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Bimolecular Extrusion of TeR, from #-Diketiminato Supported Scandium

Bis-tellurolates

Lisa K. Knight,/*! Warren E. Piers,*?! and Robert McDonald!™!

Abstract: Reaction of the well-defined,
base-free dialkyl scandium compounds
L"Sc(CH,SiMes), supported by the f-
diketiminato ligands ArNC(R)CHC-
(R)NAr (Ar=2,6-diisopropyl; R =Me,
L'; R =Bu, L?) with two equivalents of
nBu;P=Te gives the bis-tellurolate com-
plexes L"Sc(TeCH,SiMe;),, 1b (L') and
2b (L?). Tellurolate 2b was isolated and

olate 1b is only moderately stable and
decomposes with elimination of two
equivalents of Te(CH,SiMe;), to form
the dimeric bis-telluride 1d. This com-
pound was characterized by X-ray crys-
tallography and elemental analysis. In
contast, tellurolate 2b decomposes with
loss of only one equivalent of Te(CHS,-
SiMe;),, leading to the formation of a

dinuclear complex with one bridging
telluride unit joining two L2Sc(TeCH,-
SiMe;) fragments. This compound was
also structurally characterized. The sol-
ution behavior of this material is com-
plex, as it exists as three conformational
isomers that undergo slow exchange on
the NMR time scale. The production of
dimer 2¢, along with the results of

fully characterized, including an X-ray
structure analysis, and exhibits two
chemically distinct tellurolate ligands in
solution on the NMR time scale. Tellur-

The organometallic chemistry of well-defined, monomeric,
bis-alkyl derivatives of Sc, Y, and the lanthanides has been
hampered by the synthetic difficulties associated with their
preparation and their prediliction to undergo metalation,
dimerization, or complexation by salts.l'! We recently reported
the preparation of a new family of discrete bis-alkyl scandium
compounds supported by sterically demanding -diketiminato
ligands™ and have now begun to explore their chemistry.

We have previously shown that elemental tellurium inserts
smoothly into the Sc—C bonds of a variety of [CpiScR]
derivatives to form scandium tellurolates, which undergo a
thermal or photochemical extrusion of TeR, to yield the u-
telluride [{Cp3'Sc},(Te)].B! This telluride-forming reaction has
been observed in other tellurolates,*! those of Group 4,51 5[]
and lanthanide®! in particular, and is thought to be an
important process for the deposition of binary metal tellurides
from tellurolate precursors.’] Clearly, in mono-tellurolate
derivatives, the mechanism must be bimolecular, but in bis-
tellurolates, the loss of TeR, may also occur in a unimolecular
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crossover experiments, suggest strongly
that TeR, elimination from these bis-
tellurolates is bimolecular.

scandi-

sense, producing an intermediate terminal tellurido complex
which usually oligomerizes. For example, Arnold and Gin-
delberger have used kinetic data to show this is the pathway
for loss of Te(SiPhs), from [CpP'Zr{Te(SiPh;),}], producing
the dimeric [{CpP'Zr},(u-Te),].¥ Significantly, this reaction
proceeds only in the presence of a Lewis base. In contrast, the
experiments described here convincingly show that extrusion
of TeR, from LSc(TeR), (L = -diketiminato) in the absence
of a Lewis base is bimolecular.

The B-diketiminato ligands employed herel'”! incorporate
the bulky Ar group 2,6-iPr-C¢H; and differ in the iminoacyl
substituent of the diketiminato framework: CHj; for series 1
(LY and Bu for compounds 2 (L?; Scheme 1). Ligand L?
offers a slightly greater degree of steric protection than the
CH;-substituted ligand L', since the tBu group pushes the aryl
group forward into the scandium’s coordination sphere more
effectively than the methyl group of series 1.'! Bis-trimethyl-
silylmethyl derivatives of each LSc unit were prepared by
alkylation of the dichloride precursors with organolithium
reagents, giving 1a and 2a in isolated yields of around 40—
45%. Reaction of either of these compounds with two
equivalents of nBu;P=Te,[”] a source of soluble “Te”, pro-
ceeds upon mixing as evidenced by a rapid color change from
light yellow to a darker orange-red. The products are both
thermally and photochemically sensitive and only one (2b)
has been isolated, characterized, and identified as the
expected bis-tellurolate. Analytically pure 2b is an orange-
yellow solid which is moderately stable in solution at ambient
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Scheme 1. a) 2.1 LiCH,SiMe;; b) 2 Te=PnBus, toluene; ¢) R=rBu, hv,
—Te(CH,SiMe;),; d) R = CHj, hv, — Te(CH,SiMes),.

temperatures if protected from light. The solid-state structure
of 2b was determined by X-ray crystallography (Figure 1).013]
The Sc—Tel and Sc—Te2 distances of 2.8177(5) and
2.8097(5) A, respectively, in the two chemically distinct

Figure 1. Molecular structure of 2b. Selected distances [A] and angles []:
Sc—Tel 2.8177(5), Sc—Te2 2.8097(5), Sc—N1, 2.136(2), Sc—N2 2.080(2),
N1-C4 1.318(3), N2-C6 1.368(3), C4—C5 1.451(3), C5—C6 1.389(4), Sc—C4
2.788(3), Sc—C5 2.695(2), Sc—C6 2.619(2); Tel-Sc-Te2 107.999(17), N1-Sc-
N2 93.41(8), Sc-N1-C4 105.15(16), Sc-N2-C6 96.67(15), C4-C5-C6 133.9(2).

tellurolate ligands (endo and exo as labeled in Scheme 1) are
comparable to that of 2.8337(14) A found in the benzyl
tellurolate [Cp#ScTeCH,Ph].B2 The orientation of the two
tellurolate ligands with respect to each other is striking in that
the structure appears geometrically predisposed to elimina-
tion of TeR, in an intramolecular fashion: the C2-Te2-Sc-Tel
torsion angle is only 16.04(10)°.

NMR spectroscopy on 2b suggests the structure shown is
static on the NMR time scale, since two TeCH,SiMe; groups
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are apparent in the 'H and '*Te{'H} NMR spectra. For
example, two signals appear in the 'H NMR spectrum at 6 =
2.40 and 1.17 for the TeCH, protons and in the »Te NMR
spectrum, separate signals are observed at 0 =266.7 and 62.9.
Attempts to assign these resonance signals specifically to the
exo and endo positions by 'H ROESY experiments did not
lead to a clear conclusion on this issue. The static solution
structure for 2b contrasts with the behavior of the dialkyl
starting materials, in which the two alkyl groups are equiv-
alent by NMR spectroscopy under similar conditions. This is
likely due to a dynamic process involving flipping of the fj3-
diketiminato ligand.'¥! The barrier to this process in alkyl
derivatives a and related compounds appears to be related to
the steric bulk of the alkyl group, with larger groups having
more difficulty passing through the channel defined by the
bulky aryl groups. Since the tellurolate ligands in compounds
b are more bulky still, the process exchanging them is slow on
the NMR time scale for these ligands.

In contrast to 2b, bis-tellurolate 1b is only fleetingly
observed spectroscopically, and pure samples were not
isolable. In solution, loss of Te(CH,SiMej;), from 1b is facile
and clear yellow crystals can be harvested from these
reactions. Spectroscopic data for this highly insoluble product
were not obtainable in solvents it did not react with; however,
it was identified as the u-telluride species 1d by X-ray
crystallography (Figure 2). The fS-diketimato ligand in 1d

c17: cig’

Figure 2. Molecular structure of 1d. Selected distances [A] and angles [°]:
Sc—Te 2.7604(5), Sc'—Te 2.7634(6), Sc—N1 2.131(2), Sc—N2 2.119(2), N1-C2
1337(3), N2-C4 1.345(3), C2-C3 1.409(3), C3-C4 1.383(4), Sc—C2
3.058(3), Sc—C3 3.328(3), Sc—C4 3.048(2); Sc-Te-Sc’ 79.398(16), Te-Sc-Te’
100.602(16), N1-Sc-N2 88.80(8), Sc-N1-C2 122.07(17), Sc-N2-C4
121.65(17), C2-C3-C4 130.3(2).

ligates the scandium atom in a primarily o-bonding mode as
indicated by a rather long Sc—C3 non-bonded distance of
3.328(3) A and a relatively small deviation of Sc from the
N-C-C-C-N plane of 0.676(3) A. Although a center of
inversion coincides with the centroid of the Sc,Te, core of
the molecule, the Sc—Te and Sc'—Te bond lengths are slightly
different at 2.7604(5) and 2.7634(6) A, respectively. These
parameters compare favorably to the Sc—Te bond length of
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2.7528(12) A found for [{Cp3Sc),(u-Te)] 2! where m-bonding
between Sc and Te probably occurs.

While it is conceivable that the conversion of 1b to 1d
involves intramolecular loss of TeR, followed by rapid
dimerization of “L!Sc=Te”, the following observations con-
vincingly show that this process is bimolecular. First, attempts
to trap “L!Sc=Te” by allowing 1b to decompose in the
presence of PMe; or PhC=CPh (species which might be
expected to trap a terminal tellurido intermediate), only
compound 1d is observed. Furthermore, attempts to disso-
ciate the dimeric structure of 1d with various Lewis bases
leads to decomposition of the compound. Second, a crossover
experiment which utilizes the in situ generated neopentyl
substituted bis-tellurolate in concert with 1b gives a statistical
mixture of Te(CH,CMe;),, Te(CH,SiMe;),, and (Me;SiCH,)-
Te(CH,CMe;)* (1:1:2) upon production of 1d [Eq. (1)]; only

/TeCHZSiMeg
Lse Me3SiCH /Te\CH SiMe; 1
TeCH,SiMe; 3 2 2 3
. Te
* 1d MesCCHy”~ “CH,SiMe; 2 D
/TGCHszE::, .e
Lisc Te
MesCCHy,”™ “CH,CMes
TeCH,CMe3

the first two products would be expected in an intramolecular
extrusion.'! Finally, when the isolated bis-tellurolate com-
pound 2b (vide supra) is allowed to decompose by exposing a
hexane solution to light, half an equivalent of Te(CH,SiMe;),
is produced and deep yellow crystals of the u-tellurido bis-
tellurolate complex 2¢ deposit from the solution (Scheme 1).
This species, which was analyzed by X-ray crystallography
(Figure 3), is produced from bimolecular extrusion of

Figure 3. Molecular structure of 2 ¢; for clarity, only the ipso-carbons of the
S-diketiminato aryl groups are shown. Selected distances [A] and angles [°]:
Sc—Tel 2.8326(4), Sc—Te2 2.7088(4), Sc—N1 2.1002(16), Sc—N2 2.0905(17),
N1-C3 1.332(2), N2—C5 1.341(2), C3—C4 1.425(3), C4—C5 1.420(3), Sc—C3
2.7054(19), Sc—C4 2.693(2), Sc—C5 2.6859(19) ; Sc-Te2-Sc’ 180.0, Tel-Sc-Te2
121.180(14), N1-Sc-N2 97.34, Sc-N1-C3 101.69(12), Sc-N2-C5 100.74(12),
C3-C4-C5 136.60(18), Sc-Tel-C1 101.18(6), Tel-C1-Si 111.47(11).
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Te(CH,SiMe;), from 2b. Likely, this tellurolate —telluride is
an intermediate on the way to a (u-Te), species analogous to
1d, although we have not observed clean conversion of 2¢ to
such a species as of yet. Presumably, the greater steric
presence of the tBu substituted diketiminato ligand stabilizes
this compound towards further loss of Te(CH,SiMe;),.
Structurally, the p-diketiminato ligand in 2c¢ exhibits a
greater degree of m-donation to the scandium center as
supported by the significantly shorter Sc to C3, C4, and C5
distances in 2¢ as compared to those in 1d, and the greater
deviation of Sc from the plane defined by the five ligand
atoms (1.2506(17) A). The linear geometry at Te2 is unusual
for tellurium; a previous example from our group, LIl was
rationalized on the basis of the steric requirements of the

e3P %
Sc

Me3

Me,Si SiMe,

ﬁ?&

ancillary ligand set. While Te2 is also rather sterically
protected in 2¢, the very short Sc—Te2 distance of
2.7088(4) A (cf. the distance of 2.8798(5) A for the Sc—Te
interatomic distance in I) is indicative of significant t bonding
between Sc and Te; thus, there may be a contributing
electronic impetus for the linearity at Te2 in this compound.

As can be seen in Figure3, in the solid state, the
TeCH,SiMe; ligands of 2 ¢ occupy the endo sites at scandium,
underneath the plane of the -diketiminato ligand. However,
'"H NMR spectroscopy on crystals of 2¢ revealed a complex
spectrum consistent with the presence of three conforma-
tional isomers which we label the endo - endo, exo—exo, and
endo—exo isomers of 2¢, based on the orientation of the
tellurolate ligands at each scandium center (Figure 4). Al-
though the spectrum is complicated, the regions of the
spectrum for the backbone CH (6 =5.5-5.8) and the SiCHj;
(0=-0.1-0.5) protons clearly indicate the presence of two
symmetrical and one unsymmetrical species in a 1.0:0.5:0.8
ratio. At room temperature, these isomers do not exchange on
the NMR time scale. However, 'H EXSY NMR spectroscopy
(Figure 4, inset) indicates that the isomers do interconvert,
presumably by the flipping of the S-diketiminato ligands. As
can be seen, the backbone CH signals for the unsymmetrical
endo—exo 2¢ (0 =5.50 and 5.61) exhibit crosspeaks with both
symmetrical isomers (d=25.55 and 5.76), but crosspeaks
between the signals for the exo —exo and endo —endo isomers
and between the two resonance signals for the endo-—exo
isomer are absent. This is presumably because two flipping
events (kg;,) are required in order to carry out these latter
exchanges, while only one is necessary for the former. Again,
it is difficult to specifically assign the peaks in this spectrum to
the isomers; we have assumed for the purposes of Figure 4
that the major symmetrical isomer in solution is that found in
the solid state (i.e. endo —endo 2¢), but it is conceivable that
this is erroneous.

In summary, we have shown that extrusion of TeR, from the
scandium bis-tellurolates 1b and 2b occurs via a bimolecular
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Figure 4. 400 MHz 'H NMR spectrum of the equilibrating mixture of conformational isomers of 2 ¢. For clarity, the aromatic region of the spectrum is not
shown. Inset: 'H-'H EXSY map of the ligand backbone CH region of the spectrum.

pathway, in contrast to previously characterized unimolecular
eliminations from Group 4 bis-tellurolates. In the latter cases,
the TeR, extrusions were initiated in the presence of an excess
of a Lewis base. Under such conditions, the molecular orbitals
necessary for bimolecular transition states are unavailable;
furthermore, coordination of the Lewis base to the metal
center likely forces the tellurolate ligands closer together in
the metal’s coordination sphere, facilitating unimolecular
elimination of TeR,. In the bimolecular reactions described
here, we suggest that the scandium tellurolates serve as their
own Lewis base inducer of elimination through dimerization.
To test these ideas, we are examining the elimination of TeR,
from compounds b in the presence of external Lewis bases.

Experimental Section

'H, BC{'H}, "»Te{'H}, and HMQC NMR experiments were performed on
Bruker AC-200 or WH-400 MHz spectrometers and were recorded in
C4Dg, unless otherwise noted. Data are reported in ppm relative to solvent
signals for 'H and "*C spectra; for '®Te spectra, the data are referenced
relative to external TeMe, (0.0ppm). The ligand HL (L=
ArNC(R)CHC(R)NAr, where Ar=2,6-iPr-CH; and R=rBu) was pre-
pared by a literature procedure.l"'”) Compounds 1a and 2a were prepared
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by alkylation of the LScCl, precursors;? full details will be reported
separately.!'

Preparation of [L?Sc(TeCH,SiMe;),] (2b): Toluene (10 mL) was vacuum
transferred (—78°C) into a flask containing 2a (0.391 g, 0.54 mmol) and
two equivalents of solid TePnBu; (0.357 g, 1.08 mmol). The reaction
mixture was warmed to room temperature and allowed to stir for 5 min.
The toluene was removed in vacuo and replaced with hexanes (5 mL); an
orange precipitate was isolated by means of a cold filtration. The solid was
washed twice with cold hexanes to remove nBu;P and the solid was
recrystallized from hexanes, giving 2b (0.288 g, 55%). 'H NMR: 6 =707
(m, 4H; C¢H;), 6.97 (m, 2H; C¢H;), 5.66 (s, 1 H; CH), 4.30,2.68 (m, 2 x 2H;
CH(CHs),), 2.34 (brs, 2H; ScTeCH,),1.88, 1.50 (brs, 2 x 6H; CH(CH;),),
1.16 (brs, 12H; CH(CHj3),), 1.10 (brs, 20H; NCC(CH;); and ScTeCH,),
030, 0.01 (s, 2x9H; TeCH,Si(CH;);); “C{'H} NMR: 06=1725
(NCC(CHy)s), 144.3 (Cy,), 128.7, 1282, 1270, 1271, 1242 (C¢Hs), 87.7
(CH), 45.7 (NCC(CHs;)5), 32.4 (NCC(CHs;)s), 32.0, 28.9 (CH(CHs),), 29.3,
25.4 (CH(CHs),), 0.4, — 0.1 (Si(CH;)3), —22.1, —22.2 (ScTeCH,); '»Te{'H}
NMR: 0=266.7, 62.9 (ScTeCH,Si(CH,);); elemental analysis calcd for
C,;3H7sN,Si,Te,Sc (%): C 52.90, H 7.74, N, 2.87; found: C 52.57, H 7.59, N
2.88.

Preparation of [{L!Sc},(#-Te),] (1d): Two equivalents of TePnBu; and one
equivalent of 1a were dissolved separately in toluene (10 mL for 1a and
5 mL for TePnBu;). The two reagents were combined and allowed to stir at
room temperature for half an hour. The solution changed to a deep orange
color; the reaction mixture was left at room temperature for two days
during which time, yellow crystals formed and deposited from the solution.
The yellow solid was isolated by filtration and dried in vacuo, giving 1d
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(0.175 g, 57 % ); elemental analysis calcd for CssHg,N,Te,Sc, (% ): C 59.02,
H 7.00, N 4.75; found: C 58.99, H 6.67, N 4.52.

Preparation of [{L?Sc(TeCH,SiMe;)},(#-Te)] (2¢): Compound 2b (0.061 g,
0.063 mmol) was dissolved in hexanes (3 mL) and the homogeneous yellow
solution was stirred while exposed to light at room temperature for 24 h.
Cubic, yellow crystals deposited from this solution. The solvent was
decanted and the crystals were washed three times with cold hexanes
(02mL) to yield 2¢ (0.026 g, 50.0%). There are three conformational
isomers in solution (see text); by symmetry, the '"H NMR spectrum of these
isomers contains eight methine peaks (0 =4.16, 3.86, 2.85, 2.77, two at 6 =
2.64 and 4.32 ) and sixteen methyl resonances (6 = 2.06, 2.00, 1.64, 1.57, 1.54,
1.49, 1.39, 1.36 with eight more resonance signals between 6 =1.26 and
1.06). The aryl resonance signals for the three isomers range from ¢ =7.17
to 6.98; the remaining peaks are assigned as follows for the 'H NMR:
endo—endo 2¢: 6=5.55 (s,2H; CH), 2.03 (s, 4H; ScTeCH,), 1.07 (s, 36 H;
NCC(CH;);), 0.36 (s, 18 H; TeCH,Si(CHj;);); exo—exo 2¢: 0 =5.76 (s, 2H;
CH), 1.34 (s, 4H; ScTeCH,), 1.26 (s, 36 H; NCC(CHs);), 0.04 (s, 18H;
TeCH,Si(CH,);); endo —exo 2¢:5.63 (s, 1H; CH), 5.51 (s, 1H; CH), 2.26 (s,
2H; ScTeCH,), 1.32 (s, 2H; ScTeCH,), 1.14 (s, 18 H; NCC(CHy;)5), 1.10 (s,
18H; NCC(CHs;);), 0.38 (s, 9H; TeCH,Si(CH;);), 0.02 (s, 9H; TeCH,-
Si(CHj;);). Complete assignment of the “C{'"H} NMR spectrum was not
possible, and the data is reported by carbon type: 6 =172.8, 172.4, 171.6,
171.3 (NCC(CHs;);); 145.0, 144.7, 144.4, 143.2, 143.0, 141.4, 141.3, 141.0,
140.6, 1274, 1271, 126.9, 125.4, 125.2, 125.1, 124.2 (CsH,); 89.5, 89.0, 87.8,
877 (CH); 45.5, 45.3, 45.1, 44.9 (NCC(CHs;);); 33.0, 32.9, 32.73, 32.67
(NCC(CH,;),); 32.5, 31.6, 31.2, 31.0, 30.8, 29.8, 29.7, 29.1, 29.0, 28.95, 28.89,
28.8,27.0,26.9,26.7,26.6,26.0,25.8,25.5,24.7,24.6, 24.5, 24.3 (23 of 24 peaks
are observed for (CH(CHj;),) and (CH(CHs;),)); 0.51, 0.48, 0.04, —0.04
(Si(CH;);); —24.0, —24.1, —24.4, —24.8 (ScTeCH,); elemental analysis
caled for C,H 5N,Si, Te;Sc, (%): C 56.75, H 7.82, N 3.39; found: C 56.67, H
8.16, N 3.42.

Crossover experiment: To separate solutions of 1a (0.011 g, 0.016 mmol)
and L'Sc(CH,CMe;)," (0.011 g, 0.016 mmol) in CiD, were added
two equivalents of TePnBu;. The resulting solutions of 1b and
L!Sc(TeCH,CMejs), were combined in an NMR tube; two days later, the
supernatant containing dialkyl tellurides, was decanted from the deposit-
ed yellow crystals of 1d and assayed by 'H and '*Te NMR spectroscopy.
'H NMR: 6=2.58 (s, 2H; Te(CH,C(CHs;);)(CH,Si(CHs)3), 2.55 (s, 4H;
Te(CH,C(CH,)3),), 1.63 (s, 4H; Te(CH,Si(CHs);),), 157 (s, 2H;
Te(CH,C(CHs;);)(CH,Si(CH;)5), 0.97 (brs, 27H; Te(CH,C(CH,;);),) and
Te(CH,C(CHs3);)(CH,Si(CH;)3), 0.09 (brs, 27H; Te(CH,Si(CHs;);),) and
Te(CH,C(CH;);)(CH,Si(CH;)5); '»Te{'H} NMR: 6=36.7 (Te(CH,C-
(CH;);)2)), 345 (Te(CH,C(CHs);)(CH,Si(CHs)s)), 33.9  (Te(CH,Si-
(CHs)3),).
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