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Cyclodextrin complexes have been studied for their abilities
to exert photophysical and photochemical control on reactive
intermediates and on photophysical probeEnhanced lumi-
nescence yields, protective quenching, and controlled photo- B
chemical reactivity have been frequently observe®ecent
efforts have been directed to the preparation and study of
cyclodextrins with covalently-attached groups capable of detect-
ing the binding state of prospective hotmd several strategies
that allow for the controlled switching of their binding and
sensing capabilities have been propostdn this communica-
tion, we report the properties of a short-tethered naphthyl probe | E—
sterically restricted to reside inside the cavityfefyclodextrin 8 7.5 7 PPM g 7.5 7
at ambient temperatureg,(Scheme 1). It is shown th&tis Figure 1. (a)'H NMR spectra (400 MHz, BD) of the aromatic region
susceptible to temperature-dependent insiolgside isomerism  of 2 (bottom), inclusion compleg-CD/3 (middle), and methyl ethe®
that allows for temperature control of its complexation with other (top). (b) Aromatic region of at different temperatures.
hydrophobic probes, such as @2tpluidino)-6-naphthalene-
sulfonate® Scheme 1

Compound2 was obtained by irradiation of the inclusion H H H
complex of-naphthyldiazomethand)é” with 5-cyclodextrin N : 'ﬂ
(B-CD), as recently reported by Abelt etfallrradiation in HO OH 0
leads to formation of a transieptnaphthylcarbene complex
which reacts by insertion into nearby hydroxyl grotps a
method reminiscent of photoaffinity labeling stratedfésAnaly-
sis of reversed-phase HPLC-purifiecdy 'H NMR (D,0, 400

MHz) showed aromatic and cyclodextrin signals integrating for Com al ; :
" - . parative'H NMR analysis of2 with methylnaphthyl
the expected 1:1 stoichiometry assigned to th@-@-methyl- methyl ether 8) and its inclusion complex witfi-cyclodextrin,

- i ivative? 11 ) !
naphthyl)g-cyclodextrin derivative?. B-CDI/3, revealed a clear correlation betwebh NMR shifts

(1) (@) Ueno, A.; Osa, T. IrPhotochemistry in Organized and Con- ~ and water exposure that supports the assignment of the inside-

strained MediaRamamurthy, V., Ed.; VCH Publishers: New York, 1991;  naphthyl structure, as represented in Scheme 1 and Figure 1.

pp 739-782. (b) Kalyanasundaram, Rhotochemistry in Microheteroge- : o 4 fofi
neous System#&cademic Press: New York, 1987. (c) Ramamurthy, V.; Compound3 in DO (~2 x 10™* M) shows two distinct sets

Eaton, D. FAcc. Chem. Re<1988 21, 300—306. of signals at 7.8 and 7.4 ppm, corresponding de and
(2) (@) Hamada, F.; Fukushima, M.; Osa, T.; UenoMakromol. Chem., B-hydrogens of a freely rotating and water-exposed naphthyl

Rapid Communl993 14,279-286. (b) Hamada, F.; Fukushima, M.; Osa, ; ; ;
T - Ikeda, H.; Toda, F.. Ueno, AMakromol. Chem., Rapid Commur8oa group (top spectrum, Figure 1a). The spectrum of inclusion

14,287-291. (c) Hamasaki, K.; Ueno, A.; Toda, &.Chem. Soc., Chem. ~ complex3-CD/3 (prepared by addition of-cyclodextrin to
Commun.1993 331-333. (d) Hamasaki, K.; lkeda, H.; Nakamura, A.;  dilute aqueous solutions @) displays some broadening and
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geno. A.; Toda, F.; Suzuki, 1.; Osa, J. Am. Chem. S04993 15,5035~ upfield shifts of up to~0.2 ppm for hydrogens inside the
(3) Arad-Yellin, R.; Green, B. SNature 1994 371,320-322. cyclodextrin cavity? The spectrum of covalently bouritat
(4) (a) Ikeda, T.; Yoshida, K.; Schneider, B.. Am. Chem. Sod.995 ambient temperatures resembles that of the inclusion complex.

117,1453-1454. (b) Hamasaki, K.; Ikeda, H.; Nakamura, A.; Ueno, A.; i i i i insi
Toda F: Suzuki |- Osa 1 Am. Chem. S04993 115 B035-5040, Relatively large upfield shifts were assigned to hydrogens inside

(5) (a) Seliskar, C. J.; Brand, L. Am. Chem. Sod971, 93, 5405— the CaVity (i.e., H5, H6, H7, and H8) A smaller Upf|e|d Shlﬁ
5414. (b) Seliskar, C. J.; Brand, 0. Am. Chem. Sod.971, 93, 5414 for H1 (singlet) and H4 (doublet) was taken as an indication of
5420. (c) DeToma, R. P.; Easter, J. H.; BrandJLAm. Chem. S0d.976 proximity to the water interface and partial water exposure.

98, 5001-5007. e -
(6) The preparation and properties of naphthyldiazomethane have beensmaII (~2%) but unambiguous NOE enhancements were

reported by several authors: (a) McMahon, R. J., Albrecht, SIVAm. observed at 30C in the cyclodextrin hydrogens between 3.3
Chem. Soc1993 115, 855-859. (b) Platz, M. S.; Maloney, VJ. Phys. and 3.7 ppm when signals at 7.86 (H4), 7.77 (H1), and 7.69

%gfghg_"jggg_ 3,135-138. (c) Griffin, K. H.J. Am. Chem. S0d.987 (H5 and H8) ppm were irradiated. Irradiation of the H3 doublet

(7) Inclusion complexes were prepared by addition of concentrated at 7.59 ppm gave no enhancement.
methanolic solutions of freshly preparédo dilute solutions ofs-cyclo- As expected for a structure possessing a short tether with

dextrin in a 1:1 molar ratio. Photolyses were carried out immediately with ; ; ; _
a 400 W Hanovia lampi(> 300 nm. Pyrex filter). restricted cionformatlonal motlonﬁ, presents a temperature
(8) (@) Smith, S. H.; Forrest, S. M.; Williams, D. C.; Acquavella, M. F.; dependent'H NMR spectrum in pure ED (Figure 1b).

Abelt, C. J.Carbohydr. Res1992 230,289-297. (b) Abelt, C. J.; Lokey, Downfield shifts and regrouping af- and -naphthyl signals
J. S.; Smith, S. HCarbohydr. Res1989 192,119-130. () Abelt, C. J.. gt high temperatures render the spectrun2 gite similar to

Pleier, J.J. Org. Chem1988 53,2159-2162. For a related example, see: . s "
Brinker, U.; Buchkremer, R.; Rosenberg, M.; Polkis, M. D.: Orlando, M. that of 3, which is itself temperature-independent. The tem-

Gross, M. L.Angew. Chem., Int. Ed. Engl993 32, 1344. perature dependence of inclusion compog+@D/3 (not shown)
(9) For reviews, see: (a) Moss, R. A.; Jones, MCarbenes;Wiley-

Interscience: New York, 1985. (b) Kirmse, Warbene Chemistry2nd (11) This assignment was based hNMR spectra run in DMSO, as

ed.; Academic Press: New York, 1971. reported by Abelt et al. in ref 8a.

(10) Bayley, H. InPhotogenerated Reagents in Biology and Molecular (12) (a) Schneider, H.-J.; Blatter, T.; SimovaJSAm. Chem. Sod991
Biology, Work, T. S., Burdon, R. H., Eds.; Elsevier: Amsterdam, 1983. 113,1996-2000. (b) Hamai, SJ. Phys. Chem1995 99, 12109-12144.
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Figure 2. (a) Changes in fluorescence intensity of 10 TNS to
which varying amounts g8-CD (1), complex3-CD/3 (Il), and2 (lII)
are added. (b) Intensity changes of 18 TNS and 0.5x 1073 M 2

as a function of temperature. Measurements were carried out in the

J. Am. Chem. Soc., Vol. 118, No. 11, 18P%1
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with B-cyclodextrin or3-CD/3 were fully reversible, intensity
changes ir2 were not. As indicated in Figure 2b, an additional
~b5-fold fluorescence increase was observed when the temper-
ature was lowered to 3C. After this, variations within those
temperature limits reproduced the intensities between points 2

sequence indicated. Excitation was at 366 nm and detection at 485 nm,nd 3

in all cases.

parallels that o2. Both samples suggest an increase in water
exposure and thus enhanced dissociation in the cg8eCai/3
and conformational isomerization to the outside isomer in the
case of2 (Figure 1).

The equilibrium model of Figure 1 suggests that inclusion

of external hydrophobic guests should be hindered at ambient

temperatures but feasible at higher temperatures. The emissio
properties of 2 were measured to determine whether its

fluorescence may be used to ascertain the binding state of

external hosts. Unfortunately, the fluorescence spectrugh of
is virtually identical to those of fre8 and3-CD/3,12 and their
lifetimes in Ar-saturated solutions were relatively short and

similar (27.5, 27.4 and 22.8 ns, respectively). Since the effects

of water exposure on the naphthyl methyl ether chromophore
are so small, we decided to test the isomerisn? afith an
ideal extrinsic hydrophobic fluorescence probe, andp-2-(
toluidino)-6-naphthalenesulfonate (TNS) was seleéted.

It is known that TNS displays negligible fluorescence iOH
but emits strongly in hydrophobic medi&. TNS absorbs and
emits at longer wavelengths than the naphthyl methyl ether

chromophore. Thus, excitation and detection present no spectral

interference. Addition of aqueous solutionsfa€yclodextrin,
B-CDI/3, or covalently boun@ to 1075 M solutions of TNS at
25°C results in increased TNS fluorescence when excitation is
carried out at 360 nm and detection at 485 nm. As shown in
Figure 2a, addition of up te-6 x 1073 M S-cyclodextrin (line

) or inclusion complexg-CD/3, line I1) to 1075 M TNS results

in a ~35- or 30-fold increase in fluorescence intensity,
respectively. The lower intensity values withCD/3 as
compared to those for puré-cyclodextrin are indicative of
competitive binding betwee®iand TNS. Surprisingly, addition

of 6 x 1072 M 2 results in a~165-fold fluorescence increase
(line 111y that shows an efficient hydrophobic interaction between
TNS and2 under conditions where its hydrophobic cavity is
postulated not to be fully available (i.2-inside). Nonetheless,
when the temperature was increased from 25 to°85to
promote a faster insideoutside equilibrium and higher popula-
tions of 2-outside, a further 2-fold increase in intensity was
observed (point 1 to point 2). In contrast, control experiments
with TNS andB-cyclodextrin ors-CD/3 at up to 85°C showed
a~5-fold decreasen intensity. Further differences betwe2n

It is known that TNS forms 1:1 and 1:2 complexes with
B-cyclodextrint4¢15 In analogy with known 1:2 complexes, one
may suggest th&t probably associates with one TNS molecule.
However, the TNS intensity data are too complex, and we did
not attempted to analyze their stoichiometry. We interpret the
data in Figure 2 in terms of a model requiring the postulated
temperature-dependent insideutside isomerism (Scheme 2).
It is clear that points 1 and 3 in Figure 2b reflect different types

b complexes betweeR and TNS, and, as suggested by the

model, the most hydrophobic environment becomes available
only after thermal activation. Comparison of lines | and Il
suggests that naphthyl-containi@gnside offers a more hy-
drophobic environment to TNS than does pgr€D (Figure
2a). This enhancement may result from a less polar environ-
ment, a higher binding constant, or a combination of the two.
Increasing the temperature to 85 allows for larger populations
of the outside-isomer, and the 2-fold intensity increase is
assigned to the inclusion of TNS in the hydrophobic cavity of
2 (i.e., TNS@2, Scheme 2). Itis important to note that similar
experiments with inclusion compoun@CD/3 result in de-
creased intensities, since both complex dissociation and excited
tate deactivation are accelerated. The final 5-fold intensity
hange between points 2 and 3 reflects an equilibrium with
binding states that were not kinetically available when the two
components are mixed at ambient temperatures and may include
several species like those in Scheme 2.

While the precise nature of the structures in Scheme 2 remains
speculative at this point, such structures must involve different
hydrophobic environments for TNS. Thermal activation may
allow for inclusion of TNS with displacement of the naphthyl
group, or it may allow for co-inclusion of the two hydrophobic
groups. Despite overlap between the naphthyl grougsasid
TNS, preliminary'H NMR measurements give evidence of two
distinct binding interactions before and after heating. Experi-
ments in progress with other hydrophobic probes also support
the model of Scheme 2, which we believe is an ideal model for
the study of activated binding phenomena and for the develop-
ment of temperature sensors.
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(13) The effect ofs-cyclodextrin on the fluorescence of several nonco-

valent and covalent naphthalene derivatives has been analyzed: (a) Encina:

M. V; Lissi, E. A.; Rufs, A. M.Photochem. Photobioll993 57, 603—
608. (b) Fujita, K.; Tahara, T.; Koga, T.; Imoto, Them. Soc. Jprl987,
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(14) Several studies have addressed the fluorescence properties of TN
complexed with3-cyclodextrin: (a) Kondo, H.; Nakatan, H.; Hiromi, K.
J. Biochem.1976 79, 393-405. (b) Nakamura, A.; Saitoh, K.; Toda, F.
Chem. Lett1989 2209-2212. (c) Schneider, H.-J.; Blatter, T.; Simova, S.
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