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CalixI41arene Podands and Barrelands Incorporating 2,2'-Bipyridine Moieties 
and Their Lanthanide Complexes : Luminescence Properties 
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Franca Fraternali, and Georges Wipff 

Abstract: A new family of cone-shaped 
podands and barrel-shaped cryptands 
based on calix[4]arenes incorporating 
5,5'-substituted 2,2'-bipyridine subunits 
were prepared and characterized. The 
Eu3 + and Tb3 + complexes of the podands 
bearing two, three, or four bipyridine 
chromophores could be isolated. High 
molar absorption coefficients (E,,, = 
39600w-'cm-' for Eu4 and 
26 700 M- ' cm- for Eu 3) and high metal 
luminescence quantum yields (16% for 

Introduction 

Eu4 and 15% for Eu3) were obtained. 
Molecular dynamics simulations on Eu4 
showed that the bipyridine arms wrap 
around the lanthanide cation, efficiently 
shielding the cation from solvent mole- 
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cules. In the presence of chloride counter- 
ions the fourth bipyridine arms does not 
coordinate the lanthanide ion. Ligands 
bearing two bipyridine units and two ad- 
ditional functional groups-ethyl bu- 
tyrate or N-propylpyrrole--did not give 
stable lanthanide complexes. The barre- 
land containing two calix[4]arene moieties 
and four bipyridine groups did not form 
complexes with lanthanide ions, most 
probably because of the rigidity of the 
ligand. 

Complexation of Eu3+ and Tb3+ ions by encapsulating ligands 
has been extensively studied in the last few years.['-'] In these 
complexes metal luminescence can result from a light conver- 
sion process consisting of ligand absorption (A), ligand-to- 
metal energy transfer (ET), and metal luminescence (E) (Fig- 
ure 1). The main interest in these studies is due to the fact that 
the Eu3+ and Tb3+ ions possess long-lived luminescent states 
and exhibit line-like emission in the visible region. As a result, 
their complexes can act as valuable labels in bioaffinity assays 
based on time-resolved luminescence measurements, since they 
can enhance the sensitivity of the assay by minimizing interfer- 
ence of the short-lived, background luminescence in the UV 
region of the biological species.[', 71 

Among the encapsulating ligands used for Eu3+ and Tb3+ 
complexation, functionalized calixarenes constitute an impor- 
tant class. For example, the Eu3+ and Tb3+ complexes of the 
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E emission from the cation 

Figure I .  Luminescence process in a Eu'+-podand complex 

p-tert-butylcalix[4]arene- tetraacetamide ligandL8] are stable in 
water. The Tb3+ complex is strongly luminescent in aqueous 
solution, while the Eu3 + complex shows only weak emission. In 
order to obtain more intense metal l~~minescence,~~] chro- 
mophores have been attached to calixarenes to form more 
strongly absorbing ligands for Eu3 + and Tb3 + complexa- 
tion.['0-141 In fact, efficient ligand absorption and a high quan- 
tum yield for metal luminescence are necessary to obtain high 
metal luminescence intensity, which is the quantity of interest 
for the above-mentioned application. The Eu3 + and Tb3 + com- 
plexes of a calix[4]arene bearing four pyridine-N-oxide units as 
chromophores have been shown to exhibit metal luminescence 
upon ligand excitation in methanol.I'O1 The same is true for 
almost all Eu3+ and Tb3+ complexes of calixarenes with phenyl 
and diphenyl substituents as chromophores.'' ' 3  

Despite the important opportunities offered by appropriately 
functionalized oligopyridine ligands in metal complexation, cal- 
ix[4]arene substituted with 2,2'-bipyridine (bipy) molecules have 
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only recently been ~ynthesized."~ ' 81 Ligands containing two 
bipy's and two amides or four bipy's, with the bipy's ligated to 
the calix[4]arene moiety through C6 (ortho position of the pyri- 
dine nitrogen), have been prepared.[' 3. 14] These ligands form 
1 : 1 complexes with Eu3+ and Tb3+ ions in acetonitrile, and 
metal luminescencc is obtained upon bipy excitation. The syn- 
theses of ligands with 2,2'-bipyridine units attached to the calix- 
arene moiety through C5 (metu position of the pyridinic nitro- 
gen) have recently been reported in a preliminary communica- 
tion.'"] In this case, the bipyridine was attached in the nzeta 
position to the calixarenc to avoid steric hindrance around the 
complexed lanthanide ion. and kinetically inert complexes were 

Abstract in French: cine nouvelle fumille de podunds dCrivCs du 
cuiis[4/ar?nc en confiirmation cBne ainsi que des crjp tands en 
,fbrme de tonnelet, tous possedant des .roils-unites 2,T-bipyridines 
.suhstituCes en position 5 et 5' ont PIC synthktisb e f  caracteris4s. 
Les complexes d'E1r3 + et de Tb3' aver des podands possidant 2 ,  
3 ou 4 c/irotnopliores (bipyridines) ont pu t tre  isolis. Des cogffi- 
c,ients d'estinction molaire Cleves (c , , ,~~ = 39600 pour Eu4 et 
26 700 K1 cnii pour E u ~ ) ,  ainsi qu'un tr&s lzaut rendement 
quantique dr luminescence (16% pour Eu4 et 15% pour Eu3) 
ont PIP oh tenus. Les ligands posshdant cles unites 
bipyridine et deux groupes ,fonctionnels suppl6- BY 

produced as a result. Here we give a full account of the synthesis 
of these new ligands and of the luminescence properties of their 
corresponding lanthanide complexes together with some molec- 
ular dynamics calculations. 

Results and Discussion 

Podands 2-4 were prepared by adapting the synthesis for 1,3- 
disubstituted calix[4]arene ethers or tetrasubstituted calix[4]- 
arene ethers in a cone conformation (Scheme For the 
synthesis of the compound bearing three bipy subunits, a 
monopropylcalix[4]arene was used in order to fix the cone con- 
formation of the resulting polysubstituted compound.[211 

mentaires (Cthvlbutyrate ou propyl-N-pyrrole) 

+ 1 7 e  ,fi)rinent pus de complexes .stables avec des 
ions iunthunides. La presence de deux plate-for- 
mrs calix[4]arCne et de quatre groupes bipyridi- 
nes dans le calixharrelund impose une grande n =  Or Or 

rigidit&, c'e qui empt;clze lrr di#iusion d11 lunthani- 
de dam lu cavitP de l'licitt.. Des calculs de dyna- 
niique nioliculaire pour Eu4 ont montre que les 
bras bipyridines enveloppent les cat ions de lan- 
(hunide, ce pi les protggent ejficucement des 
ititeructions avec le solvant. En presence d'un 
union, seulement trois bras bipjridines uttuchts 
sur k i  .rous-unitP calisareneparticipent u la corn- 
ple.l-ufion du cation. 

Scheme 1 

Abstract in Italian: Sono stati preparati e curafterizzati nuovi 
podandi e criptandi husuri su c~ulix[l]ureni in conformazione u 
cono, contenenri come rromojbri unita 2,2'-bipiridile sostituite in 
5 e 5'. I cornpl(7ssi di Eu3' e Tb3' dei podandi contenenti 2, 3 e 
4 cwmqfori sono stuti isoluti. Em' mostrano elevuti cocficienti di 
esiinzione inolure (s,,, = 3 9 6 0 0 ~ - ' c m ~ '  per Eu4 e E,,,,,~ = 

26 7 0 0 ~  I ern- per Eu3) e alti rendhenti quuntici di Iumines- 
cenzu del metullo (16% per Eu4 e 15% per Eu3).  Sirnulazioni 
di dinunzica niolecolare per il conzplesso Eu4 indicano che nei 
complessi i cromqfori bipiridilici circondano lo ione lantanide 
,~?rok~ggendolo dall'interuzione r~on il solvente. In presenza di anio- 
ni, solfunto tre unita bipiridilici partecipano alla complessuzzione 
dello ione lantunide. I Ieganti contenenti due unita bipiridile e due 
gruppi rfilbutirrato o propil-N-pirrolo non,formano complessi sta- 
hili con gli ioni lantanidi. Lo stesso accade per il criptando conte- 
nente due unitu calis[4/arene e quattro gruppi hipiridilici, proha- 
hilmente a cazisa dellu rigiditu del legante. 

l a R = H  
I b  R = n-C3H7 

NaHIDMF 
___) 

24% 

NaHIDMF 
____f 

29% 

\&I$$ tooH$ 2 

The reaction of tetra(tert-butyl)calix[4]arene 1 a[*'] with 
2.2 equiv of S-bromomethyl-5'-methyl-2,2'-bipyridine in anhy- 
drous acetonitrile, in the presence of K,CO, ( 5  equiv) as the 
base, afforded ligand 2 in 79 "/o yield. The 'H NMR spectrum of 
2 shows the characteristic single AB system for the bridging 
methylene groups, a singlet for the OCH,bipy moieties, and two 
singlets for the phenyl protons. In the 13C{ 'H} NMR spectrum. 
the signal for the bridging methylene groups appears at 
6 = 31.8, clearly indicating a cone structure and a 1,3-distal 
substitution pattern of the ~alix[4]arene. '~~, 241 

Reaction of 1 a with NaH in anhydrous dimethylformamide 
and then with S-bromomethyl-S'-methyl-2,2'-bipyridine result- 
ed in the formation of ligands 3 in 24% yield. An analogous 
reaction starting from propoxycalix[4]arene 1 br16] led to 4 in 
29% yield. The ' H N M R  spectra show two AB systems for 
ligand 3 and a single AB system for 4, corresponding to the 
bridging methylene groups; two singlets for 3 and one singlet for 
4, assigned to the OCH,bipy moieties; and three singlets for 3 
and one singlet for 4, corresponding to the phenyl protons. In 
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the 13C(lH} NMR spectra, the bridging methylene groups ap- (4%). Compound 8 could not be prepared directly from the 
pear as two signals at 6 = 31.5 and 31.4 for 3 and as one signal sodium tetraanion of p-tert-butylcalix[4]arene. High-dilution 
at 6 = 31.4 for 4. Both spectra clearly indicate a cone conforma- conditions are not required for the synthesis of molecules 7 and 
tion of the calix[4]arene moiety and its substitution with three 8. A template effect of potassium could not be excluded in the 
and four bipy's in ligands 3 and 4, respectively. case of 7, even though cryptands free of alkali metals were 

Hybrid podands 5-6 were prepared in a similar manner to isolated at the end of the reaction. The yield for the bifunctional 
that described above (Scheme 2) by treating ligand 2 with NaH alkylation process leading to 8 is low because side-reactions 
in anhydrous DMF and then with ethyl 4-bromobutyrate or (polymerization, cross-linking, etc.) compete with the in- 

tramolecular closure. To the best of our knowledge, 
calixbarreland 8, obtained from the semibarreland 7, 
is the first tetrabridged cage molecule based on biscal- 

propriate choice of spacer module (methylene groups 
attached to the 53' positions of the 2,T-bipyridine) is 
crucial for the success of cyclizations connecting the 
lower rims, as recently reviewed in the 

The 'H NMR spectra of 7 and 8 show the charac- 
teristic single AB system for the bridging methylene 
groups, a singlet for the OCH,bipy moieties, and two 
singlets in 7 and one singlet in 8 for the phenyl pro- 
tons. The 13C{ 'H} NMR spectra of 7 and 8 each show 
one signal for the bridging methylenes at 6 = 31.9 and 

metrical environment of thc bipyridine subunit, a 
cone conformation, and a 1,3-distal substitution pat- 
tern of the calix[4]arenes in 7 and complete alkylation 
of the phenol groups in 8. 

The Eu3', Tb3+, and Gd3+ complexes of ligands 
N-(3-brom0propyl)pyrrole.[~~~ The 'H NMR spectra of ligands 2-4 and 7 were prepared by reaction of equimolar quantities of 
5 and 6 exhibit a single AB system for the bridging methylene the ligands and the lanthanide salts in a methanol/ 
groups, one singlet for the OCH,bipy moieties, and two singlets dichloromethane mixture. The complexes decomposed in water 
for the phenyl protons. The 13C{'H} NMR spectra of 5 and 6 and methanol, but were stable in anhydrous acetonitrile, with 
each show one signal (at 6 = 31.5 and 31.9, respectively) for the the exception of the lanthanide complexes of semibarreland 7, 
bridging methylenes. The spectroscopic data unambigously in- which slowly decomposed in most solvents. The photophysical 
dicate that the cone conformation is retained during alkylation properties were therefore studied in acetonitrile for lanthanide 
in both cases. complexes of ligands 2-4. 

Cage-type molecules, commonly named calixbarrelands,[' Surprisingly, solid samples of lanthanide complexes of lig- 
were synthesized as depicted in Scheme 3. Reaction of 1 a with ands 5, 6, and 8 could not be isolated. This might be explained 
1.1 equiv of 5,5'-bis(brom0methyI)-2,2'-bipyridine~~~~ in anhy- by the fact that the appended ethyl butyrate or N-propylpyrrole 
drous acetonitrile with K,CO, (5 equiv) as base afforded ligand substituents in 5 and 6, respectively, force the chelating bipy 
7 in 23 % yield. Reaction of semibarreland 7 with NaH in anhy- subunits apart,[281 thus markedly decreasing the complexation 
drous THF and then with 5,S'-bis(bromomethyl)-2,2'- ability of the latter. In ligand 8 the two calix[4]arene moieties 
bipyridine (2.2 equiv) gave calix[4]barreland 8 in low yield and the four bridging bipy's produce a rigid system, which in- 

hibits diffusion of the lanthanide ion into the 
cavity. Molecular dynamics simulations on 
the Eu3+ complex of calixbarreland 8 show 

the complexation does not induce significant 
strain in the ligdnd, which wraps perfectly 
around the metal ion, while the counterions 
are situated in its second coordination shell 
(Figure 2 ,  top). However, diffusion of the 
cation into the cavity to form the complex is 
probably prevented by a high kinetic barrier, 
related to the separation of the cation from 
the counterions and to the rigidity of the lig- 
and. Some flexibility, absent in calixbarrc- 
land 8, may be required to lower this energet- 
ic barrier so as to allow complex formation. 

ix[4]arenes connected through the lower rims. The ap- 
Br 

60% 

NaHIDMF 

4 Br 

45% 6 33.6, respectively. Both spectra clearly indicate a sym- 

Scheme 2.  

that it is thermodynamically stable, and that 

l a  
-I 

NaH, THF, 80°C 
4% 

Br 
23% 

Br 

7 8 

Scheme 3. 

Chrm Euv J 1997-3, No 11 8 WILEY-VCH Verldg GmbH, D-69451 Weinhelm, 1997 0947-6539/97:03Il-lX17 S 17 SO+ 5010 1817 



FULL PAPER R. Ziessel et al. 
- 

1818 ___ WILLY-VCH Veil,ig Ginbli D-69451 WLinheini, 1997 05,47-h519~97~0111 1818 $ 17 50+ 50 0 C'llenz Em J 1997, 3. No 11 

I,'igure 2. Thc EuCI, complex of8 ( top) ,  and the Eu3  ' (middle) and EuCI, (bottom) 
coinplexes of4. d t c r  200 ps of M D  simiilittion i i i  acetonitrile (orthogonal views are 
shown in each case) 

The absorption spectra of2 (Figure 3 ) ,  3, and 4 (Figure 4) are 
dominated by the typical features of the K+K* transitions of the 
bipy chromophore, characterized by high molar absorption co- 
efficients proportional to  the number of bipy units. Complexa- 
tion of the lanthanidc ion by these ligands results in a red shift 

\ '\ 

0 L I ~~, ~~ k \ - L '  I 0 

250 300 350 
wavelength (nm) 

Figure 3. Ahsorption spcctra cil'lignnd 2 ( - ) a n d  Eu2 (. 
cence exciliition spectrum of Eu2 (-.  - . ) in anhydroris acctoniti-ile. 

. . ) .and nietnl luiiiiiic\- 

0 
( 'I, 0 ~ + -_ 

250 290 330 370 

wavelength (nm) 
Figure 4. Absorption spectra ofligand 4 (---) and Eu4 ( . . . . ) .  and metal lumines- 
ccnce excitation specti-urn of Eu4 ( in anhydrous acetonitrile. 

of  the absorption maxima and in a decrease of the molar absorp- 
tion coefficients, as has been observed previously for lanthanide 
complexcs of other encapsulating ligands containing the bipy 
chromophore."' For each ligand. the absorption spectra of the 
Eu", Tb3+,  and G d 3 +  complexes coincide completely and are 
characterized by high molar absorption coefficients. Compari- 
son of the absorption spectra of the complexes of these ligands 
shows that the spectra of 2 differ from those of 3 and 4. In 
particular, the absorption spectra of 2 show a single band with 
maximum at  310 nm, typical for the complexed bipy moiety. 
The presence of a multicoinponent band centered at 300 nm in 
the absorption spectra of  3 and 4 suggests that the bipy units 
interact differently with the metal ion, probably because of ster- 
ic hindrance. For the complexes of each ligand, the absorption 
spectra and metal luminescence excitation spectra obtained 
upon ligand excitation are similar (Figures 3 and 4). This indi- 
cates that all the bipy units are involved in the ligand-to-metal 
energy transfer. 

The lifetimes of the metals emitting from the 5D, state of the 
Tb3+ complexes of ligands 2-4 (Table 1) are rather short, and 

Table 1 .  Photophysical data in anhydrous acetonitrile [a] 

Absorption Emission [b] 
Complex in,,, (nin) c,,~, ( M -  ' cm- ' )  7 (ms) T - ' ~  (nu) @ 

Eu 2 310 22 500 1.20 1.30 0 03 
'Tb 2 310 23 400 0.15 1.07 0.001 

0.70 

Eu3 [c] 305 26700 1.60 1.00 0.15 
l b  3 305 31 500 0 15 1.07 0.002 

0.80 

Eu 4 305 35,600 1.60 1.30 0.16 
' lb4  305 42 800 0.25 0.98 0.007 

0 80 

[;iJ Data wcre obtained at  300 K. unless otherwise noted [b] Excitation of the 
Iigand was performed at the values indicated in this table. the lrfetiines w r c  
measured fro~ii the ' D , ,  -+ 'F2  and 'Dn,  + ' F 5  emishiow for Eu" and Tb'+. respec- 
tively. [c] Values were obtained in the presence o S  teti-actliylaminoniuiii nitrate 
xdded to dissolve the complex completely. 

the metal luminescence quantum yields obtained upon bipy ex- 
citation are very low. The decay curves of the metal emitting 
state of these complexes at  300 K are nonexponentional and 
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give a satisfactory fit with a biexponential equation. The nonex- 
ponential decay may be due to the presence of a small amount 
of free Tb3+ in solution. Even though the free Tb3+ ions have 
very low molar absorption coefficients at  the excitation wave- 
length, their luminescence could interfere with the lifetime mea- 
surement of the Tb3 * complexcs, owing to the very low metal 
luminescence quantum yield of these complexes. In analogy 
with previous studies, we investigated whether the low quantum 
yield and lifetime values are due to nonradiative deactivation of 
the Tb3+ 5D, emitting state by means of back-encrgy transfer to 
the lowest ligand triplet excited states. To this end, the ligand 
phosphorescence spectra of the Gd3 + complexes were recorded; 
the lowest energy values obtained for the ligand triplet excited 
states are about 22200 cm- Considering that the energy of the 
Tb3+ 5D, emitting state is 20400cm-', this value seems too 
high to allow efficient metal-to-ligand back-energy transfer. 
However, in these cases, the 77 K value may not be appropriate 
because the energies of the ligand excited states depend on the 
mode of complexation. Considering the flexible nature of lig- 
ands 2-4, complexation at 300 K may be different from that at 
77 K. The presence of ligand-to-metal back-energy transfer can- 
not therefore be excluded. 

In contrast to the Tb3+ complexes, the Eu3+ complexes are 
characterized by rather high lifetime and quantum yield values. 
It is interesting that the lifetimes of Eu3 and Eu4 are similar to 
and their quantum yields greater than the corresponding values 
observed for Eu2. The higher complexation constants for 2, 
suggested by spectral data, should result in a more efficient 
metal-ligand interaction, which is a determining factor for the 
metal luminescence quantum yield. Therefore, nonradiative de- 
activation by vibronic coupling with the high-energy OH oscil- 
lators present in 2 may be responsible for the lower values of 
Eu2. Interestingly, the lifetimes of Eu3 and Eu4 are very similiar 
to those of other Eu3+ complexes with encapsulating ligands 
containing the bipy chromophore, studied in solvents that do 
not contain high-energy oscillators.['] Further, the similarity of 
the quantum yields of Eu3 and Eu4 is in agreement with the 
complexation characteristics of 3 and 4 deduced from the spec- 
tral data. 

Molecular dynamics simulations on the Eu4 complex in pres- 
ence and absence of chloride counterions in acetonitrile solution 
show that the bipyridine arms wrap around the cation thereby 
shielding it efficiently from the solvent (Figure 2 ,  middle and 
bottom). The role of the calix[4]arene moiety is to bring together 
the bipy subunits in order to form a kinetically stable complex. 
When 4 complexes the Eu3 + ion in absence of counterions, all 
four bipy's are coordinated to the cation. However, in the pres- 
ence of counterions, the complex spontaneously relaxes to a 
form in which only three bipy's are coordinated; one bipy is 
forced apart from the Eu center and one anion coordinates 
directly the cation (Figure 2, bottom). Thus, interaction be- 
tween cation and anion also contributes towards preventing 
direct solvent coordination to the cation. The MD simulations 
suggest that the introduction of the fourth bipy unit should 
not improve the complexation ability of 4 with respect to 3. 
The MD simulations are in agreement with the experimental 
results, which show that the Eu3+ complexes of ligands 3 and 4 
have similar properties, such as lifetime and quantum yield 
values. 

Conclusion 

In comparison with the Eu3+ and Tb3+ prototype complexes 
of p-trrt-butylcalix[4]arene- tetraacetamide, the prcsent  ELI^ 
complexes show luminescence intensities enhanced by up to four 
orders of magnitude, as a result of their higher molar absorption 
coefficients and quantum yields. Conversely, for the Tb3+ com- 
plexes, luminescence intensities (and corresponding emission 
quantum yields) are low, in spite of the high molar absorption 
coefficients. Analysis of the metal luininesccnce intcnsity as a 
function of the chromophores attached to the calix[4]arenc moi- 
ety reveals that the highest molar absorptions arc obtained for 
complexes of 4 containing four bipy units. With regard to the 
quantum yields, there was no difference between complexes of 
ligands containing three or four bipy units. It is worthwhile 
noting that Eu3+ complex of 4 is characterizcd by one of the 
highest values for metal luminescence intensity among the Eu3' 
and Tb3+ complexes of encapsulating ligands containing the 
bipy chromophore. 

The trapping of a lanthanide cation during the synthesis of 
the barrel-shaped cryptand (by a template effect) before the 
cavity is locked is expected to lead to a kinetically inert and 
thermodynamically stable complex, which may have outstand- 
ing lurninescencc properties. 

Experimental Section 

General: UV!Vis spectra: Shimatzu UV-260 or Perkin-Elmer Lambda 5 spec- 
trophotometer. FT-IR spectra: Bruker IFS25 spectrometer; KBr pellets. 
N M R  spectra: at RT unless otherwise noted; Bruker-SY-200 or AC-200 
[200.1 MHz ('H) or 50.3 M H r  (I3C)]; S(H) in ppm rel. 10 the solvent CDCl, 
(6 =7.25); 6(C) in ppm rel. to the solvent CDCI, ( 6  =77.0). MS: fist-atom 
bombardment (FAB, positive mode ZAB-HF-VG-Analytical apparatus in  ;I 

ni-nitrobenzyl alcohol (m-NHA) matrix unless otherwise specified. 

Materials: NBS (Fluka), AIBN (Janssen), SiO, (Merck). alumina (Merck). 
potassium carbonate (Prolabo), NaH (Fluka),  europium(ii1) nitrate hexa- 
hydrate (Janssen), europium(1u) chloride hexahydrate (Jansseii). terbiuni(1li) 
nitrate hexahydrate (Ventron). terbium(iir) chloride hexahydrnte (Janssen). 
gadolinium(i~r) nitrate pentahydrate (Jamsen), gadoliniuin(iir) chloride hexa- 
hydrate (Jamsen), ethyl 4-bromobutyrate (Aldrich) 

Spectroscopic measurements: The solvents used for the photophysical nieii- 
surements were acetonitrile (99.8 %. Merck UVASOL) and anhydrous ace- 
tonitrile (99.9 %, ROMIL). Tetraethylammoniuin nitrate W;IS obtained from 
FLUKA (99%). The UV/Vis absorption spectra were measured with a 
Perkin-Elmer Lambda 6 spectrophotonicter. The luminescence spectra were 
obtained with a Pcrkin-Elmer LS 50 spectrotluorimeter. Thc decay of the 
metal emitting state was recorded with a Perkin-Elmer LS 50 spectroiluorime- 
ter and analyzed with a least-squares fitting program. The Iuniinescence 
quantum yields were obtained by the method described by H;us and Stein['"' 
with the standards [Ru(bipy),]'+ (0 = 0.028 in aerated water["") for the 
Eu3+ complex and quinine sulfate (0 = 0.546 i n  H,SO, 1 N [ . ~ ' I )  for the Tb3* 
complex. The measured values were corrected for the refraction index.'"" 

Molecular dynamics calculations: MD simulatioiis were performed on the 
Eu3+ and EuC1, complexes of4  and 8 with the AMBER4.0 package ;ind the 
AMBER force field,'331 with Eu" ' represented as described in ref. [?4]. The 
noncovalcnt interactions were calculated by using ii 1 6- 12 potential with ;I 
residue based cut-off of 10 A. The atomic charges on the ligand were taken 
from previous studies on ~ a l i x n r e n e s ' ~ ~ ~  and on  hipyridine-containing helicate 

The acetonitrile molecules were represented with the OPLS 
 parameter^,'^'] in a cubic box of about 30A in length, using periodic 
boundary conditions. The MD simulations were performed at  300 K. with a 
time step of 1 l's and SHAKE on solvent molecules and X - H  bonds. The 
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starting structures were modelled with ELI,' equidistant from the bipyridiue 
nitrogen atoms. Counterions were added at 6 7 A froni Eu3+,  in a plane 
perpendicular to the C, symmetry axis. After immersion in solution followed 
by a conjugate gradient energy minimization, MD simulations were run first 
for 20 ps keeping the solute rigid in order to allow for the solvent relaxation 
around the complex. This was followed by 200 ps of free MD simulations. 

5,11,17,23-Tetra(~ert-butyl)-26,28-bis~5-methyl-2,2'-bipyridine-5'-yl)metboxy~- 
calix[41arene-25,27-diol (2): A solution of tert-butylcalix[4]arene (1 a) (0.5 g, 
0.77 mmol) and potassium carbonate (0.532 g, 3.85 mmol) in dry acetonitrile 
(30 mL) was heated at 80 "C during 30 min, after which 5-bromomethyl-5- 
methyl-2,T-bipyridine (0,445 g, 1.69 mmol) was added as a solid. The mixture 
was heated for one day at 80 "C, and then quenched with water. Extraction 
with dichloromethane (3 x 50 mL). drying of the organic layers over magne- 
sium sulfate, and chromatography (silica treated with triethylamine, ethyl 
acctateitoluene, 1 : 1) gave the analytically pure title compound (0.61 g, 78%). 
'H NMR (200 MHz. CDCI,, 25°C): 6 = 8.85 (d, 2H. ,J=1.8 Hz). 8.42 (m, 
4H) ,  8.26 (d. 2H,  ,J = 8.1 Hz). 8.13 (dd, 2H,  ' J =  8.1 Hz, ,J= 2Hz), 7.50 
(dd. 2H, ,J = 8.1 HI, ' J  = 2.0 Hz), 7.11 (s, 1 H, OH calix), 7.08 (s, 1 H, OH 
calix). 7.04 (s. 4H, Ar-H calix), 6.80 (s, 4H,  Ar-H calix), 5.16 (s, 4H, bipy- 
C H - O ) ,  3.75(ABquartet, 8H,JAH =13.3,Av =193.6 Hz,Ar-CH,-Arcalix), 
2.35 (s, 6H,  bipy-CH,). 1.28 (s, 18H, fBu), 0.96 (s, 18H, tBu); "C('H) 
NMR (50 MHz, CDCI,, 25°C): 6 =156.0, 153.4, 150.5, 149.4, 148.4, 147.2, 
141.6, 137.3. 136.6. 133.1, 132.5,132.1, 127.6, 125.7, 125.0, 120.8. 120.7, 75.4, 
33.9, 33.8. 31.8, 31.7, 31.4, 30.9. 18.3; IR (KBr): C = 3397, 2956, 1655, 
1466. 1194. 1123cm-I; UV (CH,CI,): 7, (8 )  = 290 (44900), 230nm 
( 3 6 3 0 0 ~ - ' c m - ' ) :  FAB' (m-NBA): m/z =I013 [M+H]', 831 
[ M  - CH,bipyCH,+ZH]. 647 [ M -  Z(CH,bipyCH,)+H]; Anal. calcd for 
C,,H,,O,N, ( M ,  -1013.38): C, 80.60; H, 7.56; N, 5.53. Found: C, 80.48; 
H, 7.38: N, 5.37. 

5,11,17,23-Tetra(ter~-buty1)-26,27,~S-tris{(5-metbyl-2,2'-bipyridine-5'-yl)- 
methoxy}-25-propoxycalix~4larene (3): To a solution of 5,11 ,I  7,23-tetra(ter/- 
butyl)-25-propoxycalix[4]arene (1 b) (0.2 g, 0.29 mmol) in freshly distilled 
DMF (10 niL) was added sodium hydride in its commercial form (55  % in oil, 
0.063 g). The mixture was heated at 80°C overnight. after which solid 5'-bro- 
momethyl-5-methyl-2,T-bipyridine (0.305 g, 1.15 mmol) was added. Themix- 
ture was heated 3 d at 80 'C, and then quenched with water. Extraction with 
dichloromethane, drying of the organic layers over magnesium sulfate, and 
short chromatography (alumina, ethyl acetatekoluene, 1 : 9) gave the analyt- 
ically pure title compound, which was recrystallized in dichloroniethane: 
hexane(0.085 g,24%). 'HNMR(200 MHz,CDC13.25"C):6 = 8.78(d,2H, 
"J=1.5Hz). 8.60 (d, I H ,  'J-1.6Hz), 8.45 (s, 3H) ,  8.25 (dd, 4H.  
' J = 8 . l H z ,  ".1=3.0Hzj, 8.17 (d, 2H, , /=8 .1Hz) ,  7.72 (dd, 2H. 
' J = ~ . ~ H L ,  4 J = 2 . 0 H z j ,  7.54 (d, 4H. , J = X l H z ) ,  6.81 (d, 4H. 
' J  = 2.2 HI, Ar-€I calix), 6.72 (d, 2 H, = 2.2 Hz, Ar-H calk) ,  6.68 (d, 2 H, 
4J = 2.2 Hz, Ar-H calix), 5.02 (s, 2H, bipy-CH,-0). 4.96 (s, 2H. bipy-CH,- 
0). 4.91(s. 2H, bipy-CH,-0), 3.74 (t, 2H. ' J  =7.8 Hz, 0-CH,-CH,), 3.66 
(AB quartet. 4H. .JAB = 12.5 Hz 4 v  = 255.7 Hz, Ar-CH,-Ar), 3.49 (AB quar- 
tet, 4H. JAH = 12.6 Hz, 41' = 236.8 Hz. Ar-CH,-Ar), 2.36 (s, 9H,  bipy-CH,). 
1.87(sext, 2H. ,J=7.7Hz,  CH,-CH,-CH,), 1.12 (s, 9H, tBu), 1.10 (s, 9H,  
[BU), 1.03 (s, 38 H, tBu), 0.80 (t. 3H,  ,.1 =7.4 Hz): ',C{ 'H} NMR (50 MHz, 
CDCI,, 25-'C): 6 =155.7, 155.5, 153.6. 152.1, 150.4, 149.5, 145.2, 145.0, 
144.6, 138.1. 137.9, 137.5, 137.4, 134.2, 134.1, 133.7, 133.5, 133.3. 133.2. 
133.0, 125.4, 125.3, 125.1, 120.8, 120.0, 119.9, 76.5, 74.2, 73.7, 33.9, 31.5, 31.4, 
23.5, 16.4. 10.2; IR (KBr): 5 = 2960. 1599, 1466, 1194, 1122cm-'; UV 
(CH,CI,): i ( H )  = 284 (64700), 223 nm (57100 W ' c m - ' ) ;  FAB' (m- 
NBA): m,'z =I237 [M+H]+,  1055 [ M -  CH,bipyCH,+ZH], 871 
[ M  - 2(CH,bipyCH,)+ HI; Anal. calcd for C,,H,,O,N, ( M ,  = 1237.64): C. 
8055 ,  H, 7.49; N, 6.79. Found: C ,  80.38: H, 7.30; N, 6.59. 

5,11,17,23-Tetra(tert-butyl)-25,26,27,28-tetra(5-methyl-2,2'-bipyridine-5'- 
methoxy)calix[4larene (4): To a solution of 5,11,17,23-tetra(trrt-butyl)- 
calix[4]arene (la) (0.1 g, 0.154mmol) in freshly distilled DMF (10mL) was 
added sodium hydride in its commercial form ( 5 5 %  in oil, 0.035 g). The 
mixture was heated at 80 ',C overnight, after which 5-bromomethyl-5-methyl- 
2,2'-bipyridine (0.185 g, 0.693 mmol) was added. The subsequent mixture was 
heated 3 d  at 80 C ,  and then quenched with water. Extraction with 
dichloromethanc, drying of the organic layers over magnesium sulFate, re- 
inoval of the solvent under vacuum, followed by chromatography (silica 
treated with triethylamine, ethyl acetate/toluene, 2: 8) gave the analytically 
pure title compound, which was recrystallized in dichloromethanelhexane 
(0.63g,29?'0). 'HNMR(~O~MHZ,CDCI,,~S'C):~ = 8.75(s,4H),8.41 (s, 

4H), 8.18 (d, 8H,  ' J=8 .1Hz) ,  7.61 (d, 4H,  , J = 9 . 5 H z ) ,  7.54 (d, 4H,  
3J = 8.1 Hz), 6.78 (s, 8H.  Ar-Hcalix),4.92 (s, 8H,  bipy-CH,-bipy), 3.51 (AB 
quartet, 8H,  .IAB =12.3 Hz, 4 v  = 242.7 Hz, Ar-CH,-Ar). 2.36 (s, 12H, bipy- 
CN,) .  1.07 (s, 36H, tBu); 13C{1H} NMR (50MHz, CDCI,, 25'Cj: 
6 =155.4, 153.5, 151.8, 150.3, 149.3, 145.2, 137.7, 137.3, 133.9, 133.1, 125.2, 
120.7, 119.8, 74.1, 33.8, 31.4, 31.1, 18.3; IR (KBr): C = 2959. 1600, 1469, 
1194, 1123cm-'; UV (CH,CI,): i (c)=290 (69500), 230nm 
(56200 W ' c m - ' ) ;  FAB' (m-NBA): m/z  =I377 [M+H]+,  1195 
[ M -  CH2bipyCH,+2H], 1013 [ M  - 2(CH,bipyCH3)+3H]); Anal. calcd 
for C,,H9,0,N, ( M ,  =1377.842): C, 80.20: H, 7.02; N ,  8.13. Found: C. 
80.06; H, 6.96; N ,  7.99. 

General Procedure for the Synthesis of the lanthanides complexes of ligands 2, 
3, and4: To a solution of ligand (0.10 g, 1 equiv) in CH,CI, (3 mL) was added 
a lanthauide solution (1.1 equiv) in MeOH (3 mL). The mixture was stirred 
at 60°C overnight and then cooled to room temperature. The solvent was 
removed under vacuum, and the solid was twice recrystallized from ethyl 
acetate/pentane for the nitrate salts and ethanol/ether for the chloride salts. 
The analytically pure complexes were obtained in 51 to  91 O h  yields for the 
nitrate and 60 to 70% yields for the chloride. 

1{5,11,17,23-Tetra(tert-butyl)-26,28-bis{(5-methy1-2,2'-bipyridine-5'-yl)- 
methoxy}calix~4~arene-25,27-diol}europium(111)~(NO~)~ (Eu 2) : Yield : 91 ; 
IR (KBr): C = 2959, 1653, 1482, 1384, 1313, 1030 c m - I ;  FAB' (m-NBA): 
nijz = 1288 [ M  - NO,]', 1227 [M - 2 NO,]; Anal. calcd for 
C, ,H7,0, ,N7E~.4H,0 ( M ,  =1351.636 + 72.061): C, 57.38; H, 5.95; N. 
6.89. Found: C, 57.19; H ,  5.72; N,  6.71. 

[{5,11,17,23-Tetra(tcrt-butyl)-26,28-bis{(5-methyl-2,~-bipyridine-5'-yl)- 
methoxy}calix~4larene-25,27-diol}terbium(111)~(NO~)~ (Tb2): Yield : 83 YO ; IR 
(KBr): i. = 2953,1637, 3483,1384,1047 cm-'; FAB' (m-NBA): nzllz = 1295 
[M ~ NO,]+, 1233 [ M  - 2NO,], 1169 [ M -  3 N 0 ,  - 2H]; Anal. calcd 
for C,xH,,0,3N,Tb.5H,0 ( M ,  =I358328 + 90.076): C, 56.39; H, 5.98: 
N, 6.77. Found: C, 56.25; H, 5.74; N, 6.62. 

l{5,11,17,23-Tetra(tert-butyl)-26,~8-bis{(5-methyl-2,2'-bipyridine-5'-yl)- 
methoxy}calixl4larene-25,27-diol}gado~nium(111)~(NO~)~ (Gd 2): Yield: 71 % : 
IR (KBr): ' v =  2963, 1637, 1483, 1384, 1047cm-'; FAB' (m-NBA): 
m/z =I294 [ M  - NO,]+. 1168 [ M  - 3 N 0 ,  - 2H]; Anal. calcd for 
C,,H7,01,N7Gd.4H20 ( M ,  =1356.653 +72.061): C. 57.17; H. 5.93; N. 
6.86. Found: C, 56.92; H, 5.74; N, 6.59. 

[{5,11,17,23-Tetra(terf-butyl)-26,27,28-tris{(5-methy1-2,2'-bipyridine-5'-yl)- 
methoxy}-25-propoxy-calix[4~arene}europium(111)~(Cl)~ (Eu3) : Yield : 63 % ; 
IR (KBr): i =1963. 1603, 1478, 1092, 1047cm-'; FAB" (m-NBA): 
m/z  =I459 [ M -  cl]'. 1424 [ M -  2C1]; Anal. cakd for 
Cx,H, ,0 ,N6E~CI,~4H,0 (M,  = 1496.015 +72.061): t, 63.58: H. 6.43; N. 
5.36. Found: C, 63.41; H, 6.29; N, 5.21. 

1{5,11,17,23-Tetra(tevt-butyl)-26,27,28-tris{(5-methyl-2,2'-bipyridine-5'-yl)- 
methoxy}-25-propoxy-calix(4~arene}terbium(111)~(NO~)~ (Tb 3): Yield: 75% ; 
IR (KBr): i = 2964, 1604, 1480, 1384. 1090, 1047cm- ' ;  FAB' (m-NBA): 
mjz = 1519 [ M  - NO,]+; Anal. calcd for C,,H,,0,3N,Tb.4H,0 ( M ,  = 
1582.636 + 72.061): C, 60.25; H, 6.09; N, 7.62. Found: C. 60.03; H, 5.86: 
N, 7.41. 

[{ 5,11,17,23-Tetra(tert-buty1~26,27,28-tris{(5-methyl-2,2'-bipyridine-5'-yl)- 
metboxy}-25-propoxycalix[4~arene}gadolinium(111)J(Cl)~ (Gd3): Yield: 70 Yo : 
IR (KBr): i = 2963, 1603, 1480, 1198, 1089, 1047 c m - ~ ' :  FAB' (m-NBA). 
m:'z =I464 [M - CI]': Anal. calcd for C8,H,,0,N,GdCI,~4H20 
( M ,  =1501.305 + 72.061): C ,  63.36; H, 6.41: N. 5.34. Found: C. 63.18: 
H, 6.23: N. 5.12. 

1{5,11,17,23-Tetra(?ert-butyl)-25,26,27,28-tetra{(5-methy1-2,2'-bipyridine-5'- 
yl)methoxy)calix[4larene}europium(~11)~(NO,), (Eu4): Yield : 51 % ; IR 
(KBr): i = 2973, 1639. 1479, 1384, 1088, 1047cm-I; FAB' (m-NBA): 
mlz =I653 [M - NO,]', 1591 [ M  - 2N0,]; Anal. calcd for 
Cy2Hy,Oi3N,,Eu~3H,O ( M ,  =1715.817 + 54.046): C, 62.44; H. 5.81; N, 
8.71. Found: C, 62.38; H, 5.41; N, 8.62. 

~{5,11,17,23-Tetra(tert-butyl)-25,26,27,28-tetra{(S-methyl-2,2'-bipyridine-S- 
yl)methoxy}calix[4larene}terbium(111)1(NO~)~ (Tb4): Yield ' 63 '10 ; 1R (KBr): 
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i. = 2974, 1636, 1479, 1384. 1089, 1047 cin-';  FAB+ (m-NBA): mi; =I659 
[ M  -NO, - HIi; Anal. calcd for C9,H9,0, ,N1,Tb~4H20 ( M ,  = 1722.782 
+ 72.061): C, 61.57: H, 8.84; N, 8.58. Found: C, 61.53; H,  5.49; N. 8.51. 

[{5,11,17,23-Tetra(teur-butyl)-25,26,27,28-tetra{(5-methy1-2,2'-bipyridine-5'- 
yl)methoxy}calix[4]arene) gadolinium(m)] CI, (Gd4): Yield: 60%; IR (KBr): 
5 = 2975, 1638, 1479, 1261, 1088, 1048 cm- I ;  FAB' (m-NBA): nz/z =I604 
[A4 - Cl]'; Anal. calcd for C9,H,,0,N,GdCI,~3H,0 ( M ,  =1641.451 + 
54.046): C, 65.17; H, 6.06; N. 6.61. Found: C, 64.93; H, 5.91; N, 6.43. 

5,11,17,23-Tetra(tert-butyl)-26,28-bis(5-methyl-2,2'-hipyridine-5'-methoxy)- 
25,27-diethoxycarhonylbutoxycalix[4]arene (5) : A solution of 2 (0.1 g, 
0.098 mmol) in dry DMF (5 mL) was heated overnight at 80 "C with sodium 
hydride in its commercial form (55% in oil, 0.01 g). Ethyl 4-bromobutyrate 
(0.058 g. 0.29 mmol) was then added. The solution slowly turned brown and 
was quenched one day later with water. All the solvent was removed, and the 
residue extracted with dichloromethane. The organic layers were dried over 
magnesium sulfate and chromatographed on alumina (toluene/ethyl acetate, 
95/5) to give the expected product (0.076 g, 60%). 'HNMR (200 MHz, 
CDCl,, 25°C): 6 = 8.76 (d, 2H,  ' J  = 1.6Hz), 8.49 (s, 2H), 8.30 (dd, 4H,  
' J =  8.0Hz, ,J= 2.7 Hz),7.81 (dd,4H,  ,J= 8.1 H z , ~ J =  2.1 Hz), 7.60(dd, 
4H,  ' J  = 8.0 Hz, =1.9 Hz), 6.90 (s, 4H,  Ar-H), 6.62 (s, 4H,  Ar-H), 4.96 
(s, 4H,  bipy-CH,-0), 4.03 (quat, 4H,  ' J  =7.1 Hz, CH,-CH,-0-but), 3.80 (t. 
4H,  ,J = 6.9 Hz,-CH,-CH,-0-Ar). 3.63(8H,JA, =12.5 Hz, Av = 249.9 Hz, 
Ar-CH,-Ar), 2.38 (s, 6H,  bipy-CH,-0), 2.16 (m, XH), 1.17 (m, 24H), 0.95 
(s, 18H); 13C{1H} NMR (50 MHz, CDCI,, 25°C): 6 =173.7 (COO), 155.7, 
153.7, 153.6, 151.7, 150.4, 149.5, 144.9, 144.8, 138.1, 137.4, 134.5, 133.3, 
132.9, 125.2, 124.9, 120.7, 120.5, 120.1, 74.5, 73.9, 60.1, 33.9, 33.7, 31.5, 31.3, 
31.0, 30.6, 25.2, 18.4, 14.2: FAB' (m-NBA): mi2 =I241 [M+H]+,  1127 
[ M  - C,H,COOC,H,+H], 1059 [ M  - CH,bipyCH,+H]: Anal. calcd For 
C,,H,,O,N, ( M ,  =1241.68): C, 77.39: H, 7.79; N, 4.51. Found: C, 77.25; 
H, 7.61 : N, 4.45. 

5,11,17,23-Tetra(fevt-butyl)-26,28-bis(5-methyl-Z,~-bipyridine-5'-methoxy)- 
25,27-bis(3-(pyrrol-l-yl)propoxy)calix[4~arene (6): A mixture of 2 (0.108 g, 
0.106 mmol) in dry D M F  (5 mL) was heated overnight a t  80°C with sodium 
hydride (55% in oil, 0.024 8). N-(3-Bromopropyl)pyrrole (0.08 g, 0.4 mmol) 
was then added. The solution turned slowly brown, and was quenched one 
day later with water. All the solvent was removed. The residue was extracted 
with dichloromethane. The organic layers were washed with water, dried over 
magnesium sulfate, and chromatographed on alumina (toluene/ethyl acetate, 
95/5) to give the expected product (0.058 g, 43%). ' H N M R  (200 MHz, 
CDCI,, 25°C): 6 = 8.85 (d, 2H,  4 J = f . 4 H ~ ) ,  8.55 (s, 2H),  8.40 (t. 4H,  
, J=7 .7  Hz), 7.65 (m. 4H), 6.97 (s, 4H, Ar-H), 6.63 (s, 4H,  Ar-HI, 6.54 (t, 
4H,  ,J = 2.0 Hz, H3, ,-pyrrole), 6.09 (t, 4H,  4J = 2.0 Hz, H,,,-pyrrole), 4.88 
(s, 4H,  0-CH,-bipy), 3.80 (t, 4H,  ' J  =7.6 Hz, CH,-pyrrole), 3.68 (t. 4H, 
,J = 6.9 Hz, CH,-O), 3.65 (8H. JAB = 12.4 Hz, Av = 238.5 Hz, Ar-CH,-Ar), 
2.41 (s, 6H,  bipy-CH,), 2.20 (q74H,  3J =7.4 Hz, CH,-CH,-CH,-0), 1.24 (s, 
IXH, [Bu), 0.98 (s, 18H, ~ B u ) ;  I3C{'H} NMR JMod (CDCI,): S =156.0 
(C,,,,), 153.5 (C,,,,), 153.3 (C,,,,), 151.1 (C,,,,), 150.3 (CH), 149.7 (CH), 
145.0 (C,,,,), 144.9 (C,,,,), 137.9 (CH). 137.5(CH), 134.5 (C,,,,), 133.5 
(C,,,,), 132.7 (C,,,,), 132.6 (CquAl), 125.4 (CH), 124.9 (CH), 120.7 (CH), 
120.5 (CH), 120.2 (CH), 107.9 (CH), 74.4 (CH,), 72.1 (CH,), 46.5 (CH,), 
33.9 (C,,,,), 33.7 (C,,,,), 31.9 (CH,). 31.5 (CH,), 31.2 (CH,), 31.1 (CH,), 
29.7 (CH,), 18.3 (CH,); FAB+ (m-NBA): m/; =I227 [MI', 1045 
[ M  - CH,bipyCH, + HI; Anal. cdkd for C,,H,,O,N, ( M ,  = 1227.70): C, 
80.22; H, 7.72; N, 6.85. Found: C, 80.09; H, 7.64; N,  6.74. 

Calix[4]semibarreland (7): A mixture of tert-butylcalix[4]arene (1.000 g, 
1.54 mmol) with potassium carbonate (0.82 g) in dry CH,CN (100 mL) was 
heated for 30 min at 80 "C and then cooled. 5,5'-Dibromomethyl-2,2'- 
bipyridine (0.580 g, 1.69 mmol) was poured into thesolution, and then heated 
overnight a t  80°C. The solvent was removed under vacuum, and the organic 
products extracted with dichloromethane. The pure product was obtained 
after chromatography on alumina (toluene!ethyl acetate, 8:2) (0.29 g. 23 %). 

bipy), 8.92 (d, 4H,  ' J = X . l H z ,  H,,,,-bipy), 8.27 (dd, 4H,  ' J = 8 . 2 H z ,  
4J=1.9Hz,H,,,~-bipy),7.37(~,4H.OH),7.09(s,8H,Ar-H),6.88(s,8H, 
Ar-H), 5.17 (s, 8H,  0-CH,-bipy), 3.87 (AB quartet, 16H, JAH =13.0, 
Av =184.7 Hz, Ar-CH,-Ar), 1.32 (s, 36H, tBu), 1.01 (s, 36H, tBu); I3C{'H} 
NMR (50MHz, CDCl,, 25°C): 6 =156.1, 150.7, 149.9, 147.9, 147.4, 141.5, 
136.0,132.7,132.5,127.4,125.7,128.0, 121.6,75.5, 34.0,33.8, 31.9,31.7,31.0; 

'HNMR (200 MHz, CDCI,, 25°C): 6 = 9.07 (d, 4H,  4 J = 1 . 3  Hz, H6,6,- 

IR(KBr):U = 3401.2959, 1656, 1599, 1483. 1203, 1124cm-I; UV(CH,CI,): 
n ( i ; )  = 290(68400),231 n m ( 6 6 9 0 0 ~ - ' c m - ' ) ; F A B +  (m-NBA):ni/: =1657 
[M+H]+;Anal.calcdforC,,,H,,,O,N,(M, =1658.29): C. 81.12; H, 7.78; 
N, 3.38. Found: C, 81.03; H, 7.53; N, 3.21. 

Calixl4lbarreland (8): A solution of 7 (0.2 g, 0.13 mmol) and NaH in oil 
(0.024 g, 0.5 mmol) in dry T H F  (15 inL) was heated for 2 h at. 80°C. A 
solution of 5,S-dibromomethyl-2,2-bipyridine (0.09 g, 0.27 mmol) in dry 
T H F  (20 mL) was then added dropwise to the mixture. After a I d hcating, 
the solution was quenched with water. evaporated to dryness. and then 
extracted with toluene. Chromatography on alumina (toluene/ethyl acetate, 
95: 5), followed by recrystallization from a CH,Cl,/hexane mixture enabled 
us to obtain the pure title compound as a white powder (0.01 g, 4%) .  
'HNMR (200 MHz, CDCI,, 25 ,C): 8 = X.52 (s, XH, Hf,,6 -bipy), 8.05 (d, 
8H,3J=8.3H~,H,,3~-bipy),7.60(d,8H,3J=8.2H~.Hq,,~-bipy),6.82(s. 
16H. Ar-H). 4.67 (s, 16H, bipy-CH,-0). 4.00 (AB quartet, 16H, JAB = 12.9, 
Av = 230.1 Hz, Ar-CH,-Ar), 1.10 (s, 72H, rBu); 13C{1Hj NMR (50 MHz, 
CDC1,. 25°C): 6 =156.7, 155.0, 151.9, 146.5, 139.7, 134.8, 134.3, 127.4. 
122.7,75.7. 35.6,33.6,33.0,31.5;IR(KBr): i = 2957, 1656, 1600, 1477. 1192, 
1124cm-'; UV (CH,Cl,): 1. (6) =284 (63100). 230nm ( 7 2 1 0 0 ~ - ' c m - ' ) :  
FAB' (m-NBA): rn/z = 2019 [M+H]+ ; Anal. calcd for C,,,H,,,O,N, 
( M ,  = 2018.712): C, 80.91; H, 7.19. Found: C, 81.28; H, 7.01. 

[{Calix[4lsemibarreland (7)}europium(in)](No,), (Eu7): To a solution of 7 
(0.02 g, 0.012 mmol) in dichloromethane (3 mL) was added a methanolic 
solution (2 mL) of Eu(N0,);6H20 (0.0059 g. 0.013 mmol). The mixture 
was then heated at 80 "C during 5 h. After evaporation of the solvents. the 
complex was recrystallized from a diethyl etherihexane mixture to give the 
desired complex (0.02 g, 76%). FAB' (n-NBA): m/z = 3933 [ M  - NO,]'. 
1871 [ M  - 2NO,]; Anal. cdlcd for C 1 , , H , ~ ~ O , , N , E u ~ 6 H , O . C H , C I ,  
( M ,  =1996.266 + 108.092 + 84.933): C, 62.00; H, 6.54: N, 4.48. Found: C. 
62.05; H, 6.27; N, 4.52. 
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