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Formation and Structure of Mixed Quaternary Chelates with Late-Lanthanide Metal Ions
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We have newly obtained two series of late-lanthanide metal
complexes with three different kinds of chelating ligands
(quaternary system), [Ln(dike), ,(NO;) (terpy)] where Ln(IIl) =
Er(Il) or Yb(II), dike = {3-diketonate such as acetylacctonate
(acac) or 1,1,1,5,5,5-hexafluoroacetylacetonate (hfac), and terpy
= 2,2':6',2" -terpyridine; n = 2 (for acac) or 1 (for hfac).
Crystal structures for the Yb(II[) complexes show that in both
series the pentagonal plane around the central Yb** jon with terpy
and one dike ligand is formed. The other chelating ligands
coordinate up and down from the plane to form totally 9
coordination around Yb*.

So far, there were many reports for synthesizing mixed
chelate compounds with the transition metal ions, among which
ternary complexes, [M(AA)(BB)], were the fundamental
system.”” But the quaternary chelating systems with divalent or
trivalent d-metal ions, [M(AA)(BB)(CC)], are rather difficult to
obtain due to the smaller ionic size of the central metal ion and the
rate of ligand substitution reaction.®” We can suppose easily to
obtain higher mixed chelate (quaternary or higher) complexes
with the metal ion having large ionic radius, i.e., the lanthanide
metal ions are usually trivalent cation and larger ionic radius,
although the quaternary complexes with these ions have little been
reported. Furthermore, we expect that the variation on ionic
radius of lanthanide series may cause the variation on the
structure of the complexes.

We tried to obtain such kinds of quaternary complexes with
a lanthanide metal ion using B-diketonate (dike, i.e., acac or hfac),
nitrate, and terpy. In this letter we would report that two series
of late-Ln(III) complexes (for Ln = Er’* or Yb**) containing three
kinds of chelating ligands, [Ln(acac)(NO,),(terpy)] and
[Ln(hfac),(NO,)(terpy)], could be obtained and they have an
interesting structure.

For syntheses of the complexes, the procedure as follows:
Ln(NO,),-4H,0 salt (10 mmol, Ln = Er’* or Yb**) was dissolved
into the ethanol solution of terpy (10 mmol). After a while,
white powder then precipitated, Ln(NO,),(terpy)-H,0O, as a
ternary complex. This precipitate was suspended in acetonitrile
to which three-molar amounts: of B-diketonate (neutralized by
NH,) solution was added. The clear solution thus obtained is
evaporated slowly to get fine crystals suitable for X-ray structural
analysis. Although the molar ratios of Ln(NO,),(terpy)-H,0
and dike were exactly the same in both cases of acac and hfac for
synthesis of the quaternary system, the stoichiometry of the
complexes depended on the kind of B-diketonate only.  For each
-diketonate system the Er(III) and Yb(III) complexes have same
composition and the stoichiometry of these complexes did not
depend on the kind of lanthnide jons but on the $-diketonate used.
For the case of acac, one nitrate of the starting material,
Ln(NO,),(terpy)-H,O, was displaced by one acac to form
[Ln(acac)(NO,),(terpy)]. The elemental analyses are as follows

(calculated values shown in parentheses): for
[Er(acac)(NO,),(terpy)) (I); C, 38.50(38.52); H, 2.88(2.91); N,
11.23(11.23)%: for [Yb(acac)(NO;),(terpy)] (II); C, 38.56
(38.20); H, 2.86(2.86); N, 10.87(11.10)%. For the case of
hfac, two nitrato moieties of the starting material were exchanged
by two hfac to form [Ln(hfac),(NO,)(terpy)]. The elemental
analyses are as follows (calculated values shown in parentheses):
for [Er(hfac),(NO;)(terpy)] (III); C,  34.40(34.25); H, 1.45
(1.49); N, 6.32(6.39)%: for [Yb(hfac),(NO,)(terpy)] AV); C,
34.02(34.02); H, 1.42(1.48); N, 6.25(6.34)%.

We could obtain crystal structures of these two Yb(III)
complexes I *° and IV ' shown in Figures 1 and 2, respectively.
From the structural data, both of the Yb** ions are 9 coordination
which contain a tridentate terpy and two kinds of bidentate
ligands, i.e., dike(acac or hfac) and NO,". In both cases of acac
and hfac, a terpy and a dike are placed in nearly the same plane
around a Yb** jon to form a distorted pentagonal coordination,
and residual two bidentate nitrates ( for IT) or a nitrate and a hfac
(for IV) are coordinated up and down from the distorted
pentagonal plane.
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Figure 1. ORTEP drawing of [Yb(acac)(NO,),(terpy)] (II)
with 30% probabilitya ellipsoids giving atomic numbering.
Selected bond lengths (A) and angles (°) are as follows: Yb(1)-
(1), 2.221(5); Yb(1)-O0(2), 2.204(5); Yb(1)-0(3), 2.414(6);
Yb(1)-0(4), 2.470(6); Yb(1)-O(5), 2.377(6); Yb(1)-0(6),
2.479(6); Yb(1)-N(1), 2.529(6); Yb(1)-N(2), 2.454(6); Yb(1)-
N(3), 2.464(6); O(1)-Yb(1)-O(2), 77.2(2) ; N(1)-Yb(1)-N(2),
65.0(2) ; N(2)-Yb(1)-N(3), 66.0(2).

In complex 1I, the Yb-N bond distance to the central
pyridyl moiety, 2.:154(6) A, and one side of terminal pyridyl
moiety, 2.464(6) A, are similar with each other and that to the
other terminal one, 2.529(6) A, is larger than those shown just
before. The terpy ligand forms asymmetric Yb-N coordinate
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bonds as like consisting of a bipyridyl and a pyridyl moieties (see
in Figure 1).  The terpy ligand in complex I'V shown in Figure 2
binds to Yb’* ion also in the similar manner as that observed in IL.
The unsymmetrical coordination of terpy indicates that the ionic
radius of Yb®* is smaller than the bite of terpy ligand. The
dihedral angles between two adjacent chelate rings of the terpy
ligand in IT and IV are 14.0 and 4.2 °, respectively. The larger
distortion of terpy ligand in II than that in IV suggests that IT has
more steric hindrance (probably between the protons on the
positions C5 and C15 of terpy and O atoms of dike ligand in
same pentagonal plane).

Figure 2. ORTEP drawing of [Yb(hfac),(NO,)(terpy)] (IV)
with 30% probability ellipsoids giving atomic numbering.
Selected bond lengths (A) and angles (°) are as follows: Yb(1)-
O(1), 2.261(7); Yb(1)-0O(2), 2.312(7); Yb(1)-0(3), 2.309(7);
Yb(1)-0(4), 2.339(8); Yb(1)-O(5), 2.381(8); Yb(1)-0O(6),
2.537(8); Yb(1)-N(1), 2.476(8); Yb(1)-N(2), 2.477(8); Yb(1)-
N(3), 2.509(8); O(1)-Yb(1)-O(2), 76.7(3) ; O(3)-Yb(1)-O(4),
70.7(3) ; N(1)-Yb(1)-N(2), 65.3(3) ; N(2)-Yb(1)-N(3), 65.9(3).

The bond distances of Yb-O(acac) placed at the trans
position of terpy in II, 2.221(5) and 2.204(5) A, is a little bit
shorter than those in [Yb(acac),(H,0)] (the average value is 2.23

o

A)*? and are rather shorter than those of corresponding Yb-

O(hfac) ones in IV, 2.261(7) and 2.312(7) A, which means that
the hfac ligand in IV is bound to the Yb®* ion with weaker
interaction. In other words, the combination of terpy-acac
system is more convenient to form a m-base and a w-acid
interaction than that of terpy-hfac system. These bond differences
between Yb-acac and Yb-hfac reflects to the difference of dihedral
angles of the terpy ligand described above. Consequently, these
factors (shorter bond lengths of Yb-acac and therefore larger
steric repulsion) prevent exchanging of NO,™ ligand by another
acac  ligand to yield the  bis-acac complex;
[Lnacac),(NO)terpy)]-

For IR spectra of these complexes, we could obtain
characteristic bands as C=C and C=0 of 3-diketonate at 1575 and
1520 cm™ (for I), 1599 and 1521 cm’* (for II), 1652 and 1602
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cm? (very strong bands, for III), and 1664 and 1603 cm™ (very
strong bands, for IV). It is also interesting to note the nitrate
coordination mode'*** by the IR bands in the region 1700-1800
em’l.  For the acac series, there are two weak bands at 1778 and
1737 cm™ (fot I) or 1782 and 1739 cm™ (for II), which means
the nitrate in the chelate acts as a bidentate ligand.** In case of the
hfac series, unfortunately, there are rather strong absorption
bands due to the hfac ligand in this region which obscure weak
bands of the coordinated nitrate.

Finally, from the points of view concerned
stereochemistries of ligands used and their coordination abilities
(nitrate, hfac, acac and terpy), the behaviors of ligand exchange
reactions for the lanthanide complexes are summarized as
follows: (i) We could not obtain any ternary complexes,
[Ln(acac),(terpy)], when we tried to synthesize the chelates by
using Ln(acac),H,0 and terpy as starting materials. (i) It is
quite reasonable that the exchange reaction of NO," ligand in the
complex Ln(terpy)(NO;),-H,0 by B-diketonate one (hfac or acac)
occurs to form the quaternary system. (i) In the present study
of quaternary systems (Yb-terpy-NO,-acac or hfac), they contain
two hfac (for III and IV) or one acac ligand (for I and II) by
exchanging two or one nitrate, respectively. These behaviors
are rather strange because the coordination ability of hfac is
weaker than that of acac. We consider that the hardness of Ln**
(Er** or Yb**) and hfac ligands are the cause that two nitrate jons
may be displaced by two hfac ligands to give ILI or IV.
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