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12. Scandium 1994
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INTRODUCTION

This review surveys the coordination chemistry of scandium reported during the year 1994
and continues the literawuic coverage from the 1993 review [1). The literature has been searched by
using Current Contents snd the Cambridge Structural Data Base, Structural figures have been

~ediawn using coordinates taken from the latter, implemented through the ETH, Ziirich [2].
Organomerallic complexes have, in gencral, been excluded, although several complexes of interest
to coordination chemists do possess cyclopentadienyl ligands.

A general article dealing with trends in metallo-organic chemistry of scadium, ytrium and
the lanthanoids has appeared {3). Fullerene chemistry has previously included endohedral
compounds containing scandium, and recent ESR spectroscopic data have illustrated the existence
of a Cy-cluster containing a non-equivalent Scz-unit. The data are compared with those for Sc@Cg2
and S¢3@Cg2 and from HPLC retention times it has been concluded that the new species is larger
than a C3y Cg2 cage [4].

2.1 EXTRACTION AND ANALYSIS

The results of studies of scandium extraction using phenol formaldehyde resin oligomers
have been reported [5). Gravimetric determinations of scandium can be carried out by using di-(2-
ethylhexyl)phosphate (L); optimal Sc:L ratios have been investigated [6].
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In the presence of INBug}*, scandium(IIl) may be extracted by hexafluoroacetylacetone
(HL) into chioroform as the anionic chelate complex [ScLaj-. However, when the B-ketonate is 2-
thienyltnifluoroacetate, no such anionic complex was observed. Scandium(lIl) has also been
extracted in the form of the adducts [ScLa{topo),] (topo = trioctylphosphine oxide) [7].

122 CATALYSIS

Scandium(IH) perchlorate {(prepared from Sc203 and 70% agueous HCIO4) has been
shown to be an effective catalyst for the reaction between (1) and trimethylsilated nucleophiles to
give a-D-ribofuranosides. The reactions proceed with good selectivities, and the catalyst was
recovered and reused [8). The allyation of various carbonyl compounds using tetraallyltin is
catalysed by scandium(IlD) miflate {9, 10). Scandium(IIl) triflate also catalyses the Friedel-Crafis
acylation ravtions of substituted benzenes with acid chlorides or acid anhydrides. The catalytic
activity exceeds that of lanthanide triflates and Sc(OT¥)3 can be recovered and reused [11].

RO OR R =benzyl
() 2)

The chiral catalyst (2) has been prepared from Sc(OTH)3, (R)X+)-binaphthol and ¢is-1,2,6-
trimethylpiperidine. ‘The structure of the catalyst has been proposed on the basis of 1H and 43¢
NMR spectroscopic data and hydrogen-bonds between the OH groups and tertiary nirogen atoms
are important features. Catalyst aging processes have been investigated, and it has been found that
the addition of 3-acetyl-1,3-oxazolidin-2-one stabilizes the catalyst. This catalyst is active for
asymmetric Diels-Alder reactions {12, 13],

123  COMPLEXFES WITH{ HALIDE LIGANDS
The results of a single crystal X-ray diffraction study of Na3ScFg have been reported. In the

solid state, both the scandiura(lll) and sodium centres are octahedrally sited with respect to fluorine
atoms (Sc-Fay = 2.007A). The octahedral units are titled about 20° with respect to the axes of the



C.E. Housecroft/Coordination Chemistry Reviews 152 {1996} 467472 469

perovskite-like cell and this structural observation has been discussed in relation: to the structures of
otehr cryolites and perovskites [14]). The electronic spectrum of scandium iodide has been recorded
and the data analysed [15].

i24 COMPLEXES WITH GROUP 16 DONOR LIGANDS

Several triflate complexes of scandium(TH) were mentioned in section 12.2. The synthesis
and characterization of BaSc(8104)¢ have been reported. This compound represents a new
structure-type in which tetrahedral silicate units are involved with a large group 2 ion and a large
octahedrally sited metal ion — in the solid state, the Sc3+ ions are sited within Og-octahedra whilst
the BaZ+* ions are situated in interlayer sites [16].

Hydrated scandium(IH) picrate has been crystallized from an excess of picric acid and the
adduct that forms has been characterized as [Sc(pic)2(H20)4)(pic){Hpic).=8.2H20. The crystal
structure of this complex has been determined and the octahedrally environment of the
scandium(lIl) centre is shown in structure {3). The Sc—Opic bond distances are 2.019(8) and
2.046(8)A, and the Sc—Owater bond lengths lie in the range 2.100(9) to 2.121¢8)A [17].

Hydragen atoms omitted

@

The results of a 13C and 458¢ NMR spectroscopic investigation of the binding of
scandium(ii) ions to chicken ovotransferrin have been reported. The effects on the spectra of the
presence of carbonate or oxalate ions have been discussed. The paper is the first report of a 458¢
NMR spectroscopic study of a metalloprotein and also reinforces the use of quadrupolar NMR
spectroscopy as a probe for metal ion binding sites in large proteins {18].

Piers et al have reported further results in their work on the heavier chalcogen derivatives of
scandium(III). The reactions between [Cp*2ScR] (R = Ph, CHzPh, CH2SiMes) and tellurium or
nBu3P=Te lead to the formation of [Cp*2ScTeR). For R = CH2Ph, the crysal structure of the
complex (4) has been determined; pertinent bond parameters are Sc-Te = 2.8337( 14)A and £Sc-
Te-C = 121.61(21)". When heated or subjected to photolysis, the compounds [Cp*2ScTeR]
eliminate TeRg and | [Cp*2Sc ), Te] is formed (see below). Reactivity studies of [Cp*2ScTeR] have
been carried out — the UV-VIS spectroscopic data and photochemical reactions illustrate that the
primary photo-event during the reactions involves a Te—Sc ligand to metal CT transition. The
seaction of [Cp*ScCH2SiMe3) with selenium yields [Cp*2ScSeCH2S8iMes). When selenium or
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tellurium reacts with [Cp*ScD), D2 is lost and the product is [{Cp*2Sc}2E) (E = Se or Te). In the
case of E = Te, there is evidence for the intermediate species [Cp*yScTeD]. The crystal structures
of both [{Cp*28c}aTe) and { {Cp*25¢)2S¢] (5) have been determined; (Sc-Te = 2.7528(12)A and
Sc-Se = 2.5424(16)A) [191.

Interactions beiween Sc and Cs-rings shown by single lines
()

Tellurium inserts into the Sc-Catkyl bond in meso-{ (Me2Si(tBuCsH3)2) ScCH,SiMe] to
give [{Me2Si(*'BuCsH3)2 }ScTeCHzSiMe3] in high yield. This complex can also be prepared from
®BusP=Te and j{MeaSi(tBuCsHj3)3} ScCH2S8iMea). On heating the compound
{{Me2Si(*BuCsH3)2} ScTeCH2SiMe3), Te(CH28iMe3)2 is lost and the product is



C.E. Housecroft/Coordination Chemistry Reviews 152 {1996) 467-472 a7

{{ {Me2Si{tBuCsH3)2}Sc}2Te). This compound also forms when [{ { Me2Si{tBuCsH3)2)ScH 21
is treated with "BuzP=Te. With PMe3, [{ {Me2Si(tBuCsH3)2}Sc)2Te] forms the adduct {6) which
has been crystallographically characierized. The tellurium atom lies on an inversion centre and the
Sc-Tc-Sc unit is linear (Sc-Te = 2.875(5)A) [20).

12.5 COMPLEXES WITH GROUP 15 DONOR LIGANDS

The kinetic stability of scandium(Ill) phthalocyanine complexes has been the subject of
investigation [21). The reactions of scandium(III) triflate with 3 equivalents of Li[C(PMe2)eX] (X
= PMe3 or SiMe3) in thf lead to the formation of the complexes [Sc{C(PMe2)2X13]. Ia solution,
these have been characterized by 1H and 13C NMR specioscopies, and {Sc{ C(PMez)2PMe2 )31 (7)
has additionally been studied using solution 3'P NMR spectroscopy and X-ray diffraction
methods. In the solid state, the Sc(lil) centre is in a trigonal prismatic environment (Sc—# =
2.617(DA, Sc--Cpep = 2.909A). The ligands are described as functioning in a manner that is
midway between o-chelating and a-bonded [22].

P-bound methyt groups omitted
o
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