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Abstract: Three novel, fluorescein-con-
taining calix[4]arenes bearing three car-
boxylic acid or three diethylamide func-
tions were synthesized for the complex-
ation of Nd* or Er**. The typical Nd**
luminescence in the near-infrared region
of the electromagnetic spectrum is in-

efficient sensitizer, but also makes ex-
citation in the visible part of the electro-
magnetic spectrum (at approximately
500 nm) possible. In contrast, Er** lumi-
nescence could only be observed upon
fluorescein excitation. The lumines-
cence intensity is strongly dependent

on the conformational properties of the
ligand, the solvent, and the length of the
spacer between the calix[4]arene and
fluorescein. The luminescence lifetimes
are solvent-dependent but independent
of the length of the flexible spacer
between the sensitizer and the calix[4]-

creased up to seven times upon excita-
tion via fluorescein relative to calix[4]-
arene excitation. The calix[4]arene moi-
ety itself already acts as a sensitizer;
however, fluorescein is not only a more

cence -
- sensitizers

Introduction

Recently, we have reported the luminescence properties of
various lanthanoid ion complexes.l We were mainly inter-
ested in long luminescence lifetimes of the lanthanoid ion
complexes obtained by shielding the lanthanoid ions from
high-energy vibrational modes in their chemical environment
and efficient excitation. From the use of systematic deutera-
tion, it became clear that the quenching by the encapsulating
ligand is important in the case of a low concentration of O-H
oscillators around the lanthanoid ions. Our overall aim is the
application of organic lanthanoid ion complexes in polymer-
based optical amplifiers that operate at 1.3 pm and 1.5 um, the
second and third telecommunication windows, respectively.
For this purpose, Nd** and Er’** can be used in inorganic
matrices.”) To achieve optical amplification, population
inversion (more lanthanoid ions in the excited state than in
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arene. They were determined as 1.23-—
126 us for calix[4]arene complex 1-
Nd** and 1.63-1.71 pus for 1-Er** in
DMSO solutions.

fluores-
luminescence

the ground state) is required, which is facilitated by efficient
excitation and long luminescence lifetimes. However, despite
the optimization of the environment surrounding the lantha-
noid ion, the luminescence intensities of the lanthanoid ions in
inorganic matrices remain low because of the relatively
inefficient direct excitation of the ions. The absorption
coefficients of lanthanoid ions are low relative to organic
chromophores: the absorption coefficients of conjugated
organic molecules are typically 3—4 orders of magnitude
higher than those of lanthanoid ions.P! In addition, the
absorption bands of chromophores are much broader, so that
there is a wider choice of light sources for excitation.
Therefore, organic molecules that can be excited very
efficiently and may transfer the excitation energy to lantha-
noid ions are often used as sensitizers. This so-called
sensitized emission is often used in fluoroimmunoassays.
Some examples of efficient sensitizers for Eu** and/or Tb**
taken from the literature are carbostyril-124,4 4-(phenyl-
ethynyl)pyridine,’) and triphenylene.l’! The efficiency of the
energy transfer to lanthanoid ions is, amongst other things,
dependent on the luminescent level of the complexed
lanthanoid ion and on the energy level of the triplet state of
the sensitizer, which can be influenced by structural modifi-
cation of the sensitizer. Moreover, the energy transfer rate is
largely influenced by the distance R between the sensitizer
and the lanthanoid ion (k oc R=° or e F). The use of sensitizers
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significantly reduces the required
pump power that is needed to
achieve population inversion in OR
lanthanoid ions. Optical gain cal-

o OEt O R

J T
O

culations!” yield the pump pow- HNO,/CH,C,/ BOCNH(CH,),NH,
er, which decreases by approxi- CH,COOH Et,N/CH,CL/r 1.
mately three orders of magnitude 4 3

as a result of the high absorption

coefficient of the sensitizer. An- 3R=H BrCH,COOEt 5§R=0H oxalyl

other advantage is the applicabil-
ity of various pump wavelengths
as a result of the broad absorp-
tion bands of sensitizers. For
application in telecommunica-
tions systems we are mainly in-
terested in excitation with red
light because lasers operating in
this part of the spectrum are
available at low cost. j’
The energy transfer from fluo-
rescein to Eu** and from its
tetrabromo derivative, eosin, to
Nd** or Yb** have been reported
in solution.®" In both cases no
ligands were present for com-
plexation of the lanthanoid ions,
apart from the carboxylic acid of
the sensitizer. Meshkova and co-
workers used (2-pyridazo)-2-
naphthol for the luminescent de-
tection of ytterbium.’<dl The
present paper describes the covalent attachment of fluores-
cein to functionalized calix[4]arenes that can complex lan-
thanoid ions (1 and 2). It is assumed that in a preorganized
supramolecular system, the
sensitizer can be forced into
close proximity to the lantha-
noid ion, which will enhance
the energy transfer rate. Fur-
thermore, the calix[4]arene
will shield the lanthanoid ion
against effective quenchers,
like O-H groups, in the first
coordination sphere. The syn-
thesis and luminescence prop-
erties of the Nd** and Er’**
complexes of the fluorescein-
containing calix[4]arenes are
discussed. To the best of our
knowledge this is the first
example of an organic sensi-
tizer which is covalently linked
to 1:1 complexes (polydentate
ligand:lanthanoid ion) leading
to sensitized emission in the near-infrared part of the electro-
magnetic spectrum. Er’* emission originating from 1:1
organic complexes has not been reported before and has only
recently been observed in our laboratories. Parker and co-
workers have recently published details of the luminescence

7R =8B0C
8R=H

g7
shie
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Scheme 1. The synthesis of fluorescein-containing calix[4]arene-based triacids 11 and of their Ln complexes.

properties of ytterbium complexes on either direct excitation
or sensitized emission with co-dissolved chromophores.’!
Horrocks and co-workers have recently described the sensi-
tized emission of ytterbium complexed in a protein by means
of tryptophan moieties.['"]

Results and Discussion

Synthesis: Three different organic ligands containing fluo-
rescein as sensitizer were synthesized for the complexation of
lanthanoid ions. Two bear three carboxylic acid groups as
coordinating sites, whereas the other has three diethylamide
functions. The fluorescein moiety is attached to the calix[4]-
arene by another amide function. Upon deprotonation and
complexation, the carboxylic acid-containing ligands give
overall neutral complexes, which only differ in the length of
the spacer between the calix[4]arene and the fluorescein
derivative.

The synthesis of both fluorescein-containing calix[4]arene-
based triacids 11 (Scheme 1) starts from p-tert-butylcalix[4]-
arene (3), which is converted to the triethylester monoacid
chloride 6 by literature procedures.'! Compound 6 was
coupled to one equivalent of the appropriate mono-Boc-
protected diamine (x=6 or 3) in dichloromethane in the
presence of triethylamine as a base. Both products 7a and 7b
were obtained in ~80% yield and were pure (elemental
analysis). Formation of the amide was evident from 'H NMR

0947-6539/98/0405-0773 $ 17.50+.25/0 — 773



FULL PAPER

C.J. M. van Veggel, D. N. Reinhoudt et al.

spectroscopy; both spectra show a broad singlet at 6 =8.3-8.4
for the amide hydrogen atom and a singlet at d = 1.4 which can
be attributed to the fert-butyl hydrogen atoms of the Boc
group. Subsequently, the Boc group was removed by addition
of trifluoroacetic acid to a solution of 7 in dry dichloro-
methane. The free amines 8 were obtained in 80% to
quantitative yield after basic work-up. Deprotection was
obvious from 'H NMR spectroscopy and from FAB mass
spectra showing the highest peak at a value that can be
attributed to [(M + H)*] for both products, that is, 1063.7 for
8a (CyHyN,Oy: 1063.7) and 10215 for 8b (CgqHgN,Oy;:
1021.6).

The free amines!?l were treated with the isothiocyanate-
functionalized fluorescein (9) in THF at room temperature.
After purification by Sephadex column chromatography, the
products 10a and 10b were ob-
tained in 8% and 70% yield,
respectively, and were pure ac-
cording to elemental analysis.

The covalent attachment of the
fluorescein was evident from IR

spectroscopy; a vibrational band

H,N

at 3360 cm™! corresponding to the (:CHz)s

N -H stretch vibration of the thi- o
ourea was clearly visible, together j/ j/
with a band at 1611-1612 cm™! o o
which may be attributed to the

C=S stretch vibration.['¥ The high- O ‘
est peaks in the FAB mass spectra

were observed at 1475.2 for 10a 3

and at 1432.7 for 10b, correspond-

ing to the calculated value for 12
[(M+Na+H)"] (14757 and
1432.6, respectively). Moreover,
the "H NMR spectra show a singlet
at 6 =8.2, a double doublet at 6 =
79 (CJ(H,H) =8.3 Hz, “J(H,H) =2.0 Hz), and a doublet at 6 =
6.9 (3J(H,H)=8.3-8.6 Hz) for the hydrogen atoms on the
aromatic ring of fluorescein that is directly connected to the
thiourea unit.'*! The triesters 10 were hydrolyzed with KOH
(1N) in refluxing methanol. From the '"H NMR spectra it was
evident that the ethyl groups were cleaved off, and the FAB
mass spectra show peaks at m/z =1368.6 for 11a and m/z =
1325.1 for 11b, corresponding to [(M +H)*] (1368.6 and
1325.5, respectively). The triacids were deprotonated with
triethylamine in THF and complexed with one equivalent of
the appropriate lanthanoid nitrate. The complex precipitated
from the reaction mixture only after addition of four
equivalents of triethylamine, whereas the solution remained
clear after the addition of three equivalents. This implies that
the acid at the fluorescein is also deprotonated in the
precipitate, with Et;NH™ as the counterion. The complexes
were isolated by centrifugation and subsequently washed with
THF. The complete deprotonation to give carboxylate groups
was also evident from the IR spectra, which showed vibrations
at 1581-1597 cm™! for the carboxylate groups. The C=O
stretch vibrations of the triacids 11 absorb at 1754 -1762 cm~.
No satisfactory mass spectra could be obtained for 1-Nd**,
although the typical Nd** isotope pattern was clearly ob-

N(Et), O NH
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served in the fragments. MALDI-TOF mass spectra of 1- Er**
show peaks at 1526 [(1a-Er** —CO+Na)*], 1503 [(1a-
Er*t — CO)*], and 1446 [(1a-Er** — CO — CH,COO)*] for
1a-Er*, and at 1483 [(1b-Er** — CO +Na)*], 1460 [(1b-
Er’*— CO)*], 1428 [(1b-Er**—CO — CH,COO + Na)*],
and 1405 [(1b-Er** — CO — CH,COO)*] for 1b-Er**. All
peaks clearly have the characteristic isotope pattern of
erbium. The loss of a CH,COO fragment was also observed
for terphenyl-based ligands.!! In the FAB mass spectra of the
preceding triacids 11 the [(M —CO)*] peaks were also
observed.

The synthesis of calix[4]arene triamide 2 bearing a fluo-
rescein moiety as sensitizer was performed via precursor 12
(Scheme 2), the synthesis of which was described in a previous
paper.[”] The isothiocyanate-functionalized fluorescein 9 was

N(Et), O

j/ NIH
(o} o}
: gl
THF
3

2 NA(NO,)y6H,0/

HO Oj/

2Nd* € cH CN/MeOH/AT

Scheme 2. The synthesis of calix[4]arene triamide 2 bearing a fluorescein moiety as sensitizer.

added to calix[4]arene 12 in THF at room temperature. The
product was obtained in 93 % yield and was pure according to
elemental analysis. Formation of the product was evident
from FAB mass spectrometry, which showed peaks at m/z =
1572.9 and 1556.9 that can be attributed to [(M +H+ K)*]
and [(M+H+Na)t], respectively. Moreover, in the IR
spectrum bands are present at 3429 cm™! for the N-H stretch
vibration, and at 1633 cm~! for the C=S stretch vibration. The
C=0 stretch vibrations were observed at 1761 and 1669 cm™!
for the fluorescein moiety and the amide groups, respectively.
Furthermore, the 'TH NMR spectrum shows a singlet at 6 =
8.22 and two doublets at d =773 and 6.93 (*J(H,H) =8.2 Hz)
for the hydrogen atoms at the fluorescein ring directly
connected to the thiourea spacer. The triamide 2 was
dissolved in a mixture of acetonitrile and methanol (v:v~
3:1) and one equivalent of Nd(NO;);-5H,O in acetonitrile
was added. After refluxing overnight the reaction mixture
remained clear and the photophysical studies were performed
in situ.

Photophysical studies: Since Nd** and Er’** have lumines-
cence bands in the near-infrared (near-IR) part of the
spectrum, at 1.3 um and 1.5 um, respectively, that is, just in
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the two wavelength regions relevant for optical telecommu-
nication, these lanthanoid ions were used for complexation.
Photophysical studies were performed on these complexes in
[D,]methanol and in DMSO. The efficiency of energy transfer
from the fluorescein moiety to the lanthanoid ions was studied
relative to the calix[4]arene moiety, which itself also acts as a
sensitizer as is evidenced by the excitation spectra of
calix[4]arene-based Eu** complexes.’! Direct excitation of
Nd** at 800 nm was not performed, whereas after direct
excitation of Er’** at 488 nm it is not possible to discriminate
between direct and sensitized emission due to the significant
absorption of fluorescein at this wavelength.

Neodymium: The typical Nd** luminescence consists of a
relatively intense emission band at 1060 nm and weaker ones
at 880 and at 1350 nm (corresponding to the *Fs, —“L;,),, *F3,—
Iy, and *F5,—“I;5, transition, respectively). The excitation
spectra of 5x 10~ solutions of 1a-Nd** and 1b-Nd3* in
[D,]methanol™® and DMSO, detected at 1060 nm, are de-
picted in Figure la. The excitation band around 500 nm
proves the occurrence of sensitized emission through the
fluorescein moiety. The Nd** emission at 1060 nm is a result of
the excitation of fluorescein, followed by energy transfer to
Nd3**. In DMSO solutions the excitation band is broader,
allowing more red-shifted excitation.['”)

Figure 1b shows the emission spectra of 1a-Nd** and 1b-
Nd** in DMSO, which are normalized for the absorption coeffi-
cient and the lamp intensity at the excitation wavelength. The
spectra illustrate the significant increase in luminescence intensity
upon excitation via the fluorescein moiety relative to excita-
tion via the calix[4]arene for both complexes. In addition, the
calix[4]arene itself also acts as a sensitizer. The same effects
were observed in [D4methanol (data not shown). The intensity
increase upon excitation of fluorescein is more pronounced
for the Cg spacer (approximately seven times higher, com-
pared with a twofold increase for the C; spacer). However, the
highest luminescence intensity is obtained for 1b - Nd3*, which
might be due to a difference in the energy transfer efficiency
in 1b-Nd*" and 1a-Nd*". Figure 2a, in which the relative
intensities of sensitized emission for the complexes with the
Cs and C; spacer are depicted, also indicates the more intense
luminescence in case of the shorter spacer.

The luminescence lifetimes of 1a-Nd*" and 1b-Nd*" in
[D,]methanol and DMSO solutions were determined after
laser excitation at 337 nm (Table 1). The lifetimes of both
complexes are equal within the experimental error, and are
longer in DMSO than in [D,]methanol (1.23-1.26 us and
0.80-0.86 s, respectively). This implies that the deactivation
by the high-energy vibrational modes of both the surrounding
organic ligand and the solvent is similar for 1a-Nd*" and 1b -
Nd3** and, therefore, cannot be
the cause of the differences in
luminescence intensities. On the
other hand, the lifetimes are sig-
nificantly longer in DMSO; this
might be the result of conforma-
tional changes upon changing the
solvent, rendering deactivation
by the organic ligand less efficient
in DMSO, or by shielding of the
lanthanoid ion from strongly
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Figure 1. a) Excitation spectra of i) 1a-Nd** in [D,]Jmethanol, ii) 1b-Nd** in [D,]methanol, iii) 2 - Nd** in
acetonitrile, iv) 1a-Nd* in DMSO, and v) 1b-Nd* in DMSO, detected at 1060 nm; b) emission spectra of
DMSO solutions of i) 1a-Nd** excited at 310 nm, ii) 1b-Nd*" excited at 310 nm, iii) 1a- Nd*" excited at

515 nm, and iv) 1b-Nd** excited at 515 nm.

e

Intensity (a.u.)
Intensity (a.u.)
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quenching O-H groups by com-
plexing DMSO molecules. More-
over, deactivation by [D,Jmetha-
nol might be relatively efficient
because the first overtone of the
O-D vibration (¥,_p 22400 cm™")
is more or less resonant with the
energy gap between the lumines-
cent excited state and a lower-
lying state of Nd** (AEyg: =~
5300 cm1).118]

Furthermore, the more intense
luminescence of 1b-Nd3** is cor-
roborated by the less intense
fluorescence observed for fluo-
rescein for 1b-Nd3* relative to
1a-Nd** in both [D,Jmethanol

1300 1450

" .

1300 1450 475

0
1000 1150

wavelength (nm)

Figure 2. a) Emission spectra of i) 1a- Nd** in [D,]methanol, ii) 1b - Nd** in [D,]Jmethanol, iii) 1a- Nd*" in
DMSO, and iv) 1b-Nd** in DMSO, excited at 500 nm and b) fluorescence spectra of i) 1b-Nd** in
[D,]methanol, i) 1b - Nd* in DMSQO, iii) 1a- Nd** in [D,]Jmethanol, and iv) 1a-Nd* in DMSO, excited at

300 or 310 nm.
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and DMSO solutions (Figure 2b).
The reduction in fluorescein in-
tensity is most likely caused by an
increase of the singlet—to - trip-
let intersystem crossing induced
by the lanthanoid ions (a heavy
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Table 1. Lifetimes (in ps) of Nd** and Er** complexes of 1a and 1b after
excitation at 337 nm.ll

1a-Nd* 1b-Nd* la-Er¥ 1b-Er¥
CD;0D 0.86 0.80 0.76 0.88
DMSO 1.23 1.26 1.71 1.63

[a] Curve fitting was performed only for the decay part of the lumines-
cence; the lifetime of 1b-Er** in DMF is 0.63 us (error approximately
10%).

atom effect), which indicates that the sensitizer would be
closer to and more efficient in exciting the lanthanoid ion in
1b - Nd** relative to 1a-Nd3*. The decrease in fluorescence
intensity in going from the C4 to the C; spacer is not
proportional to the increase in Nd** emission. This might be
the result of a difference in energy transfer efficiency, or in the
population and/or lifetime of the triplet level. The fluores-
cence maximum is red-shifted in DMSO to 550 nm, compared
with 525 nm in [D,]methanol, which indicates the solvent-
dependent positions of the energy levels of fluorescein. Since
the quantum yield of the triplet state of fluorescein is very low
(¢ =0.02), it might be possible that the singlet state is
involved in the energy transfer process, either by reabsorp-
tion or by dipolar interactions. However, it has been
observed that the energy transfer from fluorescein to a Nd**
ion that is complexed by a polyaminocarboxylate to which the
fluorescein moiety is covalently attached is significantly
deactivated by 30,.?% This observation suggests that the
energy transfer from fluorescein to lanthanoid ions most
probably occurs via the triplet state.l® Also, the reduction of
the fluorescence of fluorescein in the presence of the
lanthanoid ion suggests that the triplet state may be involved
in the energy transfer process. It

is likely that the quantum yield of

6 500 nm
3
S 4
2
2
g
= 287 nm
2 500 nm
287 nm
0
1000 1150 1300 1450

wavelength (nm)

Figure 3. Emission spectra of 2-Nd* in acetonitrile after excitation at
287 nm and 500 nm.

fluorescent,?! this implies that the degree of deprotonation of
fluorescein during the complexation is sufficient to obtain a
highly fluorescent organic ligand. The lifetime of 2-Nd** in
acetonitrile was determined as 0.73 ps after laser excitation at
337 nm. No 'O, emission was observed around 1300 nm,
giving strong evidence that also in this complex the energy
transfer is fast and intramolecular.

Erbium: The same photophysical studies were performed
for the Er** complexes of 1a and 1b; however, only spectra of
5x10m DMSO solutions could be recorded, as these
complexes are poorly soluble in [D,]Jmethanol. The excitation
spectra of 1la-Er** and 1b-Er*‘in DMSO, detected at
1535 nm, the *I;5,-*I;s, transition (Figure 4a), show the
excitation band at 500 nm due to sensitized emission via
fluorescein. In the Er** complexes, the luminescence intensity

the triplet state of fluorescein is 1 6 .

much larger in the complex com- L ) b
pared to free fluorescein. The

luminescence of the Nd** com- 5 S4r .

plexes 1a-Nd* and 1b-Nd3* is g 8 :

not deactivated by 30,, as is a 8

demonstrated by the absence of 2 2 ol

the '0, emission band at 1275 nm

and the equal lifetimes of la- -

Nd** and 1b-Nd** in aerated o . ‘ ‘ ) . ‘

and in deaerated solutions. 300 400 500 600 ?450 1500 1650 1600

Therefore, it can be concluded
that the energy transfer from
fluorescein to Nd** must be very
fast, since the rate of energy
transfer to 0, (~10' dm? mol—2s7!) is limited by diffusion.

The increase in luminescence intensity upon excitation of
fluorescein was also observed for a solution of 2-Nd** in
acetonitrile. The excitation spectrum shows a similar excita-
tion band at 500 nm, as was observed for 1a-Nd*" and 1b-
Nd** (Figure 1a), and a large increase in the Nd** emission
intensity was observed upon excitation in this band (Figure 3).
The luminescence intensity after excitation at 500 nm was
only slightly affected by the addition of triethylamine to the
solution, even in the case of a large excess of triethylamine.
Since only the mono- and dianions of fluorescein are

776 —— © WILEY-VCH Verlag GmbH, D-69451 Weinheim, 1998

wavelength (nm)

wavelength (nm)

Figure 4. a) Excitation spectra detected at 1535 nm and b) emission spectra after excitation at 515 nm, both
of DMSO solutions of i) 1a-Er** and ii) 1b- Er**.

of the organic ligand containing the shorter C; spacer is
slightly more intense, probably resulting from a more efficient
energy transfer from fluorescein to the Er’* ion.

This is further illustrated by Figure 4b, which displays the
relative intensities for sensitized emission for 1a-Er** and
1b-Er**. The excitation via the calix[4]arene moiety at
310 nm did not lead to the typical Er** emission at 1535 nm,
which is also obvious from the excitation spectra. This implies
that sensitized emission occurs only via fluorescein. The
fluorescence spectra of fluorescein itself are depicted in
Figure 5 and show a higher intensity for 1a-Er’** relative to

0947-6539/98/0405-0776 $ 17.50+.50/0 Chem. Eur. J. 1998, 4, No. 5
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Figure 5. Fluorescence spectra of i) 1a-Er** and ii) 1b-Er** in DMSO
after excitation at 310 nm.

1b- Er**; this is in agreement with the difference in energy
transfer efficiency between the two complexes as was also
observed for the Nd*+ complexes. The broader fluorescence
band of 1b- Er** might be the effect of small conformational
changes.

The lifetime measurements were performed for both
DMSO and [D,]methanol solutions (Table 1). The lifetimes
of 1a- Er* and 1b- Er** are equal within experimental error,
and the increase in lifetime by a factor of approximately 2
upon changing the solvent from [D,]methanol to DMSO is
even more pronounced for the Er** complexes than for the
Nd** complexes, indicating the solvent dependency of the
composition of the first coordination sphere of the lanthanoid
ion. Deactivation by 30, was also negligible for the Er**
complexes; this indicates that the energy transfer from
fluorescein to Er’** is also fast.

Concluding Remarks

Fluorescein that is covalently attached to a lanthanoid ion
complex based on a functionalized calix[4]arene is able to act
as a sensitizer for Nd** and Er**. The lanthanoid luminescence
intensities are significantly increased upon excitation via
fluorescein compared to excitation via the calix[4]arene. The
energy transfer is fast for both spacers on the luminescence
timescale, but is more efficient in case of the longer C, spacer,
which may be attributed to structural changes. Moreover,
fluorescein can be excited in the visible part of the electro-
magnetic spectrum with relatively inexpensive light sources,
which is an important advantage from a commercial point of
view. The highest luminescence intensity was observed for the
Nd** complex with the shorter C; spacer, probably as a result
of a more effective interaction, and consequently a shorter
distance, between the carboxylic acid group of the fluorescein
moiety and the Nd** ion. On the other hand, the spacer length
does not influence the luminescence lifetimes. The solvent has
a significant effect on the luminescence properties; the
luminescence lifetimes are significantly longer in DMSO
solutions compared to [D,Jmethanol solutions, which might
be the result of the solvent-dependent position of the energy
levels of fluorescein, conformational changes due to solvent
complexation, or efficient luminescence quenching by the O —

Chem. Eur. J. 1998, 4, No. 5
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D modes of [D,]methanol. The lifetimes of these complexes
are relatively long for organic near-IR luminescent lanthanoid
ion complexes: up to 1.23 -1.26 ps for the Nd** complexes and
1.63-1.71 ps for the Er** complexes dissolved in DMSO.
These results indicate that emission in the near-IR region of
the spectrum is relatively easily achieved by the use of a
proper sensitizer.

Experimental Section

General: Melting points were determined with a Reichert melting-point
apparatus and are uncorrected. 'H NMR and C NMR spectra were
recorded in CDCI; unless otherwise stated, with Me,Si as internal standard,
on a Bruker AC250 spectrometer. For those 'H NMR and “C NMR
spectra that were recorded in THF, the solvent contained a drop of D,O to
exchange the protons for deuterium. Mass spectra were recorded with a
Finnigan MAT 90 spectrometer with m-NBA (nitrobenzyl alcohol) as a
matrix, unless otherwise stated. IR spectra were obtained with a Biorad
3200 or a Nicolet 5SXC FT-IR spectrophotometer. CH,Cl, was distilled
from CaCl, and THF from Na/benzophenone ketyl prior to use. MeOH was
dried over molecular sieves (3 A) for at least 3 days. Fluorescein
isothiocyanate isomer 190 % was bought from Aldrich and purified prior
to use by Sephadex LH20 column chromatography using THF/CH,CI,
(viv=1:1) as eluent. All other chemicals were of reagent grade and were
used without further purification. All reactions were carried out under an
argon atmosphere, and syntheses concerning fluorescein derivatives were
performed in the dark. 25-Mono[ (carboxylato)methoxy]-5,11,17,23-tetra-
kis(1,1-dimethylethyl)-26,27,28-tris[ (ethoxycarbonyl)methoxy]calix[4]ar-
ene (5) was prepared according to literature procedures.['!]
Matrix-assisted laser desorption ionization time-of-flight (MALDI-TOF)
mass spectrometry was carried out using a PerSeptive Biosystems Voyager-
DE-RP MALDI-TOF mass spectrometer.
25-{N-[6-(1,1-Dimethylethoxy)carbonylamino Jhexyl(aminocarbonyl)me-
thoxy}-5,11,17,-23-tetrakis(1,1-dimethylethyl)-26,27,28-tris[ (ethoxycarbo-
nyl)methoxy]calix[4]arene (7a): Triester monoacid 5 (1.0 g, 1.0 mmol) was
refluxed in oxalyl chloride (10 mL) for 2h. After evaporation of the
remaining oxalyl chloride, the monoacid chloride was dissolved in
dichloromethane (30 mL) under an argon atmosphere. A solution of N-
Boc-1,6-hexanediamine (0.26 g, 1.0 mmol) and triethylamine (0.29 mL,
2.1 mmol) in dichloromethane (50 mL) was slowly added. The reaction
mixture was stirred overnight at room temperature and subsequently
quenched with an aqueous acetic acid solution (5%, 50 mL). The layers
were separated and the organic layer was washed twice with water (50 mL),
followed by evaporation of the solvent. Compound 7a was obtained as
white solid in 81 % yield. M.p: 85-87°C; 'H NMR ([Ds]THF/D,0): 6 =
8.33 (brs, 1H; NH), 6.75, 6.72, 6.71 (s, 8H; ArH), not observed (NH5),
4.83 and 4.56 [AB-q, *J(H,H) =16.1 Hz, 4H; OCH,C(O)], 4.69, 4.60, 3.18,
316 (AB-q, 3J(HH)=13.1Hz, 8H; ArCH,Ar), 4.65, 446 [s, 4H;
OCH,C(0)], 4.13 (q, *J(H,H) =71 Hz, 6 H; OCH,CHj;), 3.4-3.2 (m, 2H;
NCH3$*"), 3.1-3.0 (m, 2H; NCH3**"), 1.37 [s, 9H; C(CHj;);], 1.6-1.2 (m,
8H; CHY**"), 1.20 (t, *J(H,H) =7.1 Hz, 9H; OCH,CH,), 1.04, 1.00, 0.98 [s,
36H; C(CHs);]; *C NMR ([Ds]THF/D,0): 6 =170.5, 170.4, 170.1 [s,
C(0)], 153.3, 153.0, 152.8 (s, ArC-0), 145.5, 145.3, 145.1 (s, ArC-rBu),
133.4-132.6 (s, ArC), 125.7-125.3 (d, ArC-H), 74.5, 71.8, 71.3 [t,
OCH,C(0)], 60.7, 60.5, 60.3 (t, OCH,CH,), 39.3 (t, NCH}**"), 33.9, 33.8
[s, C(CH5;);], 32.0 (t, ArCH,Ar), 31.4, 31.3 [q, C(CH3;);], 29.9, 26.9, 26.6 (t,
CHP*r), 28.4 [q, C(CH;)55], 14.2 (q, OCH,CH;); MS (FAB): m/z =
1163.7 [(M+H)*], 1185.6 [(M +Na)*]; CeHoN,Oy3 (1162.7): caled C
71.23, H 8.49, N 2.41; found C 71.10, H 8.69, N 2.51.
25-{N-[3-(1,1-Dimethylethoxy)carbonylamino Jpropyl(aminocarbonyl)me-
thoxy}-5,11,17,-23-tetrakis (1,1-dimethylethyl)-26,27,28-tris[ (ethoxycarbo-
nyl)methoxy]calix[4]arene (7b): The white solid 7b was prepared analo-
gously to 7a and was obtained in 79 % yield from 6 (1.0 g, 1.0 mmol), oxalyl
chloride (10 mL), N-Boc-1,3-propanediamine (0.18 g, 1.0 mmol), Et;N
(030 mL, 2.2 mmol), and CH,Cl, (50 mL). M.p. 79-81°C. 'H NMR
([Ds]THF/D,0): 6 =8.44 (brs, 1H; NH), 6.82, 6.79, 6.74 (s, 8H; ArH), 5.65
(brs, 1H; NHEB*), 491 and 4.63 [AB-q, *J(H,H)=16.2 Hz, 4H; OCH,.
C(0)],4.8-4.5 (m,4H; ArCH,Ar), 4.70,4.55 [s,4H; OCH,C(O)], 4.20 (q,

0947-6539/98/0405-0777 $ 17.50+.25/0 — 777



FULL PAPER

C.J. M. van Veggel, D. N. Reinhoudt et al.

3J(H,H)=7.1Hz, 6H; OCH,CH,), 3.5-3.4 (m, 2H; NCH**"), 3.25, 3.23
(2 parts of AB-q, 3/(H,H)=13.1 Hz, 4H; ArCH,Ar), 3.3-3.1 (m, 2H;
NCH*"), 1.8-1.7 (m, 2H; CHP*"), 1.43 [s, 9H; C(CH3;);], 1.4-1.2 (m,
9H; OCH,CHs), 1.11, 1.07, 1.05 [s, 36 H; C(CHs);]; *C NMR ([Dg]THF/
D,0): 6=170.4, 170.3 [s, C(O)], 153.2, 152.8 (s, ArC-0), 145.7, 145.6,
145.4 (s, ArC-1Bu), 133.2-132.6 (s, ArC), 125.8-125.5 (d, ArC-H), 74.2,
71.8,71.4 [t, OCH,C(0)], 60.8, 60.6 (t, OCH,CH3), 37.2, 36.0 (t, NCH}**"),
33.9,33.8 [s, C(CH,)3], 31.9 (t, ArCH,Ar), 31.4, 31.3, 31.0 [q, C(CH,)s], 30.5
(t, CHY*"), 28.4 [q, C(CH;),5], 14.2, 14.1 (q, OCH,CH,); MS (FAB): m/
z=11434 [(M +Na)*], 1121.7 [M + H)*]; CssHop,N,0,5 (1120.7): caled C
69.57, H 8.31, N 2.46; found C 69.80, H 8.11, N 2.46.

25-[ N-(6-Amino)hexyl(aminocarbonyl)methoxy]-5,11,17,23-tetrakis(1,1-d-
imethylethyl)-26,27,28-tris[ (ethoxycarbonyl)methoxy]calix[4]arene (8a):
Compound 7a (0.50 g, 0.43 mmol) was dissolved in CH,Cl, (25 mL), and
the solution was cooled to 0 °C under an argon atmosphere. Subsequently, a
solution of trifluoroacetic acid (1.16 mL, 15 mmol) in CH,Cl, (5 mL) was
added over a period of 20 minutes. The reaction mixture was allowed to
warm to room temperature and subsequently stirred for an additional 4 h.
The organic solution was evaporated and the residue was stripped with
toluene (3 x S0 mL). The crude product was taken up in CH,Cl, and
washed twice with a 5% aqueous K,COj solution (100 mL) and once with
water (100 mL). After drying over MgSO, and evaporation of the solvent, a
white solid was obtained in 83 % yield. This product has to be stored at low
temperature under an argon atmosphere. M.p. 83-84°C. 'H NMR
([Ds]THF/D,0): 0 =8.31 (brs, 1H; NH) (not observed: NH,), 6.76, 6.72,
6.67 (s, 8H; ArH), 4.83 and 4.56 [AB-q, *J(H,H) =16.2 Hz, 4H; OCH,.
C(0)], 4.69, 459, 3.18, 3.16 (AB-q, *J(H,H)=13.0 Hz, 8H; ArCH,Ar),
4.65,4.47 [s, 4H; OCH,C(0)], 4.13 (q, *J(H,H) =71 Hz, 6 H; OCH,CHs),
3.4-3.3 (m, 2H; NCH*"), 2,62 (t, %/(H,H) = 6.7 Hz, 2H; NCHy**"), 1.5—
1.2 (m, 8H; CH**"), 1.20 [t, *J(H,H) = 7.1 Hz, 9H; OCH,CHj], 1.05, 1.00,
0.98 [s, 36 H; C(CH,)5]; *C NMR ([Dg]THF/D,O): 6 =170.4, 170.3, 170.1
[s, C(O)], 153.2, 152.9, 152.8 (s, ArC-0), 1455, 145.3 (s, ArC—Bu),
133.2-132.6 (s, ArC), 125.7-125.5 (d, ArC-H), 74.4, 71.8, 71.3 [t,
OCH,C(0)], 60.7, 60.5 (t, OCH,CHj;), 42.0, 39.4 (t, NCH3*"), 33.8 [s,
C(CHs;);], 31.9 (t, ArCH,Ar), 31.3 [q, C(CH3);], 30.0, 27.0, 26.6 (t, CH**"),
14.2 (q, OCH,CH;); MS (FAB): m/z =1063.7 [(M +H)*], 1085.6 [(M +
Na)*]; CoHooN,Oy; (1062.7).

25-[ N-(3-Amino)propyl(aminocarbonyl)methoxy]-5,11,17,23-tetrakis(1,1-
dimethylethyl)-26,27,28-tris[ (ethoxycarbonyl)methoxy]calix[4]arene (8b):
Compound 7b (0.78 g, 0.70 mmol) was deprotected in the same way as
described for 7a, by means of trifluoroacetic acid (2.0 mL, 26 mmol) and
CH,Cl, (50 mL). A white solid was obtained in quantitative yield. M.p.
102-104°C. 'H NMR ([Dg]THF/D,0): 6 =8.31 (brt, 3/(H,H)=6.2 Hz,
1H;NH), 6.98 (brs,2H; NH,), 6.75, 6.73, 6.66 (s, 8H; ArH), 4.85 and 4.57
[AB-q, *J(H,H) =16.2 Hz, 4H; OCH,C(O)], 4.68, 4.60, 3.18, 3.16 (AB-q,
3J(H,H) =13.1 Hz, 8H; ArCH,Ar), 4.64, 4.47 [s,4H; OCH,C(O)], 4.13 (q,
3J(HH)=71Hz, 6H; OCH,CH;), 343 (q, *(HH)=6.7Hz, 2H;
NCH "), 2.71 (t, 3J(H,H)=6.5 Hz, 2H; NCH**"), 1.8-1.7 (m, 2H;
CH3P**"), 1.19 [t, */(H,H) = 7.1 Hz, 9H; OCH,CHj], 1.04, 1.01, 0.97 [s, 36 H;
C(CHs;)3]; BC NMR ([Dg]THF/D,0): 6 =170.4 [s, C(O)], 153.2, 152.8 (s,
ArC-0),145.5,145.3 (s, ArC—tBu), 133.2-132.5 (s, ArC), 125.8 -125.5 (d,
ArC-H),74.4,71.7,71.4 [t, OCH,C(O)], 60.7,60.5 (t, OCH,CHj), 39.4, 36.4
(NCHZP™ ), 33.8 [s, C(CH3;)5], 32.0 (t, ArCH,Ar), 31.3 [q, C(CHs;);] (not
observed: CHY*"), 14.2 (q, OCH,CH;); MS (FAB): m/z =1021.5 [(M +
H)*], 1043.6 [(M + Na)*]; CHg;N,Oy;: 1020.6.

5,11,17,23-Tetrakis(1,1-dimethylethyl)-25,26,27-tris[ (ethoxycarbonyl)me-

thoxy]-28-{N-[6-fluorescein(thioureido) |hexyl(aminocarbonyl)methoxy}-

calix[4]arene (10a): A solution of fluorescein isothiocyanate (9, 86 mg,
0.22 mmol) in freshly distilled THF (10 mL) was added dropwise to a
solution of precursor 8a (0.20 g, 0.19 mmol) in freshly distilled THF
(15 mL) at room temperature. The reaction mixture was stirred overnight
at room temperature, followed by evaporation of the solvent. The crude
product was dissolved in CH,Cl, and washed several times with an aqueous
1N HCI solution (20 mL, repeated until pH~3-4) and twice with water
(20 mL). The product was dried over MgSO,, and after evaporation of the
solvent, the yellow powder was purified by Sephadex LH20 column
chromatography (THF:CH,Cl,=1:1). The pure product (TLC, cellulose
MeOH:CH,Cl,=1:9) was obtained in 88% yield. M.p. 155-157°C. 'H
NMR ([Dg]THE/D,0): 6 =8.17 (s, 1 H; H*r), 7.91 (dd, */(H,H) = 8.5 Hz,
4J(HH) =2.0 Hz, 1H; Hj*"), 6.89 (d, 3J(H,H) =8.5 Hz, 1H; Hl*r), 6.83,
6.77, 6.73 (s, 8H; ArH), 6.54 (d, *J(H,H)=8.6 Hz, 2H; Hr), 6.50 (d,
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3J(H,H) =2.3 Hz, 2H; H*r), 6.40 (dd, *J(H,H) = 8.6 Hz, “/(H,H) =2.3 Hz,
2H; Hilvor), 4.79 [part of AB-q, */(H,H) =16.8 Hz, 2H; OCH,C(O)], 4.7~
4.4 [m, 10H; OCH,C(O) and ArCH,Ar], 42-4.0 (m, 6H; OCH,CH,),
3.6-3.4 [m, 2H; CH,NC(S)], 3.4
33 (m, 2H; NCH®*), 3.3-3.0 (m,
4H; ArCH,Ar), 1.7-1.5 and 1.4-
13 (m, 8H; CHy™), 115 (1,
3J(HH)=71Hz, 9H; OCH,CHs),
1.05, 1.00, 0.98 [s, 36 H; C(CHs);];
3C NMR ([DgTHF/D,0): &=
183.9 [C(O)™*"], 172.4, 172.3, 170.5
[C(O)], 1619 [C(O)™er], 155.7,
1555, 1549 (ArC-0), 1473
(ArC—1Bu), 1442 (ArC—O™er),
136.1-135.5, 131.4-125.9 (ArC),
114.4, 1132, 104.6 (C™or), 76.7, 9

742, 737 [OCH,C(O)], 62.7, 62.4

(OCH,CH,), 46.1, 40.9 (NCHP™=r),

36.0, 35.9 [C(CH,):], 34.1 (ArCH,AT), 33.7, 33.2 (CH™), 33.2 [C(CH,)s],
320, 307, 30.1 (CHP™7), 160 (g, OCH,CH,); IR (KBr): #=23357
[NH(C=S)], 1758 (C=0), 1611 (C=S)cm'; MS (FAB): m/z=14752
[(M+Na+H)], 1452.9 [(M+H)*]; CyHyoN;O,S-MeOH: caled C
69.57, H 7.13, N 2.83; found C 69.65, H 7.36, N 2.71.

5,11,17,23-Tetrakis(1,1-dimethylethyl)-25,26,27-tris[ (ethoxycarbonyl)me-
thoxy]-28-{N-[3-fluorescein(thioureido) [propyl(aminocarbonyl)methoxy}-
calix[4]arene (10b): The reaction of 8b with fluorescein isothiocyanate (9)
occurred as described for 10a, using 8b (0.22 g, 0.22 mmol), 9 (99 mg,
0.25 mmol), and freshly distilled THF (25mL). An orange solid was
obtained in 70 % yield. M.p. 196-198°C. 'H NMR ([D;]THF/D,0): 6 =
8.18 (s, 1H; Hiwr), 7.89 (dd, 3/(HH)=83Hz, “/(HH)=2.0Hz, 1 H;
Hilwr), 6.90 (d, */(H,H) =8.3 Hz, 1 H; HX°r), 6.81, 6.76, 6.73 (s, 8 H; ArH),
6.54 (d,/(H,H) =2.3 Hz, 2H; H{*r), 6.52 (d, */(H,H) = 8.7 Hz, 2H; Hi}*r),
6.40 (dd, *J(H,H) = 8.7 Hz, *J(H,H) =2.3 Hz, 2H; H{*r), 4.83 [part of AB-
q,*J(HH)=16.1 Hz, 2H; OCH,C(0)], 4.7-4.4 [m, 10H; OCH,C(O) and
ArCH,Ar], 4.1-4.0 (m, 6H; OCH,CH,), 3.6-3.5 [m, 2H; CH,NC(S)],
3.4-33 (m, 2H; NCH**"), 3.3-3.0 (m, 4H; ArCH,Ar), 1.9-1.8 (m, 2H;
CH$*"), 1.8-1.6 (m, 9H; OCH,CH,), 1.04, 0.99, 0.97 [s, 36 H; C(CHs);];
BC NMR ([Dg]THF/D,0): 6 = [not observed: C(O)fvr] 173.2, 172.5, 170.9
[C(O)], 162.1 [C(O)™or], 155.4, 154.9 (ArC-0), 1474 (ArC-Bu), 144.3
(ArC-0fer), 135.9-135.3, 131.1-125.7 (ArC), 114.4, 112.9, 104.5 (Cflver),
76.4, 742, 73.6 [OCH,C(O)], 63.0, 62.7 (OCH,CH;) (not observed:
NCH3*"), 35.9 [C(CH,);], 34.0 (ArCH,Ar), 33.3, 33.2 [C(CH,);], 32.0
(CH¥*"), 16.0 (q, OCH,CH;); IR (KBr): #=3364 [NH(C=S)], 1754
(C=0), 1612 (C=S)cm™'; MS (FAB): m/z=1432.7 [(M+Na+H)*],
1408.4 ([M7]); CyuHoyN;0,4S (1408.6) -2MeOH: caled C 68.45, H 6.98, N
2.85; found C 68.10, H 6.97, N 3.01.

5,11,17,23-Tetrakis(1,1-dimethylethyl)-25-{/N-[ 6-fluorescein(thioureido) |-
hexyl(amino-carbonyl)methoxy}-26,27,28-tris[ (hydroxycarbonyl)meth-
oxy]calix[4]arene (11a): A KOH solution (IN, 1 mL) was added to a
solution of triester 10a (80 mg, 55 umol) in methanol (10 mL). The reaction
mixture was heated to reflux, stirred for 1h, and cooled to room
temperature. Subsequently, the solvent was evaporated and the residue
was dissolved in CH,Cl, (25 mL). The crude product was washed twice with
an aqueous HCI solution (1N) and dried over MgSO,. A yellow solid was
obtained after evaporation of the solvent in 90% yield. M.p.>300°C
(decomp.). '"H NMR ([Dg]THF/D,0): 6 =8.15 (s, 1H; H*r), 7.92 (dd,
3J(H,H) =8.3 Hz, */(H,H) =2.0 Hz, 1H; H{i*"), 7.02 (s, 4H; ArH), 6.89 (d,
3J(H,H) =83 Hz, 1H; Hr), 6.73, 6.60 (s, 4H; ArH), 6.54 (d, *J(H,H) =
2.3 Hz, 2H; HI™), 6.6-6.5 (m, 2H; Hr), 6.40 (dd, *J(H,H) =8.7 Hz,
4J(HH) =23 Hz, 2H; H*r), 49-4.8 [m, 2H; OCH,C(O)], 4.7-4.5 [m,
8H; OCH,C(O) and ArCH,Ar],4.18 [s,2H; OCH,C(O)],3.6-3.5[m, 8H;
CH,NC(S)],3.4-3.3 (m, 2H; NCH3***), 3.3-3.1 (m, 4H; ArCH,Ar), 1.7-
1.6 and 1.5-1.4 (m, 8H; CH3»*"), 1.14, 0.91, 0.81 [s, 36 H; C(CH,);]; 1*C
NMR ([Dg]THF/D,0O): 6=183.9 [C(O)™], 173.0-170.5 [C(O)], 161.9
[C(O)uer], 155.4-153.5 (ArC-0), 148.5-147.5 (ArC-rBu), 144.1 (ArC-
Oftwr) 1 137.2-134.6, 131.4-125.9 (ArC), 114.4, 113.2, 104.6 (Cvr), 77.3,
74.5, 74.2 [OCH,C(0O)], 46.4, 40.9 (NCH:P**"), 36.2, 35.9 [C(CHs,)s], 33.4,
33.1 [C(CH,;)5], 33.2 (ArCH,Ar), 32.8-28.5 (CH*"); IR (KBr): # =3380
[NH(C=S)], 1762 (C=0), 1610 (C=S)cm™'; MS (FAB): m/z=1368.6
[((M+H)*], 13376 [(M—CO)*], 13671 [M~]; CHgN;O6S (1368.6) -
3H,0 - CH,Cl,: caled C 63.73, H 6.48, N 2.79; found C 63.44, H 6.68, N 2.54.
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5,11,17,23-Tetrakis(1,1-dimethylethyl)-25-{N-[1-fluorescein(thioureido) ]-
propyl(amino-carbonyl)methoxy}-26,27,28-tris[ (hydroxycarbonyl)meth-
oxy]calix[4]arene (11b): The triester 10b (0.14 g, 0.099 mmol) was hydro-
lyzed in the same way as described for 11a, with a KOH methanol solution
(1N, 2 mL) and methanol (20 mL). An orange solid was obtained in 70 %
yield. M.p. >300°C. '"H NMR ([D;]THF/D,0): 6 =8.21 (s, 1 H; H{l"r), 7.91
(d, 3J(H,H) =83 Hz, 1H; Hi*r), 701 (s, 4H; ArH), 6.89 (d, *(H,H) =
8.3 Hz, 1H; Hl'r), 6.73, 6.63 (s,4H; ArH), 6.54 (d, *J(H,H) =2.3 Hz, 2 H;
Hwr) 6.6-6.5 (m, 2 H; HY<r), 6.41 (dd, 3J(H,H)=8.7 Hz, */(HH) =
2.3 Hz, 2H; Hwr), 472 [part of AB-q, 3J(H,H)=15.6 Hz, 2H; OCH,.
C(0)], 4.7-44 [m, 6H; OCH,C(O) and ArCH,Ar], 4.52, 426 [s, 4H;
OCH,C(0)], 3.7-3.5 [m, 2H; CH,NC(S)], 3.5-3.4 (m, 2 H; NCH**"),
3.2-3.0 (m, 4H; ArCH,Ar), 1.9-1.8 (m, 2H; CH?*"), 1.13, 0.91, 0.83 [s,
36H; C(CH,;);]; *C NMR ([Dg]THF/D,0): 6 =183.6 [C(O)Mer], 173.3 -
171.0 [C(O)], 162.2 [C(O)Mer], 155.3-153.8 (ArC-0), 148.4-147.6 (ArC—
Bu), 144.3 (ArC-0O™r), 136.9-134.8, 131.3-125.7 (ArC), 1144, 113.1,
112.8, 104.5 (CMer), 77.1, 74.4, 74.2 [OCH,C(O)], 43.3, 38.5 (NCH3**"),
36.1,35.9 [C(CH;)3], 33.3, 33.1 [C(CHs);], 33.1 (ArCH,Ar), 31.9 (CH*");
IR (KBr): 7 =3398 [NH(C=S)], 1754 (C=0), 1611 (C=S) cm~!; MS (FAB):
mlz=1325.1 [(M+H)*"], 13492 [(M +Na+H)"], 1295.0 [(M — CO)*];
C;6HgN30,6S (1324.5)-3MeOH: caled C 66.74, H 6.66, N 2.96; found C
66.93, H 6.80, N 2.95.

General procedure for the complexation of Ln’*: The precursor 11
(22 pmol) was dissolved in THF (3 mL), after which Et;N (4 equiv) was
added with a microsyringe. Subsequently, a solution of Ln(NO;);-nH,0
(1.2 equiv) in a minimal amount of THF was added and the reaction
mixture was stirred for 2 h at room temperature. The tiny particles formed
were collected by means of centrifugation and washed twice with THF. The
complex was obtained in quantitative yield as a slightly orange powder.
Analytical data are reported in Table 2.

25,26,27-Tris[ (N, N-diethylaminocarbonyl)methoxy]-5,11,17,23-tetra-
kis(1,1-dimethyl-ethyl)-28-{N-[6-fluorescein(thioureido) Jhexyl(aminocar-
bonyl)methoxy}calix[4]arene (2): The reaction of 16 with 9 was performed
in the same way as described for the synthesis of 10. An orange solid was
obtained in 93 % yield. M.p. >300°C. '"H NMR ([D,]methanol): 6 =8.22 (s,
1H; Hwr), 7.73 (d, 3J(H,H) = 8.2 Hz, 1 H; H*r), 7.34 (m, 8H; ArH), 6.93
(d,3J(H,H) =8.2 Hz, 1H; Hr), 6.62 (d, *J(H,H) =2.3 Hz, 2H; Hl"r), 6.56
(d, 3/(H,H) =8.7 Hz, 2H; H{*"), 6.46 (dd, 3J(H,H)=8.7 Hz, “/(H,H) =
2.3 Hz, 2H; Hvr), 4.79, 4.61 [brs, 8H; OCH,C(O)], 4.11 (part of AB-q,
3J(HH) =124 Hz, 4H; ArCH,Ar), 3.6-3.5 [m, 10H; ArCH,Ar and
NCH,CH;], 3.4-3.1 [m, 10H; NCH,CH; and CH,NC(S) and NCH***'],
1.7-1.6, 1.5-1.4 (m, 8H; CH}**"), 1.3-1.2 (m, 9H; NCH,CH,), 1.2-1.0
[m, 45H; NCH,CH; and C(CHj;);]; ®*C NMR ([D,]methanol): 6 =182.4
[C(O)Mer], 173.0, 171.5, 171.4 [C(O)], 162.3 [C(O)™°r], 154.5, 151.5, 150.5,
150.4 (ArC-0 and ArC-rBu), 142.9 (ArC-0O™r), 136.2, 136.0, 130.5—
125.9 (ArC), 114.4, 111.9, 103.7 (C™er), 78.0, 73.5 [OCH,C(O)], 45.1, 42.8,
42.6, 41.1 (NCH,CH; and NCH3$**"), 355 [C(CH;);] (not observed:
ArCH,Ar), 31.7 [C(CHs)s], 31.2-27.6 (CH:P*"), 14.1, 13.5 (q, OCH,CH5,);
IR (KBr): 7=3429 [NH(C=S)], 1761 (C=0M°r), 1669 (C=0mid), 1633
(C=S) cm'; MS (FAB): m/z=1572.9 [(M + K+ H)*], 1556.9 [(M + Na+
H)™]; CoiH;1sNsO3S (1532.9)-4CH,Cl,: caled C 60.90, H 6.67, N 4.49;
found C 61.36, H 6.42, N 4.62.

Photophysical studies: Steady-state luminescence measurements were
performed with a PTI (Photon Technology International) Alphascan
spectrofluorimeter. For excitation a 75 W quartz —tungsten —halogen lamp
followed by a SPEX 1680 double monochromator was used. A PT1 0.25 m
single monochromator was used for separation of the emitted light that was

Table 2. Characterization of the lanthanoid ion complexes.

detected at an angle of 90° from the excitation light. The signal from a
Hamamatsu R 928 photomultiplier was fed to a photon-counting interface.
For time-resolved luminescence measurements, an Edinburgh Analytical
Instruments LP 900 system was used, which consisted of a pulsed Xe —lamp
(ps-pulsed output) followed by a 0.25 m monochromator for excitation, and
another 0.25 m monochromator, used for the separation of light, positioned
at an angle of 90° with respect to the first one. The luminescence lifetimes
were determined with a LTBMSG 400 nitrogen laser, with pulse duration
of 500 ps at a wavelength of 337 nm. The photons were transformed to
electric signals by means of a NorthCoast EO 817P liquid nitrogen cooled
germanium detector, and fed to a Tektronix fast digital oscilloscope. The
maximum of the luminescence decay curve was significantly shifted with
respect to the detector signal; therefore, the luminescence lifetimes were
determined only for the decay part of the luminescence. Because of the
sensitivity of the luminescence lifetimes and intensities to the water content
of the solutions, DMSO, methanol, and acetonitrile were dried over
molecular sieves (3 A) prior to use and the lifetimes and luminescence
spectra were recorded with freshly prepared samples. The spectra that are
used to compare the efficiency of energy transfer from the fluorescein
moiety to the lanthanoid ion are all corrected for the absorption at the
excitation wavelength, lamp intensity, concentration, and baseline.
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