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The effects of the addition of B-cyclodextrin (B-CD) on the light absorption and emission properties and on the
photoreactivity of two non-steroidal anti-inflammatory drugs, diflunisal (DF) and fenbufen (FB), containing a
biphenyl skeleton, have been investigated in aqueous media. The formation of host—guest inclusion complexes with
1: 1 stoichiometry was indicated by steady state absorption, induced circular dichroism, NMR and fluorescence
spectroscopy. The emitting properties of DF and FB were changed by B-CD complexation in a well-differentiated
manner, in agreement with a particular sensitivity of the respective fluorescent states to the microenvironment. The
interaction with the host cage is also responsible for remarkable changes in the photoreactivity of both drugs. The

encapsulated molecules exhibit a significantly higher photochemical stability if compared to the free drugs.
Moreover, in the case of DF, the B-CD microenvironment influences the distribution of the stable photoproducts
by controlling the fate of the photogenerated radical intermediates. A rationale for the B-CD induced

photochemical changes is proposed.

Cyclodextrins (CDs) are cyclic oligosaccharides consisting of
six (a-CD), seven (B-CD) or eight (y-CD) units of a-D-glucose
linked together by a-(1,4) bonds. They are shaped like trun-
cated cones, with a smaller and larger rim opening at the
primary hydroxyl and the secondary hydroxyl faces of the
cyclic sugar network, respectively.'> These molecules are
characterized by a hydrophobic cavity and a relatively hydro-
philic periphery due to the hydroxyl groups of the receptor
edges. Such features confer on CDs the ability to form water
soluble inclusion complexes with several organic and inorga-
nic substrates.'> A number of factors influence complexation.
The “goodness of fit” between host and guest and the hydro-
phobic effect are probably the most important.® Encapsula-
tion and photochemical investigations in such organized
assemblies is an extremely active area of research in the wide
arena of supramolecular chemistry for both fundamental
studies and practical purposes.”'? As already reported for a
large variety of systems, CDs have extensively proven their
potential as media for controlling photochemical reac-
tions.8~12 Polarity, steric constraints, specific interactions,
mode and stoichiometry of complexation are the main factors
that are responsible for changes in the photoreactivity of the
included molecules. All of them can in fact modify profoundly
the properties of the lowest excited state of the guest molecule,
the efficiency of its deactivation pathways and the evolution of
the reaction intermediates.

Due to their molecular structure, many non-steroidal anti-
inflammatory drugs (NSAIDs) are suitable guests for the CD
macrocycle. With respect to this, photophysics and photo-
chemistry of inclusion complexes of NSAIDs with CDs have
received growing attention, especially during the last few
years.!3~17 The use of CDs as complexing agents represents a
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useful strategy to minimize the biological damage photoin-
duced by NSAIDs as well as a tool to increase drug photo-
stability.!72° Moreover, the weak binding forces responsible
for association to the CD cavity provide a useful model to
mimic the interactions of drugs with hydrophobic pockets of
biological substrates. Finally, beyond the concerns of both
drug photostability and phototoxicity, the present investiga-
tion offers the opportunity to gain more insight into the fun-
damental aspects related to the binding of simple aromatic
molecules to CDs, as well as into the mechanisms of photoini-
tiated reactions in organized and constrained media. Indeed,
many NSAIDs contain chromophores (e.g., benzophenone-,
naphthalene- and biphenyl-like moieties) that have been
favorites of photochemists over the years.

With this in mind we have investigated the spectroscopic
and photochemical behavior of the inclusion complexes of
B-CD with two NSAIDs containing the biphenyl-like skele-
ton, diflunisal (DF), 2',4"-difluoro-4-hydroxy-(1,1’-biphenyl)-3-
carboxylic acid and fenbufen (FB), y-oxo-(1-1’-biphenyl)-4-
butanoic acid. Both compounds are well known to act as effi-
cient photosensitizers, inducing a large variety of photoin-
duced damage on several biological substrates.2!=23 Due to
the values of their pK,, DF and FB exist in the carboxylate
form at neutral pH.
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Experimental

DF and FB, from Sigma Chemical Company (St. Louis MO,
USA), and B-CD from Serva (Heidelberg, Germany) were used
as received. Water was purified through a Millipore Milli-Q
system. All the experiments were performed in 10~2 M phos-
phate buffer at pH 7.4. The pH of the solutions was measured
with a glass electrode.

Absorption and induced circular dichroism spectra (ICD)
were recorded with a Beckman 650 DU spectrophotometer
and a Jasco J-715 dichrograph, respectively. Fluorescence
emission spectra and fluorescence polarization measurements
were recorded with a Spex Fluorolog-2 (model F-111) spectro-
fluorimeter.

'H NMR spectra of DF and FB, both in the absence and in
the presence of B-CD, were recorded in D,O using the
residual HOD signal (6 4.82) as internal reference.

High performance liquid chromatography (HPLC) was per-
formed on a Hewlett Packard 1100 chromatograph equipped
with an on-line photodiode array detector (DAD). The
analysis of the irradiated mixtures was achieved on a LiChro-
Cart RP-18 column (5 pm packing, 4 x 250 mm, Hewlett
Packard) by eluting with a linear gradient of CH;CN in 0.01
M phosphate buffer (pH 7) from 0 to 75% over 25 min, at a
flow rate of 1 mL min~*.

Irradiations were performed using monochromatic light
obtained from a Series 200 He—Cd 325 nm laser (Liconix, St.
Clara, CA, USA). The incident photon flux was ca. 5 x 103
quanta s~ !. The experimental procedures of irradiation and
the light intensity measurements have been described pre-
viously.2#25

The photodegradation quantum yields were determined by
HPLC analysis, from the disappearance of the starting com-
pound up to 12% conversion. The UV traces were monitored
at 250 and 310 nm. The UV spectra (DAD) were recorded
between 200 and 400 nm. A quantitative evaluation of injected
material in the presence of 1072 M B-CD assured that the
column retained no inclusion products.

The setup for the nanosecond absorption measurements has
been described previously.?® The laser beam (Nd-YAG, JK
Lasers, pulse 20 ns FWHM, 266 nm pulse) was focused on a 3
mm high and 10 mm wide rectangular area of the cell and the
first 2 mm were analyzed at a right angle geometry. Spectral
resolution was 2 nm. Oxygen was removed by vigorously bub-
bling the solutions with a constant flux of argon, previously
passed through a water trap to prevent evaporation of the
sample. Care was taken to renew the solution at each laser
shot. The temperature was maintained at 295 + 2 K.

Results and discussion

Absorption properties

Fig. 1 shows the absorption spectra of DF and FB recorded in
the presence of increasing amounts of B-CD. In both cases a
decrease in the molar absorption coefficients upon addition of
B-CD was observed. In the case of FB, a slight blue shift in the
maximum was also noticed, consistent with a “polarity” effect
by the cavity on the main absorption band of 7,n* nature (vide
infra). These changes provide a first indication of the incorpor-
ation of the drugs in the hydrophobic compartment of the
macrocycle. A more direct proof of the host—guest association
is provided by induced circular dichroism (ICD, Fig. 2).
Indeed, due to the absence of chiral centers the compounds
are not optically active by themselves in aqueous solutions.
Addition of B-CD induces optical activity as a consequence of
the inclusion complexation within the chiral macrocycle. It is
noteworthy that the ICD bands are characterized by maxima
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Fig. 1 Absorption spectra of 3.3 x 107° M (a) DF and (b) FB in
102 M phosphate buffer solution, pH 7.4, in the presence of increas-
ing amounts of B-CD in the range 2 x 107%-10"2 M (some spectra
are omitted for the sake of clarity). Cell path 1 cm. The insets show
the dependence of the absorbance on [B-CD] and the non-linear fits
according to eqn. (1): DF at 225 nm, K, = 1920 M™%, ¢ /e, = 0.82;
FB at 290 nm, K, = 3200 M1, ¢ /e, = 0.88.

corresponding well to those of the absorption bands, thus
ruling out the occurrence of exciton splitting due to the for-
mation of complexes with 2 : 2 stoichiometry, observed in the
case of other biphenyl derivatives.?” In order to obtain the
association constants related to the host—guest systems, we
preferred to apply a non-linear fitting procedure because in
this way all the data are equally weighted. The analysis of the
dependence of the absorption (4) and ICD signals on the
B-CD concentration (Insets in Fig. 1 and Fig. 2) was per-
formed according to eqn. (1) and (2), respectively
(corresponding to conditions where the B-CD concentrations
are in large excess with respect to the guest concentration):

1+ ? Kass[B'CD]
A=¢gycq 0

T+ K[p-CD] M

_ 10 GCO Kass[B'CD]

1P =K I-cD] @

here ¢, is the initial concentration of the drug, &, the molar
absorption coefficient of the free molecule, ¢, that of the
complex, 0 is the molar ellipticity of the complex and K, is
the association constant. Both absorption and ICD are consis-
tent with the formation of complexes with 1 : 1 stoichiometry
according to the following equilibrium:

DF(FB) + B-CD = DF(FB)--CD 3)

Association constants of 1700 4+ 300 M~ ! and 2700 + 500
M™! were found for DF and FB, respectively, with both
methods. Such binding constants are in good agreement with
the values reported for biphenyl derivatives.2” Despite the fact
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Fig. 2 Induced circular dichroism of the (a) DF-B-CD and (b)
FB-B-CD inclusion complexes in 10°2 M phosphate buffer solution,
pH 7.4: [B-CD] = 10~2 M; [drug] = 3.3 x 107> M; cell path 1 cm.
The insets show the dependence of the ICD signals on [B-CD] and
the non-linear fits according to eqn. (2): DF at 247 nm, K, = 1690
M™%, 6 =54 x 10° deg decimol ™! cm?; FB at 280 nm, K, = 2200
M™%, 0 =10 x 10* deg decimol ~! cm?.

that the two molecules are characterized by the presence of
the same aromatic unit, the somewhat higher association con-
stant obtained for FB indicates a better affinity of this drug
for the B-CD cavity, not surprising in the light of the more
hydrophobic nature of FB if compared with DF.

Fluorescence emission studies

The addition of B-CD affects the fluorescence emission of the
two compounds in a well-differentiated manner. As can be
seen from Fig. 3, addition of B-CD provokes only a slight
decrease of the fluorescence intensity of DF, accompanied by
a small blue shift in the emission maximum. In contrast, in the
case of FB a remarkable decrease in the emission intensity
was noticed upon complexation but no shift in the spectra was
observed. These results are consistent with the formation of a
non-emissive inclusion complex. The fluorescence changes
observed were analyzed by non-linear fitting using eqn. (4):

[
I 1 + a" Kass[B_CD]
0
2o 4
I, = 1+ K..[p-CD] @

where I and I, are the integrated fluorescence intensities in
the presence and in the absence of §-CD, and @, and @, are
the quantum yields of the bound and free molecule, respec-
tively. The results of the fitting procedure, shown in the insets
of Fig. 3, gave association constants of ca. 1400 and 2700 M !
for DF and FB, respectively, in very good agreement with the
values found by absorption and ICD measurements.
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Fig. 3 Fluorescence spectra of (a) DF (4,,, = 318 nm) and (b) FB
(Aege = 290 nm) in 10~% M phosphate buffer solution, pH 7.4, in the
presence of increasing amounts of f-CD (some spectra are omitted for
the sake of clarity). The insets show the dependence of the I/I, ratio
on [B-CD] and the non-linear fits according to eqn. 4: DF, K, =
1400 M1, @ /d, = 09; FB, K, = 2690 M~ ', & /&, = 0.01.

A recent study on the excited state properties of DF in
aqueous medium?® evidenced a large Stokes shift between the
absorption and the emission maxima, pointing to a large
geometry difference between the ground and the relaxed
excited state. Biphenyl derivatives are known to undergo a
change in the angle between the planes of the phenyl rings
(twisted in the ground state and coplanar in the excited state)
upon light excitation.2° However, the Stokes shift in DF is ca.
20 nm bigger than that observed for 4-biphenylcarboxylic
acid, considered as a suitable model compound. This suggests
that a change in the degree of molecular planarity cannot be
the only structural consequence of the excitation. An addi-
tional contribution could originate from an intramolecular
proton transfer. Indeed, the proton of the hydroxyl group
involved in the hydrogen bond to the carboxyl moiety in the
ground state might shift toward the carboxylic oxygen in the
excited state, according to the behavior of other salicylic acid
derivatives.3?3! The inclusion of DF in the cavity could in
principle influence both the twisting motion around the
central single bond and the excited state prototropic shift.
However, as observed in other hydroxybiphenyl and phenol
derivatives,2’32 the hydrophilic moiety containing the
hydroxyl and carboxylate groups is not expected to be deeply
included. Thus, significant perturbation of the intramolecular
proton transfer by the macrocycle is not likely. This is also
consistent with the changes in the absorption spectra [Fig.
1(a)], which are significant in the 260 nm band, corresponding
to transitions localized on the phenyl rings.33 On the basis of
these considerations, the blue shift observed in the fluores-
cence spectra in the DF—B-CD inclusion complex is attributed
mainly to steric hindrance, i.e. reaching a planar conformation
once the two phenyl rings are constrained by the cavity, simi-
larly to what was proposed for the 4-biphenylcarboxylic acid—
B-CD inclusion complex.3*
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This proposal was corroborated by fluorescence polariza-
tion measurements, a direct means to assess the hindrance to
rotational motions in the excited state. The degree of polariza-
tion is expressed by eqn. (5):

IVV - GIVH

= 5
Iyy + Glyy ©)

p
where the first and the second indexes refer to the vertical or
horizontal orientations of the excitation and emission polari-
zers. The factor G is a correction for both partial light polar-
ization and unequal transmission of excitation through the
sample and is calculated from the ratio Iyy/Iyy with horizon-
tal orientation of the excitation polarizer.>> As shown in Fig.
4, the degree of polarization of the DF emission was ca. 1.5-
fold higher in the presence of 1072 M B-CD than in the
absence of it, reaching a constant value of ca. 0.06 over most
of the excitation range. This finding indicates that the tum-
bling motion of the excited chromophore finds a partial obs-
tacle during its lifetime due to the constraints exerted by the
host. It is thus reasonable to attribute some hindrance to the
twisting motion about the central single bond.

In order to rationalize the emitting behavior of the
FB-B-CD inclusion complex we have to take into account the
value of the fluorescence quantum yield &; in aqueous
medium in the absence of the host receptor (ca. 0.001),3¢ a
very low value if compared to that of biphenyl in polar sol-
vents (ca. 0.2). This fact accounts for a low-lying and poorly
emitting singlet state and is not surprising given the molecular
structure of FB. Recent works on the photophysics and
photochemistry of this molecule have indeed shown that FB
behaves as a biphenyl perturbed by a carbonyl substit-
uent.3%37 The latter moiety plays a substantial role by provid-
ing low-lying n,n* excited states.3%37 On the basis of the
ZINDO/S method a n,n* nature was assigned to the lowest
excited singlet state, calculated to lie at 288.3 kJ mol~1.3¢
Such a state, less polar than the ground state (2.6 vs. 6.93 D,
respectively), is expected to be stabilized by the low polarity of
the B-CD cavity. This fact can lead to a strong spin—orbit
coupling with the close-lying T3(rn,n*) state, calculated to lie at
280.3 kJ mol~! and probably somewhat destabilized by the
inclusion, thus promoting an increase in the ISC efficiency,
similar to what is observed in solvents less polar than water or
when the drug is incorporated in micellar media.®® This
mechanism, requiring that the carbonyl group (which the n,t*
state is mainly localized on) resides in a hydrophobic micro-
environment, is actually supported by NMR results and by
the photochemical behavior of the FB-B-CD complex,
described in the following sections.
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Fig. 4 Excitation polarization spectra of 3 x 1075 M DF in 1072 M
phosphate buffer solution, pH 7.4, ((J) in the absence and (@) in the
presence of 1072 M B-CD. Cell path 1 cm; A, = 420 nm.
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NMR experiments

In order to gain more insight into the geometry of the inclu-
sion complexes, we performed 'H experiments in 2 x 10~* M
DF or FB solutions in D,O in the absence and in the pres-
ence of 1072 M B-CD. Under these conditions, ca. 90% of the
drug molecules are complexed with the macrocycle.

In the case of the DF—f-CD system, the resonances of H-2,
H-5 and H-6 of the unfluorinated ring were markedly shifted
upfield by 0.12, 0.53 and 0.59 ppm, respectively. By constrast,
the multiplet related to H-3, H-5 and H-6 of the fluorinated
ring was shifted downfield by ca. 0.50 ppm. Such effects, com-
monly observed for aromatic guests incorporated in CD cavi-
ties, are generally caused by the van der Waals interactions
with the cavity walls,*® which are extremely short-range, being
proportional to 1/rS, where r is the distance between the inter-
acting groups. In our case hydrogen bonds involving the fluo-
rine substituents with the hydrophobic cavity of the
macrocycle could significantly contribute to the shifts
observed. These findings suggest that both phenyl rings are
deeply incorporated in the host cavity.

The resonances of the FB protons were also significantly
shifted in the presence of B-CD. In particular, the multiplet
related to the unsubstituted aromatic ring was shifted upfield
by ca. 0.26 ppm; H-2 and H-6 of the substituted phenyl
moved downfield by 0.12 ppm whereas H-3 and H-5 of the
same ring were only slightly affected. Furthermore, whereas
the two aliphatic H close to the carboxyl group were basically
unperturbed in the presence of B-CD, the two H adjacent to
the carbonyl group moved downfield by 0.03 ppm. On the
basis of these results it is reasonable to propose that the FB
molecule is deeply included into the cavity and that H-2 and
H-6 are closer to the B-CD wall than H-3 and H-5. The car-
bonyl group has to be located in a hydrophobic micro-
environment. Such an inclusion geometry helps to rationalize
the photophysical behavior of the FB-B-CD complex, dis-
cussed in the previous section, as well as its photochemical
behavior reported below.

Photodegradation of the host—guest complexes

DF—$-CD complex. DF was irradiated in the presence of
102 M B-CD (DF incorporation >90%) in a nitrogen-
saturated solution. The chromatographic analysis of the irra-
diated mixture, performed to 12% conversion of the starting
compound, revealed a ca. 4-fold reduction of the photo-
degradation quantum yield, if compared to that observed in
the absence of B-CD.2! Moreover, it is interesting to note that
the formation of the product 2'-[2”,4”-difluoro-
3”-carboxy-(1",1”-biphenyl)-4"-oxy]-4'-fluoro-4-hydroxy-(1,1'-
biphenyl)-3-carboxylic acid (PhP), the main photoproduct in
the absence of oxygen, was suppressed. This result, beyond its
photochemical interest, is remarkable in the light of the highly
toxic activity displayed by PhP towards cell membranes,
leading to this compound being cited as the main species
responsible for in vitro photoinduced damage.?!

For the understanding of the photochemical behavior of the
inclusion complex, we recall in Scheme 1 the results of our
previous studies concerning the photoreactivity of DF in
aqueous solution.?!-?® Under UVA excitation DF undergoes
photodefluorination, an uncommon reaction in fluoro-
aromatics due to the strength of the C-F bond (dissociation
energy ca. 523 kJ mol~1). It was shown that the primary
photoprocess is photoionization occurring from the excited
singlet state via mixed mono- and bi-photonic pathways and
leading to the formation of a phenoxy radical and hydrated
electrons.?® Defluorination takes place from a radical anion
intermediate, formed by efficient trapping of the photoejected
electrons by the ground state DF, and a oc-aryl radical is
formed. A cross-combination reaction involving the phenoxyl
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and the c-aryl radical centers was proposed to be responsible
for the formation of PhP. From a strictly mechanistic point of
view, the almost exclusive formation of the cross-combination
product provides an example of a reaction controlled by
the so-called “Fisher-Ingold persistent radical effect”.34°
Indeed, according to this theory, when one radical (i.e. the
c-aryl radical) is less persistent than another (i.e. the phenoxyl
radical) and its self-termination reaction takes place, the con-
centration of the more persistent species will increase in time
to high levels and steer the system towards cross-termination.
Basically, the self-termination of the less persistent radical (fast
process) will be suppressed by the slow self-termination of the
more persistent radical.

The potential reasons for the enhanced photostability of the
inclusion complex, as well as for the suppression of the persist-
ent radical effect, might lie in the peculiar role played by the
B-CD in (i) modulating the photoionization pathways, (ii) con-
trolling the efficiency of the electron scavenging process by the
ground state DF and (iii) providing a suitable microenviron-
ment to trap the two radical intermediates involved in the
cross-combination reaction.

It is known that the efficiency of the one-photon photoion-
ization involving phenol derivatives is particularly sensitive to
the environment and that the structure of the solvent around
the OH group plays a dominant role. In particular, the forma-
tion of H-bonded supramolecular structures in which the OH
binds two water molecules by acting as both H-donor and
H-acceptor is believed to be a key factor.*!=** In our case,
although the photoionization of DF occurs by mixed bipho-
tonic and monophotonic mechanisms,?® only the latter domi-
nates under steady state irradiation by low intensity light
sources. Therefore, compartmentalization of the phenolic
moiety of DF in regions characterized by lower water content
than the bulk solution could lead to a decrease in the photo-
ionization efficiency, similarly to what was observed for the
phenol derivatives.>> Nevertheless, a plot of the absorbance
changes at 720 nm (absorption maximum of the hydrated
electron) as a function of the laser pulse energy, performed
both in the presence and in the absence of 1072 M B-CD in
argon-saturated solution, did not show any significant differ-
ence in the efficiency of the overall photoionization process
[Fig. 5(a)]. Moreover, the lifetime of the hydrated electrons
was not affected by the presence of B-CD. These results
provide direct evidence that the enhanced photostability of
DF when encapsulated in B-CD is not related to either
hypotheses (i) or (ii) proposed above. Thus, possibility (iii) is

considered to be most likely. Indeed, in the light of the more
hydrophobic character of the phenoxyl radical compared to
DF, it is reasonable to assume that a fraction of these radicals,
produced by electron photoejection, remain trapped in the
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Fig. 5 (a) Laser intensity dependence for the formation of solvated
electrons observed in an argon-saturated 3 x 107> M DF solution in
1072 M phosphate buffer, pH 7.4 ([J) in the absence and (@) in the
presence of 1072 M B-CD (AA taken 50 ns after the pulse). (b) Kinetic
traces for the decay of the phenoxyl radical at 540 nm recorded in the
same solution (1) in the absence and (2) in the presence of 1072 M
B-CD. Laser excitation at 266 nm, ca. 2.5 mJ per pulse.
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cavity. It is well-documented in the literature*>—*7 that such
species, generally characterized by low reactivity for H-
abstraction,*® can become much more reactive in B-CD, given
the presence of 14 available hydrogen atoms bonded to sec-
ondary carbons and in close proximity to the radical center.
Such a pathway would lead back to the starting compound,
thus accounting for the higher photostability of the inclusion
complex. The sensibly lower yield of the phenoxyl radical,
decaying over a long time scale, observed in the presence of
1072 M B-CD [Fig. 5(b)], is fully consistent with the fast dis-
appearance of a significant fraction of this intermediate within
the CD cavity. Moreover, the disappearance of the phenoxy
radical in the presence of B-CD is described by second-order
kinetics with k/e ~ 2.5 x 105 cm s~ !, a value ca. two times
smaller than that observed in homogeneous medium. This
behavior presents close analogies with that observed in non-
ionic micelles.*®

The total inhibition of the formation of the cross-
combination product PhP can also be related to an intra-
cavity reaction involving the o-aryl radical. Given the high
H-abstraction ability of this species®®:>! it is reasonable to
assume that it reacts promptly before exiting. Unfortunately,
due to the optical transparency of the c-aryl radical in the
monitored wavelength range®®-5! it was not possible to gain
direct evidence for this transient.

FB—$-CD complex. Irradiation of FB in the presence of
1072 M B-CD (FB incorporation >90%) in nitrogen-
saturated solution provoked a significant decrease in the
photodegradation quantum yield, which dropped ca. 3-fold
with respect to that observed in aqueous solution.22:3%
However, the final photoproducts did not change. In a recent
study we have shown that FB photodegradation is consistent
with an a-cleavage process (Norrish Type I fragmentation)
occurring in an efficiently produced, long-lived triplet state
and leading to 4-biphenylcarboxyaldehyde as the main stable
product in the absence of oxygen.?2:3® It is well known that a
confined environment favors radical pair recombination (upon
ISC) with respect to diffusion of the radical moieties into the
bulk solvent.!!:52=5% Thus, a rationale for the lower photo-
reactivity of FB in B-CD could be a “cage effect” by the cavity
walls on the decay of the radical pair produced in the photo-
cleavage process. Pictorially represented in Scheme 2, this
mechanism requires deep inclusion of the carbonyl moiety.
That the CO of FB is included deep within the B-CD cavity
accords well with both the fluorescence and NMR experi-
ments (vide supra).
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Conclusions

We studied the encapsulation of DF and FB in B-CD cavities
by different spectroscopic techniques. Both compounds are
efficiently included in the macrocycle although the more
hydrophobic character of FB makes its binding more favor-
able than that of DF. Accommodation of the guest molecules
in the optically active, hydrophobic B-CD cage leads to new
properties, that is optical activity and modified fluorescence
and photochemistry. The two drugs display a well differen-
tiated sensitivity to the host microenvironment upon light
excitation. A non-emissive complex is formed in the case of
FB, whereas only a slight decrease of the fluorescence
quantum yield, accompanied by an increase in the energy of
the emitting state, is noticed for the DF—B-CD complex. The
associated guests are characterized by a higher photostability
than the free ones. In the case of DF, a drastic change in the
nature of the photoproducts is observed. The multifaceted role
of B-CD in influencing the efficiency of the primary photo-
chemical act and in interfering with secondary radical reac-
tions was discussed.

The results confirm that CD complexation represents a
valid tool for controlling excited state properties of the guest
molecules. As already shown in previous work,!7-18:2° the use
of CDs as drug-carriers may sometimes represent a simple,
cheap and effective strategy to increase drug photostability as
well as to minimize drug photoinduced toxic effects on bio-
substrates. However, no generalizations are possible in this
respect and it is pertinent to stress that a specific investigation
of the photobehavior of each particular drug-CD system has
to be performed in order to exclude enhanced photolability of
the inclusion complex (see the example of the ketoprofen—f-
CD system in ref. 14).
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