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CHARGE-TRANSFER EFFECT ON SUBSTRATE-BINDING BEHAVIOR OF
OCTOPUS-LIKE AZACYCLOPHANES

Yukito MURAKAMI,* Jun-ichi KIKUCHI, and Hiroaki TENMA
Department of Organic Synthesis, Faculty of Engineering,
Kyushu University, Hakozaki, Higashi-ku, Fukuoka 812

The guest-binding efficiency of octopus-like azacyclophanes
was examined with five different charge-transfer donors by means of
fluorescence spectroscopy. Relative contributions of the hydro-
phobic, electrostatic, and charge-transfer interactions in the

overall guest-binding process were characterized.

Macrocyclic compounds with a sizable hydrophobic cavity have been extensively
examined from the viewpoint of host-guest chemistry. We have previously reported
that. azaparacyclophanes bearing multiple hydrophobic chains, octopus-like azacyclo-
phanes, tend to capture various hydrophobic guest molecules in aqueous media by

the induced-fit binding mode.l)

In this work, we prepared octopus-like azacyclo-
phanes having either pyridyl or pyridinium moieties in their macrocyclic skeletons,

+
APyC(ClOCOZH)4 and APy C(C10 2
amined in comparison with that of other octopus-like azaparacyclophanes, APC(Cn—
COZH)4 (n = 2, 10).

N,N'-Bis(10-methoxycarbonyldecyl)-p-xylylenediamine

H)4, and their substrate-binding behavior was ex-

D was subjected to conden-

sation with pyridine-~3,5-dicarbonyl dichloride under high dilution conditions, and
the product was hydrolyzed to afford APyC(C CO H) The pyridvl nitrogens of APy-
C(C COzH)4 were quaternized with methyl 1od1de to give APy C(C C02H)4. APC(C -
COZH)4 was prepared by the method adopted for the synthesis of APC(C10 ZH)4'1)
All the novel products were purified by gel-filtration chromatography and identi-
fied by 1 2)

The substrate-binding behavior of the octopus-like azacyclophanes was exam-

H-NMR and IR spectroscopy as well as their elemental analyses.

ined by fluorescence spectroscopy in an aqueous 3-(cyclohexylamino)propanesulfo-
nate (CAPS) buffer [0.01 mol dm”s, pH 10.0, u 0.10 (KC1l)] containing 5%(v/v) di-
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NH Indole : R=H

033 L) HaNOC
é@ >< N- CHZO @r Indolyl-3-acetic
acid : R=CH2COzH

PNA ANS BNAH

methylsulfoxide at 30.0 °C. Five different guests were employed in order to char-
acterize the relative extent of their charge-transfer (CT) interactions with the

host molecules in the overall binding behavior: a nonionic, large, and poor donor,
N-phenyl-1l-naphthylamine (PNA); an anionic, large, and poor donor, 8-anilinonaph-
thalene-1-sulfonate (ANS); a nonionic, medium-sized, and good donor, l-benzyl-1,4-
dihydronicotinamide (BNAH); a nonionic, small, and good donor, indole; an anionic,
small, and good donor, indolyl-3-acetic acid. Fluorescence spectra of the guest

molecules (1.0 x 10_5 mol dm—S) were measured at various concentrations of the host

molecules (5 x 107°~ 5 x 10™% mo1 dm_3). The binding constants for the inclusion
complexes with PNA and BNAH were evaluated on the basis of the Benesi-Hildebrand
relationship for the 1:1 host-guest interaction.3)
The fluorescence intensity of PNA increases upon complex formation with the
azacyclophanes. The binding constant decreases in the following order: APC(Clo-
C02H)4 > APyC(ClOCOZH)4 > APy C(C 2H)4 v APC(C H)4 (Table 1). The results
provide useful information in two aspects: (i) the deep hydrophobic cavity con-
structed with four hydrophobic chains and one macrocyclic skeleton of the octopus-
like azacyclophanes is required for the strong binding interaction with bulky guest
molecules such as PNA; (ii) as hydrophobicity of the macrocyclic skeleton decreases,
the host-guest interaction is weakened. In addition, the polarity parameters for
the microenvironments where the PNA molecule is incorporated were evaluated from
the maximum wavelengths of its fluorescence spectra and found to be nearly equiva-
lent to that in water: polarity parameters [ET(BO)], 61.0 and 62.6 for the inclu-
sion complexes with APC(C10C02H)4 and APyC(CloCOZH)4, respectively. Complex forma-

Table 1. Binding constants for the inclusion complexes of azacyclophanesa)

1073kP? /mo1~1 am®
+
Guest APC(C,CO,H),  APC(C,,CO,H),  APyC(C,,CO,H),  APy'C(C, CO,H),
PNA ) 1.6 0.73 )
BNAH ) 2.0 1.4 5.8
Indole 1.5 1.5 4.3 4.6
Indolyl-3- 0.2 0.1 0.4 3.2

acetic acid

a) In an aqueous CAPS buffer [0.01 mol dm_s, pH 10.0, u 0.10 (KC1)] containing 5%-

(v/v) dimethylsulfoxide at 30.0 °C. Concentrations in mol dm—3: guests, 1.0 x

10_5; hosts, 5.0 x 1079= 5.0 x 10_4. b) Excitation and emission wavelengths in
nm: PNA, 340 and 460; ANS, 375 and 515 (no complex formation); BNAH, 361 and 465;
indole, 277 and 347; indolyl-3-acetic acid, 280 and 363, respectively. c) Com-

plex formation was not detected by fluorescence spectroscopy.
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tion was not observed when the anionic ANS was used as the guest for these anionic
hosts. Similar behavior has also been observed for the interaction between APC-
(c10002H)4 and various anionic dyes.l)
When BNAH was used as a guest, its fluorescence intensity was found to in-
crease upon complex formation with APC(ClocozH)4 and APyC(ClOCOZH)4. However, the
host-guest interaction of APy+C(CIOCOZH)4 with BNAH resulted in progressive fluo-
rescence decay as the host concentration increases (Fig. 1). 1,4-Dihydronicotin-
amides are known to form CT complexes with their oxidized forms and the related
electron deficient pyridinium derivatives, and the formation constants for such CT
complexes are relatively small in aqueous media as confirmed by electronic absorp-

4)

tion spectroscopy. The fluorescence originated from BNAH is quenched by its CT

interaction with the corresponding oxidized species, l-benzylnicotinamide chloride,
in the aqueous buffer; the formation constant obtained here (4 mol'1 dm3) is in
good agreement with that evaluated by electronic absorption spectroscopy (3.76
-1 3, 4)
mol dm™).
served for the APy+C(010C02H)4— BNAH system is caused by the CT interaction be-

tween the pyridinium moieties of the host and the dihydropyridine ring of BNAH.

Thus, it is clear that the decrease in fluorescence intensity ob-

5)

Such a CT interaction greatly favors the formation of inclusion complexes (Table 1).
6)

The indolyl moiety is also a good donor for the CT interaction. Its fluo-
rescence is quenched upon formation of the CT complex with the nicotinamide
group.7) In fact, the fluorescence
decay of indole and indolyl-3-acetic ' ' ' ' I
acid was observed when any of the 1.1F 1
present aZacyclophanes was added. APC«h0C02HM

The binding constant increases in the
following order with respect to the
host molecules:s) APC(CZCOZH)4 ~v APC-
+
(ClOCOZH)4 < APyC(ClOCOZH)4 < APy C-
(ClOCOZH)4. This sequence seems to

o

APyC(C1oCO2H)4

reflect the extent of CT interac-

tions between the electron-deficient

Relative Fluorescence Intensity at 465nm

acceptor groups in the macrocyclic AP;C«30C02HM
skeletons and the guest molecules. 0.9 /;/ 1
The small donor molecules such as
indole and indolyl-3-acetic acid are

. . 2 s ) L 1
considered to be completely incorpo- 0 1 ) 3 4 5
rated into the cavities of the macro- 4 -3
cyclic skeletons, and the face-to- [APC] x 107/ mol dm
face arrangement of the donor and Fig. 1. Correlations between aza-
acceptor moieties is attained effec- cyclophane concentration ([APC]) and
tively. As a consequence, the hydro- fluorescence intensity of BNAH (1.0 x
phobic interactions between the long 1073 mo1 dm_3) in an aqueous CAPS buf-
chain segments of the host and the fer [0.01 mol dm_s, pH 10.0, u 0.10
guest molecule, which have been ob- (KC1)] containing 5%(v/v) dimethylsul-

served for the host-guest interac- foxide; excitation at 361 nm.
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tion with larger guest molecules (vide supra), do not seem to make any significant
contribution, although a desolvation effect on the guest may not be excluded in the
binding process.

In conclusion, the binding modes of octopus-like azacyclophanes toward various
guest molecules are divided into two categories. For small molecules which can be
completely incorporated into the macrocyclic cavity, the CT interaction is of major
importance for the host-guest association, and the hydrophobic interaction with
the long chain segments makes much less contribution to the overall guest-binding
process. On the other hand, for guest molecules larger than the macrocyclic cavi-
ty size, the induced-fit function exercised by the four hydrophobic chain segments
is the predominant factor controlling the guest incorporation and the CT interac-

tion is only an additional one, if any, for guest recognition.
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