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Ligand LH,, composed of two bipyridylcarboxylate fragments linked We have now developed luminescent lanthanide com-
to an amino butyl chain, reacts with europium and terbium to form plexes whose optical properties can be tuned over a modest
luminescent complexes in water at neutral pH. When testing these range and for which the positively charged metallic core
unsaturated complexes as anion sensors with NO;~, HPO2~, AMP, provides electrostatic attraction for incoming aniénihis

ADP, and ATP, a marked selectivity is observed for HPO.2~ and first generation of anion dosimeters takes advantage of the

remarkable luminescence properties of Eu and ddmbined

. . . . with the antenna effect provided by bipyridyl (bipy) frag-

complex was investigated by means of absorption and emission ments. The presence of gifferent an%on?c/:ou)ll d (bepr¥1)onitc?re d
i i 4— _ 31 i )

Spectroscopies. W'th ATP™, ES-MS anda_ P NMR exp§r|ments by absorbance and luminescence changes resulting from

revealed the formation of a [Ln-L-(ATP)["" temary species. solvent-to-anion exchange within the incompletely saturated

coordination sphere around the Ln, similarly to the principle

Interest in the development of luminescent labels and i(;;;Vai‘:]er7eéﬁ?grqgrzglediisr: ;ﬁflex?/f/lgnwae%:nli;%rlehllt\gl?
chemodosimeters has grown continuously over the last fewi engti g.com lexes ha\ili'n sufficient stability and solubilit
decades and currently engages innumerable research group fy P g y y

around the world. The most flourishing applications involve n _waterHand postseSS|tngE goog {_iCOgmt'?n for b|oldqg|ctald
tags for fluorescence microscopy and chromogenic sensorgIoNs. Here, we target Eu an complexes coordinate

for cationic, anionic, or neutral chemical speciésThe to a novel ligand. H, composed of two bipy arms for the

design of sensitive and selective fluorescent chemodosimeters ho'ttq n atl:t)]s?rptloglwnh ta carboxy(ljgte t}_‘unctno?honl_eacth 6
for biological anion recognition, such as adenosine triphos- _‘Ij_?ls' Iontw at enaples sI:.r(I)(ngd c;oor "l;atloln © Etzh n ahom.
phate (ATP), presents a particularly daunting challehge. ese o arms are finked to ambutylamine throug

Since the hydrolysis of ATP to ADP and phosphate is one methyl_ene brldges_ln the 6 position. These _brldges allow
of the most important pathways for energy supply in living formation of three five-membered rings per bipy arm when

organismg,the availability of water-compatible ATP chemo- complexed to Ln. The increased hydrophilicity bH,
dosimeters would permit the analysis of how ATP levels provided by the two carboxylate groups at neutral pH, favors

change in response to stress or stimulus to biological Ce”S.water S.OIUb'I'ty anq h'gh stability of the resultasnt complexes.
Assuming a coordination number of-8 for Ln.° the seven

t E-mail: ziessel@chimie.u-strasbg.fr. heteroatoms off H, should leave free coordination sites for
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Table 1. Conditional Association Constants (I6gy,) for the
Formation of the Different Species Depicted in Equationgld

|Og K11[) |Og K120 |Og K210 IOQ Klll(eq 4)
(eql) (eq2) (eq3) NaHPO, KNO; AMP ADP  ATP
Eu 57+ 04 47+06 41+£03 40+£01 b b b 42+0.2
Tb 5.6+0.2 b 45+04 45+£02 b b b 46+04

a Average values obtained for-% independent titration experiments in
H,0, 102 M TRIS/HCIO;, at pH= 7.0.° Too weak to be measured by
absorption spectroscopy.

Table 2. Photophysical Data for [Li.]CI Complexes

Aabs € T Daps TH,O (TDZO)

(hmp (M~tem ) (msp (%) (msy Nh,0'
Eu 307 18 000 0.28 4.6 0.36 (1.75) 2.3
Th 308 18 150 0.7 0.4 0.78 (1.15) 1.8

aMeasured in HO, pH = 7.0 (0.01 M TRIS/HCIQ). P5Dy — F,
transition centered on Eu at 620 nA¥D, — 7Fs transition centered on Th
at 545 nmd Using [Ru(bipy}]Cl. in oxygen equilibrated water, ref 11
(uncertainty £ 15%).©Measured in electrolyte free water and@
fNumber of water molecules calculated according to ref 9a with second
sphere interaction corrections 9b (estimated etrd.5 water molecules).

monitored by U\+-vis spectroscopy, where the evolution of
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Figure 1. Evolution of the normalized absorbance of [LRCI upon
addition of different anions (0.01 M TRIS/HCIGn water, pH= 7.0,
[Tb-L]ini = 1.0 to 5.0x 1075 M).

calculated that two water molecules complete the first
coordination sphere of the cationic complexes, as expected
on the basis of a coordination number of 9 with a hepta-
dentate ligand.

The most interesting features arose when these complexes

the absorption spectra of the ligand in buffered aqueouswere tested toward incoming anions by spectrophotometric

media (pH= 7.0, 0.01 M TRIS/HCIQ) was followed as a
function of increasing amounts of LngbH,O (Lh = Eu
and Tb). The absorption maximum fof~ at 287 nm ¢ =

21 040 M t-cm™?) shifts gradually toward lower energy until
1 equiv of cation is added. Factorial analysis of the titration

titrations in buffered water. While no significant changes
could be observed in the UWis absorption spectra upon
titration with KNOs, AMP and ADP, titration with NgHP O,

and ATP revealed the formation of a new species (Figure
1). Control luminescence measurements during titration of

revealed the presence of up to three new absorbing specied-u salts by ATP in the absence bH, show no lumines-

and the spectra were fittetb the following model (for full
experimental details see Supporting Information):

Ln* 4+ L% < [Ln-L]" Kyo=I[Ln-LY(ILN][L]) (1)

[Ln-L]" 4+ L% < [Ln-L,]” K= [Ln-L,J/(Ln-L][L])
2
[Ln-L]" 4+ Ln*" < [Ln,yL]*"
Ka10= [LnyL]/([Ln-L][LN]) (3)

Values for the conditional association constants are col-
lected in Table 1. The complexation process can also be
monitored by luminescence spectroscopy, where the broad

emission band centered at 410 nm (24 400 Yrfor the free
ligand and attributed to &rr* state vanishes at the expense

of the typical emission lines of Ln complexes. Such behavior

is clearly indicative of efficient ligand-to-metal energy
transfef and was confirmed by excitation spectra.

Mixing equimolar amounts of Ln@I6H,O salts (Ln=
Eu and Tb) withL H, in methanol in the presence of a small
excess of triethylamine lead after recrystallization to com-
plexes of [LnL (H20),]CI formula, characterized by elemen-
tal analysis, mass spectrometry, and tXs, and IR

spectroscopies. The photophysical properties of these com
plexes are given in Table 2. Using the relationship developed

by Horrocks and Sdnick® on the basis of luminescence
lifetime measurements made in water andOD it was

(8) Gampp, H.; Maeder, M.; Meyer, C. J.; Zubénter, A. D. Talanta
1985 32, 257.
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cence. The fact that the species formed upon addition of ATP
or NeHPQ, to the [EuL ]t complex is still luminescent rules
out competitive decomplexation and suggests the ternary
nature of the complex (Ln/X/). As such, the formation of
the latter complex was fitted according to eq 4:

[Ln-L]+ + X" < [Ln-L+(X)] (n—1)-
Kyi= [Ln-L-(X))/([Ln -L][X]) (4)

The calculated UVvis absorption spectra of the ternary
species (Figure 2) show strong absorption bands at 259 and
300 nm, attributed, respectively, to transitions centered on
the adenine moietyA(= 258 nm for free ATP) and on the
bipy moieties. The hypsochromic shift observed for this last
transition, compared to the [Hu]™ complex, is attributed
to a shift of one bipy arm in the second coordination sphere,
leading to an absorption maximum for the bipy moieties in
the ternary species, which is the average value of the
complexed and partially ligated form of the bipy arms. The
absence of a significant absorption spectral shift for the
adenine moiety upon complexation suggests that this part
of the ATP molecule is not implicated in the coordination
process.

Upon ATP complexation (5-fold excess), the luminescence

intensity @lexc= 300 nm) of the Ln cations decreases to 20%

of its initial value (Figure 3). In contrast, the measured
excited-state lifetime of the Eu complex (¥fM in the same

(9) (a) Horrocks, W. De W.; Sudnick, D. RAcc. Chem. Red.981, 14,
384. (b) Beeby, A.; Clarkson, I. M.; Dickins, R. S.; Faulkner, S.;
Parker, D.; Royle, L.; de Sousa, A. S.; Williams, J. A. G.; Woods, M.
J. Chem. Soc., Perkin Trans.1®99 493.
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. reveals a pronounced upfield shift and a large broadening
P of the three peaks due to free ATP see at9.5, —10.0,
and—21.7 ppmi®to 6 —39.0 and—72.1 (broad, 2P) ppm
upon anion binding.

Although the coordination of HP®™ and ATP resulted
in similar photophysical perturbations, it is surmised that the
coordination behavior of these two species is not the same.
\ While coordination of ATP can occur through the formation
: r S of one or two six-membered chelate rings implicating the
220 260 2 (om) 300 340 oxygen atoms of the phosphorylated ch&irpordination

_ _ : ) of the hydrogenophosphate may happen through a mono-
Figure 2. Calculated U\+vis absorption spectra of the species observed

upon titration of the Eu complex by ATP (0.01 M TRIS/HGI® water, dentat.e binding modelo-r potentially as a bidentate Iiglénd'
pH = 7.0). especially if the remaining hydrogen atom of the hydroxy

function is implicated in an intramolecular hydrogen bond
with either the nitrogen atom or the carboxylate functions
of the ligand.

In summary, complexes of H, with EW** and Ti*
interact strongly with ATP at physiological pH in water when
compared to the other adenosine derivatives with shorter

phosphorylated chains. It is surmised that this selectivity is
due to the higher negative charge of the substrate @hd
to the ability to form an increasing number of six-membered
0 " ' " " T " T \ chelate rings with the longer phosphorylated chains. The
similar behaviors observed for HFO and ATP~ may be

. . . . . ascribed to two different coordination mechanisms. Our
Figure 3. Evolution of the intensity of emissiox. = 300 nm,Aem = . . ..
618 nm) of a solution of [Ed]* upon addition of increasing amounts of efforts are now bemg directed toward the provision of
ATP (c = 4.2 x 1075 M, H,0, pH = 7.0, TRIS/HCIQ, 0.01 M). Inset: additional functions on the ligand that should facilitate
fluorescence spectrum of the [E4" complex. increased ATP recognition in water so as to better discrimi-

nate ATP from HPGF.
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