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Applications such as high throughput assays (drug development, /\A/\
genomic screening, and clinical diagnostic assays) or fluorescence HN NH NH

microscopy require highly sensitive detection of low concentration °
analytes, with many analyses performed in a short period of time u{ onno

and without preliminary purification of the sampie® Fluorescence

detectiqn is ideal fqr such applications.. The uniqge .electronic HNK/'TV‘\/NH
properties of lanthanide cations (long luminescence lifetimes, very
sharp emission bands and, a large energy gap between the absorp- HaL!

tion and emission bands of the compleXesipke them ideal as
specific reporters. Long lifetimes enable temporal discrimination [/% f_\m

through time-resolved measurements in a complex mixture. This O<_NH - h L P

gives accurate and highly sensitive quantification of specific targets o o on_J on

by elimination of background fluorescence. Consequently, homo- o oA o

geneous, time-resolved fluoroimmunoassays which primarily in- HACHN NHCH, NHCH, NHCH,

corporate E& complexes as donors have been markeéfeédHow- H L2

ever, the sensitivity of these agents is limited by the low efficiency Figure 1. (Left) The ligand structures and (upper right) the single-crystal

of the ligand-to-lanthanide energy conversion or by insufficient sy cture of [Eu(tL2),]*.
protection of the lanthanide cation from the aqueous environment

(coordination of water leads to nonradiative decay of the lanthanide 1 s0000
excited state}®!! To make efficient luminescent probes, the 1 o0
lanthanide complex must be both sufficiently bright and stable in i -
very dilute aqueous solution, a challenging combinatidi ™ g
We report here a new generation of lanthanide complexes based o "§
on 2-hydroxyisophthalamide chelating units. Two ligands, depicted —| 10000
in Figure 1, have been evaluated: the macrobicycle'Hwhose T soo0
synthesis was described previouslyand the octadentate ligand 1,
H,L2. Both form luminescent and highly stable Ln complexes (Ln 400

= Sm, Eu, Tbh, Dy) suitable for practical applications under Wavsiengthinm

physiological conditions. Figure 2. (Left) Picture of the emission of aqueous solutions (0.01 M TRIS

1 > . buffer (104 M), pH = 8.5) of the [Ln(HLY)2)]* complexes illuminated
Two molecules of B or one c.)f HL*® react with Ln(NQ); or by a standard laboratory UV lamgelc = 354 nm). (Right) Absorption
LnCls (Ln = Sm, Eu, Th, Dy) to give the complexes [Lnft),)]- spectrum of [Th(HLY)]*.
Br and [Ln(H.L?)]Br, respectively (bridging N atoms are proto-

nated). Single crystals of [EugH?),)|Br were obtained by slow

diffusion of acetone into a solution of the complex in a mixture of :Eﬁﬁ ﬂ

DMF, water, and MeOH. Two ligands (Figure 1) are wrapped Sm complex Eission | |

around the metal such that four amide and four phenolate oxygen JM [

atoms of two of the three 2-hydroxyisophthalamide units coordinate |

the EU" to give a slightly distorted square-antiprism. |' } |/ '
Several lanthanide cations emitting in the visible SpDy3t, Al |

Tb3*, and E") can be efficiently sensitized when bound to ligands }r-' ] /

HsL*and HL2. As shown in Figure 2, the strong luminescence of & o o

these complexes in buffered solution can be readily seen with the Wavelengthinm

naked eye. Ap efficien.t ligane Ln3" energy transfer is evidenced Figure 3. Normalized emission spectra of [Lngt);]* with Ln = Sm,

by the emission solution of the [LngH1);]* complexes with Ln Eu, Tb, Dy. All solutions 210-5 M in TRIS buffer (0.01M, pH= 8.5) and

= Sm, Eu, Th, Dy: the emission from the ligand vanishes when Zexc = 350 nm.

the corresponding lanthanide is added to the ligand solution; an indication of efficient ligand-to-lanthanide energy transfer. Figure
- 3 shows that the emission spectra of the different lanthanide
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*Institute of Molecular and Biological Chemistry, Swiss Federal Institute of complexes hgve.sharp.emlssmn bands with little overlap, enabling
Technology. their ready discrimination.
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Table 1. Quantum Yields (®) in Millipore Water
compound Aexdnm eMtemt [}

TbL1, 354 28,482 0.61
ThL? 350 26,811 0.59
EuLl, 361 23,496 0.06
SmL1, 347 30,028 0.01
DyL1, 347 30,028 0.03

\/WM 10™M

\/LAM1O-12 M

10°M

710°M

500 550 600 850 700
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Figure 4. Emission spectra of [Tb(H)]* at different concentrations in
phosphate buffer (0.01 M), pkk 7.4, Aexc = 347 nm.

The ligand-to-lanthanide energy transfer is confirmed by the
guantum yield values. The quantum vyields of [Thi(h),]* and
[Tb(H,L?)]] ™ are very high ¢ = 0.61 and 0.59, respectively).
While other high quantum yields have been repoftfetthese are

studies of the complex&sand indicates that they could be used in
concentration ranges suitable for application such as homogeneous
time-resolved fluoroimmunoassays (2610710 M).218

The 2-hydroxyisophthalamide group is a very good ligand for
Ln3* cations and also provides excellent sensitization of th& Th
luminescence through a particularly efficient ligand-to-lanthanide
energy transfer process. The complexes are highly soluble and stable
in water at physiological pH. These properties, combined with the
ease of synthesis and high water solubility, make these or related
compounds excellent candidates for use in bioanalytical applica-
tions.

This molecular structure provides efficient sensitization of four
lanthanide cations (Sth, EU3*, Th*", Dy3"). The very low overlap
between the emission of the four lanthanide cations (Figure 3)
enables accurate discrimination between these four species and their
potential use in multiplex assays.
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quantum yield, sufficiently stable in aqueous solution to be used
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at nanomolar concentration; the luminescence is obtained without

the help of external agents such as fluoride or micelles, which
preclude water coordination). Compared to the cryptate Eu(bpy
bpy-bpy) (@ = 0.02)}*> a widely used luminescent probe in

commercial homogeneous time-resolved fluoroimmunoassays based

on fluorescence resonance energy transfer (FREW)e quantum
yield value for the TB" complexes imply an increase in the
sensitivity of such assays by a factor 30. Although smaller by 1
order of magnitude, the quantum yield of the Eu complex is still 3
times as large as that of the (bppy-bpy) cryptate.

The quantum vyields of [Tb(iL.1),]" and [Tb(H.?)]" are very
similar (Table 1). This shows that, despite significant differences

in ligand geometry, both complexes have the same photophysical

properties. Quantum yield$( were determined relative to quinine

sulfaté® and are reported with an experimental error of 15%.
The stability of the complex formed with4H? in physiological

condition was evaluated by high dilution experiments, where the
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