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Solid lipid nanoparticles (SLNs),1 among others (micelles,
liposomes, polymeric nanoparticles), are new carrier systems
for biologically active compounds such as drugs, cosmetic
ingredients, and so forth. Typical SLN can be prepared from
solid lipids (triglycerides, fatty acids, waxes) and stabilized
by nontoxic surfactants (poloxamer, lecithin). Disadvantages
are the relatively high water content, drug expulsion after
polymorphic transitions during storage, and insufficient
loading capacity.1 The latter can be overcome with the
application of SLN based on calix[4]arenes2 which very
easily complex small molecules and ions. The amphiphilic
para-alkanoyl calix[4]arenes have been reported to be
nontoxic and non-immunogenic3 and can be synthesized by
Friedel-Crafts acylation of the upper rim.4 The crystalline
inclusion complexes of amphiphilic calixarenes have been
studied extensively,5-7 and it is quite reasonable to compare
these with SLN prepared from the same compounds2,3,8 and
loaded with the same guests. Aiming to explore practical

applications of calixarene based SLN as carriers for sun-
screens,9 we have chosen one of the most used UV absorbers,
trans-2-ethylhexyl-4-methoxy-cinnamate (t-EHMC),10,11 as
a guest andp-hexanoyl calix[4]arene as a host (Scheme 1).
In the present Communication, the preparation and charac-
terization ofp-hexanoyl calix[4]arene-based SLNs loaded
with t-EHMC (SLN-EHMC) are reported along with the
influence of the calixarene nanocapsules on the photochemi-
cal stability and phototransformation pathways of the sun-
screen agent.

The complex of C6OH witht-EHMC (2C6OH‚1t-EHMC)
crystallizes in the monoclinicP21/n space group with unit
cell parameters 15.55 Å, 22.34 Å, 15.61 Å, and 90.7°. The
unit cell contains four molecules of calix[4]arene and two
molecules of EHMC, whereas two molecules of calixarene
enclose one molecule of EHMC inside the nanocapsule5,6

(Figure 1). The methoxy group and the terminal methyl group
of the 2-ethyl residue are included deeply in the cavity of
the calixarene, providing CH3-π stabilization of the guest in
the nanocapsule. The complex is stable and does not
decompose up to the melting point of the material (ca. 175
°C).

The SLNs were prepared by the solvent displacement
method according to ref 2 with a starting ratio between
calixarene and EHMC of 1:0.5 and 1:1. The ratios of
calixarene to cinnamate in isolated SLN-EHMC were 1:0.6
(SLN-EHMC-0.6) and 1:1.2 (SLN-EHMC-1.2), respectively.

The comparison of the powder X-ray diffraction (XRD)
patterns of unloaded SLN, SLN loaded witht-EHMC, and
the crystalline complex 2C6OH‚1t-EHMC (Figure 2) reveals
that the guest causes ordering of the SLN into microcrys-
talline material similar to 2C6OH‚1t-EHMC. Since the latter
is a nanocapsular complex, one can expect that SLN-EHMC
also are agglomerations of nanocapsules that are partially
ordered. The size of the nanoparticles is expected to be ca.
270 nm or smaller.2,3b
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Scheme 1. Structures ofp-Hexanoyl Calix[4]arene (C6OH)
and t-EHMC
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The nanocapsular structure of SLN loaded with EHMC
can be also confirmed by comparison of13C CP MAS NMR
spectra of SLN-EHMC-1.2 and the crystalline complex
(2C6OH‚1t-EHMC; Figure 3). The resonances in the NMR
spectrum of SLN are broader; however, the chemical shifts
are the same as those in 2C6OH‚1t-EHMC. Moreover, an
approximately 5 ppm upfield shift of the methoxy-CH3 and
terminal CH3 in the 2-ethyl group agrees with single-crystal
XRD data where these two groups are found to be included
deeply in the calixarene cavity.5,6 It was mentioned previ-
ously8 that the guest can change the degree of order of
calixarene molecules in the nanoparticles, and this generally
agrees with other types of SLN12 where the degree of
crystallinity depends strongly on formulations and on the
conditions of preparation of the nanoparticles.

The photochemistry oft-EHMC is well understood11 and
is quite similar to that of other cinnamic acid derivatives.13-16

Upon irradiation oft-EHMC the main product of photo-
degradation is the corresponding cis isomer,11 which is less
efficient in absorbing light10,11 and decreases the effect of
the UV blocker. In addition to the cis-trans isomerization,
the formation of small amounts of dimeric product has also
been observed.11b According to the literature11a the cis/trans
ratio after irradiation of puret-EHMC with sunlight is
approximately 1:1.

In our experiments, both the crystalline complex 2C6OH‚
1t-EHMC and SLN-EHMC-0.6 were irradiated with UV light
(λ ) 320-390 nm) for 2 h at anintensity of 2.5 W/cm2 in
a similar manner as described previously.6 The ratio of the
two isomers after the irradiation proved to be 40% cis- and
60% trans isomer of EHMC. The formation of dimers was
not detected. This agrees with the X-ray data that one
molecule oft-EHMC is encapsulated and there are no other
EHMC molecules nearby to give dimeric products. Upon
irradiation of SLN-EHMC-1.2, the formation of photo-
degradation products was observed in addition to the cis-
trans isomerization. The total fraction of these products was
approximately 10%, as estimated from a1H NMR spectrum
of the reaction mixture, and, hence, photodegradation can
be considered as a minor process which only takes place if
excesst-EHMC is present in the material. HPLC-MS analysis
of the reaction mixture revealed that two major photodeg-
radation products are the corresponding cyclobutaness
products of [2+2] photocycloaddition of EHMC.

Aiming to assign the stereochemistry of the dimers, we
carried out the photolysis of a larger amount oft-EHMC in
a sodium dodecylsulfate (SDS) micellar solution and isolated
the products which had the same retention times as those
after the irradiation of SLN. Using the published data about
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Figure 1. Capsular structure of inclusion complex ofp-hexanoyl calix[4]-
arene witht-EHMC (2C6OH‚1t-EHMC). Disorder and H-atoms are omitted
for clarity.

Figure 2. Powder XRD patterns of C6OH SLNs: unloaded SLN (a), SLN-
EHMC-1.2 (b), and crystalline inclusion complex 2C6OH‚1t-EHMC (c).

Figure 3. 13C CP-MAS spectra of SLN-EHMC-1.2 (b) and the crystalline
inclusion complex 2C6OH‚1t-EHMC (c) in comparison with the13C NMR
spectrum of puret-EHMC taken in the CP-MAS NMR probe without
spinning (a). Spinning side bands are marked with *.
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the selectivity of dimerization of cinnamic acid esters,15-17

we identified the products of photolysis oft-EHMC in SLNs
as the esters of two isomeric (â- andδ-) p-methoxytruxinic
acids (Scheme 2), that is, syn- and anti-isomers, respectively.

Since the dimerization oft-EHMC in SLN is regioselec-
tive, it is reasonable to expect that the excesst-EHMC
molecules in the particles is aligned between calixarene
nanocapsules preferably in a head-to-head orientation13

(Scheme 2). The pre-alignment of similar molecules using
micelles, Lewis acids, supramolecular hosts, or (co-)-
crystallization has been widely used to achieve higher regio-
and stereoselectivity in such photoreactions.14,16,18,19Simple
considerations of the structure from the point of view of van
der Waals interactions reveals that there is no free space in
the capsular pocket for the second molecule oft-EHMC.

Therefore, one can expect that somet-EHMC is distributed
between the capsules and distorts the crystal lattice to some
extent. This extracapsulart-EHMC is able to give dimers
with higher selectivity upon irradiation due to the restricted
motion and probably due to the self-association oft-EHMC
molecules. Of course, the presence of another phase of the
complex with a different type of inclusion20 cannot be ruled
out completely, but no evidence was found from single
crystal and powder XRD experiments.

In summary, we have demonstrated for the first time that
SLNs based on amphiphilic calixarenes can be a good carrier
system for cosmetically interesting substances. Unlike un-
loaded nanoparticles, the SLN loaded witht-EHMC (and
probably other guests) is a microcrystalline material where
the guest is entrapped in molecular nanocapsules constructed
from two calixarene molecules. Thorough combination of
components (C6OH andt-EHMC) during preparation of
SLNs can control the photochemistry, eliminate the photo-
dimerization, and improve the photoblocking properties of
t-EHMC. In addition, the host (i.e., acylphenol) also may
serve as an additional UV filter and, hence, can enhance the
photoblocking properties of the guest. The amphiphilic
calixarene may well be a promising additive for creams and
lotions that can improve the efficacy of the corresponding
cosmetic formulations.
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