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Abstract—Functionalized azacryptands containing resorcinol derivatives such as orcinol (5-methylresorcinol), 3,5-dihydroxybenzoic
acid (5-carboxyresorcinol), and methyl 3,5-dihydroxybenzoate (5-methoxycarbonylresorcinol) were synthesized by one-pot synthesis
in the presence of potassium carbonate with moderately good yields for advanced photonic materials, such as optical amplifying and
light-emitting materials, for the first time to our knowledge.
� 2004 Elsevier Ltd. All rights reserved.
Very recently, the development of integrated planar
waveguide optical amplifiers is extremely essential to
realize the superhigh speed communication systems.1 At
present, erbium-doped silica amplifiers are widely used
in telecommunication systems. But, the poor solubility
of lanthanide cations (Ln3þ) in conventional inorganic/
organic media leads to low amplification property.
When the higher doping concentration of lanthanide
cations was introduced, clustered Ln3þ species can be
formed. It reduces the intensity of luminescence, due to
the cooperative energy-transfer processes between the
clustered Ln3þ species. In order to enhance the amplified
luminescence intensity, the luminescent lanthanide
complexes based on the energy transfer mechanisms
have been extensively studied.1–6 Luminescent lantha-
nide complexes consist of a lanthanide ion and its che-
lating luminescent ligand as an antenna chromophore,
wherein luminescent ligands efficiently absorb and
transfer lights to the central lanthanide ions through the
energy transfer. So far, luminescent lanthanide com-
plexes have not been developed in specific reference for
advanced photonics materials.1 They are simply supra-
molecular complexes containing well-known antenna
chromophores to photoexcite the lanthanide ions via the
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energy transfer process. They were not satisfied with the
quantum yield of energy transfer and the luminescence
efficiency yet. Also, such efforts are just in the early stage
and not only is the basic concept not established, but
also the structure–property relationship is not yet clearly
understood.1

Therefore, recently, we synthesized new functionalized
azacryptands from resorcinol derivatives for lumines-
cent lanthanide complexes (see Scheme 1). Functional-
ized azacryptands were chosen for ligands, because
azacryptands are well known as macrobicyclics spherical
and capable of encapsulating lanthanide ions in the
cage-like cavities to form stable complex.7;8 They can
also provide the reaction sites for coupling with antenna
systems or light-harvesting systems, in which the light is
efficiently absorbed and transferred to the central lan-
thanide ions through the energy transfer process.1

A large number of macrobicyclic and macropolycyclic
compounds have been synthesized,9;10 since the synthesis
of the first cryptand in 1968 by Lehn and co-work-
ers.11;12 And, the effect of benzo substituents on the
complexation properties of cryptands have also been
studied by several research groups.13;14 Substituted
benzene ring can manipulate functional group and fix
rigid structure, although the introduction of benzene
ring into cryptand usually decreases metal ion binding
ability and selectivity. Here, instead of catechol deriva-
tives, we used resorcinol derivatives bearing hydroxy
groups at 1- and 3-positions of benzene ring in order to
prepare new functionalized azacryptands. The new
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Figure 1. 1H NMR spectra of 1 and 4 (DMSO-d6, 300MHz);

x¼ solvents.
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azacryptands could render a bigger cavity size to
strongly bind with lager metal ions such as lanthanide
ions or transition metal ions than from catechol deriva-
tives.

Macrocyclization step in the synthesis of cryptand is
competitive with undesirable linear polymerization (or
oligomerization). The latter reaction is more favorable
because of extremely reducing entropy in macrocycli-
zation step. To circumvent this problem, high-dilution
techniques and templates such as metal ions have been
applied to increase yields seldom. Similarly, we synthe-
sized azacryptands with moderately good yield in the
presence of potassium carbonate as follows: Treatment
of orcinol (5-methyl resorcinol) monohydrate with
tris(2-chloroethyl)amine in the presence of potassium
carbonate in the large amount of acetone/water (19/1,
0.007M) afforded a 7,19,30-trimethyl-4,10,16,22,27,33-
hexaoxa-1,13-diazapentacyclo[11.11.11.15;9.117;21.128;32]
octatriconta-5,7,9(36),17,19,21(37),28,30,32(38)-nonaene
(azacryptand) 1 with the yield of 18%. The chemical
structure of azacryptand 1 was confirmed by elemental
analysis, EI-MS, 1H and 13C NMR, COSY, HETCOR,
and X-ray diffraction analysis.16;17

Instead of orcinol, we also used 3,5-dihydroxybenzoic
acid and methyl 3,5-dihydroxybenozate under the same
reaction condition of 1, affording the corresponding
azacryptands of 2 and 3 with the yield of 7% and 11%,
respectively. As-prepared azacryptands of 1 and 3 pos-
sess almost the same solubility and NMR pattern.
Azacryptands of 1 and 3 recrystallized from dichloro-
methane/ethyl acetate, as a white solid, were soluble in
dichloromethane and chloroform, and slightly soluble in
THF but insoluble in other solvents. So, there is a
critical solubility problem for the further functionaliza-
tion reactions such as radical bromination in CCl4 for
–CH2Br group and oxidation in water (or pyridine/
water) for –COOH group. To solve this solubility
problem, we synthesized azacryptand hydrochloride
salts (4, 5, and 6) with quantitative yields by treatment
of azacryptands 1, 2, and 3 with concd hydrochloric acid
in the CH2Cl2/ethanol (1/1).

18 Azacryptand hydrochlo-
ride salts as prepared show good solubility in water,
alcohols, DMF, and DMSO. In 1H NMR spectra, all
peaks assigned to NCH2 peaks are broaden and down-
field shift. Downfield shift of NCH2 peak has also been
observed in the formation of Zwitterion under neutral
pH condition, since carboxyazacryptand 2 has both
acidic and basic moieties in one molecule like amino
acid. 1H NMR and FT-IR spectra of 2 showed Zwit-
terionic characters. However, carboxyazacryptand 2 has
poor solubility in common organic solvents and low
reproducibility in its synthetic reaction (Fig. 1).

In order to solve the poor solubility problem, ester
groups in 3 and 6 can be interconverted to various
functional groups such as alcohol, carboxylic acid:
Treatment of azacryptand methyl ester hydrochloride
salt 6 with KOH in ethanol/water (1/1) and then acidify
by HCl afforded an carboxy azacryptand hydrochloride
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Figure 3. Emission spectra of (a) Eu(III)-encapsulated azacryptate

complex 8 excited at 395 nm (powder, 25 �C) and (b) Er(III)-encap-

sulated azacryptate complexes of 9 (dashed line) and 10 (line) excited at

325 nm (powder, 25 �C).
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salt 5 with the yield of 98%. In 1H NMR spectrum
(300MHz, DMSO-d6) of 5, methoxy peak (3.92 ppm) of
3 disappeared and new carboxylic acid peak appeared at
13.46 ppm. The functionalized derivative 5 was used for
the further esterification reactions with phenol-contain-
ing compounds such as naphthalene and anthracene
derivatives, or metallo-porphyrin derivatives.1;15

Furthermore, the single crystal structure of azacryptand
1, obtained by slow evaporation of solution of 1 in a
mixture of CH2Cl2 and hexanes, was confirmed by an X-
ray diffraction analysis.17 Its crystal structure, as shown
in Figure 2, reveals four asymmetric molecules in unit
without any strong interaction among them (see Sup-
plementary information). And, the crystal structure
shows the presence of ‘cavity’ consisted of two nitrogen
and six oxygen atoms. The dimension of cavity can be
described by distance of donor atoms as N1–N2
(8.19�A), O1–O3 (4.11�A), and O1–O5 (4.83�A). The
cavity size is big enough to encapsulate trivalent
lanthanide(III) ions such as Sm3þ (1.13�A), Eu3þ

(1.12�A), Er3þ (1.06�A), and Yb3þ (1.04�A).19 So, it
should provide enough encapsulating space for the for-
mation of stable complexes with trivalent lantha-
nide(III) ions of Eu3þ and Er3þ ions.

For example, Eu(III)-encapsulated azacryptand com-
plex 8 was prepared by refluxing 1 with Eu(III) nitrate
pentahydrate in CH2Cl2/methanol (2/1) solution.20 A
resultant solid was filtered and washed with methanol
and CH2Cl2. Eu(III) complex 8 shows the characteristic
emission bands of Eu(III) ions at 593, 617, 692, and
696 nm, upon a photoexcitation of 395 nm with Xe-lamp
(see Fig. 3). In a similar way, Er(III)-encapsulated aza-
cryptand complex 9 was prepared by refluxing 1 with
Er(III) nitrate pentahydrate in CHCl3/methanol (2/1)
solution.20 Er(III) complex 9 exhibits the characteristic
emission band of Er(III) ions around 1542 nm in the
near infrared (near IR) region, upon a photoexcitation
of 325 nm with He–Cd laser (see Fig. 3). The FT-IR
spectra of 1, 8, and 9 showed the typical vibration mode
for ms(C–O–CH@).21 Its vibration mode at 1062 cm�1 in
free host, 1, is shifted about 14 and 10 cm�1 toward
lower frequencies in the Eu(III) and Er(III) complexes,
respectively. It indicates the formation of lantha-
Figure 2. Crystal structure of 1 deduced from X-ray diffraction analysis. Hy
nide(III)-encapsulated azacryptand complexes (Scheme
2).

In addition, in order to incorporate antenna chromo-
phores into the Er(III)-encapsulated azacryptand com-
plexes for enhancing the near IR emission, the room
temperature esterification reaction22 of carboxyaza-
cryptand hydrochloride salt 5 with Pt(II)-5,10,15-tri-
mesityl-20-(4-hydroxyphenyl)porphyrin23 was achieved.
It afforded a metalloporphyrin-attached cryptand ligand
7 with the yield of 22%.15;22;24 And, its Er(III) complex
10 was obtained by the similar synthetic reaction con-
dition of Er(III) complex 9. The Er(III)-encapsulated
azacryptand complex with Pt(II)-metalloporphyrin
derivative, as shown in Figure 3, exhibits stronger near
IR emission band than Er(III) complex 9 by two times.
It might be due to the effective energy transfer from
metalloporphyrin ligands to Er(III) ions.1 Very recently,
we reported that similar results were observed from
lanthanide(III)-cored supramolecular complexes based
on metalloporphyrin derivatives.25 In progress, aza-
cryptand complexation mechanistics with various lan-
thanide salts as well as the energy transfer mechanism
between metalloporphyrin ligands and lanthanide ions
are being studied in more details.

In conclusion, we have synthesized novel azacryptands
from resorcinol derivatives by one-pot synthesis in the
presence of potassium carbonate with moderately good
drogen atoms have been omitted for clarity.
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yields. These compounds represent an interesting large
cavity azacryptand bearing functionalized substituents
at phenyl group. It has provided the encapsulating sites
enough for the formation of stable complexes with
lanthanide(III) ions of Eu(III) and Er(III) ions. We also
synthesized the Er(III)-encapsulated azacryptand com-
plex bearing metalloporphyrin as photon antennas for
advanced photonic materials such as optical amplifying
and light-emitting materials.
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