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Abstract

The paramagnetic 1:1 coordination complexes @Mgs).Yb with a series of diazabutadiene ligands,
RN=C(R)C(R’)=NR, where R= CMg CHMe,, adamantylp-tolyl, p-anisyl, and mesityl when R’=H,
and R=p-anisyl when R’= Me, have been prepared. The complexes are paramagnéehiejrbutgnetic
moments are less than expected for the two uncoupled spin ca@gvies)Yb(lll, 4f*%) and the
diazabutadiene radical anions (S= %2), which implies exchange couplwednethe spins. The variable
temperaturéH NMR spectra show that rotation about the R-N bond is hindered andbéweies are

estimated. The barriers are largely determined by steric effeatéelstrionic effects are not unimportant.
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Introduction

Coordination complexes of the type eb(bipy-X), where Cp’ is a substituted cyclopentadienyl
ligand and bipy-X is a 4,4’-disubstituted bipyridine ligand, are moleanlashich the bipyridine ligand
is a radical anioh® However, the magnetic moments in these complexes are loweexpacted,
which implies that the spin carriers are coupled, that is, tmeaspthe [CpYb(lll, 4f*%)] fragment is
coupled with the spin on the bipy-X radical anion (S= %) fragmenhoAfgh the spin carriers are
antiferromagnetically coupled, the mechanism by which they coupleotsclear; the coupling
mechanism is important since exchange coupling between f-eleutithnsaired electrons or with other
f-electrons is generally wedk®> The magnetic moments of the ytterbocene-bipy complexes range from
small, wheraues =~ 0.7 pg, to large, wherees =~ 3.3 pug at 300 K, depending on the substituents on the
ligands, which implies that the exchange coupling is sttdndhe terpyridine and substituted
terpyridine complexes of decamethylytterbocene behave sinfilaflyThe implication of strong
antiferromagnetic coupling in these ytterbocene-bipy complexes provelesvays of thinking about
the specific role that electrons in f-orbitals play in bonding irséhgarticular complexes, where an
unpaired electron resides in a ligand molecular orbital, whicHateteto the concept of covalence in f-
element compounds in genefal.

This paper continues our phenomenological studies of exchange coupling nmetledgiterbocene
complexes by preparing the 1,4-diazabutadiene complexbe{zYb(RN=C(R’)C(R’)=NR), where R
is an alkyl (MgC, MeHC and adamantyl) or aryptolyl, p-anisyl and mesityl) group and R’ is either H
or Me, abbreviated CpYb(dad(R’)-R). Several diazabutadiene complexes of lanthanideloceta¢s
have been described for $nEU® and Yb''™* However, the reactions of (inderm)p(thf), and
(fluorenyl),Yb(thf), with aryl substituted 1,4-diazabutadiene do not yield simple metakoadducts,

but complexes derived from C-C coupling and C-H bond activation are obsertfed.

Results and Discussion



Comparison Between bipy and dad(R’)-R Ligands
The frontier molecular orbitals of bipy *® and dad(H)-® are isolobal. The sigma donor orbitals on
each nitrogen atom of bipy and dad(H)-R transform,ab,din C,, symmetry). The LUMO is of b
symmetry (inCy, symmetry) in each case as illustratedAnand B. The energy of the LUMO is
measured by the reduction potential of the neutral ligands. The redpotiemtial of some of the 1,4-
diazabutadiene ligands used in this study are listed in Table lyalbe for bipy is listed for

comparison.

Table 1.Reduction potentials of 1,4-diazabutadiene (dad(R’)-R) ligdrfds

R’ R EuaLO)2/ V
H CMe; -2.13
H p-tolyl -1.40
H p-anisyl -1.47
Me p-anisyl -1.85
bipy -2.12

& Potentials quoted relative to SCE in 0.1 /u;N][BF 4-DMF at 293 K.

The reduction potentials show that the LUMO is lower in energshiodad(H)-R ligands when R is a

substituted benzene group relative to bipy, but when R is;Cille energy of the LUMO is essentially
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the same as that of bipy. Substituent effects change the reductantigdoby 0.73 \* %! and these
changes are readily rationalized by inductive and resonance effeetsthe substituents on the nitrogen
atoms are aromatic rings and by hyperconjugation when the substitwmenddkyl groups. Since the
diazabutadiene ligands are as easy or easier to reduce tharh&jpsrd generally thought to be better

n-acceptors?

Synthesis and Physical PropertiesAll of the dad(R’)-R complexes are prepared by adding the
diazabutadiene ligand to {fes),Yb(OEL) in hydrocarbon solvent at room temperature, eq.1. The 1:1
complexes are either green or red in color and most of them aoeildiféi purify by crystallization from
the mother liquor. However, most sublime in the temperature range 160220 diffusion pump
vacuum and the sublimed compounds readily crystallize from pentaneuendo$olution. The pure
complexes are high melting solids, and those that sublime yielccotaidons in their mass spectra;

these and other physical properties are shown in Table 2.

(C5M€5)2Yb(OEt2) + dad(Rl)'R toluene (C5M€5)2Yb(dad(Rl)'R) + OEtz (1)
R' R abbreviation
H C(Me); dad(H)-t-Bu
H CH(Me), dad(H)-i-Pr
H adamantyl dad(H)-adamantyl
H CgH4-p-Me dad(H)-p-tolyl
H CgH4-p-OMe dad(H)-p-anisyl
H CeHo-2,4,6-(Me);  dad(H)-mesityl
Me CgH4-p-OMe dad(Me)-p-anisyl



Table 2. Solid state properties of ytterbocene 1,4-diazabutadiene complexes

Compound color mp/°C fRem™®  [er(300K ) /us
(CsMes)2Yb(dad(H)p-tolyl) green 220 (dec.) 313 3.97
(CsMes),Yb(dad(H)p-anisyl) red 260-262 (dec.) 308 3.72
(CsMes).Yb(dad(Me)-p-anisyl) green- 219-221 295 3.96
brown
(CsMes),Yb(dad(H)-mesityl) blue-green 230-232 (dec.) - -
(CsMes).Yb(dad(H)+-Bu) red 220-222 (dec.) 280 3.63
(CsMes),Yb(dad(H)4-Pr) red 208-211 (dec.) 295 3.71
(CsMes)2Yb(dad(H)-adamantyl) brown-red 238-239 280 3.43
(CsMe4H),Yb(dad(H)1-Bu) red 242-245 (dec.) - -
(CsHs)-Yb(dad(H)+-Bu)** yellow - - 3.34

2 Ytterbium-GMes ring symmetric tilting frequency (ref. 4Y.Determined from a plot of T vs. T,
whereper= 2.828 ¢ T)*° and T= 300 K.

The infrared spectra in the low energy region show an absorptionistredsociated with the
(CsMes),Yb(Ill) fragment, Table 2. The solution'H NMR chemical shifts at 20 °C are indicative of
paramagnetic complexes, as are their temperature dependentablee®, below. All of the complexes
are paramagnetic in the solid state but theirvalues, which lie in the narrow range between 3.3 and
4.0 ug at 300 K, are lower than expected; the expected value for the tvompled spin carriers,
Cp’2Yb(lll, 4f*% and a diazabutadiene radical anion (S= %), is 485 The lowered value ofig
implies that the spin carriers are antiferromagnetically @mupk in the bipy-X complexes. However,
the temperature dependence of the magnetic susceptibility is mpkesantiferromagnetic coupling
between the spin carriers, which is also true for the bipy-X cowmpjethese details are described

below! 8



Solid State Crystal Structures. The ORTEP diagrams for two representative molecules,
(CsMes),Yb(dad(H)-R), where R#p-tolyl and p-anisyl, are shown in Figures 1 and 2. The crystal data
and packing diagrams are available as Supporting Information. Bond distamt angles for these two

complexes are given in Table 3 and 4 along with data for relatedbgtene diazabutadiene

complexes’ 2

Figure 2. ORTEP diagram of (§Mes),Yb(dad(H)p-anisyl) (50 % probability ellipsoids).

The two complexes shown in Figures 1 and 2 have approxi@a®ymmetry and the 4Mes rings
are staggered in thetolyl derivative but eclipsed in theg-anisyl derivative. The NCCN atoms in the

diazabutadiene ligands are planar since their torsion angleésSrén each complex. The averaged



value of the angle formed by the intersection of the plp#alyl ring [NC(ipso)C(ortho)C(ortho)] and
the NCCN plane is 21.5° in {@es).Yb(dad(H)p-tolyl); in the p-anisyl complex this angle is 4.5°. This
difference could be due to different intramolecular steric effeetween the N-Ar fragment and the
orientation of the €Mes rings in the solid state. That is, the steric interactionismized when the
CsMes rings are eclipsed and the NAr fragments are nearly coplatiathe NCCN fragment, which
maximizes the extent of N-C(ips@jbonding.

The averaged Yb-C and Yb-N distances in both molecules ardistdlisequal as are the Cp(ring
centroid)-Yb-Cp(ring centroid) angles. The distances are inahger expected for a {Mes),Yb(llI)
fragment and similar to those found in the dadB)+ complexes (Table 3}: 2 These values may be
compared to the Yb-C and Yb-N distances igM&).Yb(py), of 2.74 A and 2.56 A, respectively,
both of which are significantly longer than the comparable distdocéise complexes given in Table 3.
In addition, the YDb-N distance in £Bs),Yb(dad(H)t-Bu) is significantly shorter than that in

(CsMes),Yb(dad(H)t-Bu), which is consistent with intramolecular steric efféets.

Table 3. Selected Bond Distances (A) and Angles (°) of sH,Yb(dad(H)t-Bu)*

(CsMes),Yb(dad(H)t-Bu),*? (CsMes),Yb(dad(H)p-tolyl) and (GMes),Yb(dad(H)p-anisyl) .

(C5H5)2Yb (C5M€5)2Yb (C5M65)2Yb (C5M65)2Yb
(dad(H)t-Bu®  (dad(H)t-Bu)®  (dad(H)p- (dad(H)p-anisyly
tolyl)©
YDb-Ciing (Mmean) 2.60 2.69 2.65 2.64
Yb-Ciing (range)  2.585(14)- 2.656(3)- 2.623(6)- 2.623(9)-
2.610(14) 2.716(1) 2.683(6) 2.658(9)
Yb-centroid 2.33, 2.33 2.41; 2.40 2.37,2.34 2.36; 2.35
centroid-Yb- 128 130 137 139
centroid
Yb-N 2.306(9); 2.385(3); 2.340(5); 2.339(7);
2.306(9) 2.394(3) 2.368(5) 2.337(6)
N-Yb-N 74.7(3) 75.3(1) 73.4(2) 72.5(2




R-N-C (ave.) 117.0 113.3 118.3 119.5

2 From ref. 11° From ref. 12° This work.

The bond distances in the dad(H)-R fragments support the view tmataitradical anion. The
uncoordinated diazabutadiene dad{HBu, in the trans-conformation, has been structurally
characterized® The data in Table 4 compare the C-C and C-N bond distances in thgtésbocene
complexes with those in the free diazabutadiene. The C-C distahoggn and the C-N distances
lengthen in the complexes relative to the distances in the free ligand, asdxpleeh the LUMO of the
diazabutadiene illustrated B, above, is populated. The crystallographic data and all of the otleer dat
clearly support the idea that the complexes are derived froroalaghions and cationic ytterbocene

fragments.

Table 4.Bond Distances (A) in Diazabutadiene Ligands from X-ray Crystallography

free (C5M€5)2Yb (C5H5)2Yb (C5Me5)2Yb (C5M€5)2Yb
dad(H)-tBu®  (dad(H)t-Bu)® (dad(H)t-Bu)® (dad(H)p-tolyl)® (dad(H)p-anisyl)

A 1.467(2) 1.398(3) 1.398(10) 1.380(9) 1.382(13)
B 1.267(2) 1.339(2) 1.299(10) 1.342(8) 1.335(11)
C 1.267(2) 1.326(5) 1.310(10) 1.342(8) 1.339(11)

2 From ref. 25° From ref. 12° From ref. 11° This work.
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Figure for Table 4

Solid State Magnetic MeasurementsThe magnetic susceptibility measurements as a function of
temperature provide a bulk measure of how the paramagnetic conditioreshaitly temperature. A

plot of v * as a function of temperature for all the complexes is showryiné=B and a plot qfes vs. T



for some of them is shown in Figures 4a and 4b. ¥hevs. T plots are available as Supporting

Information.
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The plots ofy™ vs. T anduerr vs. T define a family of curves, with one exception, in whigh
increases, more or less smoothly, to 400 K, where the curves appeatutate with an effective
magnetic moment of 3.9-4,23. These plots are similar in shape to those for the bipy-X deégat
though the net magnetic moments in the high temperature regimeuakelower, in the range of 1-3.9
ug (at 400 K)*® This pattern implies that the reason for the lowered magmeticents, relative to the
value expected for two uncoupled spin carriers, is the ssrne,exchange coupling between the
unpaired electron in the {Mes),Yb(lll) fragment with the electron in the lsymmetry orbital of the
ligand. The extent of coupling and therefore the coupling constant dependseupoad sariables, the
principle ones being the overlap between and the relative energy ofapeetic orbitalé. Detailed
studies similar to those published in ref. 8 are underway to mageqtfalitative statement more
guantitative. Recent articles claim that the variation in thgnee&c moment as a function of
temperature is due to a tautomeric equilibrium between the diatiaf(@Mes),Yb(ll, 4% (bipy, S=

0)] spin isomer and the paramagnetic sNt@s),Yb(lll, 4f*)(bipy"~, S= %)] spin isomet. %° This
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explanation is incorrect for ¢Mes),Yb(bipy) since the shape and therefore the population of Yb(Il) and
Yb(lll) signatures in the Yh,-edge XANES do not change from 10 to 408 K.

The one exception to the generalizations mentioned above is x'ﬂhevs. T plot for
(CsMes),Yb(dad(H)p-anisyl). Although the plot is qualitatively similar to that ofes).Yb(dad(Me)-
p-anisyl), Figure 5, the slope qfl vs. T for the former complex increases much more rapidly with
temperature, passing through a sharp maximum2at K, then decreases much more rapidly than in the
other complexes. About 200 K, a sudden increase occurs over the temparageref 15 K, before the
v! value approaches that found for the other complexes. The origin of ¥ in the solid state

magnetic behavior of these two molecules is unknown.
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Figure 5.y vs. T plot of (GMes).Yb(dad(H)p-anisyl) and (GMes),Yb(dad(Me)p-anisyl)

Figure 6 shows q‘l vs. T plot for (GHs).Yb(dad(H){-Bu) and (GMes),Yb(dad(H){-Bu). As the

curves are nearly superimposible, the substituents on the cyclopentdidiang do not appreciably
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change the magnetic moment. This is unlike the behavior of the bipyrdimplexes where the

effective magnetic moments depend upon the substituents on the cyclopentadien$l ring.
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Figure 6.y vs. T plot of (GMes),Yb(dad(H)+-Bu) and (GHs).Yb(dad(H)+-Bu)

Solution *H NMR Spectroscopic Studies. (a) General.
The observed solutiotH NMR chemical shifts in §Dg at 20 °C for the complexes described in this
paper are listed in Table’8In general, the chemical shifts of theM®s groups are relatively broad and
lie in a narrow chemical shift range fradw 2.8 to 0.15 ppm. The resonances due to the diazabutadiene
ligands vary widely in chemical shift and line width. Sincegasaents can be made on the basis of
relative intensities, and in some cases specific substitution® generalizations can be made. The
backbone CH’s appear upfield in the chemical shift rangedef-25 to —146 ppm with the most
shielded resonances associated with the dad(H)-R ligands in whigha Bubstituted benzene ring.
When R is an alkyl group the resonances appear in a very narrow 8ang25 to-28 ppm. The
chemical shift of theneta-CH groups of the substituted benzene ring are observed in thedsrargd

to +62 ppm, but thertho-H’s are observed in only one case. These chemical shift vakesycthow
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that the complexes are paramagnetic in solution. In these commlearlinated diazabutadiene ligand
does not exchange with added free diazabutadiene ligand over the tenepenage of80 to +90 °C,

showing that the dynamic processes, described in detail below, are due to intiéanplecesses.

Table 5.'H NMR Data for Cp;Yb(dad(R’)-R) Complexes

Compound Cp’ R’ R

(CsMes),Yb(dad(H)p-tolyl) 1.74 (35) -123.7 (320) o-CH 3
m-CH 50.2 (700)
p-Me 58.3 (90)

(CsMes).Yb(dad(H)p-anisyl) 1.76 (13) -109.3 (270) o-CH 2
m-CH 46.9 (350)

p-OMe 18.9 (4)
(CsMes),Yb(dad(Me)p-anisyl ) 1.51 (23) +126.0 (360) 0-CH  103.3 (800)
m-CH 50.1 (34)
p-OMe 18.5 (8)
(CsMes),Yb(dad(H)-mesityl) 0.29 (90) -146.2 (240) 0-CHs  224.9 (120)

0-CHs 58.2 (64)

m-CH 62.5 (32)
m-CH 50.4 (24)
p-Me 58.2 (64)
(CsMes),Yb(dad(H)+-Bu) 0.15 (8) -26.6 (200)  t-Bu 3
(CsMes),Yb(dad(H)i-Pr) 2.83(9) -28.3 (170) CH 108.9 (260)
Me 32.3(12)
(CsMes),Yb(dad(H)-adamantyl)  0.14 (8) -25.2 (200) £H 18.9 (650)
CH, 16.7 (400)
CH 12.5 (67)
(CsMesH),Yb(dad(H)1-Bu) Me 2.62(34) -36.0(180) t-Bu 42.7 (480)
Me 2.47 (50)

13



H -38.0 (60)
(CsHs),Yb(dad(H)+-Bu) -23.8 (60) -42.5 (208) t-Bu 45.8 (46)

Recorded in benzerdy-at 20 °C. Observed chemical shifts are given in ppm. Line widthsyidth
at half height (Hz), are given in parenthed&hese resonances are not observed at 20 °C.

In this and earlier papers, variable temperattfdlMR spectroscopy is used as a probe of dynamic
processes in solution. Plots ®fvs. T' indicate if intramolecular exchange is occurring on the NMR
time scale and if the chemical shifts are linear i Ifi order to ensure that all intermolecular processes
are slow on the NMR time scale, generally, variable temperalata in the presence and absence of
added exchangeable ligand are obtafiedn the best experiments, coalescence-decoalescence behavior
is observed from whiclzt\G*(Tc) Is obtained and a physical process responsible for the fluxiomality
generally obvioug® *°

When thes vs. T* plots are non-linear, there is insufficient information in the line-shape to pesaulat
physical process other than some intramolecular process(es) mgadurigolution is(are) temperature
dependent. A physical process that changes the populations will givio riee resonances that have
non-linear dependence ori*Te.g. geometric changes, intramolecular fluxions, electronic exehang
etc33 In general, our interest is to obtai&T(T,) for chemical exchange process, and the issue of
non-linearity is not addressed. However, the bipy and related N-hetkcooymplexes present a new
challenge since these ligands in these complexes are radiicas and the effect of electron transfer,
spin delocalization and/or exchange coupling on the line shape must bgsaddrea realistic manner.

A corollary is the origin of chemical shifts; we have not deajtlicitly with them until recently,since
we have simply viewed them as a number. For lanthanide molecutesewitral or anionic ligands, that

are diamagnetic, the paramagnetic(isotropic) shifts are mairdyto the pseudo-contact teff; = - D

G(, r), whereD is the magnetic susceptibility tensor and G} is the geometric term which is related

r3

" <3c052 6-1

>, when axial symmetry is presefitThus the isotropic chemical shift depends on the
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distance r of the observed nucleus from the paramagnetic centas (tihe distance from the unpaired
spin) andD, which is related to ¥, if the Curie-law is followed. This is a good approximation for the
vast number of complexes we have prepared over the years sincettigariigand bonds are not
covalent, that is, the unpaired spin density on the ligands is small since unpéecitbfie are localized
on the metal center and contributions from the Fermi contact tedaevations from the Curie-law to
the overall isotropic chemical shift are small. We have regestibwn that complexes in which the
ligand is a radical anion, such as &(bipy-X), the plot of the solid state magnetic susceptibi;iy,

vs. 8 is linear for the 6,6’-H chemical shift at 300°KThis is not surprising since the 6,6’-position
carries a small amount of spin-density in the bipy-radical affidris close to the paramagnetic center
and the chemical shift should depend on the pseudo-contact contribution. Btrehessonances that

carry higher spin densities and are further away from the pgreatia center, the Fermi contact term,

87 is proportional to- <S>av, where ais the isotropic hyperfine splitting constant a(rﬁ}av is the

thermal average of the spin moments along the principal molexdsy &hich is related to the atomic
magnetic susceptibility, will play a rofé.3> This term is an important contributor to the chemical shift
when spin density is located on the ligand, when there is covalence and/or when the ligand is a
radical anion as in the case of &f(N-heterocyclic bases). Both Fermi contact and pseudo-contact
terms are related to the magnetic susceptibility, &md. T* plots are expected to be linear, if Curie-
behavior is followed and if the isotopic chemical shifts accounalioof the intramolecular dynamic

processes.

(b) The Aryl Substituted Complexes, (GMes).Yb(dad(H)-R), R= aryl

The'H NMR data are shown a@svs. T* plots, wheres is the observed chemical shift as in earlier
papers:> An alternative method of representing the data is to plot the mdheenical shift §,q) (the
chemical shift at a given temperature multiplied by that teatpez,6T divided by 298 K in order to get

convenient numbers) as a function oT® *” The latter representations are useful since they show the
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relation between solid state magnetic susceptibility as aifunaf temperature when plotted a8 vs.
T and the reduced chemical shift of a given resonance as a functtempérature8,eg vs. T3% 3°
These plots are available as Supporting Information.

The variable temperatufél NMR spectra of the-tolyl and p-anisyl complexes are similar, and only
8 vs. T* plots are shown for the-tolyl complex in Figures 7a and 7b; thes. T* plot for thep-anisyl

complex is available as Supporting Information.
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tolueneds at temperatures from -70 to €0
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Figure 7b. Chemical shift § vs. T* plot of theortho-CH and meta-CH *H NMR resonances of

(CsMes).Yb(dad(H)p-tolyl) in tolueneds at temperatures from -70 to +€0)

The GMes resonances are essentially independent of temperature, thoygMeéhand backbone CH
resonances have a non-linear dependence on temperature. The resotdnaablatto the benzene-
ring meta- andortho-CH’s address the question of arene ring rotation in solution. At 20 sthg&e
resonance of relative intensity 4H is observed, which broadens, disgpfean reappears as two
resonances of 2H each as the temperature is decreaséd €, Figure 7b. The coalesced resonance
sharpens and the chemical shift is essentially independent of sarpefrom +20 °C to +90 °C.
During the temperature study, another resonance that is very bre@d@temerges from the baseline
as the temperature is decreased as two widely separatednesodae to 2H each. As the temperature
is increased from +20 °C to +90 °C, this coalesced resonance, dueisdideir in temperature. These
resonances are either tbieho- or meta-CH’s and it is difficult to assign them with certainty, however,
the broader one at 20 °C is likely to be tntho-CH, since it is closer to the paramagnetic center. The
assignment is not crucial, since the activation free energyederfrom the line shape for both
resonances is identical, Table 6. The temperature behavior of tmamess is as expected for hindered
rotation of thep-tolyl group about the N-C(ipso) bond. At low temperature the pvolyl rings are

orientated as in the solid state structure, Figure 1 and 2, theul®lsas averaged,, symmetry and
17



each ortho- and meta-CH’s are distal and proximal relative to the ytterbocenenisay. As the
temperature is increased, rotation around thetblyl bond increases, resulting in distal-proximal site

exchange with barriers of about 10 kcal thinl each case, Table 6.

Table 6. Barrier of ortho-CH and meta-CH site exchange in Mes).Yb(dad(H)p-tolyl) and

(CsMes),Yb(dad(H)p-anisyl)

(CsMes),Yb(dad(H)p-tolyl) (CsMes).Yb(dad(H)p-anisyl)
o-H m-H o-H m-H
Av [Hz] @ 12400 16800 85200 520
T [K] b 310 270 290 220
ke [s'l] 27546 37320 189266 1155
AGT [kcal mo] ¢ 10.5 10.1 10.0 9.7

& Signal separation in Hz
P coalesence temperature)@t 400 MHz operating frequency

® The free energy of activatioﬁ(5+, was determined by the temperature dependence ofttieCH
andmeta-CH proton resonances irvl@g as outlined in ref. 40-42

The 'H NMR spectrum of the mesityl complex, si@es).Yb(dad(H)-mesityl), is useful since it
provides an assignment of timaeta-CH resonances and shows the effect of steric hindrance on the
rotation barrier. ThéH NMR spectrum shows two inequivalestho-Me andmeta-CH resonances at
+80 °C, Figure 8. These inequivalemttho-CMe andmeta-CH resonances are attributable to slow
distal-proximal site exchange that is observed in gHelyl and p-anisyl complexes only at low
temperature. Even though distal-proximal site exchange is sl®80 &C, the mesityl complex has
averagedC,, symmetry since the fMes-rings are equivalent. As the temperature is lowered thves
rings become inequivalemG‘l‘(TC: 260 K) = 11 kcal mat. Since the distal and proximal CMe and CH
groups are still pairwise equivalent, the complex contains adiuaeged vertical plane of symmetry.

Cooling further, the CMe group resonances broaden but do not disappear iadinmeebao oscillation
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of the N-mesityl groups is not slow enough to remove the mirror ganerating a complex wit@,;

symmetry*®
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Figure 8. Chemical shift§) vs. T* plot of the'H NMR resonances of (®les),Yb(dad(H)-mesityl) in

toluenedg at temperatures frorb5 to +80C.

The variable temperaturéH NMR spectra of (EMes),Yb(dad(Me)p-anisyl) are similar to
(CsMes),Yb(dad(H)p-tolyl) and (GMes),Yb(dad(H)p-anisyl); completed vs. T plots are in
Supporting Information, and the plots for the backbone CH and CMe resomaecd®wn in Figure 9.

The plot shows that the backbone CMe resonance has a strikinglytéangerature dependence; it
changes frond +150 (-70 °C) te-50 ppm (+90 °C). The slope is negative, in contrast to the backbone
CH resonance in @Mes),Yb(dad(H)p-tolyl), which is positive, as shown in Figure 9. The different
sign of the slope in th& vs. T* plot is expected when a methyl group replaces a hydrogen atom at a
given site in a paramagnetic molecule when the Fermi comtastdominates the pseudo-contact term,
since the hyperfine coupling constantand ae have different sign¥- Similarly, the change of sign of

the slope in thé vs. T* plot was observed in @®les),Yb(bipy-X), when the X-substituents in the 4,4'-

sites are changed from H to Ne.
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Figure 9. Chemical shift § vs. T plot of the 'H NMR backbone CH/CMe resonances of
(CsMes),Yb(dad(H)p-anisyl) and (GMes),Yb(dad(Me)p-anisyl) in tolueneds at temperatures from -70

to +90°C.

(c) The Alkyl Substituted Complexes, (gMes),Yb(dad(H)-R), R= alkyl.

In general, the pattern of chemical shifts in the alkyl-substitatenplexes are similar to those of the
aryl ones, with one notable exceptieig., when R=t-Bu. In this case, the resonance due to the £Me
groups are not observed at 20 °C gDgor GDg. However, as shown in ttevs. T* plot in Figure 10,
the resonances due to the GM\eoups are observed at 95 °C}(F 0.0027 K') as a broad singlet that
disappears into the baseline as the temperature is reduced below 80 °@atgmfeom the baseline as
two widely separated resonance$=at9.6 and 119 ppm in a 2:1 ratio, respectively. The chemical shift
of the decoalesced resonances are then independent of temperatureemid@sature behavior is
presumably due to hindered rotation around the N-Idded that is slow on the NMR time scale below
250 K, resulting from steric hindrance between the €hiteups and the CMe groups on theVigs
rings. Two complexes, @ls),Yb(dad(H)t-Bu)*! and (GMesH).Yb(dad(H)t-Bu), are prepared and
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characterized as detailed in the Experimental Section and Zaibleorder to examine the effect of

cyclopentadienyl ring substituents on the rotation barrier.
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Figure 10. Chemical shift §) vs. T* plot of the'H NMR resonances of {®les),Yb(dad(H)-Bu) in

tolueneds at temperatures from -70 to €0
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Figure 11. Chemical shift §) vs. T* plot of the'H NMR resonances of (M&sH),Yb(dad(H)Bu) in

toluenedg at temperatures from -70 to +@Q

Figure 11 shows the resonances of tBel&H derivative as & vs. T* plot, which is similar to that of
(CsMes).Yb(dad(H)+-Bu), Figure 10, with the exception of the temperature at which thie;C
resonances disappear into and reappear from the baseline. lgMbagiGnetallocene, the coalescence
temperature is about 35 °C lower than that for tkMeg derivative, consistent with less steric hindrance
to rotation. In addition, the CMe&esonance is a single resonance dows/®°C in (GHs).Yb(dad(H)-
t-Bu); thed vs. T plot is available as Supporting Information.

The temperature dependence of the resonancesMiedzYb(dad(H)4+-Pr), Figure 12, shows that the
CHMe, resonances do not decoalesce-76 °C, which is also consistent with the steric hindrance to
rotation postulate. The variable temperature spectra ¢¥€€),Yb(dad(H)i-Pr) contain additional
information since the slope of thevs. T* plot for the CH and CMeresonances have opposite signs. As
mentioned above, this is the expected behavior, when the Fermi comaaddminates the pseudo-
contact ternt: This behavior shows that the unpaired spin density is delocalized onto the gnetipg,
presumably by hyperconjugation, consistent with an electronic componéet 8o rotation barrier. It

is noteworthy that the EPR spectrum of [dad{Bu4]" shows unpaired spin density on the GMe
groups** which was attributed to hyperconjugation. Thus, NMR and EPR spectra stipiatea of an
electronic contribution to the N-C(R) rotation barrier, howevercstendrance to rotation is likely to be

the major contributof®
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Figure 12. Chemical shift §) vs. T* plot of the'H NMR resonances of {®les),Yb(dad(H)i-Pr) in

tolueneds at temperatures from -70 to €0

(d) Quantitative Evaluation of the N-CMe; Rotation Barrier

The rotation barriers in the dad(H)-R, where R is aryl, listeBable 6, are readily obtained since they
involve coalescence of two resonances of equal intefféftyThis graphical method cannot be used,
however, for estimating the free energy barrier in the datd@td)-complexes since the populations of
the exchanging sites are unequal. In a diamagnetic compound, line-ghagssas used to solve this
problem, but this method requires that the spin-spin relaxation time ddes not depend on
temperature, a condition that is not valid for paramagnetic compounds, kiviegedths often are very
temperature dependent. An analytical method, however, has been developestinfatirgy the
activation free energies for a 2:1 site exchaligehis method is outlined in the Experimental Section,
and the values obtained for the activation energies given in Tabder@asonable as they are similar to

those in Table 6.

Table 7.Barrier to CMg site exchange in Cg¥b(dad(H)+-Bu)
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(CsMes),Yb(dad(H)t-Bu) _ (MexCsH),Yb(dad(H)i-Bu)

Av [Hz] 2 ~ 50000 ~ 54500
1N ~ 345 ~ 235
AGAT [kcal molY] © 13 9
AGsT [kcal mol'] © 12 8

& distance between the signals in Hz
P T, = coalescence temperature [400 MHz operating frequency]

¢ As T, andAv are determined by an extrapolation of the temperature dependeheeG¥le protons
in C;Dg as described in the Experimental Section. The free energyivdtam, AG+, is given without
specifying the uncertainty in the value.

The relative barriers are consistent with steric hindrancenglaylarge role in the barrier. However,
the X-ray crystal structure of {(Mles).Yb(dad(H)+-Bu) and (GHs).Yb(dad(H)1-Bu) do not show short
intramolecular distances, though the Yb-N(ave.) distancesi€g),Yb(dad(H)-Bu) of 2.390(2) A is
significantly longer than the equivalent distance in thgds@omplex of 2.306(9) A> ? The
representation of the crystal structure of the former complexabyder Waals spheres shows that the
CMe; groups and €Mes rings are interlocking (see Supporting Information for this reptaten).
Unfortunately, the chemically inequivalent methyl resonances itesesterically congested complex,
(CsMe4H)2Yb(dad(H)4-Bu), just disappear into the baseline and thglé;H rotation barrier cannot be
estimated.

While the work described in this paper was in progress, the synthedisrystal structure of
(CsMes),Yb(dad(H)t-Bu) was publishe? however, the reportetH NMR spectrum is different from
ours. The cell dimensions of our complex agree with those reportedxpegimental Section for
details, showing that the solids are identical. Trifonov et pbrtethat the CMgresonances appear as
four unequal area resonancés-6.7, 12.2, 19.2 and 24.2 ppm) at 20 °C gbgwhereas we do not
observe these resonances under the same conditions, Figure 13. We noteds, hbatewden our
material is allowed to stand at room temperature in an NMRthdids sealed with a rubber septum,

resonances appear at the chemical shifts reported by Trifonov, etuggjesting that the reported
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resonances are due to decomposition products. In a sealed NMR tsides)f€b(dad(H){-Bu) is
indefinitely stable in g@Dg at 20 °C. Trifonov et al. also report that thfdisplaces dad(Hj-Bu giving
(CsMes),Yb(thf).** We have reproduced this observation with neatighhowever, addition of a drop
of thf-ds to a solution of (@Mes),Yb(dad(H){-Bu) in GsDs does not perturb thtH NMR chemical
shifts at 20 °C. In contrast, {Mes),Yb(dad(H)p-tolyl) does not exchange with neat thf-since the
resonances in that solvent are identical to those obtainegDinat 20 °C. 2,2’-Bipyridine displaces the
diazabutadiene ligand in {Mes),Yb(dad(H){-Bu) on mixing giving (GMes),Yb(bipy) and free
dad(H)t-Bu; the reverse reaction does not occur, clearly showing the relativeothgramic stability of
the bipy complex.As reported, free bipy does not exchange witkM&)-Yb(bipy) on the NMR time
scale, however it does exchange with 4,4'-dimethyl-2,2"-bipyridine onttmical time scaléThese,
and other recently reported exchange stutli€$ show that the mechanism of ligand exchange also

involves a redox process.

C5Me5

solvent

backbone-CH

T T T T T T T T
60 50 40 30 20 10 0 -10 -20 -30 -40

Figure 13.*H NMR spectrum of (€Mes),Yb(dad(H){-Bu) in benzenel at 20°C.
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(e) Relation Between Solid and Solution State Magnetism

Figures 14a and 14b show plots of the solid state magnetic susdgptaxpressed agT, vs. the
reduced observed chemical shift of the backbone CH/CMe resonancesaiutien'H NMR spectrum,
expressed a8, for several dad(R’)-R complexes. The reduced chemical $hij) (s defined as the
observed chemical shift at a given temperature multiplied bytéhaperaturepT divided by 298 K.
These graphs dramatically illustrate the linear relation é&twsolution and solid state magnetic
properties and show that the observed magnetic properties resuth&andividual molecule not from
the collection of molecules in the ensemble. This implies thapllbeaomena responsible for the non-
linear behavior in the individuaT vs. T and3,9gvs. T plots are traceable to the magnetic properties of
the individual molecular complexes, and therefore to the energy and overlap of the anadutdls.

The origin of the slight curvature at low temperature (-60 to -7Qrf@)gure 14b, but not in Figure
14a, parallels the non-linear chemical shift behavior of the backbaweiHa similar temperature range
observed for the alkyl derivatives in Figures 10 and 12, S11 and S15 (seeti8gdptormation), that
is not compensated by changesyih (in the solid state). Since all processes are intramoleaular
solution, the non-linearity might be due to slowing of some dynamioakps, such as motion of the N-
heterocyclic ligand about the horizontal mirror plane, that does not acdine solid state in this

temperature regime.
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Figure 14a.Reduced observed chemical shift«) vs. T plot of *H NMR resonances of backbone-R’

in (CsMes),Yb(dad(R")-aryl) systems in tolueng-dt temperature from -70°C to +90°C.
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Figure 14b. Reduced observed chemical shift«) vs.yT plot of 'H NMR resonances of backbone-R’

in (CsMes),Yb(dad(H)-alkyl) systems in tolueng-dt temperatures from -70°C to +90°C.

In an earlier articlé, a qualitative symmetry orbital model was developed, in which the

antiferromagnetic exchange coupling was traced to the intardotittveen the electron or hole on the
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bent sandwich fragment {Mes),Yb(lll, ') which is of f- or d-parentage or hybridization therefrom,
with the electron in the radical anion in an orbital gispmmetry. This qualitative coupling scheme
depends on the relative orbital energies and overlap integrals iofittiglual fragments and ultimately

on the crystal field states of, Bymmetry on the ytterbocene fragment.

Conclusions

The studies described in this paper, along with those in earlierspas@iow that the bipy-X and
dad(R’)-R ligands, whose HOMO'’s have identical symmetry buewdfft energies, form complexes
with (CsMes).Yb that are not diamagnetic. The extent of paramagnetism inajeasrjudged by the
effective magnetic moment at 300 K, qualitatively correlatel thie reduction potential of the ligands.
However, the magnetic susceptibility behavior of the individual complage function of temperature
is far from simple. This and earlier papers present a phenomesalldgscription of the systematics of
the solid state magnetic properties of the ytterbocene complgtkebeterocyclic-nitrogen bases, but a
molecular level of understanding of the exchange coupling is not poksiliehese studies. However,
a qualitative model is postulated that ascribes the antiferrom@agmmipling to an electron on the
Cp’2Yb(lll) fragment of h symmetry with the electron in the-molecular orbital in the ligand radical
anion. The tools used by physicists, such as those described in ref. &erarsiployed in order to

achieve a molecular level of understanding; these and related studies will bed@pdue course.

Experimental Section

General Comments.All reactions, product manipulations, and physical studies have beesdoauti
as previously describéd. The temperatures quoted in the variable temperature NMR areebtay
calibration of the probe, in the specific instrument used, by recordenghtemical shift of methanol
(low temperature) and ethyleneglycol (high temperattfréhe 1,4-diazabutadiene ligands were purified
by crystallization and/or sublimation prior to use. TheT value for an unequal population site

exchange system was determined using egs. 2 &Adii@s method has been applied to the spin-

28



equilibrium in dimethylmanganocer®Egs. 2 and 3 give the change in free energy of activation for
species A and B.

TC
27 (-Ap) ) @

AGZ = 457T, 1062+ log

AG] = 457T_(1062+log————— +1In LE ) 3)
27 L+ Ap) Av

The terms in these egs. are defined by the Gralgwpevith T, the coalescence temperatuke, the
extrapolated chemical shift difference in Hertz] sime expressions log[X/21+Ap)], whereAp=-0.33
when the population difference is 1:2, are evallidtem Figure 2 in ref. 46. However, tAGT values

obtained in this way are only valid at the coalesestemperature,f°

(CsMes),Yb(N,N"-bis(p-tolyl)-1,4-diazabutadiene). N,N’-Bis(p-tolyl)-1,4-diazabutadierf (0.27 g,
1.1 mmol) and (Mes),Yb(OEL)*®® (0.59 g, 1.1 mmol) were weighed into a Schlenlskflainder
nitrogen, dissolved in toluene (80 mL) and the darkeen-black solution was stirred at room
temperature for 3 h. The solvent was removed udgieamic vacuum and the residue was sublimed in
diffusion pump vacuum at 160-180 °C. The sublimetanal was dissolved in ca. 100 mL of pentane,
filtered and the filtrate was concentrated and eddb —25 °C overnight to form dark green crystals

(0.58 g, 0.83 mmol, 76 %). M.p. 220 °C (dec.). Ar@lcd for GgH4eN2Yb: C, 64.6; H, 7.02; N, 4.08.
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Found: C, 64.2; H, 7.02; N, 4.084 NMR (CsDs, 20°C): 8 58.3 (6 H,v1» = 90 Hz,p-Me), 50.2 (4 H,
vi2 = 700 Hz,meta-CH), 1.74 (30 Hy12 = 55 Hz, GMes), -123.7 (2H,v1/2 = 330 Hz, backbone dad-
CH). Theortho-CH was not observed at 20 °C igdig. The E.l. mass spectrum showed a molecular ion
at m/e= 680 amu. The parent ion isotopic clustes simulated: (calcd. %, observd. %): 676 (11,11),
677 (41,40), 678 (72,72), 679 (71,70), 680 (100),1681 (36,37), 682 (42,42), 683 (15,15), 684 (3,3)
IR (Nujol mull; Csl windows; crif): 2720 (w), 1604 (vs), 1553 (m), 1497 (vs), 1388 1313 (sh. w),
1274 (vs), 1181 (m), 1143 (s), 1113 (vw), 1026 (2®Q0 (m), 897 (br. s), 830 (vw), 796 (s), 722 (W),
700 (vw), 647 (vw), 616 (vw), 591 (vw), 513 (m),54@r. w), 384 (br. w), 313 (vs), 303 (vs).

(CsMes),Yb(N,N"-bis(i-propyl)-1,4-diazabutadiene). N,N’-Bis(i-propyl)-1,4-diazabutadiefte (0.21
g, 1.5 mmol) and (§Mes).Yb(OEL) (0.78 g, 1.5 mmol) were weighed into a SchlerdsKl under
nitrogen, dissolved in toluene (80 mL) and the lriged solution was stirred at room temperature3for
h. The solvent was removed under dynamic vacuumtlaadesidue was sublimed in diffusion pump
vacuum at 100-120 °C. The sublimed material wasofired in a minimum amount of pentane (ca. 5
mL) and cooled to —80 °C for several days. The ammg crystallized as big, deep red blocks (0.48 g,
0.82 mmol, 55 %), and it was very soluble in aramand aliphatic hydrocarbons. M.p. 208-211 °C
(dec.). Anal. Calcd for §HaeNoYb: C, 57.50; H, 7.93; N, 4.79. Found: C, 57.55:8:04; N, 4.74H
NMR (CsDg, 2CPC): § 108.9 (2 Hyv1, = 260 Hz, GIMe,), 32.3 (12 Hy1 = 12 Hz, CHVe,), 2.83 (30
H, vi2, = 9 Hz, GMes), —-28.3 (2H,v12 = 170 Hz, backbone dad-CH)he E.l. mass spectrum showed a
molecular ion at m/e= 584 amu. The parent ion otoluster was simulated: (calcd. %, observd. %):
580 (11,10), 581 (43,42), 582 (72,75), 583 (68,@34 (100,100). 585 (29,30), 586 (41,36), 587
(13,12). IR (Nujol mull; Csl windows; ci): 2720 (w), 1575 (w), 1548 (w), 1338 (w), 1310. (i),
1262 (m), 1232 (m), 1160 (m), 1105 (m), 1021 (by, 890 (br. m), 784 (m), 720 (br. m), 610 (vw), 475
(vw), 450 (vw), 395 (br. vw), 295 (br. s).

(CsMes),Yb(N,N'-bis(t-butyl)-1,4-diazabutadiene). N,N’-Bis(t-butyl)-1,4-diazabutadier (0.23 g,
1.37 mmol) and (§Mes).Yb(OEL) (0.71 g, 1.37 mmol) were weighed into a Schlelalsk under

nitrogen, dissolved in toluene (80 mL) and the darksolution was stirred at room temperature for 3
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The solvent was removed under dynamic vacuum aeddhidue was sublimed in diffusion pump
vacuum at 180-190 °C. The sublimed material wasotired in a minimum amount of pentane and
cooled to —80 °C for several days. The compounstalized as deep red blocks (0.45 g, 0.74 mmol, 54
%). M.p. 220-222 °C (dec.). Anal. Calcd fogsHs0N2Yb: C, 58.90; H, 8.24; N, 4.58. Found: C, 58.70;
H, 8.14; N, 4.63H NMR (CsDg, 20PC): 6 0.15 (30 H,v1» = 8 Hz, GMes), —26.6 (2H,v1/> = 200 Hz,
backbone dad-CH). The resonance due td-B-protons was not observed at room temperature. T
E.l. mass spectrum showed a molecular ion at mE= &nu. The parent ion isotopic cluster was
simulated: (calcd. %, observd. %): 608 (11,10), 60B42), 610 (72,75), 611 (68,66), 612 (100,100).
613 (31,30), 614 (41,37), 615 (13,12), 616 (2,R)(Nujol mull; Csl windows; c): 2720 (w), 1542
(W), 1492 (m), 1389 (sh), 1368 (s), 1358 (m), 1263 1220 (w), 1188 (br. vs), 1118 (vw), 1100 (w),
1020 (br. m), 990 (m), 895 (m), 800 (m), 782 (M§O {w), 721 (m), 612 (br. w), 532 (vw), 478 (br.,m)
383 (br. m), 280 (br. vs). Unit cell determinatioin(CsMes),Yb(dad(H)1-Bu): A crystal measuring 0.12
x 0.20 x 0.22 mm was mounted on a glass fiber uBargtone N hydrocarbon oil, and transferred to a
Bruker SMART 1k CCD diffractometer. Cell constantglaan orientation matrix were obtained of the
measured positions of reflections with | >sli® give the following unit cella= 13.7007(29) Ab=
15.5126(13) A,c= 13.3171(18) Ao= B= y= 90 °. These values are in agreement with thertego
values in the orthorhombic space group Rna2 13.7169(1) Ap= 15.5660(2) Ac= 13.3681(2) Ap=
B=y=90 °*?

(CsMes),Yb(N,N'-bis(p-anisyl)-1,4-diazabutadiene). N,N’-Bis(p-anisyl)-1,4-diazabutadiefie(0.33
g, 0.99 mmol) and (§Mes),Yb(OEL) (0.51 g, 0.99 mmol) were weighed into a Schidakk under
nitrogen, dissolved in toluene (80 mL) and the darken-black solution was stirred at room
temperature for 1 h. The solvent was removed udgieamic vacuum and the residue was sublimed in
diffusion pump vacuum at 200-220 °C. The sublimettanal was dissolved in ca. 100 mL of pentane,
filtered and the filtrate was concentrated and @dabd —25 °C overnight to form dark green shiratgs

(0.45 g, 0.63 mmol, 64 %). M.p. 260-262 °C (decnalA Calcd for GgH46N2O,Yb: C, 60.75; H, 6.51;
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N, 3.94. Found: C, 60.60; H, 6.56; N, 4.28. NMR (CsD¢, 20°C): 6 46.9 (4 H,v1,, = 350 Hz,meta-
CH), 18.9 (6 Hyvi2 = 4 Hz,p-OMe), 1.76 (30 Hyi;, = 13 Hz, GMes), -109.3 (2H,v12 = 270 Hz,
backbone dad-CH). Thertho-CH was not observed at 20 °C igdis. The E.l. mass spectrum showed a
molecular ion at m/e= 712 amu. The parent ion otoluster was simulated: (calcd. %, observd. %):
708 (10,10), 709 (41,40), 710 (72,72), 711 (70,72 (100,100). 713 (37,37), 714 (42,42), 715
(16,16), 716 (3,3). IR (Nujol mull; Csl windows; & 2720 (vw), 1602 (m), 1570 (br. w), 1503 (vs),
1300 (m), 1278 (s), 1250 (vs), 1188 (w), 1172 (012 (sh), 1098 (br. m), 1052 (br. m), 822 (m), 800
(m), 780 (m), 722 (br. w), 673 (br. w), 638 (vwh5(vw), 532 (w), 510 (vw), 480 (vw), 388 (w), 308
(br. s).

[(CsMes),Yb(N,N’-bis(p-anisyl)-2,3-dimethyl-1,4-diazabutadiene)]. N,N’-Bis(p-anisyl)-2,3-
dimethyl-1,4-diazabutadier0.29 g, 0.98 mmol) and {®les),Yb(OEL) (0.52 g, 1.00 mmol) were
weighed into a Schlenk flask under nitrogen, dissalin toluene (80 mL) and the dark green-brown
solution was stirred at room temperature for 1 e $olvent was removed under dynamic vacuum and
the residue was sublimed in diffusion pump vacuuml?0-185 °C. The sublimed material was
dissolved in ca. 100 mL of pentane, filtered anel fittrate was concentrated and cooled to —25 °C
overnight to form dark green-brown crystals (0.0&4 mmol, 55 %). M.p. 219-221 °C (rev.). Anal.
Calcd for GgHsgN2O,Yb: C, 61.69; H, 6.81; N, 3.79. Found: C, 61.48;8¥5; N, 3.66'H NMR
(CeDg, 20°C): 6 126.0 (6H,v1/2 = 360 Hz, backbone dadMe&), 103.3 (4 H,v1» = 800 Hz,ortho-CH),
50.1 (4 H,v12 = 34 Hz,meta-CH), 18.5 (6 Hy12= 8 Hz,p-OMe), 1.51 (30 Hyi;, = 23 Hz, GMes).
The E.I. mass spectrum showed a molecular ion at 40 amu. The parent ion isotopic cluster was
simulated: (calcd. %, observd. %): 736 (11,11), @87,46), 738 (72,72), 739 (71,70), 740 (100,100).
741 (38,40), 742 (42,42), 743 (16,16), 744 (3,B)(MNujol mull; Csl windows; c): 2720 (vw), 1603
(w), 1560 (vw), 1555 (w), 1540 (w), 1500 (vs), 1359), 1300 (m), 1290 (m), 1240 (br. vs), 1210 (sh),
1180 (w), 1170 (w), 1105 (br. w), 1038 (sh), 1088 980 (w), 870 (br. vw), 838 (m), 820 (w), 800. (b
m), 778 (vw), 762 (vw), 710 (br. w), 652 (w), 628)( 530 (w), 480 (vbr. w), 390 (vbr. w), 295 (b}, s

275 (sh), 245 (m).
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(CsMes),Yb(N,N'-bis(adamantyl)-1,4-diazabutadiene). N,N’-Bis(adamantyl)-1,4-diazabutadiéfie
(0.33 g, 1.01 mmol) and &Mes),Yb(OEL) (0.53 g, 1.02 mmol) were weighed into a Schieiakk
under nitrogen, dissolved in toluene (120 mL) dmeldark red solution was stirred at room tempegatur
for 2 h. The solution was filtered, concentrateccao50 ml and cooled to —25 °C overnight to form
brown-red crystals (0.62 g, 0.80 mmol, 79 %). M38-2239 °C (rev.)Anal. Calcd for G;He2N.Yb: C,
65.68; H, 8.14; N, 3.65. Found: C, 65.51; H, 8/813.69."H NMR (CsD¢, 20°C): & 18.9 (2H,v1)2 ~
650 Hz, adamantyl-g,), 16.7 (6 H,v1> ~ 400 Hz, adamantyl4dy), 12.5 (7H,v1, = 67 Hz, adamantyl-
CH), 0.14 (30 Hy12 = 8 Hz, GMes), -25.2 (2H,v1/2 = 200 Hz, backbone dadHJ. IR (Nujol mull; Csl
windows; cnt): 2720 (vw), 2670 (vw), 2650 (vw), 1622 (br. w482 (m), 1352 (m), 1341 (m), 1312
(m), 1303 (m), 1272 (m), 1234 (vs), 1185 (m), 1{m§, 1112 (m), 1185 (W), 1178 (m), 1112 (m), 1088
(vs), 1069 (m), 1012 (br. m), 995 (w), 980 (vw)09¥w), 954 (w), 938 (w), 912 (m), 812 (br. m), 775
(s), 721 (m), 698 (vw), 620 (br. w), 470 (br. m184(br. m), 380 (br. w), 355 (br. w), 280 (br. v&}5
(w), 221(m).

(CsMes),Yb(N,N’-bis(mesityl)-1,4-diazabutadiene). N,N’-Bis(mesityl)-1,4-diazabutadierie (0.44
g, 1.5 mmol) and (§Mes).Yb(OEL) (0.78 g, 1.5 mmol) were weighed into a SchlerdsKl under
nitrogen, dissolved in toluene (80 mL) and the grbleie solution was stirred at room temperaturesfor
h. The solution was filtered, concentrated anded®d —25 °C overnight. The compound crystallized i
dark blue-green crystals (0.52 g, 0.71 mmol, 47 %)d it was nearly insoluble in aliphatic
hydrocarbons and moderately soluble in aromatiecdoatbons. M.p. 230-232 °C (dec.). Anal. Calcd for
CaoHsaNoYb: C, 65.28; H, 7.40; N, 3.81. Found: C, 65.55:787; N, 3.98'H NMR (CsDs, 20°C): &
224.9 (6 H,v12, = 120 Hz, mesityl-Me), 62.5 (2 Wy, = 32 Hz, mesityl-CH), 58.2 (6 Hi, = 24 Hz,
mesityl-Me), 50.4 (2 Hyy» = 24 Hz, mesityl-CH), 16.6 (6 H;» = 35 Hz, mesityl-Me), 0.29 (30 H,
v12=90 Hz, GMes), —146.2 (2H,v1/2 = 240 Hz, backbone dad-CH).

(CsMe4H),Yb(N,N’-bis(t-butyl)-1,4-diazabutadiene).N,N’-Bis(t-butyl)-1,4-diazabutadier® (0.085

g, 0.51 mmol) and (&iMes),Yb(OE®)** (0.25 g, 0.51 mmol) were weighed into a SchleakKlunder
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nitrogen, dissolved in toluene (80 mL) and the lriged solution was stirred at room temperaturefor
h. The solvent was removed under dynamic vacuumtlamdesidue was sublimed in diffusion pump
vacuum at 180-190 °C to give analytically and sqsciopically pure product as red crystalline materi
(0.18 g, 0.31 mmol, 60 %). M.p. 242-245 °C (decnalA Calcd for GgH4eN2Yb: C, 57.61; H, 7.94; N,
4.80. Found: C, 57.31; H, 8.00; N, 4.7%H NMR (CsDs, 20°C): & 43.1 (18 H,v1;» = 480 Hz, dad-
CMe;), 2.62 (12 Hyv12 = 30 Hz, GHMey), 2.47 (12 Hy2 = 50 Hz, GHMey), —36.0 (2H,v12 = 180

Hz, backbone dad-CH).38.0 (2H,v12, = 60 Hz, GHMes). The E.I. mass spectrum showed a molecular
ion at m/e= 584 amu. The parent ion isotopic clustas simulated: (calcd. %, observd. %): 580

(12,11), 581 (43,42), 582 (73,74), 584 (100,108% £29,29), 586 (41,41), 587 (13,14), 588 (2,2).
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