions were then

mixed with aliquots from the buffer in test tubes to give the

desired CD concentration (total volume of 2.0 mL). Ali-

quots from the ANI derivatives (2 lL from 1 mM stockScheme 1 Structures of the ANI derivatives employed in this work
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solutions in N,N-dimethylformamide) were then added to

each tube, giving [ANI] = 1.0 9 10-6 M. The tubes were

mixed in a shaker for 24 h at 25 �C for equilibration before

measuring the fluorescence spectra.

Cyclic voltammetry was performed using an Autolab

PGSTAT-30 Potentiostat/Galvanostat. The measurements

were carried out at room temperature (25 ± 1 �C) in a

three-compartment electrochemical cell with a carbon

working electrode, a platinum auxiliary electrode and a

saturated Ag/AgCl reference electrode in 3 M KCl. N,N-

dimethylformamide (DMF) was used as a solvent, con-

taining 0.01 M tetrabutylammonium tetrafluoroborate as a

support electrolyte. Solutions were degassed with argon for

5 min prior to measurements.

Results and discussion

Characterization of ANI derivatives in solution

The absorption and emission spectra of mono-C12ANI and

bis-C12ANI were quite sensitive to solvent polarity. The

absorption maximum of bis-C12ANI, for instance, was red-

shifted from 408 nm in chloroform to 435 nm in water,

whereas the emission maximum varied from 501 nm in

chloroform to 550 nm in water. Considering that the

changes in the emission spectra were by far more pro-

nounced then those observed in the absorption spectra,

fluorescence measurements were employed in the present

study.

Figure 1 and Table 1 show the solvent effects on the

emission spectra of mono-C12ANI and bis-C12ANI. The

emission maximum of mono-C12ANI was red-shifted from

510 nm in chloroform to 520 nm in ethanol and 535 nm in

water. In the case of bis-C12ANI, the emission maximum

was 501 nm in chloroform, 519 nm in ethanol and 550 nm

in water. The emission spectra in water were identical, for

both mono-C12ANI and bis-C12ANI, when registered at pH

4.5, 6.0 and 8.5 (Table 1), indicating that the spectral

properties were insensitive to the protonation state of the

amino groups.

The pronounced solvent effects on the spectra of ANI

derivatives has been attributed to the charge-transfer char-

acter of the S0 ? S1 transition [14, 15], from a neutral

ground-state to a charge-separated excited-state (Scheme 2).

Since in polar solvents the charged excited-state is more

stabilized by solvation than the neutral ground-state, the

transition energy decreases, resulting in the observed red-

shift with increasing polarity.

The solvent effects on the emission of bis-C12ANI were

more pronounced than in the case of mono-C12ANI (Fig. 1,

Table 1). A red-shift of nearly 50 nm was observed for bis-

C12ANI as going from CHCl3 to H2O, as compared to the
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Fig. 1 Emission spectra (kex = 375 nm) of mono-C12ANI (a) and

bis-C12ANI (b) in solvents of different polarities: chloroform (- - -),

ethanol (���) and water (buffered at pH 6.0) (—). The dye concen-

tration was 1 9 10-6 M in all cases

Table 1 Fluorescence data (kex = 375 nm) for mono-C12ANI and

bis-C12ANI in different solvents

Solvent mono-C12ANI bis-C12ANI

kmax (nm) /f
a,b kmax (nm) /f

a,b

CHCl3 510 0.26 501 0.24

CH3CN 510 0.25 508 0.19

DMF 515 0.16 515 0.24

EtOH 520 0.17 519 0.16

H2O (pH 4.5) 535 0.049 550 0.0022

H2O (pH 6.0) 535 0.036 550 0.0023

H2O (pH 8.5) 535 0.036 550 0.0023

The dye concentration was 1 9 10-6 M in both cases
a Fluorescence quantum yield (reference: 1 mM quinine sulfate in

0.5 M H2SO4)
b The error in the quantum yield measurement is ±5% of the given

value
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25 nm shift in the case of mono-C12ANI. Moreover, the

emission maximum of bis-C12ANI in water was 15 nm red-

shifted as compared to that of mono-C12ANI. It can also be

noticed in Fig. 1 that the fluorescence of bis-C12ANI in

water was quenched relative to that of mono-C12ANI, with

a decrease of an order of magnitude in the quantum yield

(Table 1). The behavior of bis-C12ANI in water suggests

that the excited molecule folds about the dodecyl link to

form an intramolecular excimer between the two ANI units

(see Scheme 3), resulting in the observed red-shift and

fluorescence quenching, in a process which is not possible

in the case of mono-C12ANI.

Electrochemical data on the two ANI derivatives in

DMF are presented in Fig. 2 and Table 2. It is known [2]

that ANI derivatives can be either oxidized (at the amino

group) or reduced (at the imide group), as can be deduced

from the charge-separated excited state in Scheme 2. Both

mono-C12ANI and bis-C12ANI display two reversible oxi-

dations waves near 1.0 and 1.5 V (Table 2), in agreement

with literature data [2]. When the cyclic voltammograms

were recorded in the negative direction (Fig. 2), mono-

C12ANI displayed only one reduction wave at -1.36 V,

corresponding to anion radical formation, as reported in the

literature [2]. In the case of bis-C12ANI, however, the

reduction occurred in two steps, resulting in two waves

with lower current at -1.17 and -1.43 V.

These results show that the two ANI units in bis-C12ANI

are not reduced at once, but stepwise, suggesting a stabi-

lizing interaction between the ANI units. If there was no

interaction between the two imide rings, they would be

reduced at once and a two-electron one wave reduction

would be observed (Scheme 3). Since the dodecyl chain

linking the two ANI units does not allow through-bond

conjugation, it can be presumed that bis-C12ANI folds

about the alkyl chain upon reduction of one of the rings,

giving a stabilized intramolecular dimer (Scheme 3),

pairing an ANI anion radical with an unreduced ANI ring

(ANI/ANI-�). This explanation corroborates the formation

of the intramolecular excimer suggested above.

Studies of complex formation between ANI derivatives

and cyclodextrins

The high solvent sensitivity of the emission spectra of ANI

derivatives is very convenient to study the inclusion of

these dyes in the cavity of cyclodextrins. It is well known

Scheme 2 Charge-transfer S0 ? S1 transition for ANI derivatives,

from a neutral ground-state to a charge-separated excited state

Scheme 3 a Two step

reduction of bis-C12ANI, with

stabilization of the ANI/ANI-�

pair. b One step reduction of

bis-C12ANI, which would be

expected if there was no ring-

ring interaction
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Fig. 2 Cyclic voltammograms of mono-C12ANI (���) and bis-C12ANI

(—) in DMF containing 0.01 M tetrabutylammonium tetrafluorobo-

rate. Scan rate: 200 mV/s

316 J Incl Phenom Macrocycl Chem (2010) 68:313–322

123



that the polarity inside the cavity of CDs is similar to

ethanol solution. Therefore, the formation of host–guest

complexes should result in the transfer of the dye from bulk

water to a less polar environment, what expectedly (see

Fig. 1) would cause an increase in the fluorescence inten-

sity and a blue shift.

The effects of the presence of different cyclodextrins on

the emission spectra of mono-C12ANI and bis-C12ANI are

shown in Fig. 3 and Table 3. In the case of bis-C12ANI, the

presence of c-CD, HP-c-CD and HP-b-CD resulted in

pronounced blue shifts (Dk = 33, 21 and 22 nm, respec-

tively) and increased fluorescence intensities (ICD/Iwa-

ter = 40, 38 and 280, respectively), indicating the

formation of inclusion complexes, thus hindering the for-

mation of the intramolecular excimer observed in water. In

the case of the other CDs (a-CD, HP-a-CD and b-CD),

however, smaller effects were observed (12–14 nm blue

shifts and two to threefold increases in emission intensity).

Taking into account geometrical considerations (Sche-

me 4b), these effects are most likely due to external

interactions (such as hydrogen bonding), rather than true

inclusion effects.

The binding sites for the CDs in bis-C12ANI are the two

bulky aromatic imide rings at the ends of the molecule, as

shown in Scheme 4b. Therefore, only CDs with a large

cavity (c-CD, HP-c-CD and HP-b-CD) could complex with

bis-C12ANI, which is in full agreement with the results in

Fig. 3 and Table 3. Although in principle the smaller CDs

(a-CD, HP-a-CD and b-CD) could host the alkyl chain

linking the two imide rings, forming a pseudo-rotaxane,

they are too small to slip through the ANI ring system

(Scheme 4b). According to Scheme 4b, it is expected that

the large CDs form complexes with 1:2 stoichiometry

(ANI:CD2) with bis-C12ANI, what was confirmed by the

upward curvature observed in the binding isotherms

(Fig. 4b, see below).

Table 2 Half-wave potentials (V 9 Ag/AgCl) for the oxidation and

reduction of 1 mM mono-C12ANI and bis-C12ANI in DMF containing

0.01 M tetrabutylammonium tetrafluoroborate

Oxidation Reduction

mono-C12ANI 1.47 1.02 -1.36 –

bis-C12ANI 1.50 1.02 -1.17 -1.43
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Fig. 3 Effect of cyclodextrins on the emission spectra of ANI

derivatives (kex = 440 nm). a Mono-C12ANI in water (- - -) and in

the presence of 0.03 M c-CD (���). Inset (from bottom to top): mono-

C12ANI in water and in the presence of 0.01 M b-CD, 0.05 M a-CD,

0.1 M HP-a-CD, 0.1 M HP-c-CD and 0.1 M HP-b-CD. (b) Bis-

C12ANI in water (-�-�-) and in the presence of 0.03 M c-CD (- - -),

0.1 M HP-c-CD (���) and 0.1 M HP-b-CD (—). Inset (from bottom to

top): bis-C12ANI in water and in the presence of 0.05 M a-CD,

0.01 M b-CD and 0.1 M HP-a-CD. The dye concentration was

1 9 10-6 M in all cases

Table 3 Fluorescence data for mono-C12ANI and bis-C12ANI in the

presence of different cyclodextrins

Solutiona mono-C12ANI bis-C12ANI

kmax

(nm)

Isol/IW
b Complex kmax

(nm)

Isol/IW
b Complex

H2O 535 – – 550 – –

0.05 L a-CD 536 18 Yes 538 2 No

0.01 L b-CD 536 17 Yes 536 3 No

0.03 L c-CD 515 8300 Yes 517 40 Yes

0.1 L HP-a-CD 532 28 Yes 538 3 No

0.1 L HP-b-CD 524 39 Yes 528 280 Yes

0.1 L HP-c-CD 528 34 Yes 529 38 Yes

EtOH 520 5 – 519 74 –

Data in water and ethanol are included for comparison. The dye

concentration was 1 9 10-6 M in both cases
a Aqueous solutions were prepared in 0.01 M phosphate buffer (pH

7.0)
b Ratio between the fluorescence intensity (measured at kmax) in the

given solution and in water
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In the case of mono-C12ANI, the effect of the CDs

shown in Fig. 3 and Table 3 suggest complex formation

with all the CDs studied, as expected, since this compound

has two binding sites of different geometry available

(Scheme 4a), one for the large CDs (the imide ring) and the

other for the smaller CDs (the alkyl chain). The effects

observed with a-CD, HP-a-CD and b-CD were smaller

than those observed with the large CDs, as expected, since

the chromophoric portion of the molecule is the imide ring,

rather than the alkyl chain. Complexes of CDs with mono-

C12ANI are expected to have a 1:1 stoichiometry (Sche-

me 4a), what was confirmed by the downward curvature of

the binding isotherms (Fig. 4a, see below).

It is remarkable the large blue shift shown by both

mono-C12ANI and bis-C12ANI in the presence of c-CD.

The emission maxima of the c-CD complexes

(kmax = 515–517 nm) is even shorter than the maxima in

ethanol solution (kmax = 519–520 nm, Table 1), showing

that the chromophoric imide group was included deeply

inside the c-CD cavity, in contact with the hydrophobic

ring core. Less pronounced blue shifts were noticed with

HP-b-CD and HP-c-CD (kmax = 524–529 nm), suggesting

a more external inclusion mode, probably involving the

extended part of the cavity provided by the flexible

hydroxypropyl chains, which can also make multiple

hydrogen bonds with the dyes. Another evidence for this is

the fact that HP-b-CD forms complexes with bis-C12ANI,

whereas b-CD does not (Table 3), what proves that the

ANI group does not fit inside the b-CD cavity without the

extending HP chains.
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Scheme 4 Suggested complexation modes for the interaction between different cyclodextrins and mono-C12ANI (a) and bis-C12ANI (b)
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Binding isotherms

A more detailed picture of the inclusion process can be

gained by performing binding isotherms. For this purpose,

we used HP-b-CD, c-CD and HP-c-CD, since these are the

CDs that caused the largest effects in the experiments

above. The effects of increasing concentration of HP-b-CD

on the emission spectra of mono-C12ANI and bis-C12ANI

are shown in Fig. 4. The other CDs studied, c-CD and HP-

c-CD, displayed similar behavior (inset of Fig. 4 and

Supplementary Material). A rather distinct behavior can be

noticed when comparing the two compounds. For mono-

C12ANI, the initial additions of CD caused large fluores-

cence increases, but at high CD concentrations the emis-

sion intensity tends to saturate, generating binding

isotherms with a downward curvature (Fig. 4a). This

behavior is typical of the formation of complexes with 1:1

stoichiometry [41, 42], as shown in Scheme 4a. In the case

of bis-C12ANI, however, the opposite behavior was

observed. Initial additions of CD caused very small chan-

ges, but at higher CD concentrations the emission intensity

starts increasing rapidly, generating isotherms with an

upward curvature (Fig. 4b), indicating the formation of

complexes with more than one CD per host molecule

(presumably 1:2, according to geometrical considerations,

see Scheme 4b).

In the simple case of 1:1 stoichiometry, the equilibrium

represented by Eq. 1 is related to the equilibrium constant

K11, as shown in Eq. 2. For this case, the fluorescence data

can be treated according to Eq. 3, which has been used by

our group [35–37] and others [41–43] for 1:1 binding

isotherms between cyclodextrins and fluorescent dyes. In

Eq. 3, I0 and I represent the fluorescence intensities in the

absence and in the presence of a given CD, whereas /0 and
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Fig. 4 Effect of increasing concentrations of HP-b-CD on the

emission spectra (kex = 440 nm) of mono-C12ANI (a) and bis-

C12ANI (b). The [HP-b-CD] (M) employed for both experiments are

as follows (from bottom to top): 0, 1 9 10-4, 1 9 10-3, 5 9 10-3,

0.01, 0.04, 0.06, 0.08 and 0.1. The dye concentration was

1 9 10-6 M in both cases. Inset: fluorescence intensity as a function

of CD concentration (binding isotherms) for mono-C12ANI (a) and

bis-C12ANI (b) with HP-b-CD (d) and HP-c-CD (h)
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bis-C12ANI with HP-b-CD (d) and HP-c-CD (h)
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/ are the corresponding quantum yields. According to

Eq. 3, a plot of 1
ðI=I0�1Þ against the reciprocal of the CD

concentration should give a straight line, and the equilib-

rium constant K11 can be obtained by dividing the intercept

by the slope (this treatment is a variation of the Benesi-

Hildebrand approach).

ANIþ CD� ANI� CD ð1Þ

K11 ¼
½ANI� CD�
½ANI�½CD� ð2Þ

1

ðI=I0 � 1Þ ¼
1

ð/CD=/0 � 1Þ þ
1

ð/CD=/0 � 1ÞK11

1

½CD� ð3Þ

The isotherms for the binding of mono-C12ANI with

cyclodextrins were then treated according to Eq. 3

(Fig. 5a). Reasonable linear fits were obtained using the

points with higher CD concentrations (for low concentra-

tions the fluorescence is weak and hence subject to noise

variations). The equilibrium constants (K11) obtained for

mono-C12ANI from the plots in Fig. 5 are 50 M-1 for the

complex with HP-b-CD and 180 M-1 for the complex with

HP-c-CD (Table 4). These equilibrium constants are of the

same magnitude as found for other ANI derivatives with

the same CDs in our previous report [37].

In the case of bis-C12ANI, geometric considerations

(Scheme 4), together with the experimental data (Fig. 4),

suggest a 1:2 stoichiometry. In this case, Eqs. 1–3 should

be replaced by Eqs. 4–6 [41, 42]. According to Eq. 6, a

plot of 1
ðI=I0�1Þagainst 1

½CD�2 should give a straight line, and

the equilibrium constant K12 can be obtained by dividing

the intercept by the slope, in analogy to the treatment given

above for 1:1 complexes. The results of the treatment for

bis-C12ANI according to Eq. 6 are presented in Fig. 5b.

Reasonable linear fits were obtained, giving equilibrium

constants (K12) of 146 M-2 for the complex with HP-b-CD

and 280 M-2 for the complex with HP-c-CD (Table 4).

ANIþ 2CD� ANI� CD2 ð4Þ

K12 ¼
½ANI� CD2�
½ANI�½CD�2

ð5Þ

1

ðI=I0 � 1Þ ¼
1

ð/CD=/0 � 1Þ þ
1

ð/CD=/0 � 1ÞK12

1

½CD�2

ð6Þ

Data for complex formation between the ANI derivatives

and c-CD are given as Supplementary Material. The iso-

therms show a complex behavior in this case and are not

linear with Eqs. 3 or 6, although the downward curvature

of the isotherm for mono-C12ANI and the upward curvature

for bis-C12ANI were also observed, as in the case of the

other CDs studied. We are presently performing more

detailed studies with the ANI derivatives in the presence of

c-CD.

Conclusions

The fluorescence spectra of the ANI derivatives studied

here were very sensitive to inclusion in the CD cavity,

showing pronounced blue-shifts and increases in the

emission intensity upon complex formation. Mono-C12ANI

was shown to form inclusion complexes of 1:1 stoichi-

ometry with all the CDs studied, but complexes with the

larger CDs (HP-b-CD, HP-c-CD and c-CD) caused large

spectral changes, suggesting the inclusion of the chromo-

phoric group (the ANI ring system). With the smaller CDs

(a-CD, HP-a-CD and b-CD), mono-C12ANI forms com-

plexes by inclusion of the dodecyl chain, since the ANI

ring is too large to fit inside their cavities. Bis-C12ANI

forms complexes of 1:2 stoichiometry with HP-b-CD, HP-

c-CD and c-CD, since there are two binding sites (the ANI

rings) per molecule. However, bis-C12ANI does not form

complexes with a-CD, HP-a-CD and b-CD, since they can

not slip through the ANI rings to be accommodated around

the dodecyl chain. The ANI-CD complexes studied here

are quite interesting for biological and medical applica-

tions, as well as intermediates in the synthesis of rotaxanes.
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