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Reaction of a 1:2 mixture of Y[N(SiMe&], and Ba[N(Si- 
Me3)& with tBuOH (8 mol equivalents) in EtzO at 25°C 
yields YBa2(OtBu)7(tRuOH), which has a triangular structure 
with two p3-OfBu and three pz-OtBu ligands, one terminal 
OtBu on Y and on one Ba, and one terminal tBuOH on the 
second Ba. All metals are thus five-coordinate. The crystal 
structure is comprised of chains of triangles held together by 

hydrogen bonds from tBuOH of one YBaz unit to the terminal 
OtBu on Ba of the next YBaz unit. This serves as support for 
the idea that, in certain cases, the heterometallic alkoxide 
product from alcoholysis of a mixture of two metal complexes 
can faithfully duplicate the global solution metal stoichiome- 
try. 

The synthesis of effective precursors to solid materials 
becomes more challenging as the stoichiometry of ternary 
(and higher) solids is considered. Thus, a precursor to 
YBa2Cu307 requires a means to direct the 1 :2:3 metal stoi- 
chiometry in a molecular species, as well as an efficient syn- 
thetic approach. Thc precursor aggregate or cluster will be 
governed by the preferred metal coordination numbers, as 
well as the multiple structural potential (e.g., terminal, p2-, 
p3-, etc.) of the chosen anionic and neutral ligands. 

In the case of YBa2Cu307, the Y:Ba stoichiometry is 
quite naturally approached with a triangular structural mo- 
tif which is so commonly adopted by M'M, heterometallic 
alkoxides: KZr2(0iPr)9['l, C1CuZr2(OiPr)9[21, Ba[Zr2(0- 
iPr)&, and [BaZr2(0iPr)lol2['1, BaZr4(0H)(OiPr)1~[~1, 
KBa2(0SiPh3)5(MeOC2H40Me)2[5], K2Sb(OtBu)5(diox- 
ane)[']], NaCe2(0tBu)9[7], [C1CdZr2(OiPr)g]2[Xl, KU2(Ot- 
Bu)&~], and NaTh2(OtBu)9[10]. This triangular unit nor- 
mally has the core ligation M3(p3-X)2(p2-X)3[111 with vari- 
ous numbers of terminal ligands. There are two important 
concerns regarding a triangular YBa2 1) the 
potential for the metals to disordcr in the solid state[131; 
2) the need to retain some functionality for later synthetic 
incorporation of copper. We report on some progress along 
this theme[l41. 

Reaction of YX3, BaX2, and tBuOH at 25°C in ether 
according to eq. (1) yields a mixed metal product with the 
solid-state structure (X-ray diffraction) shown in Figure 1. 
It has precisely the YBa2(p3-OtB~)2(p2-OtB~)3 substruc- 
ture, with three terminal ligands. The metal ions show no 
sign of disorder, in spite of all being fivecoordinate, in part 
because the Y - 0  (terminal) distance [2.06(2) A] is much 
shorter than the Ba-0 (terminal) distances [2.66(2) and 
2.67(2) A]. Even more decisive in preventing metal disorder 
is the fact that the barium centers carry the one tBuOH 
(i.e., alcohol) ligand. This ligand is bent [122(1)" for 029 

and 123(2)O for 0341 and involved in intermolecular hydro- 
gen bonding to the terminal alkoxide on barium of a 
neighboring molecule (Scheme 1). The crystal lattice is thus 
comprised of hydrogen bonded chains (Figure 2 ) .  The inter- 
molecular hydrogen bonds are short["] [O/O distance = 
2.50(2) A], which is consistent with the distances from Ba 
to 0" and to Ob being identical. 
Y X 3  + 2 BaXz + 8 tBuOH * YBaz(OtBu)T(tBuOII) + 7 HX (1) 

X = N(SiMe& 

Scheme 1 

YBa2(OtBu),(tBuOH) is extremely poorly soluble in 
C6Dh, where it shows only one 'H-NMR tBu resonance at 
25 "C. We attribute this low solubility to the hydrogen bond- 
ing. When the molecule is recrystallized in the presence of 
THF (5% THF in pentane), the crystals have the compo- 
sition YBa2(0tB~i)7(tBuOH)(THF)2. both by 'H-NMR in- 
tegration (2 THF: 8 tBu) and by thermogravimetric analyti- 
cal assay (all THF is lost by 90OC). This THF adduct is 
more soluble in benzene than is the compound in Figure 1, 
but the 'H-NMR spectrum in [Ds]toluene shows a single 
tBu signal (6 = 1.45) for the methyl protons. The THF sig- 
nals of coordinated and added free THF (three equivalents 
per YBa2 unit) are coalesced down to --95"C, which indi- 
cates rapid THF ligand exchange. By cooling to -30°C in 

Chem Ber 19Y6,lZY. 1003- 1005 0 VCH Verlagsgeuellwhaft mbH, D-69451 Weinhelm. 1996 0009~2'~4019610909~1007 X 15 00+ 2510 1003 



B Borup, W. E Streib, K. G. Caulton SHORT COMMUNICATION 
Figure 1 .  ORTEP view of YBa2(0tBu),(tBuOH). showing selected 

atom labeling. Note the bent angles at 029 and 034 

Figure 2. Representation of the hydrogen bonding (dotted line) 
which creates an infinite chain of YBa,(OrBu),(tBuOH) monomers 

in the solid state 
E 

[Ds]toluene, the methyl signals decoalesce into a -6: I pat- 
tern, but further decoalescence was not achieved. It is prob- 
able that this rapid fluxionality of the OtBu groups is due 
to rapid proton transfer (from the tBuOH ligand), which 
encourages OtBu migration andlor dissociation. The one 
resolved (- 30 "C) tBuO resonance is then logically attri- 
buted to the terminal ligand on yttrium. 

The molecular structure of YB~,(O~BLI)~(~BUOH) is dis- 
torted from its idealized C, symmetry, as the two p3-OtBu 
groups do not bind symmetrically to the barium atoms. 
While Ba2 forms one long bond with 0 9  [2.852(17) A] and 
one short bond with 0 4  [2.700(17) A], Bal forms bonds of 
similar lengths with both 0 9  and 0 4  [2.787(16) and 
2.763 16) A, respectively]. The shortest Ba-0 distances in 
the molecule are those of the bridging alkoxide oxygen 014 
with bond lengths of 2.558(18) and 2.567(17) A to Bal and 
Ba2, respectively. It is of interest to note that this is 0.10 A 
shorter than the Ba-0 bonds to the alkoxide engaged in 
hydrogen bonding. The length of Bal-029 and Ba2-034 
must be due to the alcohol having much reduced donor 
power relative to tRuO. Furthermore, the bond lengths of 
the p3-alkoFides to Y are also unsymmetric [2.204(17) and 
2.371(17) A to 0 9  and 0 4 ,  respectively]. In general, the 

bond lengths are comparable to those in related mol- 
ecules[16- l*]. 

The molecule YBa,(OtBu),(tBuOH) can be conceptually 
dissected into Y(OtBu), and tB~0Ba(p~-OtBu)~Ba(HOtBu) 
(I), which emphasizes the relationship of the latter to 
(RO)(THF),nBa(p2-OR)3Ba(THF),, where n = 2, m = 1 
when R = CPh3 and n = 1, m = 0 when R = SitBu3r16]. 
This comparison is particularly significant in that Ba- 
(OtBu)? is insoluble in benzene (i.e., probably polymeric) 
until tBuOH is added, which leads to production of the 
tetrainer [Ba(0tBu),(tB~OH),]~~~~l.  Y(O~BU)~  thus severely 
alters the degree of aggregation of Ba(0tB~)~ltBuOH. 

I 

There has been considerable concern over 
whether simply forming a mixture of A X ,  and BX, in a 
mol ratio p : q ,  then executing a hydrolysis or alcoholysis 
(HY), could succeed in generating a product, Ap,BqYp,n+yn 
which possesses the global solution stoichiometry. Possible 
sources of failure include production of multiple products 
with stoichiometry deviating from p : q .  In this context, it is 
interesting that the present work gives cause for optimism 
in at least one case. On the other hand, pre-aggregation 
is not counterproductive. Reaction of the proton-bearing 
cubane aggregate of barium with YX3 (eq. 2) in pentane at 
25 "C produces the same YBa2 cluster (Figure 1). However, 
the use of other Ba:Y stoichiometries gives unattractive 
mixtures of this YBa2 compound with numerous other (un- 
identified) products. 
[B~(O~BU)~(~BUOH)~]., + 2 YX3 ---z 2 YBa2(OtBu)7(tBuOH) + HX 

X = N(SiMe3)2 (2) 

YBa,(OtBu),(tBuOfI) is the first yttrium barium alkox- 
ide containing only one ligand type (OtBu and its conjugate 
acid). The availability of an yttrium-barium compound with 
only one type of ligand should permit mechanistic study of 
the relative hydrolytic sensitivity of different sites within this 
molecule. Such knowledge is essential to progress in sol-gel 
science for heterometallic precursors. Finally, it is signifi- 
cant that YBa,(OtBu),(tBuOH) retains an acidic proton 
functionality (i.e., the alcohol) that might be manipulated 
for introduction of copped2"]. 

This work was supported by the Departnient of Energy and by a 
grant from the Midwest Superconductivity Consortium. 

Experimental 
Reactions were performed under purified nitrogen with standard 

Schlenk techniques. All solvents were distilled from Na/benzo- 
phenone and stored under nitrogen. 

YBa,(OtBuj,(HOtBu) ( THF)2: In a glove box, a Schlenk flask 
was charged with 6.3 g (10.5 mmol) of Ba[N(SiMe3)2]2(THF)2 and 
3.0 g (5.3 mmol) of Y[N(SiMe3)&. The solids were dissolved in 50 
ml of pentane. After slow addition of 8.0 ml of a 5.4 M solution 
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of tert-butyl alcohol (43.2 mmol) in heptane, the reaction solution 
mixture was left stirring for 12 h. After removal of small amounts 
of solid by filtration, the solution was concentrated (to about 30 
ml) in vacuo and put into a freezer (-20°C). After 3 d, 5.3 g (92%) 
of YBa2(0tBu),(HOtBu)(THF)2 was obtained. The compound is 
soluble in Et20, but it is not volatile due to loss of THF at 90°C. 

C40H89Ba2010Y: calcd. C 43.92, €I 8.21; found C 43.30, H 8.09. 

Crystal Structure Determination[2']: C32H73Ba208Y (formula 
mass 949.51); the diffractometer used for data collection was de- 
signed and constructed locally. A Picker four-cycle goniostat 
equipped with a Furnas Monochromator (HOG crystal) and Spell- 
man generator is interfaced to an IBM PC computer with Slo-Syn 
stepping motors to drive angles. Crystal size 0.05 X 0.10 X 0.10 
mm, temperature - 172 "5; monoclinic, P2Jc, o = l5.0! 7(4), b = 
14.654(4), c = 19.716(5) A, p = 93.69(1)", V =  4329.69 A3, 2 = 4, 
dcald = 1.457 g . ern-?: 2 0  range 6-45; no correction was made 
for absorption; 8643 total reflections, 5699 independent reflections 
(&, = 0.136); 2508 observed reflections [F > 2.33F('(F)]; 189 total 
variables. The structure determination was performed by a combi- 
nation of direct methods (MULTAN78) and Fourier techniques. 
The positions of the metal atoms were obtained from an initial 
E map. The positions of the remaining non-hydrogen atoms were 
obtained from subsequent iterations of a least-squares refinement 
followed by Fourier calculation. Hydrogens were included in fixed 
calculated positions. The anisotropic thermal parameters for sev- 
eral of the lighter non-hydrogen atoms did not refine properly, un- 
doubtedly due to the weak data; R(F) = p.072 (2.33F data); max./ 
min. residual electron density 1. I/- 1.2 eA3. 

- 'H NMK (C6DS): 6 = 1.45 (~Bu), 1.38, 3.52 (THF). - 
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