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The synthesis of mono(cyclopentadienyl)aryloxide complexes of calcium and barium has been
investigated. The reaction of ICa(ODipp)(thf)s (Odipp =[2,6-iPr-OC¢H30]~) with K[CsMes], (Cp3Si),Ca
(Cp3St = Cs(SiMes )3H,) with K[ODipp], and IBa(BHT)(thf)s (BHT =[2,6-tBu-4-Me-CgH, 0]~ ) with K[CsMes]
in THF produces Cp*Ca(Odipp)(thf)s, (Cp3*)Ca(Odipp)(thf),, and Cp*Ba(BHT)(thf), respectively. The crystal

structures of the two monomeric calcium complexes are reported. All three compounds are stable against
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Schlenk rearrangement in THF and aromatic solvents. DFT calculations suggest that the presence of THF
has less of an effect on the thermodynamics of Schlenk rearrangements of the aryloxide systems than it

does on comparable Cp’Cal compounds.
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1. Introduction

Half-sandwich cyclopentadienyl complexes (Cp'MX) serve as
useful synthons for the stoichiometric [1-3] and catalytic [4,5]
chemistry of the heavy alkaline-earth metals calcium, strontium,
and barium. Nevertheless, the highly electropositive character of
these metals and the lack of valence electrons in their cations
are associated with high kinetic lability in many Cp’MX com-
pounds [6]. Archetypal examples include Cp’Cal(thf), (Cp’ = CsMes
or CsMey4Et) complexes, which undergo Schlenk-type rearrange-
ment in THF solution to form 2:1:1 mixtures of Cp’Cal(thf),, Cp’,Ca,
and Cal,, respectively [7,8]. The position of equilibrium can be
shifted somewhat by the solvent (aromatic solvents favor the
heteroleptic species) and by the use of “encapsulating” cyclopenta-
dienyl rings such Cs(i-Pr)4H (=Cp*) [1,3], C5(SiMe3 )3H, (=Cp351) [2]
and Cs(t-Bu)sH; [9], which sterically interfere with the rearrange-
ment process. The identity of the X ligand in Cp’CaX complexes also
affects the position of Schlenk equilibrium, and the present work
demonstrates how the use of aryloxide ligands can make possible
the isolation of rearrangement-resistant complexes in the absence
of encapsulating Cp’ rings or with easily displaceable Cp’ rings such
as Cp3si,
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2. Experimental
2.1. General considerations

All manipulations were performed with the rigorous exclusion of air and mois-
ture using high vacuum, Schlenk, or drybox techniques. Proton ('H) and carbon
(3C) NMR spectra were obtained on a Bruker NR-300 spectrometer at 300 and
75.5 MHz, respectively, and were referenced to the residual resonances of CgDg
(& 7.15 and 128.0) or THF-dsg (8 3.58 and 67.4). Infrared data were measured with
KBr pellets as previously described [10]. Elemental analyses were performed by
Desert Analytical Laboratory, Tucson, AZ or by Oneida Research Services, Whites-
boro, NY.

2.2. Materials

2,6-Diisopropylphenol (HOdipp) and potassium hydride were purchased from
Aldrich. K[Cp3*'] [11], (Cp3S'),Ca [9] and IBa(BHT)(thf)s; [12] were prepared as pre-
viously described. K[Odipp] and KCp* (Cp* = CsMes ) were prepared from potassium
hydride and HOdipp or HCp*, respectively. ICa(Odipp)(thf); was prepared from
the reaction of Cal, and K[Odipp] in THF [13]. Solvents for reactions were dis-
tilled under nitrogen from sodium or potassium benzophenone ketyl. NMR solvents
were vacuum distilled from Na/K (22/78) alloy and stored over type 4A molecular
sieves.

2.3. Synthesis of Cp*Ca(Odipp )(thf)s

ICa(Odipp)(thf)s (0.781g, 1.23mmol) and KCp* (0.215, 1.23mmol) were
dissolved in THF (20 mL), and the reaction mixture was stirred overnight. The pre-
cipitate was allowed to settle, and the clear supernatant solution was decanted. The
solution was concentrated under vacuum until the volume was reduced to about
5 mL. Slow evaporation of the remaining solvent under ambient pressure resulted in
the isolation of 0.474 g (60% yield) of Cp*Ca(Odipp)(thf); as air-sensitive, colorless
crystals, mp 48-50°C. Acceptable elemental analysis could not be obtained, perhaps
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because of the high air-sensitivity of the compound. "H NMR (CsDg, 20°C): §=7.22
(d, J=6Hz, 2H, meta-(0OAr)), 6.84 (t, J=6 Hz, 1H, para-(OAr)), 2.23 (s, 15H, Cp-CHs),
1.37 (d, J=6Hz, 12H, CHMe;). '"H NMR (THF-dg, 20°C): §=6.70 (d, J=7Hz, 2H,
meta-(0Ar)), 6.18 (t,J=7 Hz, 1H, para-(OAr)), 3.45 (septet, J=7 Hz, 2H, CHMe;), 2.02
(s, 15H, Cp-CH3), 1.07 (d, J=7 Hz, 12H, CHMe;). 13C NMR (75.5 MHz, THF-dg, 20°C):
8§=161.7 (iPr-C(Ar)), 135.8 (O-C(Ar)), 122.5 (meta-C(Ar)), 112.3 (para-C(Ar)), 111.5
(ring-CCH3), 25.9 (CH(iPr)), 24.7 (CH3(iPr)), 11.6 (Cp-CH3). Principal IR bands (KBr,
cm~'): 2966 (vs, br), 2871 (s), 1587 (w), 1438 (vs), 1342 (br, m), 1263 (m), 1042(br,
s), 885 (w), 748 (w), 543 (br, w). Crystals for X-ray structural analysis were grown
by slow evaporation of a saturated THF solution of Cp*Ca(Odipp)(thf); at room
temperature.

2.4. Synthesis of (Cp3S!)Ca(Odipp)(thf),

(Cp*Si),Ca (0.320 g, 0.53 mmol) and K[Odipp] (0.117, 0.54 mmol) were dissolved
in THF (40 mL), and the reaction mixture was stirred overnight, evaporated to dry-
ness, and the residue extracted with toluene. The extract was filtered, and the filtrate
evaporated to an oil that crystallized upon standing, yielding (Cp3S')Ca(Odipp)(thf),
as air-sensitive, colorless crystals (0.277g, 81%), mp 102-104°C. Anal. Calcd. for
C34Hg2Ca0sSis: C, 63.49; H, 9.72. Found: C, 64.27; H, 9.87. '"H NMR (THF-dg, 20°C):
6=6.92 (s, 2H, ring-CH), 6.72 (d, J= 7 Hz, 2H, meta-(OAr)), 6.26 (t, =7 Hz, 1H, para-
(OAr)), 3.35 (septet, J=7Hz, 2H, CHMe;), 1.12 (d, J=7Hz, 12H, CHMe3), 0.31 (s,
18H, Si(CHs)3), 0.16 (s, 9H, Si(CH3)3). 3C NMR (75.5 MHz, THF-dg, 20°C): §=160.9
(iPr-C(Ar)), 135.7 (0-C(Ar)), 131.3 (2C, ring-CH), 126.8 (ring-CSi(CH3)3), 122.7 (ring-
CSi(CH3)3), 122.5 (meta-C(Ar)), 113.3 (para-C(Ar)), 26.5 (CH(iPr)), 24.6 (CH3(iPr)),
2.6 (Si(CH3)3), 1.1 (Si(CH3)3). Principal IR bands (KBr, cm~!): 2952 (vs, br), 2895 (s),
1587 (w), 1434 (vs), 1345 (m), 1281 (m), 1248 (s, sh), 1093 (m), 1028 (s), 942 (W), 844
(vs, br), 748 (s), 687 (m), 420 (s). Crystals for X-ray structural analysis were grown by
slow evaporation of a saturated toluene solution of (Cp3$')Ca(Odipp)(thf), at room
temperature.

2.5. Synthesis of Cp*Ba(BHT)(thf)

IBa(BHT)(thf); (0.82 g, 1.17 mmol) and KCp* (0.20 g, 1.17 mmol) were combined
in 20 mL of THF in an Erlenmeyer flask. The white reaction mixture was stirred for 8 h
and then set aside to allow the precipitate to settle. The clear supernatant liquid was
transferred to another flask with a pipet and the THF was removed under vacuum to
avolume of 2 mL; a white solid precipitated as the THF was removed. The remaining
THF solution was decanted, and the solid was allowed to dry at ambient pressure,
giving 0.51g (77% yield) of Cp*Ba(BHT)(thf) as an ivory powder. Anal. Calcd. for
Ca9HyeBa0,: C, 61.76; H, 8.22; Ba, 24.35. Found: C, 62.44; H, 8.45; Ba, 24.59. "H NMR
(CeDs): 6 7.19 (s, 2 H, Ar-H); 3.54(t, ]=6.5 Hz, 4 H, a-C4Hg 0); 2.41 (br s (), =30 Hz),
3 H, Ar-CH3); 1.79 (br s (wq2 =60Hz), 15H, Cp-CH3); 1.52 (br s (w1 =30Hz), 18 H,
Ar-C(CHs)3); 1.39 (m, 4 H, B-C4Hg0). '"H NMR (THF-dg): § 6.61 (br s, 2 H, Ar-H);
3.60 (m, 4 H, a-C4Hg0); 2.04 (br s, 3 H, Ar-CH3 ); 1.94 (br, partially resolved doublet,
15 H, Cp-CHs); 1.76 (m, 4 H, 3-C4H350); 1.35 (br, partially resolved doublet, 18 H,
Ar-C(CH3)3). 3C NMR (THF-ds ): 8 165.7 (Ar-1); 136.2 (Ar-2,6); 125.0 (Ar-3,5); 120.3
(Ar-4); 112.8 (Cp ring-CCH3); 68.2 (a-C4Hg0); 35.3 (Ar-C(CH3)3); 31.9 (Ar-C(CH3)3);
26.4 (B-C4Hg0); 21.6 (Ar-CH3); 11.5 (Cp-CHs). Principal IR bands (KBr, cm~1): 2901
(s, vbr), 2723 (m, sh), 1602 (w), 1548 (w), 1421 (s), 1380 (s), 1343 (m), 1286 (s,
br), 1216 (m), 1199 (m), 1035 (s), 886 (s), 818 (s), 800 (s), 667 (w), 577 (w), 498
(m).

2.6. X-ray crystallography

Data collection and structure solution were conducted at the X-ray Crystallo-
graphic Laboratory at the University of Minnesota. Details of the data collection and
refinement can be found in Section 5.

2.7. Computational details

All calculations were performed with the Gaussian 03W suite of programs
[14]. For geometry optimization and energy calculations, the B3PW91 functional,
which incorporates Becke's three-parameter exchange functional [15] with the
1991 gradient-corrected correlation functional of Perdew and Wang [16] was used.
For C, H, and O, the standard 6-31G(d) basis set was used. For Ca, the TZV basis
of Ahlrich [17] was supplemented with five d functions (the diffuse d («=0.013)
was not included); [18] for Ba and I, the Stuttgart/Dresden ECPs were employed
[19]. Frequency calculations confirmed that structures were either minima on their
potential energy surfaces or, in the case of the some barium complexes and sol-
vated calcium species, had relatively minor (<—24cm~') imaginary frequencies.
In the latter case, structures were reoptimized using an ultrafine grid, which left
only positive or very small negative (<—9cm~') frequency values. The same grid
type (regular or ultrafine) was used for the energy calculations in the separate
reactions.

3. Results and discussion
3.1. Synthesis of Cp*Ca(Odipp)(thf)3

The reaction of ICa(Odipp)(thf); with one equivalent of
KCp* generates the mono(ring)calcium aryloxide complex
Cp*Ca(Odipp)(thf)s (Eq. (1)).

ICa(Odipp)(thf), + KCp* — Cp*Ca(Odipp)(thf); +KI | (1)

The compound was characterized with spectroscopic methods
and X-ray crystallography. It is stable against rearrangement in both
THF and aromatic solvents.

3.2. Synthesis of (Cp3%t)Ca(Odipp)(thf),

The stability of Cp*Ca(Odipp)(thf); suggests that related
[Odipp]~-containing complexes with other Cp’ rings should also be
stable. In fact, early attempts to isolate (Cp35i)Ca(Odipp)(thf), from
the reaction of (Cp3S')Cal(thf) and K[Odipp] were unsuccessful,
owing to facile ring loss from calcium (Eq. (2)) [2]. A reinvesti-
gation of the system indicates that the direct reaction of K[Cp35i]
and ICa(Odipp)(thf)4 does form the mono(ring)calcium aryloxide
complex (Cp3S)Ca(Odipp)(thf),, but in low yield (23%; Eq. (3));
the majority of the starting materials remains unreacted. When
the same reactants are mixed in toluene, (Cp35i)Ca(Odipp)(thf), is
produced in 63% yield, but K[Cp35i] and ICa(Odipp)(thf), are also
present in the reaction mixture (Eq. (4)).

(Cp3S)Cal(thf) + K[Odipp] L EK[Cp3S] + ICa(Odipp)(thf), 2)

1Ca(Odipp)(thf), + K[Cp>ST| 225 (Cp3Si)ca(Odipp)(thf), + KI | (3)

(Cp3Shcal(thf) + K[Odipp]

toulene

Z5(cp?Styca(Odipp)(thf), + K[CpSi] + I1Ca(Odipp)(thf), (4)

An effective synthesis for (Cp3$')Ca(Odipp)(thf), was found in
the reaction of (Cp351),Ca [9] with K[Odipp] (Eq. (5)).

(Cp3$1),Ca + K[Odipp] ™5 (Cp3S1)Ca(Odipp)(thf), (81%) + K[Cp3Si]

(5)

With this approach, the potassium cyclopentadienide is intention-
ally formed and can subsequently be removed from the desired
product by extraction with toluene. (Cp35)Ca(Odipp)(thf), was
characterized with spectroscopic methods and X-ray crystallogra-
phy. The 'H NMR resonances for the [Cp35i]~ and [Odipp]~ ligands
are shifted from those of the corresponding homoleptic com-
pounds [9]. As with the related mono(ring) alkaline-earth iodide
(Cp3Shcal(thf), the aryloxide derivative is resistant to ligand redis-
tribution in both THF and aromatics.

3.3. Synthesis of Cp*Ba(BHT)(thf)

The reaction of IBa(BHT)(thf); with one equiv of KCp*
generates the off-white mono(ring)barium alkoxide complex
Cp*Ba(BHT)(thf) (Eq. (6)). As with the other heteroleptic alkaline-
earth alkoxides described above, the mono(ring) complex was
isolated by precipitation from small volumes of THF.

IBa(BHT)(thf); + KCp* 125 Cp*Ba(BHT)(thf) + KI | (6)

Satisfactory elemental analysis was obtained for the compound,
and spectroscopic data (H and 3C NMR, IR) were consistent
with its proposed formulation. Attempts to obtain crystals of
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(b)

Fig. 1. ORTEP diagrams of Cp*Ca(Odipp)(thf); (a) and (Cp®*)Ca(Odipp)(thf), (b), with thermal ellipsoids drawn at the 50% level. Hydrogen atoms have been omitted for

clarity.

Cp*Ba(BHT)(thf) suitable for an X-ray structural analysis have been
unsuccessful.

The proton NMR resonances for the [Cp*]~ and [BHT]~ ligands
in both CgDg and THF-dg are shifted from those of the correspond-
ing homoleptic compounds [20,21]. Interestingly, the peaks of the
TH NMR spectra in both solvents are substantially broadened; such
broadening is especially unusual for the methyl proton resonance
of the [Cp*]~ ligand (w1, as high as 60 Hz), which is normally a
sharp singlet in related compounds [22,23]. It is possible that the
wider lines reflect some aggregation in solution; no broadening
of the resonances is observed in the 13C NMR spectra of the com-
plex in THF-dg, however. Also unusual is the upfield shift observed
for the [Cp*]~ resonance in CgDg (1.79 ppm), when compared to
the analogous peak for the metallocene Cp*;Ba (1.97 ppm). This
contrasts with that of the corresponding mono(ring) complexes of
calcium Cp*CaX(thf),, which have [Cp*]~ resonances shifted down-
field from the same peak for Cp*,Ca [7,8].

CgDg and THF-dg solutions of isolated Cp*Ba(BHT)(thf) allowed
to stand for up to 72 h under ambient conditions do not exhibit any
noticeable changes in their "H NMR spectra. However, removal of
toluene from a solution of Cp*Ba(BHT)(thf) under vacuum leads to
partial desolvation and subsequent decomposition of the complex
in solution, as proton NMR spectra (CgDg) now contain resonances
for the corresponding homoleptic products Cp*;Ba(thf), [23] and
Ba(BHT),(thf), [21].

3.4. Solid state structure of Cp*Ca(Odipp )(thf)s-THF

Cp*Ca(Odipp)(thf); crystallizes from THF solution as a monomer
in which each calcium atom is coordinated by one m>-Cp* ring,
one [Odipp]~ ligand, and three thf molecules; a THF of crystal-
lization is also present in the lattice (Fig. 1a). The Ca-O(aryloxide)
bond distance of 2.177(2) A is comparable to that of 2.1063(16)A
in (Cp3S1)Ca(Odipp)(thf), when the difference in the radii between
6- and 7-coordinate Ca'l (1.00 A and 1.06 A, respectively) is consid-
ered [24]. The average Ca-C(ring) and the Ca-centroid bond lengths
of 2.731(8)A and 2.45A are longer than those in [Cp*Cal(thf);],
(2.67(1)A) [7]. The average Ca-O(thf) distance of 2.443(5) A is also
slightly longer than the average Ca-O(thf) distances of 2.422(6)A
and 2.387(7) A in [Cp*Cal(thf); ],.

3.5. Solid state structure of (Cp5)Ca(Odipp)(thf),

(Cp3Si)Ca(Odipp)(thf), crystallizes from THF solution as a
monomer in which each calcium atom is coordinated by one
m°-Cp3Si ring, one [Odipp]~ ligand, and two thf molecules
(Fig. 1b). The average Ca-C(ring) and the Ca-centroid bond dis-
tances of 2.706(4) and 2.42A are slightly longer than those in
[(Cp3ShCal(thf)], (2.65(4) and 2.36(2)A), [(Cs(tBu)3H;]Cal(thf),
(2.677(4) and 2.39A), and {[(Cs(tBu)3H;]Cal(thf)}, (2.63(2)A and
2.34A) [25]. This lengthening is similar to that observed in
Cp*Ca(Odipp)(thf);. As noted above, the Ca-O(aryloxide) bond
distance in (Cp3S)Ca(Odipp)(thf); of 2.1063(16)A is compara-
ble with the analogous distance observed in Cp*Ca(Odipp)(thf);
when the difference in coordination number-adjusted radii Call
are considered [24]. The same is true of the average Ca-O(thf)
distances (i.e., 2.36(2)A in (Cp3%)Ca(Odipp)(thf)s; 2.443(5)A in
Cp*Ca(Odipp)(thf);). The Ca-0O(1)-C(1) angle of 166.76(16)° is
indistinguishable from the analogous angle in Cp*Ca(Odipp)(thf);
(166.6(2)°), suggesting that the steric interactions between the
aryloxide and thf ligands are similar in the two complexes
[12].

3.6. Computational results

The energetics of the exchange reactions of the mono(aryloxide)
complexes were studied with model systems and DFT methods. As
a first level of approximation, the models were kept as simple as
possible (Cp’ = C5Hs; OAr=0CgHs) to remove undue influence from
steric effects. The dissociation of CpCaOPh into Cp,Ca and Ca(OPh);
is found to be slightly endothermic (AH°=+3.8kcalmol-!) and
nonspontaneous (AG°=+4.8kcalmol~!') (Fig. 2). The same
reaction with barium (2 CpBaOPh=Cp,Ba and Ba(OPh),) is
essentially thermoneutral (AH°=-0.7 kcalmol~') but still non-
spontaneous (AG°=+3.9kcalmol-!). Adding a THF molecule to
each complex (i.e., 2 CpMOPh(thf) = Cp,M(thf)+M(OPh),(thf))

leaves the energetics of CpMOPh exchange essentially
unaltered (AH°=+3.8 kcalmol1; AG°=+3.3kcalmol~!
for M=Ca; AH°=+17kcalmol~';  AG°=+3.0kcalmol-!

for M=Ba). The energetics of an even more fully sol-
vated calcium system are not appreciably different; for
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Fig. 2. Calculated structures for the organocalcium species (see the text). The structures of the barium analogues are similar, but with ca. 15% longer M-L bond lengths.

the reaction 2 CpCaOPh(thf), = Cp,Ca(thf), +Ca(OPh),(thf),,
AH° =+3.4kcalmol~! and AG° =+5.6 kcal mol~1.

Analogous calculations on the 2 CpCal(thf), = Cp,Ca(thf), +
Caly(thf), system reveal a more substantial change in the free
energy on the addition of THF. For the unsolvated system,
AG°=+159kcalmol~!; with one THF ligand on each metal
center, AG° decreases to +9.6 kcal mol~'. The fully solvated reac-
tion 2 CpCal(thf); = Cp,Ca(thf), + Caly(thf)4 is both exothermic
(AH°=-5.5kcalmol~!) and spontaneous (AG° =—7.0 kcalmol-1),
which is consistent with the observation of extensive Schlenk equi-
librium in THF solutions of mono(cyclopentadienyl)calciumiodides
[7,8]. Although a larger variety of systems need to be studied to
extend this point, evidently the addition of solvent has less of an
effect on the thermodynamics of the aryloxide systems than on
their iodide counterparts.

4. Conclusions

Cyclopentadienyl mono(aryloxide) complexes provide a unique
platform for studying the organometallic chemistry of the heavier
alkaline-earth metals. Although the use of sterically demanding,
“encapsulating” cyclopentadienyl rings can be used to produce
Cp’MX(thf), complexes that are resistant to rearrangement reac-
tions in solution (this includes X = aryloxide [1]), the present work
demonstrates that such bulky rings are not always necessary with
aryloxide derivatives. As the bonding in these systems is considered
highly polar, the enhanced stability compared to related cyclopen-
tadienyliodide compounds may be attributed to the superior match
of the hard, Lewis acidic metal center with the hard, basic arylox-
ide ligand rather than to the softer iodide ligand. This phenomenon,
also observed in the ability of neutral phosphine oxide ligands to
displace a charged iodide ligand from calcium [26], should be an
important principle in the design of new organoalkaline-earth sys-
tems.

5. Supplementary material

Crystallographic data (excluding structure factors) have been
deposited with the Cambridge Crystallographic Data Centre,

CCDC 690299 and 690300, for Cp*Ca(Odipp)(thf);-THF and
(Cp3SHCa(Odipp)(thf),, respectively. Copies of this information may
be obtained free of charge from The Director, CCDC, 12 Union
Road, Cambridge, CB2 1EZ, UK (Fax: +44-1223-336033; e-mail:
deposit@ccdc.cam.ac.uk or http://www.ccdc.cam.ac.uk.

Acknowledgements

We thank the National Science Foundation for support of this
research. Dr. Maren Pink and Dr. Victor G. Young, Jr. of the X-ray
Crystallographic Laboratory, Chemistry Department, University of
Minnesota, Minneapolis, Minnesota are thanked for the collection
and refinement of crystallographic data.

References

[1] DJ. Burkey, E.K. Alexander, T.P. Hanusa, Organometallics 13 (1994) 2773.
[2] M. Harvey, T.P. Hanusa, Organometallics 19 (2000) 1556.
[3] H. Sitzmann, F. Weber, M.D. Walter, G. Wolmershaeuser, Organometallics 22
(2003) 1931.
[4] A.Weeber,S.Harder, H.H. Brintzinger, K. Knoll, Organometallics 19 (2000) 1325.
[5] S. Harder, F. Feil, A. Weeber, Organometallics 20 (2001) 1044.
[6] T.P. Hanusa, in: Crabtree, Mingos (Eds.), Comprehensive Organometallic
Chemistry-III, Elsevier, Oxford, 2007.
[7] M.J. McCormick, S.C. Sockwell, CE.H. Davies, T.P. Hanusa, ].C. Huffman,
Organometallics 8 (1989) 2044.
[8] S.C. Sockwell, T.P. Hanusa, J.C. Huffman, J. Am. Chem. Soc. 114 (1992) 3393.
[9] MJ. Harvey, K.T. Quisenberry, T.P. Hanusa, V.G. Young Jr., Eur. J. Inorg. Chem.
(2003) 3383.
[10] R.A. Williams, K.F. Tesh, T.P. Hanusa, ]. Am. Chem. Soc. 113 (1991) 4843.
[11] M.J. Harvey, T.P. Hanusa, M. Pink, J. Chem. Soc. Dalton Trans. (2001) 1128.
[12] K.F. Tesh, D.J. Burkey, T.P. Hanusa, J. Am. Chem. Soc. 116 (1994) 2409.
[13] Details of the synthesis and structure of ICa(Odipp)(thf)s will be reported else-
where.
[14] M.J. Frisch, G.W. Trucks, H.B. Schlegel, G.E. Scuseria, M.A. Robb, J.R. Cheeseman,
J.A. Montgomery, Jr., T. Vreven, K.N. Kudin, J.C. Burant, ].M. Millam, S.S. lyengar,
J. Tomasi, V. Barone, B. Mennucci, M. Cossi, G. Scalmani, N. Rega, G.A. Petersson,
H. Nakatsuji, M. Hada, M. Ehara, K. Toyota, R. Fukuda, J. Hasegawa, M. Ishida, T.
Nakajima, Y. Honda, O. Kitao, H. Nakai, M. Klene, X. Li, ].E. Knox, H.P. Hratchian,
J.B. Cross, C. Adamo, J. Jaramillo, R. Gomperts, R.E. Stratmann, O. Yazyev, A..
Austin, R. Cammi, C. Pomelli, J.W. Ochterski, PY. Ayala, K. Morokuma, G.A.
Voth, P. Salvador, J.J. Dannenberg, V.G. Zakrzewski, S. Dapprich, A.D. Daniels,
M.C. Strain, O. Farkas, D.K. Malick, A.D. Rabuck, K. Raghavachari, ].B. Foresman,
J.V. Ortiz, Q. Cui, A.G. Baboul, S. Clifford, ]. Cioslowski, B.B. Stefanov, G. Liu, A.
Liashenko, P. Piskorz, I. Komaromi, R.L. Martin, D.J. Fox, T. Keith, M.A. Al-Laham,
C.Y. Peng, A. Nanayakkara, M. Challacombe, PM.W. Gill, B. Johnson, W. Chen,


mailto:deposit@ccdc.cam.ac.uk
http://www.ccdc.cam.ac.uk/

532 M.J. Harvey et al. / Journal of Alloys and Compounds 488 (2009) 528-532

M.W. Wong, C. Gonzalez, J.A. Pople, Gaussian 03, Revision E.1, Gaussian, Inc., [20] R.A. Williams, Ph.D. Thesis, Vanderbilt University (1991).
Pittsburgh, PA, 2003. [21] K.E Tesh, T.P. Hanusa, J.C. Huffman, C.J. Huffman, Inorg. Chem. 31 (1992) 5572.
[15] A.D. Becke, J. Chem. Phys. 98 (1993) 5648. [22] CJ. Burns, R.A. Andersen, J. Organomet. Chem. 325 (1987) 31.
[16] J.P. Perdew, Y. Wang, Phys. Rev. B 45 (1992) 13244. [23] M.J. McCormick, R.A. Williams, L.J. Levine, T.P. Hanusa, Polyhedron 7 (1988) 725.
[17] A.Schafer, C. Huber, R. Ahlrichs, . Chem. Phys. 100 (1994) 5829. [24] R.D. Shannon, Acta Crystallogr. Sect. A 32 (1976) 751.
[18] C.W. Bauschlicher Jr., S.R. Langhoff, H. Partridge, J. Chem. Phys. 84 (1986) 901. [25] M.J. Harvey, T.P. Hanusa, V.G. Young Jr., J. Organomet. Chem. 626 (2001) 43.
[19] (a) Barium: M. Kaupp, P.v.R. Schleyer, H. Stoll, H. Preuss, J. Chem. Phys. 94 (1991) [26] K.C. Jayaratne, L.S. Fitts, T.P. Hanusa, V.G. Young Jr., Organometallics 20 (2001)
1360; 3638.

(b) Iodine: G. Igel-Mann, H. Stoll, H. Preuss, Mol. Phys. 65 (1988) 1321.



	Stability of cyclopentadienyl aryloxide complexes of calcium and barium
	Introduction
	Experimental
	General considerations
	Materials
	Synthesis of Cp*Ca(Odipp)(thf)3
	Synthesis of (Cp3Si)Ca(Odipp)(thf)2
	Synthesis of Cp*Ba(BHT)(thf)
	X-ray crystallography
	Computational details

	Results and discussion
	Synthesis of Cp*Ca(Odipp)(thf)3
	Synthesis of (Cp3Si)Ca(Odipp)(thf)2
	Synthesis of Cp*Ba(BHT)(thf)
	Solid state structure of Cp*Ca(Odipp)(thf)3·THF
	Solid state structure of (Cp3Si)Ca(Odipp)(thf)2
	Computational results

	Conclusions
	Supplementary material
	Acknowledgements
	References


