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Solvent-Mediated Redox Transformations of Ytterbium Bis(indenyl)-
diazabutadiene Complexes

Alexander A. Trifonov,*!2l Elena A. Fedorova,!?! Vladimir N. Ikorskii,"!
Sebastian Dechert,!!l*l Herbert Schumann,!! and Mikhail N. Bochkarev!?!
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The reactions of diamagnetic [(CoH7),Yb(THF),] (2) and [rac-
(CH,-1-CoHg)2Yb(THF),] (3) with tBuN=CH-CH=N{Bu
(DAD) in toluene result in the formation of the paramagnetic
complexes [(CoH7),Yb(DAD)] (4) and [rac-(CH,-1-CoHsg), Yb(-
DAD)] (5), respectively. The IR, UV/Vis, and 'H NMR spec-
troscopic data, the magnetic properties, and the single-crys-
tal X-ray diffraction studies of 4 and 5 indicate that in the
solid state and in noncoordinating media both complexes are
ytterbium(ir) derivatives containing the DAD radical-anion,

whereas the 'H NMR and UV/Vis spectra of solutions of 4
and § in the coordinating solvent THF give evidence for di-
valent ytterbium. Recrystallization of 4 and 5 from THF/hex-
ane results in the recovery of the starting ytterbium com-
plexes 2 and 3 due to an unusual redox substitution of the
radical anion of diazabutadiene by THF in the coordination
sphere of ytterbium.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2005)

Introduction

During the past two decades, 1,4-disubstituted diazadi-
enes have attracted considerable attention as useful ligands
in transition metal chemistry due to their redox and coordi-
nation properties. The lone electron pair at both nitrogen
atoms and the m-electrons of the C=N bonds allow theese
molecules to act both as an n- and a n-electron donor. They
can also coordinate metal atoms both as a neutral ligand!
and, based on their quite pronounced electron affinity, as
a radical anion! or dianion™ by accepting one or two elec-
trons from the metal. Especially the ligand substituted at
the nitrogen atoms with the bulky zerz-butyl group (DAD)
has been widely employed for the synthesis of stable com-
plexes of electropositive lanthanides.’] Considering the re-
duction state and the coordination mode of the DAD li-
gand, these compounds can be divided into two main
groups. The first group contains homo- and hetero-ligated
compounds containing the DAD radical anion coordinated
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to the lanthanide atom through two nitrogen atoms,” while
in the second group the doubly reduced enediamido frag-
ment is 2o:m-bonded to the central metal atom.l®! Due to
the low energy of the m*-orbital of diazadiene ligands,?!
their complexes with ytterbium, a metal which has two
stable oxidation states with a low Yb'/Yb™ transformation
potential,” are of particular interest with respect to intra-
molecular metal-ligand electron transfers. In our previous
studies we have synthesized and structurally characterized
the homoleptic ytterbium(ir) complex [(DAD);Yb] (1).[
In order to explain the results obtained for 1 from variable
temperature magnetic measurements, a temperature-in-
duced valence tautomerism has been suggested. Thus, com-
plex 1 is assumed to exist as the divalent ytterbium deriva-
tive [Yb'(DAD),(DADY)] at temperatures of 5 to 15K,
while in the temperature range 80 to 300 K the complex is
transformed into the trivalent ytterbium compound
[Yb'(DAD);]. Continuing our studies on intramolecular
redox processes in DAD ytterbium complexes, we report
here on unusual solvent-mediated redox transformations of
the bis(indenyl)diazabutadieneytterbium complexes [(Ind),-
Yb(DAD)].

Results and Discussion

The addition of N,N’-di-tert-butyl-1,4-diazabutadiene
(DAD) in THF to THF solutions of [(n°-Ind),Yb(THF),]
[Ind = CoH; (2), rac-(CH,-1-CoHg) (3)®¥! does not cause
any change in the color of the reaction mixtures and the 'H
NMR spectra of these mixtures show superposition of the
spectra of the Yb'" complexes and of free DAD. Evapora-
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tion of the solvent in vacuo leaves a deep-red solid which,
on addition of toluene, dissolves with formation of a brown
(for 2) or greenish-black solution (for 3). The 'H NMR
spectra of these solutions show a set of broadened signals
indicative of the presence of paramagnetic Yb"! species and

radical anionic [DAD] " (Scheme 1).
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Scheme 1.

Cooling of the concentrated toluene solutions causes pre-
cipitation of the complexes [(n°-Ind),Yb'(DAD)] [Ind =
CoH, (4), rac-(CH,-1-CoHg) (5)], which were isolated as
dark-brown (4) and greenish-black (5) crystalline solids in
yields of 74 and 81%, respectively. Both complexes are
highly air- and moisture-sensitive, moderately soluble in tol-
uene, and less soluble in hexane.

Crystals suitable for single-crystal X-ray diffraction stud-
ies were obtained by slow cooling of toluene solutions of 4
and 5 to —20 °C. Complex 5 crystallizes as a toluene solvate
[rac-(CH,-1-CoHg), Yb(DAD)]|(C;Hg)ys. The molecular
structures of 4 and 5 are depicted in Figures 1 and 2, respec-
tively; crystal and structural refinement data are listed in
Table 1.

In both compounds, the ytterbium atom is n>-coordi-
nated by the two cyclopentadienyl units of the indenyl li-
gands and the two nitrogen atoms of the radical anionic
DAD ligand and adopts the geometry of a distorted tetra-
hedron. Complex 5 exists in the crystalline state only in the
racemic form. The Yb—Cpcen distances in 4 [2.376(3) and
2.383(3) A] as well as in 5 [2.371(2) and 2.383(2) A] are
shorter than those in the starting Yb" complexes 2
[2.457(1) AJl2%1 and 3 [2.43(3)-2.45(3) AJi®") and are close
to the values reported for the indenylytterbium(i) deriva-
tives [(1-C4H7-4,7-Me,CoHy), Y b(u-Cl),Li(THF),] [2.333(3)
and 2.336(4) AJ'%] and [meso-(CH,-1-CoHy), YDN(SiMes),]
[2.328(3) and 2.332(3) A].) The shortening of the Yb—
Cpcentr. distances in 4 and 5 compared to those in 2 and 3
indicates the oxidation of the ytterbium atom from Yb!
to Yb'L.I''l However, in both cases the magnitude of the
shortening is considerably less than would be expected on
the basis of the difference in the ionic radii of Yb" and
Yb'™ (0.155 A). Further, it should be noted that the values
of the Yb—Cpcenir bond lengths in 4 and 5 lie between the
corresponding values of [Cp,Yb(DAD)] [2.324(7) and
2.334(4) A8l and  [Cp*,Yb(DAD)] [2.401(2) and
2.414(2) AJ5" and reflect the comparable steric demand of
the cyclopentadienyl, pentamethylcyclopentadienyl, and in-
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Figure 1. ORTEP diagram (30% probability thermal ellipsoids) of
[(CoH7),Yb(DAD)] (4) showing the non-hydrogen-atom numbering
scheme. Hydrogen atoms have been omitted for clarity. Relevant
bond lengths [A] and angles [°]: Yb-Cplcent. 2.383(3), Yb—Cp2cent.
2.376(3), Yb—C1 2.630(7), Yb-C2 2.578(6), Yb-C3 2.616(6), Yb—
C9 2.760(7), Yb-C8 2.770(6), Yb—C11 2.601(7), Yb-C12 2.605(6),
Yb-CI18 2.724(6), Yb-C17 2.741(6), Yb-C10 2.656(7), Yb-N2
2.318(5), Yb-N1 2.335(5), N1-C19 1.323(8), N2-C24 1.309(8),
C19-C24 1.412(9); Cplcent.—Yb—Cp2cenr. 125.44(11), NI-Yb-N2
74.35(19).

denyl ligands. Whereas the two Yb—N bond lengths in 4
[2.318(5) and 2.335(5) A] as well as in 5 [2.321(4) and
2.343(5) A] differ significantly between each other, the val-
ues still lie between the corresponding, almost equal values
of [Cp,Yb(DAD)] [2.309(9) and 2.306(9) A]*¢l and
[Cp*,Yb(DAD)] [2.385(4) and 2.394(3) A].°" The Yb-N
bond lengths in 4 and 5 are comparable to the lengths of
the YbM-N coordination bonds in the compounds

[Cp*,Yb(bipy)] (2.32 A) 124 [{Cp*,Yb(bipy)} *-
{Cp*,YbCL} ] (237 A)120  [{Cp*,Yb(phen)} *(I) -
(CH,Cl,)] (2.36 A),[124 and [Cp>Yb(PzMe,)-

(HpzMe,)] [2.360(6), 2.414(6) A],l'>! but are much longer
than the covalent Yb™-N bonds in [(n°-CoH;),YbN-
(SiMes),] [2.160(5), 2.163(5) A][221 [(n5-MeCsH,),Yb-
(NPhy)] [2.216(5) ALI'2b] [(n5-MeCsH,),Yb(NPh,)(THF)]
[2.287(6) A],[12) and [{Li(THF)4} {Yb(NPh,)4}] [2.188(9)-
2.2401(9) A].l'2 The bond lengths within the DAD ligand
of 4 and 5 should indicate its radical-anionic character since
an electron transfer to the LUMO of the ligand is expected
to cause delocalization of the charge over the whole conju-
gated NCCN fragment, which involves changes in the bond
lengths. Compared to the N=C [1.267(2) A]l'3 and C-C
bond lengths [1.467(2) A]'3) in the free DAD molecule, the
N=C bonds in the DAD ligands of 4 [1.323(8) and
1.309(8) A] and 5 [1.324(7) and 1.331(6) A] are substantially
elongated, while the C—C bonds [4: 1.412(9), 5: 1.429(7) A]
are shortened and close to the values of aromatic carbon—
carbon bonds.['¥ This bonding situation is similar to that
described for [Cp*,Sm(DAD)],’ [Cp,Yb(DAD)],1*¢l and
[Cp*,Yb(DAD)],BM and proves the radical-anionic charac-
ter of the DAD ligand in 4 and 5. In summary, the struc-
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Figure 2. ORTEP diagram (30% probability thermal ellipsoids) of
[rac-(CH»-1-CyHg), Yb(DAD)] (5) showing the non-hydrogen-atom
numbering scheme. Hydrogen atoms have been omitted for clarity.
Relevant bond lengths [A] and angles [°]: Yb—Cplcen: 2.371(2),
Yb-Cp2cen:. 2.383(2), Yb-CI1 2.646(5), Yb—C2 2.605(5), Yb-C3
2.623(5), Yb-C8 2.704(5), Yb-C9 2.719(5), Yb-CI12 2.652(5), Yb—
C13 2.590(5), Yb-Cl4 2.632(5), Yb-C19 2.750(5), Yb-C20
2.730(5), Yb-N1 2.321(4), Yb-N2 2.343(5), N1-C21 1.324(7), N2—
C26 1.331(6), C21-C26 1.420(7); Cplcenti—Yb-Cp2cen: 120.05(8),
NI-Yb-N2 75.33(15).

tural parameters of 4 and 5 are in agreement with the tri-
valent oxidation state of the ytterbium atom and the radi-
cal-anionic character of the DAD ligand. Unexpectedly, 4
and 5 are ESR silent in the temperature range 173 to 300 K
in the solid state as well as in toluene solution. This fact is
attributable either to a substantial broadening of the signal
of the DAD radical anion in the field of the paramagnetic
Yb" ion or to antiferromagnetic coupling of the spin carri-
ers.

Magnetic measurements of crystalline samples of 4 and
5 were carried out at 5 kOe in the temperature range 2 to
300 K. Plots of 1/y vs. T and p vs. T are shown in Figure 3.

For 4 as well as for 5, the measurements show a nonlin-
ear dependence of the reciprocal value of the magnetic
susceptibility y as a function of temperature. The effective
magnetic moments of the complexes increase from 1.6 pug
(4) and 1.5pug (5) at 2K to 3.4 pup (4) and 3.0 ug (5) at
300 K. The values of the effective magnetic moments of 4
and 5 in benzene solution at 300 K, estimated according to
the published procedure,!'*! are in agreement with the data
obtained for the crystalline samples by the SQUID method.
The Yb'™ jon has the electronic configuration 4f'3 and is
paramagnetic. The expected magnetic moment of Yb!!!
complexes is 3.8 ug at 5-30 K and 4.5 pg at 90-300 K;[!'6l
the experimental values range from 3.4 to 4.9 ugl'! An
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Figure 3. Thermal dependence of 1/y vs. T [K] and u vs. T [K] for
[(CoH,)Yb(DAD)] (4; curve 1: u vs. T; curve 3: 1/y vs. T) and [rac-
(CH»-1-CyHg),Yb(DAD)] (5; curve 2: p vs. T, curve 4: 1/y vs. T) at
5 kOe.

Yb'™! complex that also contains a radical anion, as is sug-
gested for 4 and 5, should show a magnetic moment of
4.8 ug at room temperature provided that the spins of the
two unpaired electrons do not interact. However, the experi-
mental values of the magnetic moments obtained for 4 and
5 are considerably lower than the predicted ones, which
could be caused either by redox tautomerism between para-
magnetic [(Ind),Yb™(DAD™)] and diamagnetic [(Ind),Yb'-
(DAD?)] molecules or antiferromagnetic coupling of the
two unpaired electrons in [(Ind),Yb™(DAD™)]. Recently,
Andersen and co-workers studied the Yb'' complexes
[Cp*, YDb(bipy)], [{1,3-tBu,CsHs}, Yb(phen)], and
[Cp*,Yb(phen)] which contain an organic radical anion
similar to 4 and 5. They found effective magnetic moments
at 300 K of 2.4, 3.4, and 4.0 g, respectively. In order to
interpret the low magnetic moments of these compounds,
antiferromagnetic coupling between the spin carriers was
postulated."?4 Antiferromagnetic coupling between tri-
valent rare-earth ions and paramagnetic semiquinone li-
gands has been found also to be dominating for the series
of complexes [Ln(DTBSQ)(HBPz;),] [Ln = Er, Tb, Dy, Yb;
DTBSQ = 3,5-di-tert-butylsemiquinone, HBPz; = hydro-
tris(pyrazolyl)borate].['81 Hatfield and co-workers have de-
scribed a strong exchange coupling between the lanthanide
ions and the phthalocyaninato radical in bis(phthalocyanin-
ato)lanthanide sandwich compounds [(Pc?)Ln(Pc!)] (Ln
= Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu). The value of the room-
temperature magnetic moment for trivalent ytterbium anti-
ferromagnetically coupled with an organic radical anion
was calculated to be 3.46 pg.['”! Taking those results into
account, the analysis of the 1/y vs. T'and u vs. T plots sug-
gests that an antiferromagnetic spin interaction is a plaus-
ible reason for the low magnetic moments of 4 and 5; how-
ever the available data do not allow us to exclude definitely
the existence of redox tautomers.

The IR spectrum of neutral DAD shows two characteris-
tic and strong absorption bands at 1620 and 1200 cm™!,
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which are assigned to the v(C=N) and v(C-N) vibrations,
respectively. In the IR spectra of 4 and 5 the absorption at
1200 cm™! is still very strong, but the band at about
1600 cm ™! is very weak, which identifies the DAD ligand as
a radical anion. The infrared data of 4 and 5 are consistent
with those of [Cp,Yb(DAD)JP8l and [Cp*,Yb(DAD)],PM
complexes which also contain the radical-anionic DAD li-
gand.

The UV/Vis spectra of 4 and 5 in hexane show strong
absorptions at 318 and 335 nm, respectively, which corre-
spond well with the strong band of (DAD")Na™ at 325 nm,
but differ from that of neutral DAD at 285 nm, thus giving
further proof of the radical-anionic character of the DAD
ligand (Figure 4). In contrast, the spectra of 4 and 5 re-
corded in the coordinating solvent THF at room tempera-
ture show evidence for the formation of free DAD and the
respective THF-coordinated indenylytterbium(ir) complexes
[(CoH7),Yb(THF),] and [rac-(CH,-1-CoHg), Yb(THF),].

2.0 kS Dermn,
5
54
= 2
]
£ . \
5
2 1.0 ¥ \
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0
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Figure 4. UV/Vis spectra. 1: DAD in hexane; 2: DAD"Na* in
THF; 3: [(CoH;),YB(DAD)] (4) in hexane; 4: [(CoH;),Yb(DAD)]
(4) in THF; 5: [(CoH,),Yb(THF),] (2) in THF.

According to the paramagnetism of 4 and 5, their 'H
NMR spectra recorded in [Dg]benzene at 25 °C show a set
of broadened signals that are substantially shifted with re-
spect to those of comparable diamagnetic complexes (Fig-
ure 5 and Figure 6). The tert-butyl groups and the imino
groups of the DAD ligand each gives rise to a singlet at &
= 27.90 (4) and 34.21 ppm (5) and a broad singlet at ¢ =
—28.74 (4) and —18.53 ppm (5), respectively. The signals for
the protons of the indenyl units appear at 6 = 12.16, 10.41,
—18.42, and —39.25 ppm in the intensity ratio of 2:2:2:1 for
4, and at 0 = 36.01, 32.74, 23.79, -0.85, -9.90, and
—84.34 ppm with equal intensity for 5. The proton signals
of the ansa-ethylene group in 5 appear as two singlets at ¢
= -21.76 and -23.04 ppm. Variable temperature '"H NMR
measurements (60 to 20 °C) of 4 in [Dg]toluene solution
reveal a considerable temperature dependence of the chemi-
cal shift value of the imino protons (Figure 7), only a slight
temperature dependence of the chemical shift value of the
tert-butyl protons, and no temperature dependence of the
chemical shift values of the indenyl protons.
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Figure 5. '"H NMR spectrum of [(CoH,),Yb(DAD)] (4) in [Dg]ben-
zene at 20 °C.
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Figure 6. '"H NMR spectrum of [rac-(CH,-1-CoHg), Yb(DAD)] (5)
in [Dg]benzene at 20 °C.
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Figure 7. Variable temperature '"H NMR spectroscopic data for
[(CoH7)>,Yb(DAD)] (4) in [Dg]toluene: o vs. 1/T.

The nature of the solvent influences the 'H NMR spectra
of 4 and 5 dramatically. Thus, in contrast to the "H NMR
spectra of solutions of 4 and 5 in aromatic hydrocarbons,
the spectra of solutions in the coordinating solvent [Dg]-
THF show the sharp signals of DAD? and diamagnetic
[(CoH7),YD'(THF),] or [rac-(CH,-1-CoHg), YB'(THF),],
respectively. It is worth noting that in the '"H NMR spectra
of solutions of 4 and 5 in [Dg]THF at 25 °C, recorded just
after the preparation of the samples, the signals assigned to
the diamagnetic Yb" metallocenes (6 = 0 to 9 ppm) are still
broad; they change to sharp signals with resolved coupling
patterns only after about 6 h. The spectra of 4 and 5 in
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CD,Cl, cannot be recorded since the complexes react with
this solvent.

In order to isolate the indenylytterbium(ir) species that is
present in the THF solutions, we added hexane at 20 °C to
concentrated THF solutions of 4 and 5 and isolated the
starting ytterbium(ir) metallocenes [(CoH,),YB'(THF),] (2)
and [rac-(CH,-1-CoHg), Yb(THF),] (3) in high yields (82
and 73 %, respectively). N,N'-Di-tert-butyl-1,4-diazabutadi-
ene was identified and isolated from the mother liquor by
chromatographic methods in almost quantitative yields

(Scheme 2).
( I \ s N:CH ( \ I/THF NQCH
X Y <31 4 THF X Yb{ * CH
T~ ~CH % THF N
4,5 2,3
2,4 X=no bridge; two seperated CgH- ligands
3,5 X=CHy-CH,

Scheme 2.

The above results allow the conclusion that complexes
4 and 5 exist as indenyl derivatives of trivalent ytterbium
coordinated by the N,N'-di-tert-butyl-1,4-diazabutadiene
radical anion [(Ind), Yb™(DAD™)] in the crystalline state as
well as in noncoordinating solvents. Dissolution of 4 or 5
in coordinating solvents like THF causes displacement of
the radical-anionic DAD ligand by THF molecules. This
process implies an electron transfer from the diazadiene
radical anion to the ytterbium(i) ion, resulting in the oxi-
dation of the ligand to neutral DAD and reduction of Yb'!!
to Yb'!, followed by substitution of the neutral DAD ligand
by two THF molecules. An analogous reductive substitu-
tion process has been established for the complex [Cp*,Yb-
(DAD)], but not for [Cp,Yb(DAD)] because of its shorter
Yb-N distances.>™ One can suppose that steric repulsion of
the bulky indenyl and N,N’-di-tert-butyl-1,4-diazabutadiene
ligands will be decisive for the examined reactions and the
elongation and weakening of the Yb-N bonds in 4 and 5.
Hence, the energy of the Coulombic interaction between
the [(Ind),Yb™]* cationic species and the radical anion of
diazadiene DAD " is comparable with that of the coordina-
tion bonds between Ind,Yb! and THF, and, as a result, the
DAD ligand redox substitution becomes feasible. A similar
behavior towards THF has been described by Evans and
co-workers for decamethylsamarocene complexes with aro-
matic polycyclic ligands.?”! However, unlike the indenylyt-
terbium complexes 4 and 5, the samarium derivatives can-
not be regenerated by removal of THF and addition of aro-
matic or aliphatic solvents.

Experimental Section

All experiments were performed in evacuated tubes, using standard
Schlenk techniques, with rigorous exclusion of traces of moisture
and air. THE, benzene, toluene, and hexane were purified by distil-
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lation from sodium/benzophenone ketyl and were condensed in
vacuo prior to use. Indene (commercially available) was used after
drying over molecular sieves. Commercially available 1,2-bis(ind-
enyl)ethane was used as purchased (Dalchim). IR spectra were re-
corded as Nujol mulls on a Specord M80 spectrophotometer, and
NMR spectra on a Bruker DPX200 spectrometer in [Dg]benzene,
[Dg]THEF, or [Ds]pyridine at 298 K. Chemical shifts for 'H and '*C
NMR spectra were referenced internally using the residual solvent
resonances and are reported relative to TMS. The UV/Vis spectra
were recorded in evacuated quartz cuvettes on a Perkin—Elmer
Lambda 25 spectrophotometer. The ESR spectra were measured
on a Bruker ER 200D-1SRC instrument. GC analyses were per-
formed with a Tzvet 530 gas chromatograph. Magnetic suscep-
tibility measurements of solid samples were carried out on a
SQUID magnetometer MPMS-5S from Quantum Design at 5 kOe.
Magnetic measurements in benzene solution were performed ac-
cording to the published procedure!’ on a Bruker DPX200 spec-
trometer. Lanthanide metal analyses were carried out by complexo-
metric titration.

Synthesis of [(CoH;),Yb(THF),] (2): A solution of indene (1.35 g,
11.68 mmol) in THF (10 mL) was added to a suspension of the
naphthalene complex [(C;oHg)Yb(THF),] (2.60 g, 5.84 mmol) in
THF (40 mL) and the reaction mixture was heated to 60 °C and
stirred vigorously for 12 h. The resulting brown solution was fil-
tered, THF was evaporated, and naphthalene was sublimed in
vacuo at 60 °C. The solid residue was washed with hexane
(2%20 mL) and recrystallized from THF/toluene (1:5 v/v). The pre-
cipitate was washed with cold toluene and dried in vacuo at room
temperature to yield 2 as ruby-red crystals (2.36g, 74%).
C56H300,YDb (547.5): caled. C 57.03, H 5.52; found C 56.59, H
5.99. '"H NMR (200 MHz, [Ds]pyridine): § = 1.73 (m, 8 H, THF),
3.59 (m, 8 H, THF), 5.74 (d, 3Juu = 3.2Hz, 4 H, Ind), 6.2 (t,
3Jun = 3.0 Hz, 2 H, Ind), 6.65 (m, 4 H, Ind), 7.31 (m, 4 H, Ind)
ppm. *C{'H} NMR (50 MHz, [Ds]pyridine): é = 25.8 (THF), 67.9
(THF), 95.7 (Ind), 117.7 (Ind), 117.9 (Ind), 121.4 (Ind), 127.5(Ind)
ppm. IR (KBr, Nujol): ¥ = 3060 cm™" (w), 1320 (s), 1040(s), 860
(s), 760(s), 720 (s).

Synthesis of [(CH,-1-CoHg), Yb(THF),] (3): A solution of 1,2-bis-
(indenyl)ethane (1.03 g, 4.02 mmol) in THF (10 mL) was added to
a suspension of the naphthalene complex [(C;oHg)Yb(THF),]
(1.79 g, 4.02 mmol) in THF (30 mL) and the reaction mixture was
heated to 60 °C and stirred vigorously for 16 h. The resulting brown
solution was filtered, THF was evaporated, and naphthalene was
sublimed in vacuo at 60 °C. The solid residue was washed with
hexane (2% 20 mL) and recrystallized from THF/toluene (1:5 v/v).
The precipitate was washed with cold toluene and dried in vacuo
at room temperature to yield 3 as ruby-red crystals (1.89 g, 82%).
Co3H3,0,Yb (573.6): caled. C 58.63, H 5.62; found C 58.97, H
5.31. '"H NMR (200 MHz, [Ds]pyridine): 6 = 1.74 (br. s, 8 H, THF),
2.97 (s, 2 H, CH,), 3.33 (s, 2 H, CH»), 3.56 (br. s, 8 H, THF), 5.61
(d, 3y = 40Hz, 1 H, Ind), 5.75 (d, 3Jyu = 4.0 Hz, 1 H, Ind),
6.31 (m, 2 H, Ind), 6.48-6.69 (m, 4 H, Ind), 7.12 (m, 2 H, Ind),
7.55 (d, 3Juu = 8.0Hz, 1 H, Ind), 7.66 (d, 3Juu = 8.0Hz, 1 H,
Ind) ppm. BC{'H} NMR (50 MHz, [Ds]pyridine): 6 = 25.8 (THF),
28.6 (CH,), 28.7 (CH,), 67.9 (THF), 94.5 (Ind), 94.8 (Ind), 112.4
(Ind), 115.1 (Ind), 117.1 (Ind), 117.3 (Ind), 119.1 (Ind), 119.8 (Ind),
121.0 (Ind), 121.2 (Ind), 123.9 (Ind), 125.3 (Ind), 125.6 (Ind), 127.2
(Ind), 127.8 (Ind) ppm. IR (KBr, Nujol): ¥ = 3060 cm™" (w), 1320
(s), 1040(s), 860 (s), 760(s), 720 (s).

Synthesis of [(CoH5),Yb(DAD)] (4): A solution of DAD (0.15 g,
0.89 mmol) in THF (2 mL) was added to a solution of 2 (0.49 g,
0.89 mmol) in THF (10 mL). The reaction mixture was stirred for
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Table 1. Crystallographic data and structure refinement details for 4 and 5.

FULL PAPER

4 5

Empirical formula CsH3uN,Yb C30H36N,Yb+0.5(C7Hg)

Formula mass 571.61 643.72

Crystal system orthorhombic monoclinic

Space group P2,2,2; (no. 19) P2,/c (no. 14)

a[A] 9.2626(1) 18.6543(4)

b [A] 14.3870(2) 8.3894(2)

c[A] 18.1551(3) 17.9212(3)

© 90 92.898(1)

VA3 2419.37(6) 2801.05(10)

VA 4 4

Density (caled.) [gem ™) 1.569 1.526

41 [mm] 3.882 3.363

Tmax! Tmin 0.5738/0.3079 0.9504/0.7035

F(000) 1144 1300

Crystal size [mm?) 0.40x0.24%0.22 0.46%0.10x0.02

0 range [°] 1.81-27.50 2.19-27.50

Index ranges -12=h=11 24 =h=20
-18=k =18 9=k=10
23=[=14 23=[=23

Reflections collected 18803 20977

Independent reflections 5556 [Rin = 0.0896] 6425 [R;,, = 0.0880]

Data/restraints/parameters 5556/0/286 6425/15/333

Goodness-of-fit on F? 0.970 1.008

R indices [I > 20(1)] R, =0.0399 R, = 0.0434
wR, = 0.0662 wR, = 0.0619

R indices (all data) R, = 0.0570 R, = 0.0834
wR, = 0.0704 wR, = 0.0710

Abs. struct. parameter -0.024(15) -

Largest diff. peak/hole [e A 3] 0.977/-1.649 0.817/-0.979

0.5 h at 20 °C. After the removal of THF in vacuo, toluene (10 mL)
was added and the solution was heated to 60 °C for 1.5 h. The
toluene was then evaporated in vacuo. Recrystallization of the solid
residue from toluene (20 °C) gave 4 as dark-brown crystals (0.37 g,
74%). CosH34N,Yb (571.6): caled. C 58.83, H 6.00, Yb 30.27;
found C 58.30, H 6.27, Yb 30.30. '"H NMR (200 MHz, [D¢]ben-
zene, 20 °C): 0 = 27.90 (s, 18 H, Me;C), 12.16 (s, 4 H, 3-Ind), 10.41
(s, 4 H, 4-Ind), —18.42 (s, 4 H, 2-Ind), -28.74 (s, 2 H, N=CH),
-39.25 (s, 2 H, 1-Ind) ppm. IR (Nujol, KBr): ¥ = 3050 cm™! (w),
1580 (w), 1365 (s), 1245 (s), 1200 (s), 770 (s), 740 (s).

Synthesis of [rac-(CH,-1-CoHg), Yb(DAD)|(CsHsCH3)o5 (5): Sim-
ilar to the procedure described for 4, compound 5 was obtained
from DAD (0.25g, 1.49 mmol) in THF (S5mL) and 3 (0.86 g,
1.49 mmol) in THF (10 mL). Recrystallization from toluene af-
forded 5 as greenish-black crystals (0.77 g, 81%). Cz3.sH4oN>Yb
(643.7): caled. C 62.50, H 6.26, Yb 26.88; found C 62.88, H 6.62,
Yb 26.34. '"H NMR (200 MHz, [Dg]benzene, 20 °C): § = 36.01 (s,
2 H, 5-Ind), 34.21 (s, 18 H, Me5C), 32.79 (s, 2 H, 4-Ind), 23.79 (s,
2 H, 6-Ind), -0.86 (s, 2 H, 7-Ind), -9.90 (s, 2 H, 3-Ind), —18.53 (s,
2 H, N=CH), -21.76 (s, 2 H, CH,), -23.04 (s, 2 H, CH,), —-84.34
(s, 2 H, 2-Ind) ppm. IR (Nujol, KBr): ¥ = 3050 cm ™! (w), 1585 (w),
1370 (s), 1255 (s), 1200 (s), 780 (s), 7450 (s).

X-ray Crystallographic Study: The crystal data and details of data
collection are given in Table 1. X-ray data were collected at —100 °C
on a Siemens SMART CCD diffractometer (graphite monochro-
mated Mo-K, radiation, 4 = 0.71073 A, @-scan technique) fitted
with an area-detector. The structures were solved by direct methods
using SHELXS-97?1 and refined on F? using all reflections with
SHELXL-97.221 The toluene solvent molecule in 5 is disordered
about a crystallographic center of inversion. The C-C distances
between ring carbon atoms were restrained to be equal. The atoms
of the disordered part in 5 were refined isotropically, all other non-
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hydrogen atoms were refined anisotropically. The hydrogen atoms
were placed in calculated positions and assigned using an isotropic
displacement parameter of 0.08 A2. SADABS3 was used to per-
form area-detector scaling and absorption corrections. The geomet-
rical aspects of the structure were analyzed using the PLATON
program. >4

CCDC-257892 (4) and -257893 (5) contain the supplementary crys-
tallographic data for this paper. These data can be obtained free
of charge from The Cambridge Crystallographic Data Centre via
www.ccde.cam.ac.uk/data_request/cif.
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