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INTRODUCTION

This article surveys the coordination chemistry of yurium for the year 1993 and is similar in
format to the 1992 review in this series [1). The literature has been searched by using Current
Contents and the Cambridge Crystallographic Daia Base. Structural figures have been redrawn
using coordinates taken from the Cambridge Crystallographic Data Base, implemented through the
ETH, Ziirich |2].

The review is not wholly comprehensive; the aim is, rather, to give a broad survey of the area
for the year, highlighting novel compounds, compeunds that have been structurally characierized,
and results of particular significance. In general, oerganometallic complexes are excluded from the
survey, although where a complex contains a ligand of interest to the coordination chernist, it has
been described.

A review entitled 'zero oxidation state of compounds of scandium, yutrium and the
lanthanides’ has appeared [3].

Of general interest is an article which details the application of CP/MAS 89Y NMR
spectroscopy for the characterization of solid state yitrivm compounds, Data can be obained over a
short period of time, and a wide range of complexes has been studied including [YX3(thf)z] (X =
Ci, Br, 1), YF3, YCl3, Y203, YClz.6H20, Y(QAc)3.#H20 (n = 3, 4), Y2{504)3.8H,0,
Y{NOz}3.6H0, [Cp3 Y(thD)], [{CpzYC1)2] and several alkoxides. The chemical shift range is about
1000 ppm [4). Gas-phase reactions of methanol and Y+ (and Sc*) ions have been studied using FT-
ion cyclooon resonance mass spectrometry, The formation of the ions [YOH]*, [YOMel*, [YOJ*,
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[YQCH;]12+ and [YH3]* is observed, and further reaction leads to [Y{OMe)y(MeOH),j* for n =0~
3. Estimates of Y-0 bond energies have been made (5].

4.7 YTTRIUM(IH)
411  Euracrion

Acidic organophosphonates containing hydrophobic groups have been prepared and their
effectiveness with respect to the extraction of Y3+ (and Ho>+ and Er3+) ions from aqueous acidic
chleride solution has been investigated. The exwraction equilibriurn constants and the separation
factors have been found to exceed those of commercially used exiraction agents [6].

4.12  Compiexes with halide and hydride donors

Physicochemical technigues have been used to study the binary systems containing Y13 and
alkali metal iodides. The YIo/Nal system is of the eutectic type; TNal.3YI3 forms and decomposes at
410°C. Combinations of YI3 and K1 or Rbi lead to 3KI.YT3 and 3Rbi. Y13, and these meit at 650 and
630°C respectively [7].

The reaction between [ YClz(thf)3 <] and Lil. where HL is PhCH{N(SiMe3);]2 leads to the
formation of the complex [LaYCI]. This proves 1o be a good precursor to a range of yurium{Ill)
alkyls including [LaYCH(SiMes);], which reacts with Hz (3 atm) to yield an air sensitive compound
identified as the dimer [{Ls¥Y(iL-H}}2]. In the 1H NMR spectrum of [{L2Y(-H)]z2], the hydride
signal shows coupling of Jyy = 27.6 Hz. Reactions of [LyYCH(SiMe3)2) and [{L2¥Y{u-H)j2] with
alkynes have been studied {8]. Heteromeiallic polyhydrides of yttrium(I} result from the reaction
of [CpaYMe(thf)] with [ReH7{PPh3);] and [ReHs{PMesPh}3]. Crystallographic data confirm that
the products are [Cp2Y (thf)HgRe{PPh3)1] and [Cpa Y (thf)HsRe(PMeaPh)3] — both possess
bridging hydride ligands. Treating [Cpy YMefthf}] with [RepHg(PMezPh)g leads to the complex
[Cp> Y (thf)H7Rez{PMe,Ph)4] (I} which exhibits an open L-shaped YRez-core. Compourd (1) is

Hydrides rot shown
(1)
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fluxional in solution; it reacts with CO and CO5 but not with ethene. The new compounds have been
characterized by TH and 31P NMR and IR spectroscopies {in addition to the X-ray diffraction
studies). In the 1H NMR spectra, both LH-89Y and 'H-3!P couplings are observed [9].

4.1.3  Complexes with nitragen donor ligands

The reaction of [Cp*YClp}.KCL1.8¢thf and LiL, (2), leads to the brown-red complex
[Cp*YLCI] which has been characterized by IR, UY-VIS and 'H and }3C NMR speciroscopies. A
structure for [Cp*YLCIL] has been proposed, with the L- ligand binding to the ytrium(IIl) centre as
a CN-chelate. The UV-VIS spectrum of [Cp*YLCI] (thf) exhibits bands with Amax = 22050 el
(Ig £ = 1.96, assigned to the 1A 15— E g transition), 29 700 cm-1 (ig £ = 2.62) and 30 050 cm-!
(lg £ = 2.65). The same authors have also described the related complex [CpzYL] [10,11].

The synthesis of the yttrium(III) complex [{MeN(CHyCHzCsH4)2YCl}3] has been
reported. Characterization by mass spectrometry, and IR and 'H NMR spectroscopies leads to the
proposal of structure {3) {12].

nnl\ClH“,r
@\Wez Me— N H.‘Cl—_,..
5 </<<J:; s

414 Complexes with oxygen donor ligands

N—Me

(2)

Phase transitions in the system yitrium acidic oxalate trihydrate have been studied using a
method involving Eu3* luminescence; a phase transition is observed at 328 K. Crystal field
parameters have been determined [13].

It has been possible to obtain single crystals of [NHyglz[ Y(NO3)s] from a solution of the
sesquioxide in a melt of ammonium nitrate; excess ammoniurn nitrate was sublimed. The single
crystal siructure of the related compound [MH4]2[Tmi(NO3)5) has been determined; the Tm(III)
centre is coordinated by five didentate nitrate ions [14]. The enthalpies of solution of
Y (NO3)3.nH20 have been determined in water (at 298.15 K). There is a linear relationship between
AHg,in, and the water content (n). The result for a series of compounds (yurium(II) and lanthanide
nitrates) have been discussed in terms of the lattice energies and the hydration structure of the
metal(Ill) ions in aqueous solution [15].

The solid state structure of [YCla{thf)s][YCls{thf}7] (4) has been reporied. The cation
contains a pentagonal bipyramidal yitrium(IIl) centre with the thf ligands residing in the equatorial
plane. In the octahedral anion, the chloride ligands are mutually wrars [16f.
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Cl Y cl

Cl

4

Ytirium(HH) chioride reacts with e-caprolactone (L) to give the complex [YL3Cla] (5) which
crystallizes as a solvated species. A mer-configuration has been established by X-ray diffraction
methods, and the compound is an example of a 6-coordinate ytrium(IIl} centre; each ligand L is
monodentate with Y- distances in the range 2.269(2)-2.296(3HA [17].

COH
ate

N

R = NMej or OMe
(5) (6)

The preparation and properties of [YL3.2H0] (HL = 3-methoxybenzoic acid; n = 0-4) have
been detailed [18]. The compounds Y11, for HL = (6), have been prepared and studied by TG and
DTA methods [19,20].

An investigation conceming polyethet coordination to ytirium(ITl) and lantharoid ions has
focused upon differences in complex formation involving 18-crown-6 and pentacthylene glycol, For
yurinm(TiF}, only the reaction with the acyelic ligand has been studied, and the pentaethylenegiycol
compiex [Y(HaO)L]Clis-Ha0Q in which the cation is (7) has been prepared its crystal structure
determined. The yetriwm([II) centre is 9-coordinate; the geometry is that of a tricapped trigonal prism
with the @-donor atoms of the glycol ligand occupying altemating prism and capping sites.
Complexes of the same type, namely [M(H20)LICl3.H3O have also been obtained for M = Sm-Lu,
but for M = La-Pr, the products have the general formata (MCl2(H,0)LJCLHZ0 [21].
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O=0
)

The reaction between [[Y(OCHz2CH2OMeli}1g), [{LCu(OCH;CH20Me)}} 4] and
[{L'Ce(OCH2CH,0OMe) 1 4] where L = 2,2,6,6-tetramethyl-3,5-heptanedione and L' = 1,1,1,5,5,5-
hexafluorcacetylacetone leads to the heterometallic complexes [LyCuzY(OCH>CH2OMe)s] (8),
[{L'2CuY{CCH>CH2OMe)3 }2] and [LaL'2Cus Y(OCH2CH7O0Me)3). The new compounds have
been characterized by elemmental analysis, IR and elecironic spectroscopies and X-ray analysis.
Solution studies indicate that there is some tendency for the break up of the assemblies that are
present in the solid state [22],

.= CMC3
0-0
3 9

Complexes involving macrocyclic ether ligands include [Y(NQ3)s(Hz0)3(dibenzo-24-
crown-8}] (9) which has been synthesized from Y204, Characterizations by IR spectroscopy and
molar conductance measurements are complemented by a single crystal X-ray diffraction swdy. The
ytium(Il]) ceatre is 9-coordinate (tricapped trigonal prism) with three didentate nitrate ions and
three water molecules comprising the inner-coordination sphere, The cyclic ether is hydrogen-
bonded te the coordinated water molecules. The average Y-Onpjerare 20d Y -Oyaiey distances are
2.426(4) and 2.344(4)A respectively. The mismaich in sizes berween the yirium{ITl) jon and the
macrocyclic cavity has been suggested as a reason for the preferential coordination to the nitrate ions
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[23]. Complex formation between yitrium(IIl) nitrate and dibenzo-30-crown-10 has also been
investigated [24).

The acid-base characteristics of ligand (M) in water-ethanol mixiures and the composition
and molar absorptivities of complexes formed between ytirium(Iil) and (38} have been studied. The
waork also reports determinations of stability constants for these species [23].

OH
° R
OH
OE o R
F5C O R=CHyorCF;
H R'=CF; or CHs
CF;
o OH H (11)
(19}

Yitrium(IIT) acetylacetonate has been prepared and variable temperature 'H and 33Y NMR
spectroscopic studies show that the complex is a tetramer in solution. Altempts to crystallize the
compound from hexane produced, instead, the hydrolysis product [ Y4(u3-OH)y{u-acac)sfacac)s)).
Its structure has been determined; the complex is centrosymmetric and each ytrium centre is 8-
coardirate, Other methods of producing [Yaf{us-OH(-acac)glacac)s)) have been detailed — for
example, vacuum thermolysis of solid Y{acac)3.3H20. After recrysialtizaiion from benzene, the
product obilained is [Y4(OH)s{acac) il 4CgHs, the solid state structure of which has been elucidated
[26].

The conjugate base of higand (11}, H2L), is formed during the reaciion of [Y{Hfacac}s],
Cu{OMe)z and HL [HL = CH{OH)}NMe3)>] in thf by the cycloaddition of Hfacac (Hfacac =
CF3COyCH2C{O3CH3) and 1,1, 1-wiflucro-2,2-propandiol; the latier is the hydration product of
triflucroacetone. The product is [YCu(HL Yy (Hfacac)x{O>CCF3)L"] and details of the structure have
been confirmed by the results of an X-ray diffraction analysis. The formation of [L']2- is unusual
indeed but atempts to isolate the uncoordinated ligand have failed [27]. Complex formation between
ytertum( I} and oximes, B-diketonaies and polyaminopolycarboxylates has been studied and the
results compared with those for lantharoid(ill) ions. Despite the faci that the ionic radivs of Y3+ is
similar to that Ho3*, the complexation constants for the yitrium(IlI) complexes are similar to those
of egrly lanthancid(III) complexes. The relevance of the study to developing uses of yttrium(Il} in
organic reaction environments is discussed [28].

The combination of 'Bul{Q)CH,C(O)Bu (HL}, ytirium{lil} oxo isopropoxide (both in
toluene) and the product of the reaction of metallic barium and IPFOH/E1OH leads o the formation
of the first dimetallic barium yirium oxo alkexide — [YsBaz(ug-O¥it3-OEd)gLg). Structural data
show that the metal atoms form an octahedral cage around the oxygen cenire; ethoxide ligands aze in
face-capping sites whilst each ['BuC(Q)YCHC(O)Bu)- ligand is chelating to a metal centre. The
preseace of ethoxide but aot isepropoxide ligands is atmbuted to steric effects. Thermogravimetric
analysis of the new alkoxide compound reveal loss of eight ethanol molecules between 100 and
200°C, loss of four HL melecules over the range 200-300°C and loss of the final two diketones
between 300 and 400°C [29]. The reaction of BuC(Q)YCH2C(O)Bu (HL) with yitrium(IIi)
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isopropoxide leads, after sublimation of the inttial product, to [ YL3]. Both the producis have been
characterized by TR and 1H, 13C and %Y NMR spectroscopies, mass spectrometry and TG and DT
analyses. The anhydrous S-diketonate complex can also be prepared from yttrium(IlI) nitrate
although [YL3(H70)] is the first preduct in the synthesis. Both [YL3) and {YL3(H20)] (12) have
been crystallographically characterized. {n the former, the Y(II) centre is confirmed as being 6-
coordinate with Y-O distances in the range 2.128 to 2.298A. In (12), there is hydrogen bonding
between the coordinated HyO molecule and the ketonic oxygen atoms, and this leads to dimer
formation, For the 7-coordinate yitrium(ITl) centre, Y-O distances for the L- ligands lie in the range
2.207 t0 2.337A with YOy = 2.334(9)A 301

(]2) =0

Treatment of [YL3H20). (HL =2,2,6,6-tetramethyi-3,5-heptanedione) with tiglyme leads
to the formation of [{ YL3}2(triglyme)] — the elimination of water is noeworthy, The product has
been characterized by mass spectrometry and 1H and 13C NMR spectroscopies as well as X-ray
analysis. The triglyme ligand bridges between the two mezal centres, each of which is 8-coordinate
with a distorted square antiprismatic geometry of O-donor atoms. The Y-Odikeronare distances are
tess than the Y-Oigiyme bond lengths [311.

Bulky alkoxide ligands have attracted some attenton. The reacton of alcokol (13), HL, with
[Y [N{SiMez}2}3] in hexane (25°C) yields [YL3); it is a monromeric complex which sublimes at
160°C (1673 mbar). Mass spectrometric and IR spectroscopic data are presenied. Related
monemeric and dimeric Tare eanth alkoxides are also described in this work [32]. Hermann e1 al have
also investigated the reaction between [Y {N(SiMez); }al and EiQCHCiPryOH. The product is
complex (14}, characterized by mass spectrometry and IR and 13C and 8%Y NMR spectroscopies;
the 89Y NMR spectrum exhibits a signal at 8 +277.1 (308K in CgDg). Compound (14) sublimes at
95°C at 10-% mbar. The alkoxide ligand is described as having a ‘clinching' habit [33].

The reactions of [Y {N{8iMe3)2}3) with R2CHCOH, RMe2CCOH and RaoMeCOH (R = CF3)
tead to a wide range of complexes — the exact nature of the product is dependent upon solvent. All
the preducts have been characterized by elemental analysis, IR and mulii-nuclear NMR
spectroscopics, and mass spectrometry. Examples of 39Y NMR chemical shifts are § +93.66 for
[Y(OCMeaR)3(thf); 5], & +66.44 for [Y(OCMeR2)3(thf)3] and & +78.63 for the complex
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IY(OCMeR2a(diglyme)]. The latter compound sublimes in tact whereas other compounds iend io
undergo ligand-loss during the process. The crystal siructares of [Y(OCMeR2}3{thf}s] and
[Y{OCMeRax{digiyme)) have been determined. In each, the ytriam{IIl} centre is octahedral with a
Jac-configuration [34].

QO
HO ¥
\C....\\'-lBu 1%
™~
lBu/ Pr 3
(13) (14}

Reacting sodium or potassium cyclopentadienides with [Y4({O!Bu)7Clz(thf)2] leads to the
formation of the alkoxy-bridged complexes [(135-CsRs)2 Y 2(-OBu) (OBl (R = H or Me, or Rs
= HaMe or HaSiMea). Three of the four complexes have been structurally characterized — (15)
has R = Me, and the cis anangement of the Cp rings is a common feature of all the compounds. An
alternative route to these dimers is the reaction of [ YClz(thf},] with NaO'Bu and MCsRs (M =K or
Na} in toluene under reflux. A related indenyt complex has aiso been studied. Further reactions of
these systems have been investigated and products include [(BuQ)Y (u-O'Bu)sLis{ps-
OBu)(thf{p-OCH2CH20Me)2) and [(3-CsHaSiMeah Y (-OBu)zLith)z], both of which have
been the subjects of X-ray analysis [35].

(15)

The reaction of yurium trichloride and ten equivalents of NaO'Bu in thf leads to the
formation of [YNag(OBu) (). The yield is high, althcugh the reaction conditions are critical.
Structural analysis reveals that the YNag core possesses a capped square antiprismatic geomeiry
with the ytrium atom in the capping site. The chloride ion resides at the cenire of the nonametal
cavity (Y-Cl = 2.915(4)A). Eight zers-butoxide ligands are in p3-bonding modes, one is terminally
attached to the yurium ceatre {Y-O = 2.044(7)A), ard one occupies a pu-position interacting solety
with the sodium centres. The hydroxy-compound [ Y Nag{OBu)1p{OH)j has also been prepared and
chasacterized. The structure is similar (o that of the chioro analogue with the OH- group interstitially
sited. The results of 1H NMR spectroscopic studies are presented [36].
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Me groups from CMey substituents omitted for clarity,
(16}

Several yrriunII) alkoxides — [Ya(OWPrg(HOP2, [Y4(0Pr)yXa(thf)z] (X = Cl or Br)
and [Y3({OPr)3(AlMe3)3(thf)] — have been included within a wider 89Y NMR spectroscopic study
(see introduction). The crystal structore of [Y3(OPr}7Bry(th)s] (16) has been deiermined; the
yttrium atoms are in a triangular array supported by a p3-bromide, 2 {i3-isopropoxide ligand and
three y-isopropoxides. The second bromide is terminally attached 10 one metal centre [4). Reactions
between [KANOPra] and YCla. 3iPrOH lead to the formation of {{YCla{ AKQWPr)4} 3/, 1PrOH ;]
and [{ Y { Al{OPr)4 }2(p-CEPrOR) } 2], prolonged evacuation of which gives |{ YC1{ AOPr)4} (-
Chi}q) and [{Y{AL(QPr)g}2(u-Cl)}2]. These in turn have been used as precursors for the
compounds [L3., Y { AKOWPr)4},} (L = OPr or Zrp(QPrg; x = 1 or 2). The new alkoxides have
been characterized by elemental analysis, molecular weight determination and IR and H, B ZTAL
and 89Y NMR spectroscopies [37).

(17

Further alkoxide chemistry includes the reaction of AlMes with {Y3(O'Bu)Cla(thf};] which
yields [(BuO) b)Y {(t-O'Bu){(p-MejAiMes )21, [¢CBuO)th)zClY {(u-OBu){p-MejAlMe; ] and
[Y{(n-OBu)p-Me)AiMez11). Proton NMR speciroscopic results are complemented by X-ray
analyses. Cctahedral yitrium(IlT) centres are a feature of all three complexes. [Y§(L-OBu)(p-
MejAlMe; 3] may be considered to be a tis-AlMes adduct of [Y(O!Bu)z], and similar descriptions
are appropriate for the other species. A further compound to be described is {YChi{dme)z] (17),
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formed after recrystallization attempts from thf/dme solution. This possesses a 7-coordinate
yttrium{lil) centre in which two chloride ligands are axially sited. Treatment of
[Y3(0Bu);Cla{shf)p) with LiAlMey yields the complex [{(thf)3Y{(p3-Cl3} Y3(i3-OBu)p-
CiBa)3(OBu)3(je-0)], the swucture of which may be considered in terms of a YCl3(thf)s unit
capping a triangular array of yttrium atoms, the latter being supported by edge-bridging and one p3-
butoxide ligands. The centre of the tetra-yitrium cavity holds an oxide tigand [381.

4.1.5  Complexes with mixed donor giom ligands

The preparation, thermal decomposition studies and structural investigations of the solid
state complexes HIY¢edta)].nH30 have been reported {39]. Ligand (18), Hyl, reacts with freshly
prepared yurium(Iil) hydroxide {from YCl3 and NaOH at pH 8.5-9.0) to yield white crystals of
NalYL(H2N1.4H20. Suuctural data confirm that the ligand binds using an M30s-donor set (Y-O =
2.316-2.327A, Y-N = 2.633-2.6664), the Y{II1} centre being 9-coordinate overall with the water
molecule cccupying the ninth site (Y-Owarer = 2.435(3)A) [40).

HOCHHC=N N= CHCH,0H
/—\ (193
HO,C™ Ny N TCOH Me
N N Me~" N\. O
HO:;'C\_‘/ 3 ! \/ COJZH I
Ph
(18} (20)

The preparation and characierization (IR and ESR spectroscopies, thermal analysis, magnetic
susceptibility and electrical conductance measurements) of the yarium(IIl) complex [YL{HL)BIC!3),
HaL = (19), have been detailed, The salicylideniminate igands are N,0-donors [41].

Complex formation invelving the Schiff's base 4-N-(4"-antipyrylmethylidene)amino-
antipyvine, L, [antipyrine = (20)] has been a subject of study, Among a series of compounds
reported is [YL2(NO3)2]NO3 which has been characterized by elemental and thermogravimetsic
analyses, electrical conductance measurements, and IR, UV-VIS and !H NMR spectroscopies, in
the series of complexes as a whole, the UV-VIS spectroscopic results show that the n—7* band of
the ligand (free ligand 348 nm) is red-shifted to 345-342 nm, whilst the T—7* band is shifted to
227-222 ne (free ligand 247 nm). Ligand L is proposed to be tridentate, bonding through the two

carbonyl G-donor atoms and one azomethine N-donor atom. The pitraie ions are proposed as being
monodentate [42).
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