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It has recently been reported that yttrium and lanthanide
alkoxide complexes generate extremely active, living, ring-opening
polymerization systems with e-caprolactone, C¢H 005, to form
polymers with low polydispersity.!2 Since caprolactone is readily
polymerized by many metal complexes,’ little information is
available on the first few steps of the metal-mediated polymer-
ization process. For example, it is not even known how
caprolactone initially coordinates to the metal center.

We report here the first X-ray crystallographic data on a
caprolactone complex of yttrium. This compound is also the first
six-coordinate YCls(solvate), complex to be reported. Solvated
yttrium and lanthanide trichloride structures typically crystallize
as tetrasolvated pentagonal bipyramidal LnCl;(L)4 complexes
(e.g., YCI;(DME), (DME = dimethoxyethane),* GdCl;(DME),,’
LnCl;(THF), (Ln = Eu® Nd7), SmCl;(DME)(THF),,? and
EuCls(pyridine),®) or as polymeric seven- or eight-coordinate
species (e.g. {YCI;(TEG)(18-crown-6)],!0 (TEG = triethyle-
neglycol) or [(u-Cl);La(C;H;50,),],'! (C;H50; = 2,6-dimethyl-
4-pyrone)). Only for the lanthanide 2,6-dimethyl-4-pyrone and
hexamethylphosphoramide (HMPA) complexes GdCl;(2,6-di-
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methyl-4-pyrone);'? and PrCl;(HMPA);!? have six-coordinate
structures been observed.

YCl; dissolves in caprolactone at room temperature to form
a saturated solution which, upon slow evaporation, deposits well-
shaped crystals of YCI3(C¢H,00,);.14 The complex crystallizes
as a trisolvated six-coordinate mer-octahedral complex in which
each caprolactoneis coordinated as a monodentate ligand through
its carbonyl oxygen, Figure 1.!° Although the six-coordinate
structure found in 1 is relatively rare for yttrium and the lanthanide
trihalides,*!!.'6 no evidence for coordination of the ring oxygen
atoms of the caprolactone ligands is observed, and the complex
is only slightly distorted from a regular octahedral geometry.
The angles between the donor atoms of the trans ligands are close
to 180° (O-Y-0, 187.7 (1)°; O-Y-Cl, 177.9 (1)°; CI-Y-CI,
166.8 (1)) and 8 of the 12 angles between cis ligands are within
2° of 90° (Table I).

The three chloride ligands adopt a meridonal geometry which
mimics the T-shaped disposition of halides in seven-coordinate
LnCl;(L), complexes.*!! In contrast, the octahedral alkoxides
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Figure 1. Molecular structure of YCl3(CsH00,); with probability
ellipsoids drawn at the 50% level.

Table I. Selected Bond Distances (A) and Angles (deg) for
YCl3(CsH 007)3 (1)

Y(1)-CI(1) 2.590 (1) Y(1)-CI(2) 2.574 (1)
Y(1)-CI(3) 2.604 (1) Y(1)-0(1) 2274 (2)
Y(1)-0(11) 2.296 (3) Y(1)-0(21) 2.269 (2)
o(1)-C(1) 1.233 (3) o(11)-C(11) 1.229 (5)
0(21)-C(21) 1.226 (4)
CI(1)-Y(1)-CI(2) 98.1(1) CI(1)-Y(1)-CI(3)  95.0(1)
ClI(2)-Y(1)-CI(3)  166.8(1) CI(1)-Y(1)-O(1) 90.1 (1)
CI(2)-Y(1)-0(1) 89.2(1) CI(3)-Y(1)-0(1) 89.8 (1)
CI(1)-Y(1)-0(11)  1779(1) CI(2)-Y(1)-O(11)  83.3(1)
CI(3)-Y(1)-0(11)  835(1) O(1)-Y(1)-O(11)  91.4(1)
CI)-Y(1)-0(21)  88.6(1) CI(2)-Y(1)-O(21)  90.4(1)
CI(3)-Y(1)-0(21)  90.8(1) O(1)-Y(1)-021)  178.7(1)
O(11)-Y(1)-0(21)  89.8(1)  Y(1)-O(1)-C(1) 152.8 (2)
Y(1)-O(11)-C(11)  156.0(2) Y(1)-0(21)-C(21)  155.6 (2)

Y(OCsH;Me;-2,6)3(THF);!" and Y(OSiPh;);(THF);!? have a
facial arrangement of the three anionic ligands. Interestingly,
the closest crystallographically characterized analogs of 1, the
octahedral GdCl;(2,6-dimethyl-4-pyrone),'2 and PrCl;(HMPA),,!3
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display both isomericforms: theformer hasa facial arrangement,
and the latter is meridonal.

The 2.574 (1)-2.604 (1)-A Y-Cldistances in 1 are comparable
to the analogous distances in seven-coordinate [YCl3(TEG)(18-
crown-6)], (2.595 (3)-2.622 (2) A)'° and in seven-coordinate
YCIl3(DME); (2.597 (2)-2.603 (2) A)* despite the difference in
coordination number.!® The 2.269 (2)-2.296 (3)-A Y-O(ca-
prolactone) distances in 1 are shorter than the 2.379 (3)-2.457
(3)-A Y-O(DME) distancesin YCl;(DME),,* but they are longer
than the 2.190-A Y-O(antipyridine) distance in [ Y (2,3-dimethyl-
1-phenyl-pyrazolin-5-one)s](I);.2°

Several conclusions can be drawn from this structure. First,
any mechanism proposed for the yttrium-mediated polymerization
of caprolactone must consider that the caprolactone can initially
bind as a monodentateligand. Second, the predominance of seven
and eight coordination in solvated yttrium and lanthanide trihalide
complexes can be altered by choosing the proper coordinating
ligand. Of course, this can be done with a very large ligand, but
in this case it can be done with an oxygen donor that does not
have an obviously large cone angle or three dimensional steric
bulk. Finally, the ease of formation of 1 and the quality of the
crystals suggest that, for those yttrium and lanthanide complexes
which do not cause it to polymerize, caprolactone may be an
excellent ligand for the preparation of crystalline materials in
systems which donot readily crystallize with more common oxygen
donor atom solvents.
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