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The luminescence properties of Eu** complexes with a ser-
ies of tetradentate -diketones were compared and it was found
that the Eu** complexes of bis(B-diketonyl)-o-terphenyl type li-
gands have stronger luminescence. The crystal structure deter-
mination of the Eu’* complex with 4,4”-bis(4,4,4-trifluoro-
1,3-dioxobutyl)-o-terphenyl (H,btbt) showed that the complex
is dinuclear having a unique cage structure.

Recently several new chlorosulfonylated tetradentate B-di-
ketonate-Eu** luminescent complexes that can be directly
bound to proteins were synthesized, and their applications in
highly sensitive time-resolved fluoroimmunoassay were
studied.! In the present work, a series of tetradentate B-dike-
tones of the types bis(B-diketonyl)-1,1’-biphenyl, bis(B-diketo-
nyl)dibenzothiophene and bis(B-diketonyl)-o-terphenyl, were
synthesized (Figure 1).> The luminescence properties of their
Eu** complexes were measured and summarized in Table 1.
All of the complexes give the emission maximum wavelengths
at 611 or 612 nm corresponding to the Dy—F, of Eu** ion. In
contrast to the almost identical emission maximum wave-
lengths, the excitation maximum wavelengths (330-360 nm)
of the complexes are dependent on the ligand structures. In
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Figure 1. Structures and abbreviations of the [B-
diketones.

Table 1. Luminescence properties® of the Eu** complexes

Ligands  Aexmax/NM  Aexmax/nm  Normalized Lifetime
intensity /us
TTA 340 612 30.6 624
BTB 349 612 29.5 267
BPB 349 612 38.2 301
BHB 349 612 37.7 300
BNB 349 612 37.3 302
2,8-BDT 350 612 32.0 495
2,6-BDT 356 611 38.9 508
BTBT 331 611 78.5 648
BPPT 333 612 100.0 655
BHHT 334 612 100.0 661

“Luminescence properties were measured with the concen-
tration of [ligand] = [Eu’*] = 1.0 x 107> moldm~ in ace-
tonitrile-0.1% triethylamine.

the 4,4'-bis(B-diketonyl)-1,1’-biphenyl and 4,4'-bis(B-diketo-
nyl)-o-terphenyl complexes, substitution of CF3 to C;Fs causes
noticeable increase in the luminescence intensity, but further
change of the C;Fs to C3F; (or C4Fy) does not increase the in-
tensity.> Compared with the bidentate B-diketonate (TTA) and
other tetradentate B-diketonate complexes, the Eu** complexes
with 4,4-bis(B-diketonyl)-o-terphenyl type ligands have stron-
ger luminescence and long luminescence lifetime. Although
the Eu* complex of 4,4”-bis(4,4,5,5,6,6,6-heptafluoro-1,3-di-
oxohexyl)-chloro-sulfo-o-terphenyl (BHHCT) is an excellent
label in immunoassay,' its chlorosulfonyl group is unstable
and the Eu’* complex is not suitable for structural analysis.
The crystal structure of the Eu>* complex of BTBT, the analo-
gue of BHHCT, was solved in the present study to examine the
relation of the coordination structure with luminescence prop-
erty and to help the ligand design.

After an acetone solution of H,[Eu,(btbt)s]-C,HsOH* was
diffused against petroleum ether (30-60 °C fraction) containing
0.3% triethyl-amine, thin yellow plate crystals of the complex
with the formula of [HN(C,Hs);];[Eu,(btbt),]-Co,HsOH were
obtained.” The crystal structure (Figure 2)¢ shows that the com-
plex is dinuclear, and the four btbt>~ ligands bridge the two
Eu’* ions with bidentate coordination to each Eu**. Each
Eu** ion is coordinated by eight oxygen atoms of the four
btbt>~ ligands, and has a square antiprism coordination geome-
try. One [HN(C,Hs);]" ion and an ethanol molecule are incor-
porated in the center of the cage formed by btbt>~ and Eu’*
ions, and another [HN(C,Hs);]" ion exists in the crystal lattice.

In the structure, the oxygen atom of the ethanol molecule is
disordered (O17A and O17B in Figure 2b), and is directed to N1
of [HN(C,Hs);]" by an O---H-N hydrogen bonding (O17A-
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Figure 2. ORTEP drawing of
[HN(C,Hs)3]2[Eua(btbt)4]-C;HsOH. The ellip-
soids are drawn at 30% probability level. (A)
Overview. The disordered CF3 groups, one
[HN(C,Hs)3]" ion and an ethanol molecule are
omitted for clarity. (B) The coordination environ-
ment of the Eu’™, [HN(C,Hs)3]", and the ethanol
molecule in the cage. The btbt>~ ligands are
omitted except the diketonate moiety for clarity.

N1, 2.80 (8) A; O17B-N1, 2.76 (5) A). The average distances of
the C—O bonds in btbt?>~ are distancegyer = 1.23 (4)1& and dis-
tanceipner = 1.28 (4) A. The average O-Eu bond distances are
distanceouer = 2.41 (2)A and distanceimer = 2.38 (2)A. All
the X-ray structures reported for Eu’'-B-diketonate chelates
are for monomeric complexes. The distinct angle of the two
B-diketonate groups in btbt>~ enables such a novel cage struc-
ture. Although the structure was determined at —50 °C, several
disorders are observed in the lattice, and the R value is not very
low.

The Eu-O (B-diketonato ligand) distance is reported to af-
fect the luminescence efficiency;’ the luminescence quantum
yield is increased as the distance of the triplet energy donor
(B-diketonato ligand) and Eu®*, i.e. the Eu-O distance, is de-
creased. The present Eu—-O distances are comparable to those
reported in other [Eu(B-diketonato)s;(diamine)] type complex-
es.”® All of the previously reported structures are of this
tris(B-diketonato) formula type, and the present complex is
the first tetrakis(B-diketonato) complex, in which the Eu’* is
surrounded only by B-diketonato oxygen atoms. The site sym-
metry of Eu’t is often related to the relative intensities of
SDy—"Fy (ca. 580nm), *Dy—F; (ca. 595nm), and *Dy—F,
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(ca. 610nm).” Both [Eu(B-diketonato)s;(diamine)] type com-
plexes and the present Eu,(B-diketonato)s complex and others
in Table 1 have the same emission spectral pattern with the
dominantly strong *Dy—F, single peak without splitting. This
fact suggests that in both types of complexes, the site symmetry
is C; and the emission is based on electric dipole transition.
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