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Calixarene[4]-Podands and Barrel-Shaped Calixarene[rl]- 
Cryptands Based on 5,5’-substituted-2,2’-bipgridine Subunits 

Gillea Ulricb and Raymond Zieaael* 

Molecular specks capable of exhibiting strong luminescence are interesting from both a fundamental 
point of view and also because of their potential use for a variety of applications (photocatalysis, 
ChClllilumincscuIcc and 1-t labels in fluoroimmu noassay). Recently, conaidaabk efforta have been 
dedicated to the dcsigu and synthesis of lanthanides complexes in which an absorption-energy transfcr- 
emission (A-ET-E) process has ckarly been established. Among the numerous bipyridine-based 
macrobicyclicl , mact~~yclii~, and cage-M7 ligands it appeats that one of the most promising ccmpou& 
for the obtention of highly stable and strongly luminesc cnt lanthanides compkxes, contain four oligopyridine 
subunits (four bipy3 or two bipy and two phe&*) or two bipy subunits incorporated in a macmcyck and 
phosphiuate esters in the side-arm&’ (bipy for 2.2’~bipyrkine and phen for 1.1O+enanthroline). 

To design a good ligaud and emitting system based on lanthanide one has to take at least three 
prerequisites into account: (i) lanthamdes ions must be shielded from the solvent; (ii) the ligand should not be 
sterically hindered in close proximity of the compkxation site and finally (iii) the ligand must have the lowest 
excited-state sufficient high in energy to insure energy transfer to the lanthanides. Recent msearch has 
demonstrated that amide substituted calix[4]arates can strongly akapsulated Et+ and Td+. lntemstingly, the 
latter complex exhibit a mma&&ly high lumi~ quantum yield.10 This and previous limlings from our 
laboratory, prompted us to investigate the synthesis of the novel podands L3 and 4 as well as new cryptands 
L5 and Le. 5,5’-substituted-2,2’-bipyridine precursors 1 and 2 were chosen as building blocks for the 
synthesis of the ligands presented in this communication. 

1 2 

We now wish to report the first examples of terru-bipy substituted calix[4]arenes together with double 
calix[4]an?ne.s bridge by two- or four bipy subunits. Due to their barrel-shaped arrangement, these new multi- 
k&@ztt& molccuks have been called rolirllfbarrelandr. calixarmes functionalized by one bipy (substituted in 
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the 5 position)tt or by two bipy (substituted in the 6 positio& or in the 4 positiont3) have pnviously been 
qortcd. Compounds L3 and Ls were nqcctively prepared by reaction of 5-tnwbyl-S’-(yl)-2,T- 
bipyridine 1 (2 cquiv.) or S,S’-(brwn0mthyl)-2,2’-bipyridine 2 (1 equiv.) with p-fewbutylcalix[4]arenc (1 

equiv.), using NlyCOf as baec. 

L4 

Ls 

The tH NMR spectrum of L3 and L3 am similar aad exhibits, as expected, a single Al3 system for the 
bridging mcthylene groups, a singlet for the methyl (only observed for L3) and for the OH, a sing& for the 
OCHz-bpy groups, hvo singlets for the phenyl protons and tbc tert-butyl substitucnts. The spwrum shows a 
dissymmetric bipy for ligand L3 (six pattans) and a synnwric bipy for l&and Lg (thn~ paacms). 
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Compounds L4 and Le were respectively prepared by reaction of NaH (4.4 equiv.) with p-fert- 
butylcalix[4]atene (lcquiv.), or by re#zting NaH (4.4 equiv.) with the crytand Ls followed by subsequent 
tea&on with the monobromo derivative 1 or the ditmmo derivative 2. The culirl4Jburreiund L( could not be 
pm@lXl by a direct syntbcsis from tllc sodium tcuaanlon of pren-butykalix[4]a, but only from the sodlum 
tcmbsnion of the conformationally rigid mecmtricyclc Ls, followed by a subsequent reaction with the compound 
2. It is noteworthy that high dilution conditions, arc not nccclal for the synthesis of molecules Ls and Le. A 
tcmplatc-effect of sodium could not be cxcludc& howcvcr. the sodium-free cryptand was isolated at the cud of 
the rtaction. A zranrcolik conforma&n of the two pyridine rings of tbc bipy’s is cxpcctal for all new ligands, in 
solutionandinthcsolidstatc,iuordcrto minim& the staic repulsion of tlu nitrogen doublets. 

Table: selected data for compounds depicted in Scheme 

Froduct Isolated IR tH NMR W-Vis. Mass 

yield (an-‘) h) 8AB6P) 34, (MO spaceae) 

(%) *I JAB; Av(tiz) c) E (h&n-‘) a) 

Lf 78 3398, 1599 3.75 290(44900) 1013 

13.1; 193.6 230(36300) 

L4 29 -, 1600 3.51 290(69%X)) 1377 

12.3; 242.7 230(562OB) 

LS 23 3402,160o 3.87 299t68400) 1657 

13.0; 184.7 231(66900) 

L6 4 -,1600 4.00 284(63 100) 2018 

lZ.a, 230.1 230(72100) 

a) averaged isolated yield obtained from at least two reactions: b) VO_B and vbipy measured in R& 
pellets; c) measured in CDCl3 solutious at room-temperamm. data was referenced relative to the 
residual protitated solvent (7.25 ppm); d) measured in CH2Cl2 solutions at room-temperatore; c) 
obtained by FAB+ using (m-NBA) as matrix and correspond to w+HJ+. 

The calix[4/&rrekwul Ls exhibits a first or&r NIUR spccmmk showing a highly s-c molecule with 
a C!.t rotation axis along the center of the two calixarcacs and a plane of symmmy crossing the middle of the 
carbon-carbon bonds of the bipy subunits. Based on their proton and carbon NMR spectra all four novel ligands 
adopt a fixed cone conformation in solution at room-temperature, with the bipy pendant subunits on the same 
side with respect to an idcal plane containing the bridging mcthylcnc groups of the macrocycle ln podands L3 
and L4. 

Finally, preliminary Eu3+ complcxation studies with ligands L3 and L4 show the straightforward 
synthesis of new fluorescent complexes. ‘4 Due to the presence of four chromophorcs in podand L4 the light 
harvesting is quite high (antctma cfkct) and the A-ET-E principle illustrated in the Schunc has been ckarly 
established. The complex [EuL4]3* has a high molar extinction coeflkient and a high luminescence quantum 
yield. The cfficicncy of the incident light-cmittcd light conversion dcfincd as the product of the absorption 
cfficicncy and the Iumincsccncc quantum yickL is the higbcst value (1.3 96) found up till now for a luminesant 
curopium complex. Further developmnt of this synthetic work will be dlrcctcd towatd the preparation of 
polymeric supramolecufar devices and their use for dual emitting systems and as amperom tricsensor%thanks 
to the presence of two or four phcnolic groups, respectively in compounds L3 and Ls. The photophysical 
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shdies of these novel ligands as well as their land&de complexes is currently in progress and will be published 
e&when. 

hv 

x 
II for 5,5’-substituted 

2.2’-bipyridine 

Y 
A hv absorption of the bipy 

ET energy transfer 

E hv’ emission from the Eu cation 
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