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Abstract

The preparation and characterization of Ln(Ill) complexes£.8m, Yb) of tripodal heptadentate ligand trensal, tris[2-(salicylideneamino)
ethyllJamine (HL?) have been studied. The molecular structures of filmlere determined by X-ray structural analysis; these are heptadentate
complexes in which the metal ions are coordinated by the three oxygen atoms and the four nitrogen atdiis.dlmdvel example because
the coordination number is seven in the wide range of the series ofJi(bh = Y, Pr, Nd, Sm, Eu, Gd, Th, Dy, Ho, Er, Tm, Yb, Lu). This
has made it possible to compare the bond lengths for the lanthanide and yttrium complexes under the same coordination number.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction [Ln(bidentate}(unidentate}* [5]. On the contrary, struc-

turally characterized examples of a heptadentate ligand co-
There is a general recognition that the coordination num- ordinating one metal ion are scar7].

ber of lanthanide complexes decreases with increase in the \We have reported lanthanide complexes of tripodal hep-

atomic number. This coordination number change may be tadentate (YOs) ligand trensal, tris[2-(salicylideneamino)

a major cause of the irregularities observed for the prop- ethyllamine (HLY) [8] and its 5-substituted derivative

erties of the lanthanide complexgk]. There are numer-  (H5L2) [9,10] (Fig. 1). The X-ray crystallographic analysis

ous examples in which the solvent molecules contained in revealed that these are examples of heptadentate complexes

the formula are coordinated and thereby change the coordi-in which all the NJO3 donor atoms coordinate to the central

nation number[2]. In addition it is quite often found that  metal ions. [Lnl!] is a novel example because the coordi-

some of the anions present are coordinated. Both of thesenation number is seven and it does not change in the series

factors severely complicate the coordination number of lan- of [LnL1] [11-13] In this paper, we report on the relation-

thanide complexes. The common coordination number for ship between the metal ion radii and the bond lengths for

the lanthanides is greater than that for the main-transition the Comp|exe5 in the wide range of the series of [HnL

metals. The existence of complexes of the lanthanides with (Ln = Y, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu),

larger coordination numbers is a natural consequence of[LnL2] (Ln = Sm, Gd), and a dinuclear yttrium cryptate

their large size, together with the predominantly ionic bond- ([y,L3]) [14].

ing which they exhibif3]. In the absence of adverse steric

factors, the coordination number of the lanthanides is usu-

ally eight[4] or larger. However, there are now a substantial > Experimental

number of complexes known to have a coordination num-

ber of seven. Nearly all of them have the basic formulation 2.1, Preparation of [SmL1]-0.5CH3CN and [ YbL1]

Tris(2-aminoethyl)amine (8 mmol) was added to a solu-

* Corresponding author. Fax:81-298-613029. tion of 4mmol of Ln(CESG3)3 (Ln = Sm, Yb) in ace-
E-mail address: m.kanesato@aist.go.jp (M. Kanesato). tonitrile (100 cn?) and stirred for 10 min at 70-8. Then
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salicylaldehyde (12 mmol) was added to this solution and [LnL7] (Ln = Sm, Yb)

stirred for 2min at 70-80C. The product was precipitated Scheme 1. Synthetic route of [LAL(Ln = Sm, Yb).

on cooling for 6 h. This product was clarified by filtration and

liquors were cooled for 3 days, single crystals suitable for Cambridge Crystallographic Data Center (CCDC). CCDC

single-crystal X-ray diffraction were obtained. reference numbers are 159,805 and 159,806.
[SmL']-0.5CHCN; vyield 1.80g (72%). ESI-MS:

mz (%): 608 (100) [SmE + HT]. Anal. calcd. for

CagH2g5N4a503Sm: C, 53.68%; H, 4.59%; N, 10.06%; 3. Resultsand discussion

found: C, 53.83%; H, 4.46%; N, 9.88%. IR: (cm™1)

(KBr): 3047, 2894, 2850, 1626, 1597, 1542, 1471, 1447, Tris(2-aminoethyl)amine (tren) condenses with salicy-

1402, 1339, 1323, 1217, 1193, 1146, 1029, 917, 895, 793,laldehyde or its substituted analogs in a 1:3 molar ratio

760, 748, 597. to form Schiff-bases which are potentially tribasic hep-
[YbL1]; yield 2.08 g (83%). ESI-MSm/z (%): 630 (100) tadentate ligands. The samarium and ytterbium complexes

[YbL1+H™]. Anal. calcd. for G7H27N4O3Yb: C, 51.59%; with the ligand HL! were prepared by the reaction of tren

H, 4.33%: N, 8.91%: found: C, 51.35%; H, 4.27%: N, 9.01%. and salicylaldehyde in the presence of samarium(lll) or

IR: v (cm™1) (KBr): 3047, 2899, 2852, 1631, 1598, 1539, Ytterbium(lll) salt in acetonitrile gcheme 1

1471, 1451, 1397, 1343, 1324, 1212, 1188, 1149, 1029, 916, The molecular structure of [Smilis shown inFig. 2

898, 793, 760, 748, 594. together with atom-labeling schemes. The individual metal
ions and the apical nitrogen atoms (N2), lie on a 3-fold
2.2. Crystal structure determination axis in each crystal; the molecules posse€% anolecular

symmetry. The metal ions are coordinated by three oxygen

Crystal data for complex [Sni]-0.5CHCN; Cp7 atoms (O1, O 01”) and four nitrogen atoms (N1, K1
H27SmN;O3-0.5CHCN, M = 62641, pale yellow block of

0.20 mmx 0.15 mmx 0.20 mm in size, trigonal, space group
P-3, a = 13.8092), ¢ = 7.9621) A, Vv = 13148(2) A3,

Z = 2, Dc = 1.530g/cnt, F(000) = 606.00, (Mo Ka)
=22.72cmt.

Crystal data for complex [Ybl]; Co7H27YbN4O3, M =
62047, pale yellow block of 5 mmx 0.10 mmx 0.20 mm
in size, trigonal, space group-3cl, ¢ = 12.952(1), ¢ =
16.5943) A, v = 24106(4) A3, Z = 4, Dc= 1.732 g/cnd,
F(000)=1244.00,.(Mo Ka) = 39.17 cnml,

All measurements were made on a Rigaku AFC7S
diffractometer with graphite monochromated Ma iKadia-
tion (A = 0.71069 A). The structures were solved by direct
methods[15] and expanded using Fourier techniqU6]
and were refined by full-matrix least-squares procedures to
R = 0.031 andR,, = 0.036 for 1568 observed reflections
with 7 > 3o(1) ([SmL']-0.5CHCN) andR = 0.026 and
Ry = 0.031 for 1013 observed reflections with> 3o (1)

([YbL]). The non hydrogen atoms were refined anisotrop- Fig. 2. Molecular structure of [SmiLin [SmL!]-0.5CHCN. The hydrogen
ically. Hydrogen atoms were included but not refined. atoms and solvent molecules are omitted for clarity.
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Fig. 3. The bond lengths of Ln—-O1 vs. atomic number. Closed circles
are the bond lengths of [LnL1]. Closed triangles are the bond lengths of
[LnL2]. Closed square is the bond length of [Y,L3].

N1”, N2). The unit cell contains two metal complexes and
one acetonitrile molecule.

In contrast with complexes with higher coordination num-
bers, structurally characterized examples of a heptadentate
ligand coordinating one metal ion arerare in the lanthanides.
Yb(trac) [6] is the first example of a structurally character-
ized lanthanide complex of a heptadentate ligand. It is re-
ported that the geometry around the Yb atoms is that of a
monocapped octahedron, since the trigonal prismatic coor-
dination of the Schiff-base arms would leave the apical N
atom far removed from Y b. In the present complexes the co-
ordination geometry around the Sm or Yb atom is a mono-
capped distorted octahedron in a manner similar to that of
the Yb(trac). The apical nitrogen atom caps the triangular
face formed by the other three coordinating N atoms. The
Sm and Yb atoms are displaced toward the three nitrogen
triangular face from the center of the octahedron.

The bond lengths of Ln—O1, Ln—N1, and Ln—N2 for
[SmL1] and [YbL1] are compared with those of other lan-
thanide and yttrium complexes. Figs. 3 and 4 show the bond
lengthsof Ln—O1 and Ln-N1of [LnL1], [LnL?], and[YL3],
respectively. lonic radii of lanthanide ions decrease smoothly
from Pr3* to Ludt due to the lanthanide contraction, and
theionic radius of Y3+ is between those of Dy3* and Ho3*.
The bond lengths of Ln—O1 decrease with decrease in the
ionic radii of the central metal ions. The variation of bond
lengths is consistent with the smooth decrease in the ionic
radii from Pr3t to Lu3t except that the value for Gd®*
dlightly deviates. The bond Iengths of Ln—N1 also decrease
with decrease in the ionic radii of the central metal ions. In
this case, it is observed that the value for Gd®* clearly devi-
ates from the smooth decrease of bond lengths. Fig. 5 shows
the bond lengths of Ln—N2 for lanthanide and yttrium com-
plexes. The results indicate that the bond lengths of Ln—N2
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Fig. 4. The bond lengths of Ln-N1 vs. atomic number. Closed circles
are the bond lengths of [LnL1]. Closed triangles are the bond lengths of
[LNnL2]. Closed square is the bond length of [Y,L3].

decrease with decrease in the ionic radii of the central metal
ions for Pr3t and Th3+. However, a change or actual re-
versal in these trends was found between Th®+ and Ludt.
One explanation for these changes may be that the N2 grad-
ually separates from the central metal ion in case the size
of the metal ion is small. Although the ligand trensal and
its substituted ligands are potentially heptadentate, most of
the main-transition metal complexes so far studied involve
an N30s3 donor set of the ligands, with the apical nitrogen
atom remaining uncoordinated [17]. Thisis because the cav-
ity offered by the N4Os ligand is too large for all seven
donor atoms to coordinate to these metal ions [18]. We are
interested in the coordination geometry of scandium com-
plexes of trensal and its substituted ligands. The metal-ligand
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Fig. 5. The bond lengths of Ln—N2 vs. atomic number. Closed circles

are the bond lengths of [LnL1]. Closed triangles are the bond lengths of
[LnL?]. Closed square is the bond length of [Y,L3].



310 M. Kanesato et al./Journal of Alloys and Compounds 374 (2004) 307-310

bond lengths of Ln—N2 of the present complexes lie in be-
tween those of Yb(trac) (2.43(1) A) and a Ni''N7 complex
of trig[1-(2-pyridyl)-2-azabuten-4-yl]Jamine (3.25A) [19], in
which the coordination of the apical nitrogen atoms to the
metal ions was confirmed.

4, Conclusion

Samarium and ytterbium complexes of tripodal heptaden-
tate ligand trensal, have been prepared. The X-ray crystal-
lographic analysis revealed that [LnL1] is a heptadentate
complex in which all the N4O3 donor atoms coordinate to
the central metal ions. [LnL1] is a novel example because
the coordination number of the lanthanide and yttrium
complexes does not change in the wide range of the series
of [LnLY] (Ln =Y, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er,
Tm, Yb, Lu). The bond lengths of Ln—O1 and Ln—N1 were
found to be decreased with increase in the atomic num-
ber. On the other hand, the bond length of Ln—N2 was not
smoothly decreased with increase in the atomic number.
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