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Abstract 
The reactions of tris(alkyl) complexes Ln(CH2SiMe3)3(THF)2 

(Ln = Sc, Y) with an equimolar amount of (2,4-di-tert-butyl)-6-
{[(2-methoxy-5-methylphenyl)imino]methyl}phenol (LOH), 
regardless of the molar ratio of the reagents, proceed with 
protonolysis of all Ln–C bonds and afford tris(phenolate) 
complexes (LO)3Ln. The molecular structure of (LO)3Y was 
established by single-crystal X-ray diffraction. 
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Introduction 

Alkyl derivatives of rare-earth metals are of great interest 
due to their high catalytic potential in many organic reactions 
[1–4]. A key factor affecting the stability and reactivity of 
lanthanide hydrocarbyl complexes is the coordination 
environment of the electrophilic metal center; therefore, the 
rational design of its geometry, steric and electronic properties 
plays a crucial role. Moreover, it can be efficiently applied as a 
tool providing a control over the selectivity of metal-mediated 
catalytic reactions [5–10]. 

In recent years, Schiff bases have been widely applied as 
ligands for the synthesis of transition and rare-earth metal 
complexes [11–13]. The pendant substituted imino groups 
R1R2C=NR3 containing various Lewis bases were successfully 
employed for fine-tuning the electronic and steric properties of 
the ligand and the molecule as a whole. A series of 2-
iminophenolate ligands with different donor substituents have 
been used for the synthesis of alkyl, bis(alkyl), and amide rare-
earth metal complexes 2,4-tBu2-C6H2-2-CHN-2-C6H3-5-Me-6-
C6H3-2-Me-6-O-Y-(N(SiMe3)2)(THF)2 [14], 2,4-(CHN-2,6-
iPr2C6H3)2-3-tBu-1-O-Sc-(CH2SiMe3)2(THF) [15], (2-iPr-1-
CHN-3-tBu-2-O)2-Y-(CH2SiMe2Ph)(THF) [16], (2-(2,6-iPr2-
NCH)-6-tBu-1-O)2-Sc-(CH2SiMe3) [17], (2-(CHN-C2H4-NMe2)-
4,6-tBu2-1-O)3-Y [18], and 2-(CHN-2,4,6-Me3)-6-tBu-1-O-Y-
(CH2SiMe3)2(THF) [19] which exhibited high catalytic activity 
in the ring-opening polymerization (ROP) of lactide [14, 18] and 
ε-caprolactone [19], addition of amines to carbodiimides [16], 
hydroarylation of 2-phenylpyridine [15], and copolymerization 
of cyclohexene oxide with CO2 [15]. 

Herein, we report the results of our trials on the synthesis of 
Sc3+ and Y3+ bis(alkyl) complexes supported by a bulky 

iminophenolate ligand providing a rigid tridentate O,N,O-
framework. 

Results and discussion 

In order to obtain Y3+ and Sc3+ alkoxybis(alkyl) complexes, 
LOH was reacted with an equimolar amount of 
Ln(CH2SiMe3)3(THF)2 (Ln = Y, Sc) in toluene at –20 °C 
(Scheme 1). However, instead of the expected rare-earth 
alkoxybis(alkyl) derivatives, tris(iminophenolate) complexes 1 
and 2 were isolated by recrystallization from toluene solutions at 
–40 °C in 27% (1) and 31% (2) yields. A similar reaction 
outcome was documented in the case of the reaction of 
iminophenols containing ethylenedimethylamine [18] and 
mesitylene [19] substituents at the imine nitrogen atom with 
Y(CH2SiMe3)3(THF)2. Notably, the reaction of iminophenol 
LOH with Sc(CH2SiMe3)3(THF)2 proved to be strongly affected 
by the temperature. Recently we reported that the addition of 
LOH to a toluene solution of Sc(CH2SiMe3)3(THF)2 at 0 °C 
proceeds with the protonolysis of one Sc–C bond with a Schiff 
base hydroxyl group, the C=N bond insertion into the second 
Sc–C bond, and the migration of the CH2SiMe3 group to the 
imino carbon atom, finally affording a dimeric Sc complex with 
2-bridging amidophenolate ligands [20]. Whereas the same 
reaction at –20 °C, regardless of the strictly identic molar ratio 
of the reactants and their addition order, leads to the product of 
protonolysis of all three Sc–C bonds. The formation of 1 and 2 
is most likely to result from the ligand redistribution reaction in 
intermediate alkoxybis(alkyl) complexes, whereas, at higher 
temperature (0 °C), the C=N bond insertion becomes feasible 
and the formation of a rigid amidophenolate framework prevents 
the complex symmetrization. 
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Scheme 1. Reaction of Ln(CH2SiMe3)3(THF)2 with LOH. 

Yellow crystals of complexes 1 and 2 are moisture- and air-
sensitive, highly soluble in THF, toluene, and DME, and 
sparingly soluble in hexane. 

Single-crystals of compound 1 suitable for X-ray diffraction 
study were obtained by slow cooling of a concentrated solution 
in toluene to –40 °C. Complex 1 crystallizes in a monoclinic 
space group P21/n with one molecule in an asymmetric part of 
the unit cell, which adopts a monomeric structure with no 
coordinated Lewis bases. Three (2,4-di-tert-butyl)-6-{[(2-
methoxy-5-methylphenyl)imino]methyl}phenolate moieties are 
coordinated to the metal ion in a κ3-O,N,O-fashion through the 
phenolate oxygen atom, the imino nitrogen atom, and the 
oxygen atom of 2-MeO-5-Me-C6H3-group (Fig. 1), thus 
resulting in the coordination number of nine. The Y–
O(phenolate) bonds have very similar lengths (2.230(5), 
2.245(5), and 2.203(5) Å) and correspond to the values 
previously found in iminophenolato nine-coordinated yttrium 
complexes: 2.226(2) [21], 2.24(1) [22], 2.230(5) [23], 2.205(5) 
[24], and 2.259(3) Å [25]. The C–N distances within the 
iminophenolate ligands (1.318(9), 1.300(9), and 1.324(9) Å) are 
indicative of a double nature of these bonds [26]. The metal–
nitrogen bond lengths in 1 (2.590(7), 2.528(7), and 2.549(7) Å) 
fall into the regions of values previously reported for nine-
coordinated yttrium imino complexes (2.51(1) [22], 2.56(2) 
[22], 2.511(3) [24], 2.559(3) [24], 2.541(3) [27], and 2.533(2) 
[27] Å). The length of the metal–oxygen bonds with the OMe 
groups are 2.824(5), 2.747(5), and 2.588(5) Å. The distance Y–
O6 (2.588(5) Å) is in line with the values previously reported 
for 2-methoxyphenyl yttrium complexes (2.526(5) [23], 
2.542(5) [23], 2.539(2) [27], 2.597(2) [27], 2.612(5) [28], and 
2.677(2) [29] Å) with the coordination number of nine. The 
other two bonds Y–O2 (2.824(5) Å) and Y–O4 (2.747(5) Å) are 
slightly longer than the lengths of coordination bonds Y–OMe 
reported for the related yttrium complexes. 

In the 1H NMR spectra of 1 and 2, the tert-butyl groups of 
the imino-phenolate ligands appear as singlets at 1.40, 1.72 (1) 
and 1.38, 1.70 (2) ppm. Each signal has an integral intensity of 
27H corresponding to tert-butyl groups at the ortho- and para-
positions. The singlets with chemical shifts of 2.30 (1) and 2.34 
(2) ppm refer to the methyl groups of the 2-methoxy-5-
methylphenyl substituent. The sharp singlets at 3.40 (1) and 3.48 
(2) ppm correspond to CH3O protons. The signals of the 
aromatic protons appear as a complex multiplet in the region of 
6.27–7.38 (1) and 6.27–7.36 (2) ppm. The imino proton gives 
rise to a singlet with a chemical shift of 8.31 ppm for both of the 
complexes. 

In the 13С NMR spectrum of 1, two singlets with chemical 

 

Figure 1. General view of complex 1. Hydrogen atoms and methyl 
carbon atoms of the tert-butyl groups are omitted, other atoms are shown 
as thermal ellipsoids (p = 30%) and only heteroatoms are labelled. Y–O1 
2.230(5); Y–N1 2.590(7); Y–O2 2.824(5); N1–C7 1.318(9); Y–O3 
2.245(5); Y–N2 2.528(7); Y–O4 2.747(5); N2–C30 1.300(9); Y–O5 
2.231(5); Y–N3 2.549(7); Y–O6 2.588(5); N3–C53 1.324(9) Å. 

shifts of 30.6 and 31.4 ppm correspond to the methyl carbon 
nuclei of tert-butyl groups C(CH3)3, while the signals of the 
quaternary carbon nuclei are observed as singlets with chemical 
shifts of 31.9 and 32.1 ppm. The signals of the tert-butyl groups 
were observed for scandium complex 2 at 30.6, 31.3 and 31.9, 
32.1 ppm. The singlets with chemical shifts of 21.7 (1) and 20.2 
(2) ppm, as well as singlets at 56.3 (1) and 60.0 (2) ppm refer to 
the CH3 and CH3O groups of the 2-methoxy-5-methylphenyl 
substituent. The aromatic carbon nuclei give rise to a set of 
signals in the region of 108.9–148.7 (1) and 108.8–138.7 (2) 
ppm. The CH group bound with the imino nitrogen affords a 
singlet with a chemical shift of 179.7 ppm for 1 and 180.1 ppm 
for 2. 

It was found that yttrium (1) and scandium (2) complexes 
exhibit catalytic activity in the polymerization of rac-lactide 
(Scheme 2). The catalytic tests were carried out in toluene at 
room temperature under conditions excluding a contact with 
oxygen and air moisture. Both tris(alcoholate) complexes 
showed similar activity. At a catalyst to monomer ratio of 1/200, 
the lactide conversion was 100% in 240 min; at a ratio of 1/500, 
the quantitative lactide conversion was achieved in 600 min. 
The resulting polylactide samples are characterized by an atactic 
microstructure ([Ln]/[Lac]= 1/200, Pr = 0.58 (Sc), Pr = 0.53 (Y); 
[Ln]/[Lac]= 1/500, Pr = 0.63 (Sc), Pr = 0.61 (Y)). The polymer 
samples have moderate polydispersity indices ([Ln]/[Lac]= 
1/200, 1.84 (Sc), 1.99 (Y); [Ln]/[Lac]= 1/500, 1.44 (Sc), 1.78 
(Y)). 

 

Scheme 2. Ring-opening polymerization of rac-lactide. 

Experimental section 

All manipulations were carried out under an argon 
atmosphere using Schlenk techniques or in a nitrogen 
atmosphere glovebox. Toluene was purified by distillation from 
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sodium/benzophenone ketyl. Deuterobenzene was dried with 
sodium metal and then distilled under vacuum prior to use. 
Granular lithium, ClCH2SiMe3, 3,5-di-tert-butyl 
salicylaldehyde, and 2-methoxy-5-methylaniline were purchased 
from commercial sources (ABCR and Merck) and used without 
further purification. Yttrium and scandium chlorides [30], 
LiCH2SiMe3 [31], Ln(CH2SiMe3)3(THF)2 [32], and (2,4-di-tert-
butyl)-6-{[(2-methoxy-5-methylphenyl)imino]methyl}phenol 
(LOH) [33] were synthesized according to the literature 
procedures. 

The 1H and 13C NMR spectra were recorded on a Varian 
Inova 400 MHz spectrometer. The chemical shifts were 
determined relative to the residual protons of the deuterated 
solvents and are given in ppm relative to SiMe4. The assignment 
of signals was based on one-dimensional (1H, 13C{1H}) NMR 
spectra. The C-, H-, N-analyses were performed on a Perkin 
Elmer Series II CHNS/O Analyzer 2400. The rare-earth metal 
analysis was carried out by the complexometric titration [34]. 

The X-ray diffraction data for 1 were collected at 120 K 
with a Bruker APEXII DUO CCDC diffractometer using 
graphite monochromated Mo-K radiation (λ = 0.71073 Å, -
scans). Using Olex2 [35], the structure was solved with the 
ShelXT [36] structure solution program using Intrinsic Phasing 
and refined with the XL [37] refinement package using Least-
Squares minimization against F2 in anisotropic approximation 
for non-hydrogen atoms. Positions of hydrogen atoms were 
calculated, and they were refined in the isotropic approximation 
in the riding model. Severely disordered toluene molecules were 
treated as a diffuse contribution to the overall scattering without 
specific atom positions by the Solvent Mask option of OLEX2. 
The crystal data and structure refinement parameters are given 
in Table S1 in the Electronic supplementary information (ESI). 
CCDC 2314685 contains the supplementary crystallographic 
information for this paper. 

Synthesis of complex 1. A solution of LOH (0.106 g, 0.300 
mmol) in 5 mL of toluene was added to a solution of 
Y(CH2SiMe3)3(THF)2 (0.148 g, 0.300 mmol) in 5 mL of toluene 
at –20 °C, and the reaction mixture was stirred at this 
temperature for 1 h. The volatiles were removed under vacuum, 
and the solid residue was redissolved in toluene. Yellow crystals 
of complex 1 were obtained by recrystallization from a 
concentrated toluene solution at –40 °C in 27% yield. 1H NMR 
(400 MHz, C6D6, 293 K): δ 1.21 (s, 27H, C(CH3)3), 1.72 (s, 
27H, C(CH3)3), 2.30 (s, 9H, CH3), 3.40 (s, 9H, OCH3), 6.27, 
6.45, 7.00, 7.38 (Ar), 8.31 (s, 1H, HC=N) ppm. 13C{1H} NMR 
(100 MHz, C6D6, 293 K): δ 21.7 (CH3), 30.6 (C(CH3)3), 31.4 
(C(CH3)3), 31.9 (C(CH3)3), 32.1 (C(CH3)3), 56.3 (OCH3), 108.9, 
109.1, 111.4, 121.6, 124.7, 125.3, 134.2, 135.5, 136.6, 138.7, 
143.5, 148.7 (Ar-C), 179.7 (HC=N) ppm. Anal. Calcd for 
C69H90N3O6Y (1146.40 g·mol–1): C, 72.29; H, 7.91; N, 3.67; Y, 
7.76. Found: C, 72.00; H, 7.61; N, 3.42; Y, 7.60%. 

Synthesis of complex 2. A solution of LOH (0.119 g, 0.337 
mmol) in 5 mL of toluene was added to a solution of 
Sc(CH2SiMe3)3(THF)2 (0.152 g, 0.337 mmol) in 7 mL of 
toluene at –20 °C. The reaction mixture was stirred for 1 h. Then 
the volatiles were removed under vacuum, and the resulting 
solid residue was redissolved in toluene. Pale yellow crystals of 
complex 2 were obtained by recrystallization from a 
concentrated toluene solution at –40 °C in 31% yield. 1H NMR 

(400 MHz, C6D6, 293 K): δ 1.38 (s, 27H, C(CH3)3), 1.70 (s, 
27H, C(CH3)3), 2.34 (s, 9H, CH3), 3.38 (s, 9H, OCH3), 6.27, 
6.43, 6.98, 7.36 (Ar), 8.31 (s, 3H, HC=N) ppm. 13C{1H} NMR 
(100 MHz, C6D6, 293 K): δ 20.2 (CH3), 30.6 (C(CH3)3), 31.3 
(C(CH3)3), 31.4 (C(CH3)3), 31.9 (C(CH3)3), 60.0 (OCH3), 108.8, 
109.1, 121.6, 124.8, 134.2, 135.6, 136.7, 138.7 (Ar-C), 180.1 
(HC=N) ppm. Anal. Cacld for C69H90N3O6Sc (1102.43 g·mol–1): 
C, 75.17; H, 8.23; N, 3.81; Sc, 4.08. Found: C, 74.85; H, 7.99; 
N, 3.65; Sc, 4.12%. 

Conclusions 

Hence, it was found that the reactions of equimolar amounts 
of Ln(CH2SiMe3)3(THF)2 (Ln = Sc, Y) with tridentate imino-
phenol LOH, instead of the expected bis(alkyl) alkoxy 
complexes, lead to the formation of tris(phenolate) derivatives 1 

and 2. According to the results of XRD analysis, all three (2,4-
di-tert-butyl)-6-{[(2-methoxy-5-methylphenyl)imino]methyl}-
phenolate ligands are coordinated to the metal in a κ3-O,N,O-
fashion through the phenolate oxygen atom, the imino nitrogen 
atom, and the oxygen atom of the methoxy group. Complexes 1 
and 2 exhibit catalytic activity in the ring-opening 
polymerization of rac-lactide. The polymer samples obtained in 
quantitative yields are characterized by an atactic structure and 
the moderate polydispersity indices. 
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