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Compound [Y(OC2H40Me)3]10 was obtained either by direct attack on yttrium turnings by 2-methoxyethanol in 
toluene or by alcoholysis of Y50(OPri)13; its X-ray structure analysis reveals a centrosymmetric cyclic arrangement 
of 10 yttrium atoms, each of these being hepta-co-ordinated. 

The alkoxide chemistry of transition metals and lanthanides 
consists mainly of derivatives of classical primary, secondary, 
or tertiary alcohols.1 Data concerning derivatives with poten- 
tial poiydentate alcohols such as alkoxyalcohols or alkanol- 
amines, for instance, are scarce, although these derivatives are 
used as additives in sol-gel techniques in order to avoid 
formation of heterogeneous media, to slow down hydrolysis 
rates and/or stabilize gels.2 

2-Methoxyethanol has been more extensively used to obtain 
YBa2C~307-x via sol-gel techniques.3 An yttrium derivative, 
tris(2-methoxyethano1ate)yttrium has been mentioned by 
several groups. Synthesis routes such as anodic dissolution of 
the metal, and the reaction between yttrium trichloride and 
the appropriate alkali alkoxide4 have been used, but charac- 
terization has been limited to microanalyses. Obtention of this 
product by dissolution of yttrium acetate in the alcohol has 
also been claimed.3 

We report here the preparation of [Y(OC2H40Me)3]10, 
either by direct attack of the metal or by solvolysis of an 
yttrium oxoalkoxide, and its X-ray crystal structure (Figure 1). 
Although some transition metal methoxyethanolates have 
been obtained by cleavage of the carbon-oxygen of 1,2- 
dimethoxyethane,S structural data are, to our knowledge, 
limited to those of [Mg4(0C2H40Me)#+ .6 

[Y(OC2H40Me)3]lot has been obtained in nearly quantita- 
tive yield, independently of the synthetic route used; direct 

t Selected spectroscopic data for Y 10(OC2H40Me)30: IR (mineral oil) 
(Y-OR) 575, 530, 430 cm-1. Satisfactory elemental analysis (C, H) 
was obtained. 

attack on Y turnings or alcoholysis of Y~0(0-Pr ')~37 at room 
temperature. The compound is highly soluble (monocrystals 
have been grown in ligroine), air-sensitive, and non-volatile. 
NMR spectra (lH and 13C{ 'H}) show several types of alkoxo 
groups but peak overlapping leads to quite complex and 
poorly informative spectra. The structure was elucidated by 
X-ray spectroscopy.$ 

The molecular structure consists of a discrete centrosym- 
metric cyclic arrangement of 10 yttrium atoms (Figure l), the 
metal being hepta-co-ordinated. All yttrium atoms have a 
similar environment which may be regarded as a pentagonal 
bipyramid. The co-ordination polyhedron of oxygen atoms on 

t Crystal data for C45H105030Y5: M = 1544, monoclinic, space group 
P21/c, a = 13.640(6), b = 20.331(8), c = 24.804(9) A, = 95.45(3)", 
U = 6841 A3, D, = 1.499 g cm-3 for Z = 4,p (Mo-K,) = 42.94 cm-l; 
5339 data were collected at low temperature (- 160 "C) on a Nonius 
CAD-4 diffractometer using graphite monochromated Mo-K, radia- 
tion (h  = 0.71073 A). Yttrium atoms were found using SHELXS.* All 
remaining non-hydrogen atoms were located on successive difference 
electron density maps. The structure was refined by least-squares 
techniques with approximation (in three blocks) to the normal matrix 
using CRYSTALSe9 1845 reflections with I > 2 4 0  were used to solve 
and refine the structure: R = 0.0569, R ,  = 0.0635, 346 variables. In 
view of the low ratio variableddata = 5.3, only Y atoms were refined 
anisotropically. Of the five terminal monodentate alkoxo groups, two 
are disordered. These disorders which affect the C-0-Me ether 
groups, have not yet been completely sorted out. Anomalous 
dispersion terms were applied. Empirical absorption corrections using 
DIFABS'O were made. Atomic co-ordinates, bond lengths and angles, 
and thermal parameters have been deposited at the Cambridge 
Crystallographic Data Centre. See Notice to Authors, Issue No. 1. 
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Figure 1. ORTEP view of the molecular structure of [Y(OC2H40Me)3]10. 

each metal results from one terminal monodentate alkoxo 
group, two chelating 2-methoxyethoxo groups, the alkoxo 
moieties of which are bridging to another Y atom while the 
alkoxide oxygen atoms of two other chelating 2-methoxy- 
ethoxo groups borne by a third yttrium atom are also bonded 
to the first yttrium (Figure 2). Each yttrium atom is thus linked 
to two other yttrium atoms through the alkoxo functionality of 
the methoxyethoxo groups. This arrangement of five yttrium 
atoms is quite regular (distances of 3.77 to 3.79 8, between two 
adjacent metals) and their equivalent positions, related by an 
inversion centre, give the ring of Figure 1. The size of the 
cavity as indicated by the contacts between carbon atoms is 
about 7 A. 

The Y-0 bond distances uniformly follow the pattern Y-0 
(ether) > Y-0 (bridging alkoxo) > Y-0 (terminal alkoxo) 
and range from 2.07 to 2.57 A. The Y-0 bridge distances are 
nearly similar. The Y-0 bond lengths involving the alkoxide 
functionality, terminal or bridging, are significantly shorter 
than the sum of the covalent radii (2.35 A). Angles Y-0-C to 
terminal alkoxide ligands are nearly linear (162-177") and 
account for the short Y-0 bond lengths (average 2.09 A). 
However, these values are larger than those obtained for other 
terminal alkoxo groups linked to yttrium, although the 

Y-0-C angles are comparable. The Y-0 co-ordination bonds 
involving the ether functionality (average 2.52 A) are longer 
than the values generally observed for Y-O(THF) bonds 
(THF = tetrahydrofuran) (2.33-2.45 8,) .11 Yttrium, like 
lanthanides, can commonly accommodate a high co-ordina- 
tion number such as eight; however hexa-co-ordination, as 
also observed for the oxide Y203, seems to be favoured for 
yttrium(II1) alkoxides. Thus [Y(OC2H40Me)3]10 represents 
the first example of an yttrium or lanthanide alkoxide in which 
the metal is hepta-co-ordinated. The increase in co-ordination 
number may account for the lengthening of some Y-0 bonds 
as a way to reduce steric crowding around the metal. 

2-Methoxyethanol appears to be a very reactive alcohol, as 
evidenced by the solvolysis of the yttrium-oxo bond of 
Y50(O-Pri)13 and alcoholysis at room temperature, the fast 
attack of the metal (by comparison with propan-2-01) and the 
dissolution of various insoluble yttrium species. This poly- 
dentate alcohol also allows stabilisation of an alkoxide with 
respect to an oxoalkoxide.7 

The [Y(OC2H40Me)3]10 decamer is so far the highest 
oligomer structurally characterized for homoleptic alkoxides 
{a cyclic arrangement also has been reported recently for 
[ZrC12(0-Prn)2]6} .12 The remarkable solubility of this 
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Figure 2. ORTEP view showing the environment around each yttrium 
atom. Selected bond lengths (A) and angles(”) (average): Y-0 
terminal 2.09(2), Y-0 (alkoxide functionality) in bridging position 
2.29(2), Y-0 (ether) 2.52(2); Y-0-C (terminal alkoxo group) 
167.4( 0). 

decamer is probably due to its cyclic structure. Despite the 
hepta-co-ordination of the metal and the bidentate nature of 
most alkoxo groups, these remain labile, and further studies of 
the reactivity of [Y(OC2H40Me)3]10 are in progress. 

J. CHEM. SOC., CHEM. COMMUN., 1989 

We thank the C.N.R.S. (GRECO 93) for financial support. 

Received, 25th May 1989; Corn. 9102226K 

References 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 

12 

D. C. Bradley, R. C. Mehrotra, and D. P. Gaur, ‘Metal 
Alkoxides,’ Academic Press, London, 1978. 
D. J. Eichorst and D. A. Payne, ‘Better Ceramics through 
Chemistry 111,’ Material Research Society Symp. Proc., vol. 121, 
1988, p. 773; K. Jones, T. J. Davies, H. C. Winterton, and N. N. 
Hughes, ibid. (11), vol. 73, 1986, p. 111. 
P. Ravindranathan, S. Komarneni, A. Bhalla, R. Roy, and L. E. 
Cross, J .  Muter. Res., 1988, 3, 810. 
R. A. Lipeles, D. J. Coleman, M. B. Tueling, and M. S.  Leung, 
Proc. Fourth Intl. Conf. Ultrastructure Processing of Ceramics, 
Glasses, and Composites, Tucson, U.S.A., February 1989. 
G. A. W. Fowles, D. A. Rice, and K. J. Shanton, J .  Chem. SOC. ,  
Dalton Trans., 1978, 1658; G. A. Razunaev, G. S.  Kalinina, and 
E.  A. Fedorova, J .  Organomet. Chem., 1980, 190, 157. 
E. A. Sadurski, W. H. Ilsley, R. D. Thomas, M. D. Glick, and 
J.  P. Oliver, J .  Am. Chem. SOC. ,  1978, 100, 7761. 
0. Poncelet, W. J. Sartain, L. G. Hubert-Pfalzgraf, K. Folting, 
and K. G. Caulton, Znorg. Chem., 1989, 28,263. 
G. M. Sheldrick, SHELXS 86, Program for Crystal Structure 
Solution, University of Gottingen, FRG, 1986. 
D. J. Watkin, J .  R. Carruthers, and P. W. Betteridge, 
CRYSTALS User guide, Chemical Crystallography Laboratory, 
University of Oxford, England, 1986. 
N. Walker and D. Stuart, Acta Crystallogr., Sect. A, 1983,39,158. 
W. J. Evans, M. S.  Sollberger, and T. P. Hanusa, J. Am. Chem. 
SOC. ,  1988, 110, 1841; W. J. Evans and M. S. Sollberger, Znorg. 
Chem., 1988, 27, 4417. 
T. J. Burkhardt, W. Funk, A. W. Lauger, and J.  J. Steger, ACS 
Meeting Abstracts, INOR 364, LA, September 1988. 




