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Distinct C—H Bond Activation Pathways in
Diamido-Pyridine-Supported Rare-Earth Metal Hydrocarbyl
Complexes
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Transition metal precatalysbrganoaluminum cocatalyst interactions are of fundamental importance
in Ziegler—Natta polymerization catalysis. Rare-earth metal tetramethylaluminate complexes (BDPPpyr)-
Ln(AlMe,) bearing a NNN]?~ post-metallocene-type ligand {BDPPpyr= 2,6-bis-(((2,6-diisopropyl-
phenyl)amino)methyl)pyridine) were obtained by two different synthesis routes. Reaction of (BDPPpyr)-
Ln(NEt)(THF) with trimethylaluminum afforded complexes (BDPPpyr)Ln(Alljef the small rare-
earth metals scandium and lutetium. Corresponding compounds of the larger metals yttrium and lanthanum
were synthesized according to the tetramethylaluminate route, i.e., the reaction of LgfANth H,-
BDPPpyr produced (BDPPpyr)Ln(AIMEg along with the byproduct (BDPPpyr)(AlMe. Dynamic NMR
spectroscopy of (BDPPpyr)Ln(AlMgrevealed distinct fluxional behavior of the Alteligand depending
on the metal size (Luassociatie via Lu(u-Me)sAlMe; Sc: dissociatve via Scp-Me)AlMes). In the
presence of trimethylaluminum, the yttrium derivative undergoes a ligand backbone metalation at the
isopropyl methyl group yielding (BDPPp¥)Y[(«-Me)AIMe,], featuring a NNNC]3 -type ligand. For
the lutetium derivative, addition of THF caused cyclometallation products (BDRRPy|(«-Me)AlMe,]-
(THF) and [Lu(BDPPpwH)]. involving the isopropyl methine proton. Present studies not only clearly
show the enhanced reactivity of rare-earth metal methyl moieties [fl&] but also that excessive use
of organoaluminum cocatalysts can result in gradual ligand degradation and concomitant catalyst
deactivation. The findings might contribute to a better understanding of activation/deactiviation sequences
in post-metallocene-promoted olefin polymerization.

abstraction occurring in metal-bonded alkyl ligands (e.g.,
alkylidene formation infebbeanalogous reagents) accompanied
Ancillary ligand design and metal cationization generation by metal complex clusterificand (b) ancillary ligand deriva-
of highly electron-deficient metal centers) are most prolific tization via inter- and intramolecular-€H bond activatiorf: 13
strategies for improving the overall performance of homoge- Early transition metal alkyl and hydride complexes [(@@Ry
neous polymerization catalystsThe challenge of optimizing (Cp = substituted cyclopentadienyl, R alkyl, hydride)

the catalyst efficiency, however, often turns into a tightrope walk
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carrying the ubiquitous and robust/rigid cyclopentadienyl ancil-
lary ligand display exceptional potential in the stereoselective
polymerization of olefind. The cyclopentadienyl ligand implies
highly electron-deficient metal centers facilitating-& bond
activation of the polymer alkyl ligand which either assists (
agostic interaction) or terminate$-égostic interaction— -H
elimination) chain growth. In addition, intramolecular—@&
activation or cyclometallation involving the ancillary ligand
backbone is a commonly observed “deactivation” reaction
among early transition metal complexes. “Tuck-in” (Chart 1,
A) and “tuck-over” complexes (Chart B) are prominent
examples of characteristic-@H bond metalation processes, well
documented for rare-earthdthkp group 4225 and group 5
metallocene complexes. Hence-B bond activation is a key
feature for the mechanistic understanding of chain termination
and catalyst deactivation products 4iieglerNatta polymeri-
zation.
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During the past 15 years new non-metallocene catalyst
families (post-metallocenes), mainly based on functionalized
chelating nitrogen (imines, amides) and oxygen donor ligands
(alkoxides) have evolved and attracted considerable attention
in the field of polymer scienc¥. Crucially, C-H bond
activation pathways seem to be as persistent as for metallocene
complexes, whereas €H bond cleavage can proceed via
oxidative addition to an electron-rich and coordinatively un-
saturated late transition metal center or y#dond metathesis
at highly electron-deficient early transition metals. Aside from
mechanistic details, the formation of cyclometallation products
is a repetitive pattern in post-metallocene chemistry across the
entire transition metal series (Chart@;-H).”~1113 |t clearly
reflects the ambivalence of very reactive organometallics acting
as high-performance catalysts and concurrently favoring catalyst
decomposition pathways.

Pyridine diamido ligands of theNINN]2~ divalent type as
introduced byMcCorville et al. represent archetypal alternative
ligand systems to successfully mimic the stereoelectronic
features and polymerization behavior of metallocene complexes
of Ti(IV),*® Zr(IV),16 and Ta(V)' This dianionic tridentate
ancillary ligand coordinates exclusively in a meridional fashion
to the metal center and provides an extremely rigid and planar

(14) For Reviews see: (a) Britovsek, G. J. P.; Gibson, V. C.; Wass, D.
F. Angew. Chem., Int. EAL999 38, 428. (b) Kempe, RAngew. Chem.,
Int. Ed.200Q 39, 468. (c) Gade, L. HAcc. Chem. Re®002 35, 575. (d)
Piers, W. E.; Emslie, D. J. HCoord. Chem. Re 2002 233-234, 131. (e)
Gibson, V. C.; Spitzmesser, S. Khem. Re. 2003 103 283.

(15) (a) Guein, F.; McConville, D. H.; Payne, N. GOrganometallics
1996 15, 5085. (b) Guen, F.; McConville, D. H.; Vittal, J. JOrgano-
metallics1997, 16, 1491. (BDPPpyr)Ti([GH(SiMes)z]: N1-Til—N2 141.5-
3.

(16) (a) Guein, F.; McConville, D. H.; Vittal, J. JOrganometallicsL996
15, 5586. (b) Guen, F.; McConville, D. H.; Vittal, J. J.; Yap, G. A. P.
Organometallics1998 17, 5172. (c) Guen, F.; Del Vecchio, O.; McCo-
nville, D. H. Polyhedron1998 17, 917. (BDPPpyr)Zr(GHe): N2—Zr—
N2A 140.0(4).

(17) (a) Guen, F.; McConville, D. H.; Vittal, J. JOrganometallicsL995
14, 3154. (b) Guen, F.; McConville, D. H.; Vittal, J. J.; Yap, G. A. P.
Organometallics998 17, 1290. (BDPPpyr)Taf-PrC=CPr)Cl: N1-Tal—
N3 137.2(2).
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Reaction of (BDPPpyr)Ln(NE)(THF) (2) with AlMe 3
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environment. It further proved suitable for accommodating a
wide size range of metal centéfs1® The catalytic performance
of group 4 complexes supported by pyridine diamido ligands,
however, exhibited extreme sensitivity toward the choice of the
metal center. Whereas (BDPPpyr)ZsGQH,BDPPpyr= 2,6-
bis-(((2,6-diisopropylphenyl)amino)methyl)pyridine) revealed to
be a highly active polymerization initiator upon activation with
methylaluminoxane (MAO3}%2the corresponding Ti(IV) com-
pound showed only very low activities toward ethylépe.
Catalyst deactivation, due to reduction to Ti(lll), was presumed,
but interaction of the MAO cocatalyst with the pyridine diamido
complex could imply further deactivation pathways. For MAO-
activated initiators (typically containing up to 15 wt % All)e
cationic bimetallic species [LM{R).AIR,]* are discussed as
catalyst resting states (“dormant speciéd¥:2°Moreover, these

Our recent work in the field of heterobimetallic Ln/Al
complexes emphasizes the suitability of homoleptic lanthanide
tetramethylaluminates Ln(AlMg; to act as convenient syntheses
precursorg? offering straightforward entry intdonor solvent-
free half-lanthanidocené’ lanthanidocené’ and post-lanthan-
idocene chemistr§®2°In this context, we reported the syntheses
of lanthanide tetramethylaluminate complexes bea@N]2~
and NNNJ]2~ type ancillary ligands. Herein we extend this
“tetramethylaluminate route” to the pyridine diamido ligand
(BDPPpyr), which we previously used in the synthesis of distinct
and stable Ln(lll) complexe’. Besides solid-state structural
features, special emphasis is put on the dynamic behavior of
the resulting post-lanthanidocene complexes in solution. Fur-
thermore, we account in detail on the complex stability
considering the size of the central lanthanide cation and the

species are important intermediates in chain transfer and catalystomposition of the reaction mixtures. Finally,—€& bond

deactivation processé%.Although such bimetallic group 4

activation viao-bond metathesis is discussed as a possible

cations have been studied spectroscopically and computationallydeactivation pathway in group 3 (lanthanide)/group 4 post-

it was only recently thaMountford et al. reported the first

example of a structurally authenticated group 4 tetramethyla-

luminate [Ti(NBu)(Mes[9]aneNs)(u-Me);AlMe3][B(CeFs)4). 2

metallocene catalyzed olefin polymerization.

Results and Discussion

Nevertheless, group 4 metallocene and post-metallocene systems

often produce intricate catalyst mixtures hampering closer

investigations of active species, initiation, propagation as well

Synthesis and Structural Features of (BDPPpyr)Ln-
(AlMe 4) Complexes.Trimethylaluminum promoted alkylation

as catalyst deactivation pathwaysGiven the intrinsic inter- o |anthanide amide compounds has been found to be a viable
relation between group 4 and group 3/lanthanide metal polymer- o te for the synthesis of donor solvent-free rare-earth metal

ization chemistry, lanthanide complexes proved to be ideal gtramethylaluminates, that is, rare-earth metal hydrocarbyl

model systems foZiegler catalysts. Fundamental studies on

complexes. Since the first proof of a AlMmediated complete

the interaction of rare-earth metallocene hydrocarbyl derivatives [INR;] — [AlMe 4] transformatior?? several publications docu-

with o-olefins by Watsof#23 and Bercaw* marked a major

mented the universal applicability of this synthesis rodité3

breakthrough to understanding mechanistic and kinetic details 5 high yield synthesis of lanthanide tetramethylaluminates

of olefin insertion and termination processes suchpad
elimination, S-alkyl elimination, or C-H bond activation
(“lanthanide model” of ZieglerNatta polymerization).

(18) Estler, F.; Eickerling, G.; Herdtweck, E.; Anwander, ®gano-
metallics 2003 22, 1212. (BDPPpyr)Sc(Cs$iMes)(THF): N1—-Sc—N2
137.04(6).

(19) Cruz, C. A.; Emslie, D. J. H.; Harrington, L. E.; Britten, J. F;
Robertson, C. MOrganometallic2007, 26, 692. (BDPPpyr)ThGl(dme):
N1-Th1—N3 128.08.

(20) (a) Bochmann, M.; Lancaster, S.Ahgew. Chem., Int. Ed. Engl.
1994 33, 1634. (b) Britovsek, P.; Cohen, S. A.; Gibson, V. C.; van Meurs,
M. J. Am. Chem. SoQ004 126, 10701. (c) Petros, R. A.; Norton, J. R.
Organometallics2004 23, 5105. (d) Lyakin, O. Y.; Bryliakov, K. P.;
Semikolenova, N. M.; Lebedev, A. Y.; Voskoboynikov, A. Z.; Zakharov,
V. A.; Talsi, E. P.Organometallic2007, 26, 1536.

(21) Bolton, P. D.; Clot, E.; Cowley, A. R.; Mountford, RChem.
Commun2005 3313.

(22) Thiele, H.-K.; Wilson, D. RJ. Macromol. Sci., Polym. Re2003
C43 581.

(23) (a) Watson, P. LJ. Am. Chem. S0d.982 104, 337. (b) Watson,
P. L.; Roe, D. CJ. Am. Chem. S0d.982 104, 6471.

(24) (a) Burger, B. J.; Thompson, M. E.; Cotter, W. D.; Bercaw, J.E.
Am. Chem. Soc99Q 112, 1566. (b) Piers, W. E.; Bercaw, J. E. Am.
Chem. Soc199Q 112 9406. (c) Burger, B. J.; Cotter, W. D.; Coughlin, E.
B.; Chacon, S. T.; Hajela, S.; Herzog, T. A.; g R.; Mitchell, J.; Piers,
W. E.; Shapiro, P. J.; Bercaw, J. E.Ziegler CatalystsFink, G., Mthlhaupt
R., Brintzinger, H.-H., Eds.; Springer-Verlag: Berlin, 1995; pp 3B31.

though is governed by steric restrictions and the choice of
monoanionic lanthanide amide precursors is often limited to
small amide functionalities (NMge NEt). Treatment of
(BDPPpyr)Ln(NE$)(THF) (Ln = Sc @a), Lu (2b)) with 3 eq

of AIMes in hexane afforded the tetramethylaluminate com-
plexes (BDPPpyr)Sc(AIMg (4a) and (BDPPpyr)Lu(AlMe)

(4b) in almost quantitative yields (Scheme 1). The volatility of

(25) Fischbach, A.; Anwander, Rdv. Polym. Sci2006 204, 155.

(26) Dietrich, H. M.; Zapilko, C.; Herdtweck, E.; Anwander, R.
Organometallic2005 24, 5767.

(27) Zimmermann, M.; Dietrich, H. M.; Anwander, R. Unpublished
results.

(28) Zimmermann, M.; Toroos, K. W.; Anwander, ROrganometallics
2006 25, 3593.

(29) Zimmermann, M.; Taroos, K. W.; Anwander, RAngew. Chem.,
Int. Ed. 2007, 46, 3126.

(30) Evans, W. J.; Anwander, R.; Ziller, J. V@rganometallics1995
14, 1107.

(31) Anwander, R.; Klimpel, M. G.; Dietrich, H. M.; Shorokhov, D. J.;
Scherer, WChem. Commur2003 1008.

(32) Klimpel, M. G.; Anwander, R.; Tafipolsky M.; Scherer, W.
Organometallic2001, 20, 3983.

(33) Zimmermann, M.; Frgystein, N. A.; Fischbach. A.; Sirsch, P.;
Dietrich, H. M.; Tanroos, K. W.; Herdtweck, E.; Anwander, Rhem=—
Eur. J.2007 DOI: 10.1002/chem.200700534.
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Scheme 2. Reaction of EBBDPPpyr (H[1]) with Ln(AlMe 4)3 (3)
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the byproducts, organoaluminum amide PABNEt,], and THF
adduct AIMe(THF), allows for an easy separation from
complexest (CAUTION: volatiles containing trimethylalumi-

to those reported for S8, Th° Ti(IV), 15 Zr(1V),18 and Ta(V}’
complexes supported by this pincer ligand. Strong interaction
of the [NNN]2~ ligand with the central metal is substantiated

num react violently when exposed to air). Attempts to synthesize by a Lu—N2 bond length of 2.186(2) A. For comparison, the

compounds4a and 4b by alkylation of the respective bis-
(dimethylsilyl)amido or diisopropylamido compounds faited
probably due to effective steric shielding of the (silyl)amide
ligands.

Whereas alkylation of the lanthanide amide complexes
follows a straightforward high yield synthesis protocol, starting
compounds (BDPPpyr)Ln(NB{THF) (2) can only be obtained
by a two-step reaction sequence from Ln{SH es)s(THF),
in moderate yields8 It is further limited to small to medium
sized lanthanide metal centéfsTo access the entire size range
of Ln3" cations, homoleptic lanthanide tetramethylaluminates
Ln(AlMe,)s (3) were employed as alkyl precursors. Ln(AlNe
(Ln = Lu (3b), Y (3c), and La Bd)) react with HBDPPpyr
(H2[1]) according to an alkane elimination reaction to yield the
desired complexes (BDPPpyr)Ln(AlMe (4) in a one-step
synthesis (Scheme 2).

Instant gas evolution and precipitation of white solid material

evidenced coordination of the diamido ligand to the metal center.

Separation of the precipitate from the reaction mixture afforded
off-white powdery complexestb, 4c, and 4d with yields
increasing according to the size of the metal cation €Lhu,
73%; Y, 75%; La, 81%). Colorless single crystalsibfsuitable

for X-ray diffraction analysis were grown from hexane solution
and revealed the anticipated formation of (BDPPpyr)Lu(AiMe
(4b) (Figure 1)% The five-coordinate Lu center is surrounded
by three nitrogen atoms of the BDPPpyr ancillary ligand and
two methyl carbons of thg?-coordinated tetramethylaluminate

Lu—N bond distances in five-coordinate lutetium amide complex
LU[N(SiHMey),]3(THF), are 2.184(3), 2.238(3), and 2.253(3)
A).35 The aryl rings lie perpendicular to the plane of the ligand
with an interplanar angle of 82.50(5)in a way that the aryl
isopropyl groups protect the metal above and below the N
plane. Two methyl groups of the [AIMEunit coordinate to
the central Lu metal in a classicaf fashion forming a planar
[Ln(u-CHs)-Al] heterocycle (torsion angles tuC1—-Al1—-C2,
C1-Al1—C2—Lu = 0.00°). The Lu—C1 (2.424(3) A) and Lu

C2 (2.435(3) A) bond lengths are comparatively short (Cp*Lu-
(AIMey),, 2.501(3)-2.597(3) A$! and the consequent short
Lu—H distances of an average 2.29(2) A implicate intramo-
lecular contacts of two of the three H atoms in each bridging
methyl group with the sterically unsaturated and Lewis acidic
lutetium metal center.

TheH NMR spectra of complexe$in CsDg are consistent
with a rigid meridional coordination of the BDPPpyr ligand to
the metal center. The singlet observed for fitenethylene
protons (4.724a), 4.92 @b), 4.80 @c), and 4.99 ppm4d)) as
well as only one observed multiplet for the methine groups (3.42
(4a), 3.53 @b), 3.43 @c), and 3.20 ppm4d)) are indicative of
a highly symmetric environment at the lanthanide metal center.
The diastereotopic isopropyl methyl groups show two doublets
due to restricted rotation of the aryl groups around theQjso
bond. For the lutetium, yttrium, and lanthanum complexXds|
d) the 'H NMR spectrum shows only one signal in the methyl
alkyl region at—0.33 @b), —0.53 @c), and—0.46 ppm 4d),

moiety. The coordination geometry of the lutetium center is best respectively, which can be assigned to the jAle).Me;]

described as distorted trigonal bipyramidal with the amido
nitrogen atoms (N2 and Nand a tetramethylaluminate carbon
(C2) forming the equatorial plane. The pyridine nitrogen N1

moieties indicating a rapid exchange of bridging and terminal
methyl groups. These resonances are shifted to higher field
compared to the homoleptic precursor€(09,3b; —0.25,3c;

and the second tetramethylaluminate carbon C1 occupy the—0.27 ppm3d). A signal splitting of thetH methyl resonance

apical positions (N+Lu—C1, 150.3(1)). The approximately
planar BDPPpyr ligand coordinates in a meridional fashion to =
the metal center, the ligand bite angle (138.8(bging similar

(34) (a) Lappert, M. F.; Pearce, R.Chem. Soc., Chem. Comm@873
126. (b) Atwood, J. L.; Hunter, W. E.; Rogers, R. D.; Holton, J;
McMeeking, J.; Pearce, R.; Lappert, M.F.Chem. Soc., Chem. Commun.
1978 140. (c) Schumann, H.; Mier, J.J. Organomet. Cheni978 146,
C5. (d) Schumann, H; Freckmann, D. M. M.; DechertZSAnorg. Allg.
Chem.2002 628 2422. (e) Niemeyer, MActa Crystallogr.2001, E57,
m553.

_(35) Compoungtb crystallizes from toluene in the triclinic space group
P1 with a = 13.0374(1) A,b = 13.6550(1) A,c = 13.8172(1) A,a =
86.6742(3), p = 69.2809(3), y = 74.5579(2).

in 4cis clearly attributable to 8H—8°Y scalar coupling vy

= 3 Hz) 3 Interestingly, theH NMR spectrum as well as the
13C NMR spectrum of the scandium derivati¢arevealed two
different signals for the bridgindfd, 0.35 ppm23C, 16.5 ppm)
and the terminal methyl group, —1.11 ppm;13C, —9.1 ppm)

of the [AlMe4] ligand. Apparently, steric hindrance at the
smallest rare-earth metal center scandium results in a signifi-
cantly lower rate of the methyl group exchange.

(36) Anwander, R.; Runte, O.; Eppinger, J.; Gerstberger, G.; Herdtweck,
E.; Spiegler, M.J. Chem. Soc., Dalton Tran$998 847.

(37) Such signal splitting was also found for Y(AlWe (3c) at
temperatures well above coalescence (ref 33).
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Table 1. Selected Structural Parameters for
(BDPPpyr)Lu(AlMe ) (4b) (Symmetry Codex, 1/2—y, 2)

Bond Distances (A)

Lu—N1 2.336(2) AFC1 2.088(4)
Lu—N2 2.186(2) AFC2 2.103(3)
Lu—C1 2.424(3) AFC3 1.960(3)
Lu—C2 2.435(3) N2-C7 1.451(3)
Lu=Al 3.001(1) C6-C7 1.503(3)
Bond Angles (deg)
N1-Lu—N2 70.13(4) Lu-N2—-C8 125.2(1)
N2—Lu—N2 138.6(1) C+A1-C3 107.5(1)
N1-Lu—-C1 150.3(1) N+C6—-C7 115.1(2)
N1-Lu—C2 122.0(1) C6-C7—N2 111.2(2)
Lu—C1-Al 83.0(1)

methyl signal4’ and the activation parametenss*, AH*, and
ASF were calculated from a linearized Eyring equatén.
Accordingly, the aluminate methyl group exchange in the

Figure 1. Molecular structure of (BDPPpyr)Lu(AlMg (4b) lutetium compound4b proceeds with activation parameters
(atomic displacement parameters set at the 50% level). Hydrogenjngicative of an associative methyl group exchange (Scheme 3,
atoms and the solvent molecule are omitted for clarity. right; Table 2). The negative activation entrof§f = —56(4)
Scheme 3. Dissociative versus Associative Methyl Group J K™t mol™* implies a higher ordered transition state with an
Exchange in (BDPPpyr)Ln[(u-Me),AlMe ] (4) 773-co_ord|nated tetramethylaluminate ligand. Relatively weak
Vo Me Ve Me aluminate bondlng is proposed by the |avH* vglue (34(2) kI
N4 N4 mol~1). The activation parameters @fb are in very good
N N agreement with those found for homoleptic Lu(AlNg(3b).33
Me/ Me M/ Me The parameters obtained for the scandium compkekave to
\; ? @ e\_;" be treated carefully as coalescence of the aluminate methyl
N—SC—q N— U~ signals Tc = 72 °C) appeared very close to the decomposition
L ,L temperature of the compound. The amount of available data
| KEJ) points is therefore limited. Nevertheless, the activation entropy
7 Z for this small metal center is clearly positivA% = 122(1) J
K~1 mol™1) indicating a dissociative methyl group exchange
(Scheme 3, left; Table 2) with lower ordering in the transition
" Me state j1-coordinated tetramethylaluminate ligand). Additionally,
Ve ‘e Me | the high activgtion enthalppH* = 1.09(1) kJ mot? is in
A Al aqcorda_nce with a very strong bon_d|_ng of thfe tetramethylalu-
| Me M\ “Me minate Ilgar_1d to the small, Lewis acidic scandium metal center.
Me fs‘ A dissociative methyl group exchange was also found for the
/S‘c Lir Al,Mes dimer*? and a sterically crowded heteroleptic yttrium
N7} N N/1 N carboxylate complex (Table 2.The comparatively increased
AN NS free activation energyAG* for the smaller metal center Sc
| >z | Z corresponds to a slowing of the methyl group exchange, e.g.,

A(AGY) of 23 kJ mot! at 298 K corresponds to a slowing by

Hence, two separate signals for the different methyl groups of a factor of approximately X 10%, which is in good agreement
the [Al(u-Me),Me;] moiety can be assigned at ambient tem- with the obtainedH NMR spectra of4a and 4b. Owing to
perature. enhanced steric unsaturation of the larger metal centers, as-

These findings suggest two different methyl group exchange sociative methyl group exchange is assumed for the yttriton (
mechanisms dependent on the size of the central lanthanideand lanthanum derivativegd).
cation. A sterically unsaturated rare-earth metal center allows \Whereas compounds precipitate cleanly from the hexane
for an associative methyl group exchange with transight  splution when reacting #i1] with Ln(AIMe 4); (3), the orange
coordinating [AIMe] moieties (Scheme 3, rightf;**%%whereas  soluble fraction contains the aluminum complex (BDPPpyr)-
in sterically hindered complexes intramolecular methyl group (AlMe,), (5) (Scheme 2) as the only byproduct besides unreacted
exchange occurs via a dissociative mechanism with transienth(A|Me4)3_ Fractional crystallization from hexane afforded
n* coordination (Scheme 3, leffy. analytically pure yellow crystals o6 suitable for X-ray

Dynamic NMR spectroscopy has previously been successfully diffraction analysis. The molecular structure and relevant bond
used to determine methyl group exchange rates and activationdistances and angles Bfcan be found in Figure 2 and Table
parameters of several homoleptic and heteroleptic lanthanide3, The solid-state structure revealed a BDPPpyr ligand that is
tetramethylaluminate complex&s38.39Therefore, théH NMR
spectra of (BDPPpyr)SgitMe),AlMe;] (4a) and (BDPPpyr)- (40) () Gutowsky, H. S.; Holm, C. Hl. Chem. Phys1956 25, 1228.
Lu[(u-Me),AIMe;] (4b) were examined in different temperature (b) Allerhand, A.; Gutowsky, H. S.; Jonas, J.; Meinzner, RJAAm. Chem.

ranges as solutions in toluedg-Rate constantsof the methyl fggélgg%gg 3185. (c) Piette, L. H.; Anderson, W. Al. Chem. Phys.

group exchange were obtained by line shape analysis dfthe (41) AGF, AH*, and AS* were obtained from a linearizeyring plot
based on—RIn(kh/leT) = —AS" + AH*/T.
(38) Eppinger, JPh.D. Thesis1999 Technische Universitaviinchen. (42) O'Neill, M. E.; Wade, K. In Comprehensie Organometallic
(39) Fischbach, A.; Perdih, F.; Herdtweck, E.; AnwanderORgano- Chemistry Wilkinson, G., Stone, F. G. A., Abel, E. W., Eds.; Pergamon

metallics2006 25, 1626. Press: New York, 1982; p. 593.
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Table 2. Thermodynamic Data for the Exchange of Bridging and Terminal Methyl Groups in Tetramethylaluminate Complexes

compound Te [K] AG* [kJ mol] AH* [kJ mol Y] AS [JK 1 mol
(BDPPpyr)Sc¢-Me)AlMe,] (4a) 345 73(1) 109(1) 122(1)
(BDPPpyr)Lu[i-Me),AlMe;] (4b) 213 50(2) 34(1) —56(4)
Lu[(«-Me):AIMe2]3 (3b)33 279 51.8(39 44(1) —30(3)
Y[(u-Me)AIMe3]3 (3¢)%3 229 43.6(3Y 38(1) —26(4)
[LY2Y[(u-Me)AlMe5]239 263 53(3) 73(4) 66(3)
[LYLal(u-Me)AlMe ;)23 213 45(2) 28(2) —58(3)
[LAY[( u-Me)AIMe ]38 63.0 243 —130
MeAl(u-Me),AlMe 42 44.8 81.5 123.1

a1l = (O,CArPY(u-AlMey). P L2 = Me;Si(2-MeBenzind). ¢ Uncertainties mainly based on temperature errérs.

Figure 2. Molecular structure of (BDPPpyr)(AIM#: (5) (atomic

ligand. The strong Lewis acid At has a high affinity for
nitrogen donorg? The evidenced L¥ size dependency of the
aluminum complex formation supports the latter mechanistic
scenaric?®

C—H Bond Activation and Cyclometallation Pathways of
(BDPPpyr)Ln(AlMe 4) Complexes.Upon stirring the reaction
mixture of H[1] and Y(AlIMey)s (3¢) at ambient temperature,
the intermediately formed (BDPPpyr)Y (AIMe(4c) is gradually
undergoing an intramolecular metalation process with one of
the aryl-isopropyl methyl groups (Scheme 4).

The transformation is accompanied by evolution of one
equivalent CH and formation of a yellow solid material with
slightly higher solubility in hexane than “reaction intermediate
4c¢’. Full and clean conversion to compou6davas accomplished

displacement parameters set at the 50% level). Hydrogen atomswithin 24 h and yellow single crystals suitable for X-ray

are omitted for clarity.

Table 3. Selected Structural Parameters for
(BDPPpyr)(AlMe ), (5)

Bond Distances (A)

diffraction analysis were grown from a hexane solution (Figure
3, Table 4). The molecular structure ®fevealed the product
of a ligand metalation via-bond metathesis between the-g
bond of theiPr-methyl group and a bridging-YCH3 bond of

the Y[(u-CHzs)-Al(CH3),] unit, showing the overall composition
(BDPPpyrH)Y[(u-Me)AlMey],. As a result, the BDPPpyr
ligand coordinates in anr* fashion to the six-coordinate yttrium
metal center. The pyridine nitrogen (N2) and one bridging
carbon of the former tetramethylaluminate ligand (C32) occupy
the apical positions (N2Y —C32 = 161.94(5)) of a strongly
distorted octahedral coordination geometry. Due to the formation
of one heterobridging [Y{-NR)(u-Me)AlMez] moiety, the

Y —N bond lengths differ considerably involving a very long
Y—N1 (2.485(1) A) and a very short-YN3 bond of 2.191(1)
A.2845 Similar heterobridging units were previously described
for (BDPPthf)La[u-Me),AlMe][(«-Me)AIMe;],28 Nd(NiPr)-

Al1—-N1 1.829(3) N3-C37 1.349(3)
Al1—N2 1.797(3) C37C9 1.491(5)
Al2—N3 2.005(3) NtC9 1.448(4)
All—-C47 1.966(4) N3-C36 1.363(4)
Al1—C48 1.977(4) C36C25 1.501(5)
Al2—C49 1.935(4) N2C25 1.470(4)
Al2—C50 1.930(4)
Bond Angles (deg)
N1-Al1—N3 85.1(1) C9-C37-N3 116.3(3)
N1-Al1—C47 119.5(1) N2Al2—C49 115.7(2)
N1-—-Al1—-C48 114.3(1) N2-AI2—-C50 118.3(2)
N3—-AI1-C47 106.3(2) Al2-N2—-C25 121.6(2)
N3—Al1—C48 119.1(1) N2C25-C36 113.6(3)
Al1—-N1-C9 115.7(2) C25C36-N3 118.0(3)
N1—-C9-C37 110.4(3)

coordinated to two aluminum metal centers ins#n(N1 and
N3) and any! fashion (N2). All AI-N bond lengths and the
N1—AI1—N3 bite angle are in the expected rang®® To
accommodate the second [Alkjenoiety, one CHN sidearm
is tilted 74.6(4} (torsion angle N3-C36—C25—N2) out of the
plane of the ligand backbone. Broad signals for theknd
aryl isopropyl hydrogen atoms in tHeél NMR spectrum of5
indicate high fluxionality of the ligand backbone irs[@.
Formation of organoaluminum byproducts has occurred
earlier during the reaction of a imino-amino-pyridine with
homoleptic lanthanide tetramethylalumina®&® So far it is
not clear whether the byproduct formation is a result of an
intermolecular reaction between,BDPPpyr and AlMg re-
leased in the acitdbase reaction of §1] and Ln(AlMey)3 or
rather that of an intramolecular competition between the Lewis
acidic AP* and the lanthanide metal centers for the BDPPpyr

(43) (a) Bruce, M.; Gibson, V. C.; Redshaw, C.; Solan, G. A.; White,
A. J. P.,; Williams, D. J.Chem. Commun1998 2523. (b) Scott, J.;
Gambarotta, S.; Korobkov, I.; Knijnenburg, Q.; de Bruin, B.; Budzelaar,
P. H. M. J. Am. Chem. SoQ005 127, 17204.

[(u-NiPr)(u-Me)AIMe;][(u-Me)AIMe,], “6{ [Me Al(u-Mey)] -
Nd(llg-NC5H5)(‘u-Me)A|ME} 2,47 and [(14-NC5H3iPr2-2,6)Sm)(¢-
NHCsH3iPr-2,6)(u-Me)AlMe;]».48 For better understanding of
the AlMe; impact on the formation oB, a suspension of
(BDPPpyr)Y(AIMey) (40) in hexane was stirred for 18 h at
ambient temperature without and in the presence of 1 eq of
AlMe; (Scheme 4).

In the absence of the organoaluminum compound neither
metalation nor decomposition ofc took place, whereas
complete conversion ofic into metalated compoun@ was
found in the presence of AlMe Therefore, it is the initial
formation of the heterobridging [YNRy)(«-Me)AlMe;] unit
that facilitates this metalation reaction pathway. The latter can
be rationalized on the basis of kinetic (due to steric constraint)

(44) Duchateau, R.; van Wee, C. T.; Meetsma, A.; van Duijnen, P. T;
Teuben, J. HOrganometallics1996 15, 2279.

(45) Graf, D. D.; Davis, W. M.; Schrock, R. Rdrganometallics1998
17, 5820.

(46) Evans, W. J.; Anwander, R.; Ziller, J. Whorg. Chem.1995 34,
5930.

(47) Evans, W. J.; Ansari, M. A;; Ziller, J. W.; Khan, Slhorg. Chem.
1996 35, 5435.

(48) Gordon, J. C.; Giesbrecht, G. R.; Clark, D. L.; Hay, P. J.; Keogh,
D. W.; Poli, R.; Scott, B. L.; Watkin, J. Grganometallic002 21, 4726.
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Scheme 4. Ligand Metalation of 4c vias-bond Metathesis

NH  HN +  Y(AMey),
N
|0 3c hexane
Z rt, 24 h
H,BDPPpyr :
Ho[1]
hexane
r, 18 h
M y
Me\ , e L N
/A_I 4ct
Me !yl ©
\ \ -CH,
N ¢\N
Ny y
| e Me
~ >A[_/
M -
4c e\ LH,
Y- Me
P~
N Mgh_\ A\l/N \
NM
| =
6
. ) L L Table 4. Selected Structural Parameters for Complex
or thermodynamic control. Since the path breaking investigation (BDPPpyr-H)Y[(#-Me)AlMe:]; (6)
by Watson et al? the capability of La-methyl functionalities Bond Distances (A)
to engage in the activation of -€H bonds has been well Y—N1 2.485(1) Al2-C36 1.983(2)
established. Recently, single and multiple I& bond activation Y—N2 2.397(1) Al2-C37 2.063(2)
was evidenced for lanthanide mongh&s complexes contain- Y—N3 2.191(1) C12-C10 1.554(2)
ing tetramethylaluminate functionalities [AIMe*®%°In 6, the z:gég ggiggg giggil iggg(é))
interaction of one bridging methyl group of the tetramethyl- Y—C37 2:651(2) C16H10 1:00(2)
aluminate ligand with the anyiPr group led too-bond meta- Al2—N1 1.970(1) C12-H12A 1.00(2)
thetical loss of methane and concomitantly to the formation of ﬁ:i:gég gég%gg %1_'21'3125 ggg%
a S|xjmembered metalacycle as well as a mixed alkylaluminate 57 _c33 1:968(2) YH12A 2:74(2)
species. Al1—C34 1.970(2) Y-AlL 3.0769(5)
Al2—-C35 1.974(4) YAI2 3.1350(4)
Bond Angles (deg)
N1-Y—N3 139.30(4) C37Al2—C35 103.01(7)
N1-Y—N2 69.42(3) C37AI2—C36 105.74(7)
N2—Y—N3 69.88(4) ¥-C12-C10 81.83(7)
N2-Y-C12 114.00(4) C12C10-C2 110.7(2)
N2—Y—C32 161.94(5) C12C10-C11 111.6(1)
N2—Y-—-C37 78.43(5) ¥-C12-H12A 89.9(9)
C12-Y-C37 161.88(5) ¥-C12-H12B 163(1)
Y—C12-All 82.14(5) C12-C10-H10 109.3(9)
Y—C32-Al1 83.20(6) C1+C10-H10 103.0(9)
C32-Al1-C33 104.38(8) ¥-N1-C1 110.39(7)
C32-Al1-C34 107.54(8) Y-N3—-C20 124.12(8)
Y—C37-AI2 82.36(5)

The hydrogen atoms at the bridging methyl group (C32) and
at C12 were located and refined and unequivocally proved the
formation of a bridging methylene group (GH (Figure 3).
Similar reactivity has been documented for LS@Rd LScR-
(NHR') complexes supported by Nacndigands carrying bulky
2,6-diisopropylphenyl substituents (Chart@).1151

Figure 3. Molecular structure of (BDPPpy)Y[(u-Me)AlMe,)], . — )
(6) (atomic displacement parameters set at the 50% level). Hydrogenzogég)lgéeglzcgé_H' M.; Tanroos, K. W.; Anwander, RI. Am. Chem. Soc.

atoms (except for H10, H12A-B, H32A-C, H33A-C, and H34A- (50) Dietrich, H. M.; Grove, H.; Tmroos, K. W.; Anwander, R]. Am.
C) are omitted for clarity. Chem. Soc2006 128 1458.
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Figure 4. ™H NMR spectrum (500.13 MHz) o as a solution in gDg at 298 K.

The characteristic pattern of four methine multiplets and seven
methyl doublets for théPr groups in théH NMR spectrum of
6 in CgDg are clearly indicative of the outcome of this reaction
(Figure 4). A doublet of doublets at 1.16 ppfidy = 15.5
Hz, 3Jun = 3.5 Hz) can be assigned to one of the diastereotopic
Y —CH, methylene protons, whereas the second methylene
proton appears as a doublet of doublets of doublets (1.71 ppm),
due to an additional scaldH—8%Y coupling @y = 15.5 Hz,
3Jyn = 8.0 Hz, vy = 15.5 Hz) (Figure 4b).52 Scalar coupling
with the 8%Y nucleus {Jyy = 14.0 Hz) also leads to a doublet
splitting of the multiplet at 3.24 ppm derived from the methine
proton involved in the metalacycle (H10) (Figured, The
presence of a scaldH—8% coupling was further proven by
89y NMR spectroscopy (no decoupling) and 28—8% HMQC
NMR spectroscopy, showing a multiplet at 426 ppm and cross-
peaks in the HMQC, respectively (Figure 5). The close-Y
H10 contact (2.33(2) A) in the solid-state structure6o in
the range of covalent ¥H bond length®® and suggests an
appreciable interaction in the solid state, which is retained in
solution as indicated by the NMR spectroscopic investigations.
A broad singlet at-0.25 ppm and a doublet at0.71 ppm {Jyy
= 1.2 Hz) can be assigned to the two [AlbJenocieties (Figure
4, c). A VT NMR study of compound was hampered by its
rapid crystallization in toluends below —30 °C.

(51) Hayes, P. G.; Piers, W. E.; Lee, L. W. M.; Knight, L. K.; Parvez,
M.; Elsegood, M. R. J.; Clegg, WOrganometallics2001, 20, 2533.

(52) Wyn coupling constants are in the range of-13® Hz: Rheder, D.
In Transition Metal Nuclear Magnetic Resonané&egostin, P. S., Ed.;
Elsevier: Amsterdam, 1991; pp%1.

(53) Examples of ¥-H bond lengths from X-Ray diffraction data include
the following: (a) 2.19/2.17 A in [(€HsMe),Y (u-H)(THF)]2: Evans, W.
J.; Meadows, J. H.; Wayda, A. L.; Hunter, W. E.; Atwood, J.JL.Am.
Chem. Soc1982 106, 2008. (b) 2.35 A in [(GHs)2Y (u-Ch)]2(u-H)AIH »-
(OEtb): Lobovskii, B.; Soloveichik, G. L.; Erofeev, A. B.; Bulichev, B.
M.; Bel'skii, V. K. J. Organomet. Cheni982 299 67. (c) 2.09/2.13 Ain
[MesSi(2-MeGHs)2Y (THF)(u-H)]2: Klimpel, M. G.; Sirsch, P.; Scherer,
W.; Anwander, RAngew. Chem., Int. EQ003 42, 574.
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Figure 5. Two-dimensionalH—8% HMQC NMR spectra of6
dissolved in toluenels at 298 K. Experiment optimized fddvy
= 14.0 Hz (top). Experiment optimized félyy = 1.5 Hz (bottom).

T
0.5

In contrast, the formation of analogous metalation products
of the smaller and larger lanthanide metal centers scandium,
lutetium and lanthanum, respectively, was not observed. Even
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Scheme 5. Donor-Induced Cleavage of the Tetramethylaluminate Ligand of 4b Followed by Ligand Metalation via-Bond

Metathesis
Me Me
/
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after stirring hexane suspensions4dif and4d in the presence  in 7 compared to precursor comple¥ (CN 6 versus 5)
of AlMej for several days, the starting compounds could be combined with ring strain caused by the fused metalacycles leads
recovered in almost quantitative yields. Clearly, the observed to considerably elongated EtC and Lu-N(amido) bond
reactivity emphasizes the impact of the lanthanide cation size lengths (e.g., Le-C22, 2.589(9), Le-N3 2.432(5) A)>7
on the complex stability of (BDPPpyr)Ln(AIME (4). Finally, loss of the heterobridging AlMeunit and displace-
The donor-induced cleavage of tetramethylaluminate com- ment of coordinated THF by bridging amido moieties lead to a
plexes (donor= THF, diethyl ether, pyridine) offers a conve-  dimerization to form comple®. The two Lu metal centers seem
nient synthesis approach toward highly reactive -fiMe] to be perfectly embedded into two new tetradentiitsIC]3~
moieties as reported for homoleptic tris(tetramethylaluminate) ligands which coordinate in@*5* fashion. The coordination
complexe%* and for heteroleptic lanthanidocene and halflan- geometry of the five-coordinate lutetium centers is best described
thanidocene complexes, [Ghn(AIR4)] and [CPLN(AIR4)] as strongly distorted trigonal bipyramidal with the two amido
(Cp = substituted cyclopentadienyl; R Me, Et)55%6 When nitrogen atoms (N1 and N3) occupying the apical positions
treating a stirred suspension of tetramethylaluminate complex (N1—-Lul—N3 = 138.82(6}) and the pyridine N2 atom, the
(BDPPpyr)Lu(AlMe) (4b) in hexane with an excess of THF  methine carbon (C29), and the bridging amido nitrogen of the
(Scheme 5), instant dissolution of the off-white solid occurred second ligand (N3 spanning the equatorial plane. Although
accompanied by a red coloration of the solution. Depending on the proneness of -LACHs bonds to undergo-bond metathetical
the reaction and crystallization time, two different batches of loss of methane is well documentggf;*-51.5859C—H abstrac-
yellow single crystals could be harvested from hexane solutionstion at a methine grouptdrt. carbon) is statistically and
and identified by X-ray diffraction as the cyclometallation kinetically disfavored and therefore exceedingly r&&o our
products7 and 8 (Figures 6 and 7). Selected bond distances knowledge, complexe3 and 8 are the first examples of a
and angles are listed in Tables 5 and 6. structurally authenticated activation of a methine group within
The formation of final product [Lu(BDPPpy)]. (8) origi- organolanthanide chemistry (e.g., derived from Pt, Fe, and Ti,
nates from sequential processes involving an initial donor- see Chart 1D, E, andF).%10.60
induced cleavage of the tetramethylaluminate ligand in complex
4b to produce a transition structudb® containing a highly
reactive terminal methyl group and a heterobridging fl-u(
NR2)(«-Me)AlMe,] unit, which seems to be vital to facilitate a
metalation reaction pathway. Subsequerbond metathesis
between the L&CHs; bond and the €H bond of one
iPr-methine group of the BDPPpyr ligand results in loss
of methane and consequent formation of a five-membered
metalacycle of the composition (BDPPgyt)Lu[(u-Me)AlMe,]-
(THF) (7). An X-ray structural analysis of “reaction intermedi-
ate” 7 was carried out, revealing the additional coordination of
the cleaving agent THF to the lutetium metal center (Figure 6).
An increased coordination number of the lutetium metal center

(54) Dietrich, H. M.; Raudaschl-Sieber, G.; AnwanderARgew. Chem.,
Int. Ed. 2005 44, 5303.

(55) Holton, J.; Lappert, M. F.; Ballard, D. G. H.; Pearce, R.; Atwood,
J. L,; Hunter, W. EJ. Chem. Soc., Dalton Trarkd79 54.

(56) Klimpel, M. G.; Eppinger, J.; Sirsch, P.; Scherer, W.; Anwander,
R. Organometallics2002 21, 4021.

Figure 6. Molecular structure of reaction intermediate (BDPRpyr
H)Lu[(u-Me)AlMe,](THF) (7) (atomic displacement parameters set
at the 50% level). Hydrogen atoms are omitted for clarity.
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protons and further two singlets at 1.36 and 1.24 ppm that can
be assigned to the noncoupling Lu@{¢} protons. A signal at
95.1 ppm in thel3C CAPT NMR spectrum of8 further
underlines the presence of a quaternary carbon atom.

Attempted donor-induced cleavage of the tetramethylalumi-
nate ligand in the Sc4g), Y (4¢), and La éd) complexes even
with weaker (diethyl ether) or stronger (pyridine) donors than
THF did not result in well-defined, characterizable products but
in extensive ligand degradation. Again, these findings emphasize
a sensitive and distinct cation size/reactivity correlation as well
as the extremely high reactivity of terminal £methyl groups.

Conclusions

Complexes (BDPPpyr)Lni-Me),AlMe;] were synthesized
following an amide elimination protocol (L& Sc, Lu) or via

Figure 7. Molecular structure of dimeric [Lu(BDPPpy)], (8) the “aluminate route” using homoleptic Ln(AlMe as lan-

(atomic displacement parameters set at the 50% level). Hydrogenthanide alkyl precursors (L& Lu, Y, La). Application of the

atoms are omitted for clarity. two synthesis approaches gave access to the entire size range
of rare-earth metal centers (Skta), thus allowing for compre-

Table 5. Selected Structural Parameters for Complex hensive insiaht i he intrinsi . I-size d d
(BDPPpyr-H)Lu[( u-Me)AIMe J|(THF) (7) ensive insight into the intrinsic properties, metal-size dependent

dynamic behavior, and reactivity of the resulting tetramethyl-
aluminate complexes. Dynamiiel NMR spectroscopy and line-

Bond Distances (A)
Lu—N1 2.337(4) A-C23 1.971(7)

Lu—N2 2.209(5) C33C34 1.538(8) shape analysis evidenced a dissociative exchange of bridging
Lu—N3 2.432(5) C33C35 1.550(8) and terminal methyl groups of the tetramethylaluminate ligand
Lu—C33 2.373(6) N2-C8 1.461(13) in the sterically crowded (BDPPpyr)Sc(AlMelower ordered
Lu=C22 2.589(9) N2C7 1.441(7) transient statey?), whereas negative values &fSF were
Lu—-01S 2.284(7) cz2c7 1.500(8) . LS - .
Lu=Al 3.102(2) NC2 1.336(7) c_alculated for the_ lutetium d_erlvatlve, substantiating an associa-
Lu~H22A 2.39(8) NE-C6 1.355(7) tive exchange with g2 transient state. Because of the intrinsic
Al=N3 1.955(5) C6-C20 1.494(8) interrelation of group 4 and group 3/lanthanide metal chemistry,
2: _gg ;-81‘7‘(9) N3-C20 1.489(8) complexes (BDPPpyr)Ln(AIM& might be considered as model
B 047(9) systems to reveal mechanistic details of post-metallocene based
Bond Angles (deg) polymerization processes. In the presence of cocatalysts like
N2—Lu—N3 141.28(16) LerN3—-C24 109.6(3) MAO or organoaluminum reagents, tetraalkylaluminate com-
“i:tﬂ:“g ;g:ﬁiﬁgg tiﬁgi%gz %g?:gg‘)z) plexes are proposed as polymerizationl retarding spegies (“dor-
N1—Lu—01S 160.5(2) N3 Al—C22 103.6(3) mant species”). They are further discussed as important
N1-Lu—C33 103.00(18) C22Al—-Lu 56.0(2) intermediates in chain transfer and termination processgéd-as

elimination,3-alkyl elimination via C-H activation and>-bond
metathesis processes. Ancillary ligand degradation via intramo-
lecularo-bond metathetical €H activation as herein structur-

Table 6. Selected Structural Parameters for Complex
[Lu(BDPPpyr-H)] 2 (8) (Symmetry Code—X, y, 3/2—2)

Bond Distances (A) ally and spectroscopically evidenced for (BDPPpyr)Y (Alyle
Lul—N1 2.249(2) Lut C29 2.399(2) hence, exhibits a possible catalyst deactivation scenario in the
Lul—N2 2.350(2) C29-C25 1.498(3) i P Ay ; .
Lul—N3 2.338(2) C29-C30 1.550(3) respective group 4 _ca_ta_lyst mixtures. Given that this gradual
Lul—N3' 2.318(2) C29-C31 1.530(3) ligand degradation is initiated by excess of organoaluminum
Bond Angles (deg) pocatglyst and that it can be very s]ow, polymerization set-ups
N1—Lul—N3 138.82(6) N3-Lul—N3 82.99(6) involving (prolonged) catalyst aging procedures should be
N1-Lul—N2 70.77(6) Lul-N3—Lul 96.01(6) viewed very critically (“single-site” catalysts). The formation
Hi—::lli—mg 132-%3% E}l_l-g%;_%so 1;;-;?1()6) of highly reactive [Lr-Me] moieties in the presence of small
— u j— 4 . u . . - -
NZ—Lul—N3' 106.36(6) LUt G295 031 130.8(2) amounts of donor solvent and their unpredictable nature is

impressively substantiated by an unprecedenteti @ctivation

1 . S of a methine group. Due to the high affinity of Lewis acidic

The *H NMR spectroscopic investigation &fhallmark the Al3" to nitrogen donors, the formation of aluminum byproducts
metalated compound as the spectrum revealed only three septetfﬁ(e the characterized (BDPPpyr)(AlMe should be anticipated
at 3.76, 3.68, and 3.11 ppm for the remainifRy-methine

for post-metallocene systems, particularly for those derived form
N-donor ancillary ligands. Their role as possible chain transfer
reagents has to be discussed. Clearly, the present (rare-earth)

(57) Representative LtC bond Ien)gths from X-ray diffraction data
include the following: (a) av. 2.361 A in 5-coordinate Lu(&g3iMes)o-

(THF)z: ref. 34d. (b) 2.47%2.573 A in 6-coordinate LuMgLiMe)s- metal-size dependent activation/degradation processes once more
(DME)z: Schumann, H.; Lauke, H.; Hahn, E.; PickardtJ)JOrganomet. emphasize the sensitivity of catalyst/cocatalyst systems to small
Chem.1984 263 29. stereoelectronic modifications and the complexity of Ziegler

(58) (a) Crowther, D. J.; Baenziger, N. C.; Jordan, RJFAm. Chem. .
Soc.1991 113 1455. (b) Den Haan, K. H.; Wielstra, Y.; Teuben, J. H.  catalyst mixtures.
Organometallics1987, 6, 2053.

(59) (a) Labinger, J. A.; Bercaw, J. Bature2002 417, 507. (b) Stahl,

S. S.: Labinger, J. A.; Bercaw, J. Engew. Chem., Int. EA998 37, 2180. Experimental Section
(60) C—H abstraction at both the methine and methyl group occurred . . . . .
for (a) (Nacnac)Pt(IV)Me Fekl, U.; Goldberg, K. 1.J. Am. Chem. Soc. All operations were performed with rigorous exclusion of air

2002 124, 6804. (b) (Anim)Pt(IV)Me: ref. 7. and water, using standard Schlenk, high-vacuum, and glovebox
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techniques (MBraun MBLabs1 ppm Q, <1 ppm HO). Hexane,
THF, and toluene were purified by using Grubbs columns (MBraun
SPS, solvent purification system) and stored in a glovebg®sC
and tolueneds were obtained from Aldrich, degassed, dried over
Na for 24 h, and filtered. AIMgwas purchased from Aldrich and
used as received. (BDPPpyr)Ln(NETHF) (Ln = Sc, Lu) @),'8
2,6-bis(((2,6-diisopropylphenyl)amino)methyl)pyridine;BDPPpyr,
Hy[1]),*> and Ln(AlMey)s (Ln = Lu, Y, La) (3)335461 were
synthesized according to the literature methétisand3C NMR
spectra were recorded at 26 on a Bruker-BIOSPIN-AV500 (5
mm BBO, H: 500.13 Hz;13C: 125.77 MHz) and a Bruker-
BIOSPIN-AV600 (5 mm cryo probéH: 600.13 MHz;33C: 150.91
MHz). ™H and °C shifts are referenced to internal solvent
resonances and reported in parts per million relative to TW\G.
NMR experiments were performed on the AV500 (24.51 MHt,
inverse gated decoupling). Th&H-detected IH—8%Y HMQC
spectré were acquired in the pure-absorption mode. Bec&dse

Organometallics, Vol. 26, No. 24, 206039

1.33 (d,3) = 7.0 Hz, 12 H, ar-Ch), 1.21 (d,3) = 7.0 Hz, 12 H,
ar-CHs), —0.33 (s br, 12 H, Al(Gl3)4) ppm.13C {1H} NMR (126
MHz, C¢Ds, 25°C): 6 = 165.8, 148.7, 146.2, 137.3, 125.0, 124.1,
117.6 (Gy), 66.1 (N-CHy), 28.5, 28.2, 23.4 (Ckl ar-CH), 2.6 (Al-
(CH3)4) ppm. Anal. calcd for GHssNzAlLu (717.778): C, 58.57;
H, 7.44; N, 5.85. Found: C, 58.43; H, 7.20; N, 5.91.

General Procedure for the Synthesis of (BDPPpyr)Ln(AlMe)
(4b,c,d) from Ln(AIMe 4)3 (3). In a glovebox, Ln(AIMg)s (3) was
dissolved in 3 mL of hexane and added to a stirred solution of 1
equiv LBDPPpyr (H[1]) in 5 mL of hexane. Instant gas formation
was observed. The reaction mixture was stirred anothé at
ambient temperature while the formation of an off-white precipitate
was observed. The product was separated by centrifugation and
washed three times with 5 mL of hexane to yidlchs powdery
off-white solids in good yields. The remaining solids were
crystallized from a hexane/toluene solution -a85 °C to give
colorless crystals o4 in moderate yields suitable for X-ray

is present at 100% natural abundance, no gradients were requiredjjffraction analyses.

for coherence selection. Thirty-twpincrements were collected, 4

(BDPPpyr)Lu(AlMe 4) (4b). Following the procedure described

transients were averaged for each increment, and the recycling delayabove Lu(AIMa)s (3b) (221 mg, 0.51 mmol) and 48DPPpyr (H-

was 2 s. The experiment was optimized fdfy = 1.5 Hz and
Uny = 14 Hz. Broadband®®Y decoupling (composite pulse
decoupling) was used during the acquisition andZhscale was
used for referencing thé®yY chemical shift® IR spectra were
recorded on a NICOLET Impact 410 FTIR spectrometer as Nujol

mulls sandwiched between Csl plates. Elemental analyses were

performed on an Elementar Vario EL Il

General Procedure for the Synthesis of (BDPPpyr)Ln(AlMe)
(4a,b) from (BDPPpyr)Ln(NEt,)(THF) (2a,b). In a glovebox, 3
eq AlMe; were added dropwise to a stirred solution2ah 5 mL
of hexane at ambient temperature. The reaction mixture was stirre
anothe 3 h atambient temperature while the formation of a white

precipitate was observed. The product was separated by centrifuga

tion and washed three times with 2 mL of hexane to yilds
powdery off-white solids in almost quantitative yields. Crystalliza-
tion from a hexane/toluene solution at35 °C gave colorless
crystals of4 in moderate yields suitable for X-ray diffraction
analysis.

(BDPPpyr)Sc(AlMe,) (4a). Following the procedure described
above, AlMg (32 mg, 0.45 mmol) and (BDPPpyr)Sc(NETHF)

(28) (97 mg, 0.15 mmol) yieldeda (88 mg, 0.15 mmol, 99%) as
colorless crystalstH NMR (500 MHz, GDg, 25°C): 6 = 7.2—
7.1 (m, 6 H, ar), 6.97 (dfJ = 8 Hz, 1 H, pyr), 6.51 (d3J = 8
Hz, 2 H, pyr), 4.72 (s, 4 H, NCH,), 3.42 (sp,3J = 7 Hz, 4 H,
ar-CH), 1.34 (d3J = 7 Hz, 12 H, ar-CH), 1.17 (d,3) = 7 Hz, 12
H, ar-CH), 0.35 (s, 6 H, Alg-CH3),(CHs),), —1.11 (s, 6 H, Al-
(u-CHg)2(CHz),) ppm. 13C {*H} NMR (126 MHz, GDs, 25 °C):
0=164.7,149.0, 145.3, 137.6, 125.4, 124.4, 117 £ (65.6 (N-
CHj,), 28.6, 28.2, 23.3 (Cklar-CH), 16.5 (Al{i-CH3),(CHz),), —9.1
(Al(u-CHg)2(CHs)z) ppm. Anal. caled for GHs3aN3AISC
(587.763): C, 71.52; H, 9.09; N, 7.15. Found: C, 72.41; H, 9.20;
N, 7.6.

(BDPPpyr)Lu(AlMe ,) (4b). Following the procedure described
above, AlMg (115 mg, 1.59 mmol) and (BDPPpyr)Lu(NKETHF)
(2b) (411 mg, 0.53 mmol) yieldedb (379 mg, 0.53 mmol, 99%)
as colorless crystals. IR (Nujol, cr: 1615 m, 1582 m, 1461 vs
Nujol, 1379 vs Nujol, 1306 m, 1245 m, 1185 s, 1162 s, 1129 m,
1102 m, 1069 m, 1041 m, 1024 m, 953 m, 931 w, 897 w, 870 w,
837 w, 809 w, 787 m, 771 s, 726 s, 704 s, 632 m, 577 w, 550 w,
522 w.*H NMR (500 MHz, GDg, 25°C): 6 = 7.26-6.95 (m, 6
H, ar), 6.92 (dd3J = 8 Hz, 1 H, pyr), 6.51 (d3J = 8.0 Hz, 2 H,
pyr), 4.92 (s, 4 H, N-CHy), 3.53 (sp,3J = 7.0 Hz, 4 H, ar-CH),

(61) Fischbach, A.; Klimpel, M. G.; Widenmeyer, M.; Herdtweck, E.;
Scherer, W.; Anwander, Rangew. Chem., Int. EQR004 43, 2234.

(62) (a) Muler, L. J. Am. Chem. Sod979 101, 4481. (b) Bax, A,
Griffey, R. H.; Hawkins, B. L.J. Magn. Reson1983 55, 301.

(63) Harris, R. K.; Becker, E. D.; Cabral de Menezes, S. M.; Goodfellow,
R.; Granger, PPure Appl. Chem2001, 73, 1795.

[1]) (231 mg, 0.51 mmol) yieldedb (264 mg, 0.37 mmol, 73%)
as colorless crystals.

(BDPPpyr)Y(AlMe 4) (4c). Following the procedure described
above, Y(AlMe)s (3¢) (227 mg, 0.65 mmol) and #BDPPpyr (H-
[1]) (299 mg, 0.65 mmol) yieldedc (310 mg, 0.49 mmol, 75%)
as colorless crystals. IR (Nujol, c): 1610 m, 1576 m, 1461 vs
Nujol, 1379 vs Nujol, 1306 m, 1262 m, 1256 m, 1207 m, 1185 s,
1161 s, 1129 m, 1102 m, 1063 m, 1041 m, 1022 m, 958 m, 936 w,
897 w, 859 w, 815w, 776 s, 726 s, 594 #1 NMR (500 MHz,

dCGDs, 25°C): 6 =7.18-7.15 (m, 6 H, ar), 6.97 (ddJ = 8 Hz,

1 H, pyr), 6.54 (d3J = 8.0 Hz, 2 H, pyr), 4.80 (s, 4 H, NCH,),

3.43 (sp,3) = 7.0 Hz, 4 H, ar-CH), 1.33 () = 7.0 Hz, 12 H,

ar-CHg), 1.21 (d,3) = 7.0 Hz, 12 H, ar-Ch), —0.53 (d,2yy = 3
Hz, 12 H, Al(CH3)s) ppm. 13C {H} NMR (126 MHz, GDs,
25°C): 6 = 165.4, 147.6, 146.0, 137.4, 125.1, 124.3, 117.§)(C
65.9 (N-CHy,), 28.6, 28.3, 23.4 (Cklar-CH), 1.8 (AICH3)4) ppm.
Anal. calcd for GsHsaNsAlY (631.713): C, 66.55; H, 8.46; N, 6.65.
Found: C, 66.81; H, 8.85; N, 6.40.

(BDPPpyr)La(AlMe 4) (4d). Following the procedure described
above, La(AlMg)3 (3d) (105 mg, 0.26 mmol) and #BDPPpyr (H-
[1]) (220 mg, 0.26 mmol) yieldedd (310 mg, 0.21 mmol, 81%)
as colorless crystals. IR (Nujol, c): 1604 m, 1571 m, 1466 vs
Nujol, 1378 vs Nujol, 1306 m, 1240 m, 1207 m, 1201 s, 1162 s,
1113 m, 1058 s, 1019 m, 964 w, 936 w, 897 w, 853 w, 804 w, 771
s, 732's, 621 m, 550 w, 539 wH NMR (600 MHz, GDe, 25°C):
0=7.17-7.01 (m, 6 H, ar), 7.00 (ddJ) = 7.8 Hz, 1 H, pyr), 6.60
(d, 3 = 7.8 Hz, 2 H, pyr), 4.99 (s, 4 H, NCH,), 3.20 (sp2J =
7.2Hz, 4 H, ar-CH), 1.34 (#J = 7.2 Hz, 12 H, ar-CH), 1.19 (d,
8J = 7.2 Hz, 12 H, ar-Ch), —0.46 (s, 12 H, Al(E13);) ppm.13C
{H} NMR (151 MHz, GDs, 25 °C): 6 = 165.6, 147.3, 146.3,
137.5, 125.1, 124.7, 117.4 {; 67.4 (N-CH,), 29.0, 27.7, 24.1
(CHg, ar-CH), 2.7 (AlCH3)4) ppm. Anal. calcd for GsHs3sN3AlLa
(681.718): C, 61.67; H, 7.84; N, 6.16. Found: C, 61.46; H, 7.59;
N, 5.85.

Synthesis of (BDPPpyr)(AlMe&), (5). Following the procedure
described for the synthesis of compouddsom Ln(AlMey); (3),
the orange supernatant and the hexane washing solutions were
combined and dried under vacuum yielding a yellow powdery solid
which was redissolved in hexane. Crystallization from hexane at
—30 °C gave yellow crystals ob in yields depending on the
lanthanide metal size (L& Lu 27%, Y 25%, La 19% calculated
on Ln(AIMey)s). IR (Nujol, cnm1): 1615 m, 1576 m, 1455 vs Nujol,
1378 vs Nujol, 1312 m, 1256 m, 1185 m, 1162 m, 1118 m, 1091
m, 1063 m, 1035 m, 1024 w, 964 w, 936 w, 914 w, 853 w, 809 w,
771s,732s,649 m, 572 M NMR (600 MHz, GDg, 25°C): ¢
=7.28-7.02 (m, 6 H, ar), 6.52 (ddJ = 7.8 Hz, 1 H, pyr), 6.21
(d, 3 = 7.8 Hz, 2 H, pyr), 4.51 (s, 2 H, NCH,), 4.43 (s, 2 H,
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Table 7. Crystallographic Data for Compounds 4b, 5, 6, 7, and 8

Zimmermann et al.

compound 4b 5 6 7 8

formula C85H53N3A|LU ‘C5H14 C35H53N3A| 2 C37H53N3A| Y C33H57N30A|LU CezHgoNsLUQ

fw 803.93 569.76 687.73 773.82 1259.26

color/habit none/prism none/lath none/rhomb yellow/prism yellow/prism

crystal dim. (mnd) 0.25x 0.25x 0.15 0.25x .075x 0.04 0.35x 0.30x 0.17 0.106x 0.09x 0.026 0.25x 0.06 x 0.05

crystal system orthorhombic monoclinic monoclinic monoclinic monoclinic

space group Pnma Ra/c P21/n P2i/c C2lc

a A 13.5889(4) 21.1535(13) 11.2525(5) 10.0267(4) 19.0980(8)

b, A 16.4035(5) 9.1668(6) 23.1905(9) 12.5492(4) 17.7147(7)

c, A 18.5564(6) 18.287(1) 15.2776(6) 28.8528(1) 17.2840(7)

o, deg 90 90 90 90 90

f, deg 90 101.919(1) 105.627(1) 94.243(1) 112.208(1)

y, deg 90 90 90 90 90

V, A3 4136.3(2) 3469.6(4) 3839.3(3) 3620.5(2) 5413.7(4)

z 4 4 4 4 4

T, K 123 123 123 103 123

Decalomg 3 1.291 1.091 1.190 1.420 1.545

w, mm-t 2.437 0.110 1.592 2.783 3.671

F(000) 1672 1240 1464 1592 2544

0 range, deg 2.2630.26 2.28-25.08 2.24-30.09 2.15-25.06 2.36-30.06

index rangesH k, ) —19/19;-23/23, —25/25-10/10, —15/15;-32/32, —11/11;-14/14, —26/26;-24/24,
—24/26 —21/21 —21/21 —34/34 —24/24

no. of rflns collected 60008 39476 64958 41264 45359

no. of indep rfinsRnt 6373/0.0321 6145/0.1960 11275/0.0373 6409/0.0501 7940/0.0354

no. of obsd rflnsi(> 20(1)) 5486 3052 9194 5320 6759

data/restraints/params 6373/14/249 6145/0/373 11275/9/426 6409/226/496 7940/0/323

RIWR2 (I > 20(1))? 0.0218/0.0516 0.0544/0.0977 0.0272/0.0651 0.0399/0.0950 0.0190/0.0419

R1WRZ (all data} 0.0303/0.0561 0.1560/0.1332 0.0410/0.0708 0.0522/0.1018 0.0283/0.0453

GOF (onF?)2 1.070 0.987 1.028 1.042 1.023

largest diff peak and 1.79+0.92 0.28+0.28 0.38+0.51 3.18+0.47 0.93/0.69

hole (e A3)

aRL = 3 (|IFol — IFdl)/Z|Fol; wR2 = { T[W(Fo? - FAA/ S W(Fe?)?]} % GOF = {3 [W(Fo* — FA/(n — p)} 2

N—CHy), 3.87 (m, 2 H, ar-CH), 3.33 (m, 2 H, ar-CH), 1.40 (s br,
6 H, ar-CH), 1.37 (s br, 6 H, ar-CkJ, 1.16 (s br, 6 H, ar-C¥},

—0.71 (d,%yn = 1.2 Hz, 9 H, Al((H3)3) ppm. 13C {*H} NMR
(126 MHz, GDsg, 25°C): ¢ = 164.5, 160.2, 147.7, 147.1, 146.7,
0.88 (s br, 6 H, ar-Chk), —0.06 (s br, 6 H, Al(®3),), —0.38 (s br, 146.5, 146.0, 142.6, 139.2, 125.6, 125.0, 124.5, 119.8, 1184 (C
6 H, Al(CH3)2) ppm.13C {H} NMR (151 MHz, GDs, 25°C): 0 66.2, 65.5 (N-CHy), 36.5 (d,\Jyc = 13.2 Hz, YCHy), 31.7, 30.0,
= 157.9, 148.7, 147.7, 145.7, 139.0, 126.3, 126.2, 124.1, 120.829.0, 28.7, 28.6, 28.2, 28.1, 27.7 (g+tar-CH), —2.5 (s br, Al-
(Ca, 60.2,57.7 (N-CHy), 28.2, 27.6, 26.4, 25.6, 25.5, 24.1 (¢H (CH3)3) ppm. Anal. calcd for GHsgN3AlLY (687.756): C, 64.62;
ar-CH), —5.4 (Al(CHz3)2), —9.0 (AI(CH3);) ppm. Anal. calcd for H, 8.50; N, 6.11. Found: C, 64.25; H, 8.65; N, 5.94.
CasHsaNsAl (569.789): C, 73.78; H, 9.38; N, 7.37. Found: C, Synthesis of (BDPPpyr-H)Lu[(u-Me)AIMe jJ(THF) (7) and
73.98; H, 9.67; N, 7.01. [Lu(BDPPpyr-H)] » (8). To a stirred suspension d@fb (102 mg,
Synthesis of (BDPPpyr-H)Y[u-Me)AlMe ;] (6). In a glovebox, 0.14 mmol) in 3 mL of hexane 3 mL THF were added dropwise.
Y (AIMe 4); (3¢) (180 mg, 0.51 mmol) was dissolved in 3 mL of The white solid dissolved immediately and the reaction mixture
hexane and added to a stirred solution of 1 equiBBPPpyr (H- turned red. After stirring fo4 h atambient temperature the solvent
[1]) (235 mg, 0.51 mmol) in 5 mL of hexane. Instant gas formation was removed in vacuo to form a yellow solid, which was washed
was observed. The reaction mixture was stirred another 24 h atthree times with 2 mL of hexane and dried under vacuum to yield
ambient temperature while first the formation of a white precipitate a powdery yellow solid. Crystallization from hexane solutions
was observed. After approximately 6 h, the white precipitate turned yielded two different batches of yellow single crystals. Low-yield
yellowish and partly redissolved. The product was separated by product (and intermediat&)could be identified by X-ray structure
centrifugation and washed three times with 3 mL of hexane to yield analysis and NMR spectroscopyd NMR (600 MHz, GDs, 25
6 (256 mg, 0.37 mmol, 73%) as powdery yellow solid. Crystal- °C): ¢ = 7.33-7.04 (m, 6 H, ar), 7.01 (J = 7.8 Hz, 1 H, pyr),
lization from hexane solution at35 °C gave yellow crystals o8 6.80 (dd,3) = 7.8 Hz, 1 H, pyr), 6.41 (d3J = 7.8 Hz, 1 H, pyr),
in good yields suitable for X-ray diffraction analysis. IR (Nujol, 5.50 (d,2) = 18.0 Hz, 1 H, N-CH), 5.11 (d,2J = 21.0 Hz, 1 H,
cm™1): 1602 m, 1575 m, 1461 vs Nujol, 1379 vs Nujol, 1306 m, N—CH,), 4.82 (d,2J = 21.0 Hz, 1 H, N-CH,), 4.73 (d,2J = 18.0
1233 m, 1206 m, 1169 m, 1161 m, 1106 m, 1069 m, 1022 m, 969 Hz, 1 H, N-CH,), 4.31 (sp3J = 6.6 Hz, 1 H, ar-CH), 3.73 (sp3)
w, 938 w, 895 w, 848 w, 806 w, 774 s, 721 s, 663 w, 627 w, 579 = 7.2 Hz, 1 H, ar-CH), 3.55 (spJ = 6.6 Hz, 1 H, ar-CH), 3.19
w, 569 w, 542 wlH NMR (500 MHz, GDe, 25°C): 6 = 7.23— (m, 2 H, THF), 3.10 (m, 2 H, THF), 1.65 (d) = 6.6 Hz, 3 H,
6.93 (m, 6 H, ar), 6.74 (d#J = 7.2 Hz,3) = 7.0 Hz 1 H, pyr), ar-CHg), 1.48 (d,%J = 6.6 Hz, 3 H, ar-CH), 1.46 (d,3J = 6.6 Hz,
6.30 (d,3) = 7.0 Hz, 1 H, pyr), 6.29 (d3J = 7.2 Hz, 1 H, pyr), 3 H, ar-CH), 1.35 (d,3) = 6.6 Hz, 3 H, ar-CH)), 1.30 (d,3) = 7.2
5.04 (d,2) = 17 Hz, 1 H, N-CH,), 4.82 (d,2] = 21 Hz, 1 H, Hz, 3 H, ar-CH), 1.22 (m, 4 H, THF), 1.15 (#J = 7.2 Hz, 3 H,
N—CH,), 4.76 (d,2J = 21 Hz, 1 H, N-CH_), 4.06 (d,2) = 17 Hz, ar-CHg), 0.89 (s, 3 H, ar-Ch), 0.87 (s, 3 H, ar-Ck), —0.24 (s br,
1 H, N—CH,), 3.75 (sp3) = 6.5 Hz, 1 H, ar-CH), 3.71 (sp) = 9 H, Al(CH3)3) ppm.23C{tH}NMR (151 MHz, GDs, 25°C): 6 =
6.5 Hz, 1 H, ar-CH), 3.54 (sp) = 6.5 Hz, 1 H, ar-CH), 3.24 (m, 164.7,164.0, 157.4, 152.5, 149.8, 147.3, 138.5, 126.7, 124.5, 123.9,
vy = 14.0 Hz, 1 H, ar-CH), 1.71 (ddJ = 15.5 Hz,3] = 8.0 Hz, 123.4, 122.9, 121.8, 118.6, 118.1,0¢95.2 (Gua), 70.6 (THF),
Uy = 15.5 Hz, 1 H, Y-CH,), 1.51 (d,3) = 6.5 Hz, 3 H, ar-CH)), 68.0, 61.7 (N-CHjy), 31.9, 29.0, 28.3, 28.0, 26.4, 25.5, 24.1, 23.9,
1.46 (d,%J = 6.5 Hz, 3 H, ar-CH), 1.41 (d,3J = 6.5 Hz, 6 H, 23.0 (CH, ar-CH, THF),—1.0 (s br, AlCH3)3) ppm. Complex8
ar-CH), 1.28 (d,2J = 6.5 Hz, 3 H, ar-CH), 1.24 (d,2J = 6.5 Hz, is the thermodynamically favored and preferred crystallization
3 H, ar-CH), 1.21 (d,3) = 6.5 Hz, 3 H, ar-CH), 1.16 (dd,?J = product obtainable in high crystallized yield (128 mg, 0.10 mmol,
15.5 Hz,3J = 3.5 Hz, 1 H, Y-CHy), —0.25 (s br, 9 H, Al(E13)3), 74%). IR (Nujol, cnmY): 1613 m, 1577 m, 1458 vs Nujol, 1380 vs
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Nujol, 1313 m, 1256 m, 1209 m, 1194 m, 1163 m, 1121 m, 1095 integration using SAINT, and structure solution and model refine-
w, 1059 m, 1018 w, 976 m, 940 w, 899 w, 862 w, 811 w, 774 s, ment using SHELXS-97 and SHELXL-97 respectively?> Non-

728 s, 629 w, 552 wH NMR (600 MHz, GDe, 25 °C): 6 = coordinating methyl groups were refined as rigid and rotating
7.33-6.99 (m, 12 H, ar), 6.83 (dd) = 7.8 Hz, 2 H, pyr), 6.73 (d, (difference Fourier density optimization) Gkyroups around the
3= 7.8 Hz, 2 H, pyr), 6.64 (£ = 7.8 Hz, 2 H, pyr), 5.70 (ckJ respective A-C bonds. Coordinating methyl groups were refined
= 18.0 Hz, 2 H, N-CH,), 5.04 (d,2J = 19.8 Hz, 2 H, N-CH)), as rigid pyramidal groups with the same-8 and H-H distances
4.62 (d,2) = 18.0 Hz, 2 H, N-CHy), 4.23 (d,J = 19.8 Hz, 2 H, as for the previous, but with the threefold axis of the pyramidal
N—CH;), 3.76 (sp,3) = 7.2 Hz, 2 H, ar-CH), 3.68 (spJ = 6.6 rigid group allowed to be nonparallel with the-@l bond axis.

Hz, 2 H, ar-CH), 3.11 (sp?J = 6.6 Hz, 2 H, ar-CH), 1.52 (#J = The isotropic displacement parameters for all methyl H-atoms were
7.2 Hz, 6 H, ar-CH), 1.47 (d,3J = 6.6 Hz, 6 H, ar-CH), 1.42 (d, set to be 1.5 times that of the pivot C-atom.

3J = 6.6 Hz, 6 H, ar-CH)), 1.36 (s, 6 H, ar-Ch), 1.24 (s, 6 H,

ar-Chy), 1.07 (d,3J = 6.6 Hz, 6 H, ar-CH), 0.96 (d,3) = 6.6 Hz, Acknowledgment. Financial support from the Norwegian

6 H, ar-CH), 0.95 (d,3] = 7.2 Hz, 6 H, ar-CH) ppm. 13C {1H} Research Council and the program Nanoscience@UIiB is grate-
NMR (151 MHz, GDg, 25°C): ¢ = 164.6, 164.0, 157.4, 152.5,  fully acknowledged.

149.8, 147.3,138.4, 126.6, 124.5, 123.9, 123.5, 122.7, 121.6, 118.7, . . . )
118.2 (G), 95.1 (Guan, 66.2, 65.1 (N-CHy), 31.9, 29.7, 28.0, Supporting Information Available: CCDC 651955651958

27.2, 26.8, 25.4, 23.8, 23.0 (GHar-CH) ppm. Anal. calcd for and CCDC 652609 contain the supplementary crystallographic data

. . . . for this paper. Copies of the data can be obtained free of charge
CeoHsoNsL U, (1235.275): C, 58.34; H, 6.53; N, 6.80. Found: C, . - .
53‘?239 I-(: %21(9 N 6.64). oun from The Cambridge Crystallographic Data Centre, via www.ccd-

c.cam.ac.uk/data_request/cif. This material is available free of

Single-Crystal X-Ray Structures. Crystal data and details of ;
9 y y ¥ charge via the Internet at http:/pubs.acs.org.

the structure determination are presented in Table 7. The crystals
were placed in a nylon loop containing Paratone oil (Hampton OM700830K
Research) and mounted directly into the ¢old stream (Oxford

. - Germany, 1998.
diffractometer. Data were collected by means of’Qu38scans in (65) (a) SMART version 5.054: Bruker AXS Inc.: Madison, W, 1999:

four orthogonalg-settings using Mo K radiation ¢ = 0.71073  SAINT version 6.45a; Bruker AXS Inc.: Madison, WI, 2001. (b) Sheldrick,
A). Data collection was controlled using the program SMART, data G. M. SHELXS-97 University of Gdtingen: Gitingen, Germany, 2003.




