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Simple tribenzyl complexes of lanthanum, [La(@FH4-4-R)(THF)s] (R = H (1a), Me (1b)), were
prepared in a remarkably straightforward fashion from L&B#F), and potassium benzyl reagents. Single-
crystal X-ray diffraction revealed a fac arrangement of the three THF ligands;abihding of the
benzyl groups. These compounds are convenient precursors to other organolanthanum complexes. Reaction
of lawith the amidine ArN=CPhNHAr (Ar= 2,6-P,C¢Hs) affords the corresponding mono(amidinate)
dibenzyl derivative?2. Complexlb reacts with LiICHCsH;-4-Me to give the THF-free anion [La(GBsH4-
4-Me)]~ (3). Reactions ofl with 1 or 2 equiv of [PhNMeH][B(CsXs)a] (X = H, F) generate the
corresponding mono- and dicationic benzyl species [La(@GH4-4-Ru(THF)4]" (4) and [La(CHCeH.-
4-R)(THF)]?* (5), which were structurally characterized. Scouting ethylene polymerization experiments
indicate that these species are only modestly active catalysts but suggest that the monocationic dibenzyl
species is more efficient. Both neutral and cationic lanthanum benzyl complexes effect the catalytic
intramolecular hydroamination/cyclization of 2,2-dimethyl-4-pentenylamine. It was also observed that
polycationic La species without ancillary ligands effectively catalyze the isomerization of the substrate
to (E)-2,2-dimethyl-3-pentenylamine.

Introduction followed by addition of LH! Nevertheless, readily accessible
yet reactive homoleptic trialkyl complexes of these metals would
be very usefuf.Early attempts to prepare homoleptic tribenzyl
complexes of NBland Ld were reported but were inconclusive
as to the existence of these species. For the former, decomposi-
tion to the alkylidene [PhCHNd=CHPh] was proposed, whereas
for the latter decomposition to form [PhGER(H)OCH=CH,-
(THF);] was suggested. Very recently, Harder reported the
synthesis of rare-earth tribenzyl complexes bearing intramo-
lecularly coordinating groups on the aryl moiétyere we
describe a straightforward synthesis of the neutral, salt-free
lanthanum tribenzyl complexes La(@Ph)(THF); and La(CH-
Ph-4-Me}(THF)s. With several examples, their use as precursors
to other neutral and cationic lanthanum benzyl complexes is
illustrated. Their catalytic performance in ethylene polymeri-
zation and intramolecular hydroamination/cyclization was also
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Homoleptic trialkyl complexes of the type M(GBiMes)s-
(THF), (n = 2, 3) of the group 3 metals and lanthanitlase
valuable starting materials for organo-rare-earth-metal chem-
istry2 They are readily prepared from the corresponding metal
trinalides and are sufficiently thermally stable to be handled
conveniently. Unfortunately, they are only available for the rare-
earth metals in the small to medium size range (Sc, Y, and Ln
= Lu—Dy). For the larger lanthanide metals, such as Nd and
La, salt-free neutral species of this type are only available for
very large alkyl groups, in particular CH(SiMg=2 which
hamper further reactivity. Recently we showed that for these
metals various (L)Ln(CkBiMes), species (L= monoanionic
ligand) can be obtained in moderate yield from in situ
procedures, reacting Ln trihalides with 3 equiv of {8&CH,Li

Results and Discussion
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Scheme 1

THF, 0 °C

LaBr3(THF)4 + 3 KCH,CgH4-4-R
3(THF)4 2CeHy 3KBr

(R =H, Me)

Figure 1. Molecular structure of [La(CHPh)(THF)s] (1a), with
50% probability ellipsoids. Selected interatomic distances (A) and
angles (deg): LaC(1) = 2.648(2), La-C(2) = 2.968(2), La-
C(8)=2.649(2), La-C(9)= 2.972(2), La-C(15)= 2.639(2), La-
C(16)=2.994(2), La-O(1)= 2.6779(16), LaO(2) = 2.6630(15),
La—O(3) = 2.6497(16); La-C(1)—C(2) = 88.05(13), La-C(8)—
C(9)=88.09(13), La-C(15)-C(16)= 89.53(14), O(1}La—0(2)

= 72.90(5), O(1)yLa—0O(3) = 74.59(5), O(2)La—O(3) = 74.06(5).

the KBr) and subsequent crystallization from THF/hexane,
afforded La(CHPh)(THF); (1a) and [La(CHCgHs-4-Me)s-
(THF)3] (1b) as analytically pure orange-yellow crystals in 57%
and 45% isolated yields, respectively (Scheme 1). A crystal
structure determination ofia (Figure 1; crystal data and
collection parameters are given in Table 4) revealed that the
metal center is bound to threé-benzyl groups, with LaaCH,—

Cipso @angles of 88.6-89.5(1y, and three THF molecules. The
latter are located in a facial arrangement on one side of the
molecule, with G-La—O angles of 72.9674.59(5%. The
p-tolyl derivative 1b is essentially isostructural witha, with
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Figure 2. Top view of the molecular structure of [La(GEtH4-
4-Me)(THF);] (1b), with 50% probability ellipsoids. Selected
interatomic distances (&) and angles (deg)—CG{1) = 2.6163(19),
La—C(2) = 2.961(2), La-C(9) = 2.627(2), La-C(10) = 2.989-
(2), La—C(17) = 2.634(2), La-C(18) = 2.960(2), La-O(1) =
2.7067(14), LaO(2)= 2.6971(16), LaO(3) = 2.6732(16); La-
C(1)—-C(2)=88.76(12), La-C(8)—C(9)= 89.57(12), La-C(17)—
C(18) = 87.96(11), O(1yLa—0(2) = 74.97(4), O(1)yLa—0(3)
= 71.96(4), O(2)-La—0O(3) = 75.27(5).

the amidine ArN=CPhNHAr (Ar = 2,6-P,CgH3)t in THF
solvent generates cleanly the monoamidinate dibenzyl com-
plexes [PhC(NAR]La(CH2CeH4-R)2(THF), (R = H, Me) with
elimination of 1 equiv of toluene op-xylene, respectively
(Scheme 2). A preparative-scale reactionlaf with ArN=
CPhNHAr, followed by crystallization from hexane/THF, af-
forded [PhC(NAnR]La(CH,CgHs)2(THF) (2) in 70% isolated
yield. A crystal structure determination &f(Figure 3; crystal
data and collection parameters are given in Table 4) shows that
in this complex one of the two remaining benzyl groups is again
n?bound to the metal, with a LaC(39)-C(40) angle of
83.3(1y. The other, with a LaC(32)-C(33) angle of 87.0(3)

has a phenyl group that is significantly tilted, suggesting an
n°-like bonding, with a short LaC, distance (La-C(34)) of
3.030(3) A. Such am? coordination mode has been observed
before in lanthanide metallocene benzyl compleikdarobably

in response to thg" bonding of the benzyl groups, complgx
only contains a single coordinated THF molecule, whereas two
were found in the related bis((trimethylsilyl)methyl) complex
[PhC(NAr)]La(CH;SiMes),(THF),.4* The room-temperature
13C NMR spectrum of in C¢Dg shows a single resonance for
the La—CH, groups at 69.5 ppm {Jcy = 136 Hz). In THF-

comparable bond lengths and angles around the lanthanumdg solvent, this resonance is observeddaf1.1 ppm {cy =

center (Figure 2). Due to thg? coordination of the benzyl
ligands to lanthanum, the structuresl#b deviate from the
octahedral geometry observed for [Y(€5iMes)s(THF)3].Xf The
latter readily loses one THF molecule to adopt the trigonal-
bipyramidal geometry more common for the small- to medium-
sized group 3 and lanthanide memb¥rs.

Complexeslab are rather poorly soluble in hydrocarbon
solvents but quite soluble in THF. In THél; both compounds
show one singletH NMR resonance for the benzyl methylene
protons, suggesting an averaged structure in solution of at leas
Cs, symmetry. The benzyl methyled& NMR resonances are
found ato 67.2 ppm {Jcy = 133 Hz;1a) andd 66.0 ppm Jcn
= 131 Hz;1b).

Reactivity with an Amidine and a Lithium Benzyl Re-
agent.NMR tube reactions of the tribenzyl complexissb with

(9) Prepared according to the procedure described by: Schlosser, M.;
Hartmann, JAngew. Chem., Int. Ed. Engl973 12, 508.

(10) Emslie, D. J. H.; Piers, W. E. Parvez, Kdirganometallics2002
21, 4226.

131 Hz). The slight, but significant, reduction of the latts,
coupling constant relative to that in benzene may indicate
(reversible) binding of an additional THF molecule in this
solvent.

Reaction of the tribenzyl completb with 1 equiv of
LiCH2CgHs-4-Me in THF generates the ionic compound [La-
(CH.CeH4-4-Me)][Li(THF) 4] (3) (Scheme 2), obtained by
crystallization from THF/hexane as red-orange crystals in 52%

tyield. The room-temperature solution NMR spectra3oére

(11) Ogata, S.; Mochizuki, A.; Kakimoto, M.-A.; Imai, YBull. Chem.
Soc. Jpnl1986 59, 2171. (b) BoereR. T.; Klassen, V.; Wolmershaer,
G.J. Chem. Soc., Dalton Tran$998 4147. (c) Bambirra, S.; van Leusen,
D.; Meetsma, A.; Hessen, B.; Teuben, J.Ghem. Commur2003 522.

(12) Forn3-bound benzyls to Ln see: (a) Booij, M.; Meetsma, A. Teuben,
J. H. Organometallics1991, 10, 3246. (b) Evans, W. J.; Perotti, J. M,;
Ziller, J. W.J. Am. Chem. So@005 127, 3894. Forp*-bound benzyls to
Ln see: (c) Mandel, A.; Magull, Z. Anorg. Allg. Chem1996 622 1913.
(d) Mandel, A.; Magull, JZ. Anog. Allg. Cheml 997, 623 1542. (e) Hayes,
P. G.; Piers, W. E.; Lee, L. W. M,; Knight, L. K.; Parvez, M.; Elsegood,
M. R. J.; Clegg, W.Organometallic2001, 20, 2533.
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Scheme 2

i

- CH3CgHs
(R=H)

LiCH,Ph-4-Me

—’//
4

(R = Me)

Figure 3. Molecular structure of [PhC(NAg)La(CH,Ph)(THF)

(2), with 50% probability ellipsoids. Selected interatomic distances
(A) and angles (deg): 1-aC(32)= 2.590(5), La-C(33)= 2.897(5),
La—C(34) = 3.030(3), La-C(38) = 3.813(2), LaC(39) =
2.632(3), La-C(40) = 2.847(5), La-C(45)= 3.401(5), La-N(1)

= 2.497(3), La-N(2) = 2.581(3), LaO(1) = 2.557(3); La
C(32)-C(33) = 87.0(3), La-C(39)-C(40) = 83.3(2).

simple, indicative of a symmetrically averaged structure of the
La—tetrabenzyl anion. In a comparison of the spectralnd

3, the benzyl methylen&H and3C NMR resonances i are
shifted upfield § 1.11 and 62.0 ppm, respectively, ¥s1.36
and 66.0 ppm irlh). The XJcy coupling constant ir8 of 139

Hz is significantly larger than the 131 Hz fab. Single-crystal
X-ray diffraction of 3 (Figure 4; crystal data and collection

[Li(THF),]*

Figure 4. Molecular structure of [La(CkCeH4-4-Me)][Li(THF) 4]
(3), with 50% probability ellipsoids. The cation is omitted for clarity.
Selected interatomic distances (A) and angles (deg): Eat1)1)

= 2.616(3), La(1)}C(12) = 3.004(3), La(1)}C(19) = 2.635(2),
La(1)-C(110) = 2.835(2), La(1)C(117) = 2.658(3), La(1)
C(118)= 2.871(2), La(1y C(125)= 2.658(3), La(1)C(126)=
2.839(2); La(1)C(11)-C(12)=90.80(14), La(1}yC(19)-C(110)

= 82.78(13), La(1)yC(117)-C(118)= 83.36(15), La(1) C(125)
C(126)= 81.97(14).

tribenzyl complexesla and 1b with 1 or 2 equiv of the the
Bronsted acid [PhNM#l][B(C¢Fs)4] in THF-dg solvent generate
cleanly (as seen by NMR spectroscopy) the ionic species [La-
(CH2CeH4-R)2(THF-0g)][B(C6Fs)4] (R = H (4a), Me (4b)) and
[La(CH2CeH4-R)(THFdg)ml[B(CeFs)a]2 (R = H (58), Me (5h)),
respectively, accompanied by liberation of tolueng@-otylene

parameters are given in Table 4) shows the four benzyl ligandsand free PhNMg

in the anion to bej?-bound to the metal. A similar complex,
but with a MgSi substituent on the 2-position of the benzyl
group, [La(CHCsH4-2-SiMe3)4][Li(THF) 4], was recently re-
ported by Harde? The average LaCH, and La--Cis, distances

Compoundst and5 are related to the mono- and dicationic
alkyl species [Ln(CHSiMes)z(THF),]™ and [Ln(CHSiMes)-
(THF),]2" of the smaller rare-earth metals (enSc, Y, Th—
Lu) reported by Okuda et a%:" The 13C NMR spectrum o#a

in 3 of 2.64 and 2.88 A, respectively, are somewhat shorter shows a single resonance for the-t@H, groups a® 71.3 ppm

than those in the more sterically congeste8iMe; analogue
(2.69 and 2.94 A).

Generation and Structure of Cationic Lanthanum Benzyl
Complexes.Complexesla and 1b can be used as precursors

(Jcn = 134 Hz). In the dicatio®a, the corresponding resonance
is found até 78.9 ppm {cn = 130 Hz).

The coupledb/5b follows the same trend in chemical shift
for the benzyl methylene groups. The +&H, C NMR

to cationic lanthanum benzyl complexes. Reactions of the resonances move downfield from 70.6 ppis{= 134 Hz) in
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Scheme 3

[HNMe2Ph][B(CgHs)4]

> [B(CeHs)al”
THF
2+
R
2 HNMe,Ph][B(CsH .
R =H, Me \ [HNMe,PhI[B(CeHe)dl [B(CoHs)dl 2
THF

the monocatiorb to 78.0 ppm Jcn = 130 Hz) for the dication
5b. This trend is also observed in the respectit NMR
spectra. The triad from the neutrkh over the monocatioda
to the dication5a displays the LaCH, resonances a 1.41,
1.74, and 1.85 ppm, respectively, in response to the increased
positive charge at the metal center. For ph®lyl species these
chemical shifts are observed from the neutral comfilexl.36
ppm) via the monocatiodb (1.63 ppm) to the dicatioBb (1.79
ppm). Reaction ofla or 1b with 3 equiv of [PhNMeH]-
[B(CeFs)4] in THF-dg appears to generate the alkyl-free species
[La(THF)]3"[B(CsFs)4]3~. This is based on the disappearance
of all resonances of lanthanum-bound benzyl groups and the
emergence of 3 equiv of either toluenepexylene, as seen by
IH NMR spectroscopy. Reaction of the dibenzyl comexith
[PhNMeH][B(C¢Fs)4] in THF-dg solvent cleanly generates the
ionic specieg [PhC(NAry]La(CH,Ph)(THFdg),} [B(CsFs)4] (6).
Its 13C NMR spectrum shows the remaining benzyl methylene Figure 5. Molecular structure of [La(CHPh)(THF),][B(CeHs).]
resonance ab 78.2 ppm {cn = 130 Hz). (4d), with 50% probability ellipsoids. Selected interatomic distances
To facilitate the crystallization of the ionic lanthanum benzyl (&) and angles (deg): La(¥)C(18) = 2.649(4), La(1)-C(19) =
species to allow single-crystal structure determinations, the 2.936(3), La(1)-C(110)= 3.052(2), La(1)}-C(11)= 2.592(2), La-
corresponding tetraphenylborate salts were prepared using thd1)—C(12)= 2.959(2), La(1)}-C(17)= 3.057(2), La(1) O(11)=
Bronsted acid [HNMgPh][BPh]. Reactions of the tribenzyl ~ 2:989(2), La(1)}-0O(12)= 2.584(2), La(1)O(13) = 2.579(2), La-
complexeslab with 1 equiv of [HNMe&Ph][BPhy] in THF (1)~0(14) = 2.554(2); La(1yC(11)-C(12) = 89.8(2), La(1)-
. ) . C(18)-C(19)= 86.7(2), O(11) La(1)-0(12)= 74.78(7), O(11)
solvent at ambient temperature produce clear solutions. Coo"ngLa(l)—O(13)= 74.63(7), O(12yLa(1)-0O(13) = 79.57(7).
these solutions te-30 °C afforded the ion pairs [La(Ci€eH4- '
4-R)(THF)][B(CeHs)a] (R = H (4a), Me (4b')) inabout 70% 14 (average LaO = 2.664 A). The fourth THF molecule is
yield as plate-shaped crystals. Similarly, reactioribfwith 2 located at the other side of the cation and essentially replaces
equiv of [HNMePh][BPhy] in THF, followed by coolingto-30  the abstracted benzyl group. The remaining two benzyl ligands
°C, afforded crystals obb’ in 61% yield (Scheme 3). The  jare tilted to suggest an® bonding mode. The two short k-a
corresponding parent benzyl dicatiéa appears to be much  .c ... distances are 3.057(2) and 3.052(2) A for C(17) and
less soluble and precipitates as an oil that gradually solidified c(110), respectively. The aCH, bond distances ida of
upon rinsing with hexanes. 2.649(4) and 2.592(2) A are somewhat longer than those in the
The molecular structure of the cation 4&, [La(CHzphk' seven-coordinate Comp|exes [[]%(Q_Z_HZNMEZ){ CH(SlMe;)‘
(THF)4]™, is shown in Figure 5 (crystal data and collection (SiMe,CH,)}La(THF),][BPh]® and [PhC(NAr)}La(CH,-
parameters are given in Table 4). Three THF molecules {011  SjMes)(THF),][BPh4], % where the La-CH, bond distances are

013) coordinate to the lanthanum center in a facial arrangement2 485(9) and 2.510(4) A, respectively. The multihapto bonding
with La—O distances of 2.579(22.589(2) A. These LaO

bond lengths are much shorter than those in the neutral precursor (13) Izod, K.; Liddle, S. T.; Clegg, WChem. Commur2004 1748.
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Figure 6. Molecular structure of [La(CkHPh-4Me)(THF)]-
[B(CeHs)4]2 (5b'), with 50% probability ellipsoids. Selected inter-
atomic distances (A) and angles (deg): La{C(11)= 2.534(3),
La(1)-C(12)= 2.968(3), La(1)C(17)= 3.136(3), La(1)-O(11)
= 2.6835(19), La(1yO(12)= 2.588(2), La(1}O(13)= 2.5954(19),
La(1)-0O(14) = 2.5632(19), La(1)}O(15) = 2.5754(19), La(Ly
0O(16) = 2.5127(19); La(1>C(11)-C(12) = 92.27(17), O(11>
La(1)-0(12)=69.17(6), O(11)yLa(1)—O(16)= 71.58(6), O(12);
La(1)—0(13)= 77.39(6), O(13)La(1)—O(15)= 73.90(6), O(15)
La(1)-0O(16) = 73.66(6), O(14yLa(1)-C(11) = 150.84(8),
O(14)-La(1)-C(12) = 163.45(8).

of the benzyl groups idd distorts the overall geometry of the
cation relative to that in the six-coordinate yttrium dialkyl
species [Y(CHSiIMes)2(THF)4]*, which is closer to a regular
octahedrorih

Whereas the overall geometry of the cationdid is still
closely related to that in the parent tribenzg this is no longer
the case for the dication ibb'. The molecular structure of this
cation is shown in Figure 6 (crystal data and collection

Bambirra et al.

Table 1. Catalytic Ethylene Polymerization Experiment$

precursor yield (g) activity 103My Mw/My,
1b/TiBAOP 0 none
2/TiIBAOP 0 none
1b/TiIBAQOY/B® 0.79 63 338.4 9.8
1b/TiIBAOY/2B 0.45 36 367.9 9.3
2/TiIBAObY/Be 0.74 59 89.5 14.6

aConditions: toluene solvent (30 mL), 5€, 10umol of La, 5 bar of
ethylene pressure, 15 min run tinfel00 umol of Al. ¢B = 10 umol of
[HNMe2Ph][B(CeFs)4]. @ In units of kg of PE (mol of La)! h1 bar ™.

more soluble tharia) with 1 or 2 equiv of the Brgnsted acid
[PhNMeH][B(CeFs)4]. Similarly, the cationic amidinate benzyl
species was generated frotnand 1 equiv of [PhNMgH]-
[B(CsFs)4]. All experiments were performed in the presence of
TiBAO (isobutylalumoxane, La/Af 1/10) at 50°C in toluene
solvent. The results are given in Table 1. The neutral complexes
1b and2, under the given conditions, were themselves inactive
for ethene polymerization.

The cationic species derived frohb show low activites, but
the monocationic species is clearly the more active of the'fwo.
The activity of the cationic amidinate benzyl species is higher
than that observed previously with the cation generated from
[PhC(NAr)]La(CH,SiMes),(THF)2,*° which may be associated
with the coordination of an additional THF molecule in the latter.
The polydispersities of the polymers obtained are broad, an
indication that the ethylene polymerization behavior of these
catalysts with very large metal centers is not straightforward.

(b) Intramolecular Hydroamination/Cyclization. Another
reaction that can be efficiently catalyzed by organolanthanide
catalysts is the intramolecular hydroamination/cyclization of
aminoalkened’~1° Although for catalytic olefin polymerization
it has been well established that cationic catalysts generally show
higher activities than related neutral species, this situation is

parameters are given in Table 4) and can be described as aot as clear-cut for the intramolecular hydroamination/cycliza-

capped pentagonal bipyramid. The structuréldgfis related to
that of the dicationic yttrium complex [YMe(THE]BPhg]»
reported by Okuda et alt,where the alkyl group is located in

tion reaction. The few comparative studies that have been carried
out suggest that the relative reactivity of cationic catalysts
relative to their neutral congeners is highly dependent on the

the apical position of the pentagonal bipyramid. The ipso carbon ancillary ligand systerd?2! We have compared the activities
atom C(12) of the benzyl group and O(14) occupy the axial of the various lanthanum benzyl species reported here in the
positions and the benzyl methylene carbon atom C(12) then capshydroamination/cyclization of the commonly used standard

the edge of two trigonal planes defined by C@2)(12-0(13)
and C(12)30(13)-0(15). The benzyl ligand is bound es-

substrate 2,2-dimethyl-4-pentenylamine to give 2-methyl-4,4-
dimethylpyrrolidine. The results are given in Table 2. All

sentially in any? fashion to the lanthanum center; the shortest cationic species were generated in situ from the listed com-
distance to one of the aromatic ortho carbon atoms is 3.136(8) pounds by reaction with [PhNME!][B(CeFs)4].

A. The lanthanummethylene carbon bond distance of 2.534-

A comparison of the neutral vs cationic amidinate lanthanum

3 Ais the shortest LaC bond length in the series studied benzyl species shows that both reactions are zeroth order in
here. As in the structure @fd, there are no obvious interactions  substrate (characteristic of rate-determining intramolecular alk-
between the dicationic lanthanum center and the two tetraphe-

nylborate anions in the lattice.
Catalysis Studies of Neutral and Cationic Lanthanum
Benzyl Complexes. (a) Ethylene Polymerization.While

(15) (a) Hessen, B.; Bambirra, S. World Pat. WO0232909, 2002. (b)
Hessen, B.; Bambirra, S. World Pat. WO04000894, 2004.

(16) (a) Forenhancectatalytic activity of dicationic Ln alkyls over the
parent monocationic species see: Ward, B. D.; Bellemin-Laponnaz, S.;

cationic alkyl complexes of the transition metals have long been Gade, L. H.Angew. Chem., Int. EQ005 44, 1668. (b) Reference 1i.

known as highly active catalysts for olefin polymerization,

related species of the rare-earth metals have only recently

become availabl& In the few comparative studies on olefin

polymerization catalysis by cationic lanthanide species that
include lanthanum derivatives, these showed very poor activities

compared to the intermediate size met&f$We have examined
the new lanthanum benzyl compounds for their activity in

ethylene polymerization. Cationic and dicationic catalysts were

generated in toluene solvent by reacting comgdlbXwhich is

(14) For recent reviews see: (a) Arndt, S.; OkudlaAdv. Synth. Catal.
2005 347, 339. (b) Gromada, J., Carpentier, J.-F.; Mortreux,Gaord.
Chem. Re. 2004 248 397.

(17) (a) GagheM. R.; Marks, T. JJ. Am. Chem. Sod989 111, 4108.
(b) GagrieM. R.; Stern, C. L.; Marks, T. J1. Am. Chem. S0d.992 114,
275. (c) Li, Y.; Marks, T. JJ. Am. Chem. S0d996 118 9295. (d) Li, Y.;
Marks, T. J.J. Am. Chem. S0d.998 120, 1757.

(18) (a) Burgstein, M. R.; Berberich, H.; Roesky, P. \@hem. Eur. J.
2001, 7, 3078. (b) Kim, Y. K.; Livinghouse, TAngew. Chem., Int. Ed.
2002 41, 3645. (c) Kim, Y. K.; Livinghouse, T.; Horino, YJ. Am. Chem.
Soc. 2003 125 9560. (d) Hultzsch, K. C.; Hampel, F.; Wagner, T.
Organometallics2004 23, 2601.

(19) (a) Gribkov, D. V.; Hultzsch, K. C.; Hampel, Ehem. Eur. J2003
9, 4796. (b) Gribkov, D. V.; Hultzsch, K. C.; Hampel, B. Am. Chem.
Soc.2006 128 3748.

(20) Lauterwasser, F.; Hayes, P. G.;'8#aS.; Piers, W. E.; Schafer, L.
L. Organometallics2004 23, 2234.

(21) Bambirra, S.; Tsurugi, H.; van Leusen, D.; Hesser#&ton Trans.
2006 1157.



Lanthanum Tribenzyl Complexes Organometallics, Vol. 25, No. 14, 28859

Table 2. Catalytic Hydroamination/Cyclization of /\></ [Lap3* /\></

2,2-Dimethyl-4-pentenylamine by Neutral and Cationic NH, ——» NHz (1)
Lanthanum Benzyl Complexe$

catalyst time/h conver$to kislc first order in substrate and proceeds, under the chosen condi-
1b 10 45 e tions, essentially to completion 2 h (Table 3). Isomerization
1b/B 0.7 99 6.21x 102 of this and related aminoalkene substrates was observed
10?/28 14 99 3.43< 107 z previously as a side reaction in thBuLi-catalyzed hydroami-
ZZBd 22-8 gg g?gi ig“ nation/cyclization and attributed to allylic deprotonation/repro-
3 12 35 1.88x 103 tonation?® In case of the La polycationic species, the strong
3/1B 10 31 e Lewis acidity of the metal center and the presence of amines

aConditions: GDsBr solvent (total volume 0.5 mL), 58C, 10umol of (substrate, product, and PhNBjién the reaction mixture may

catalyst and [PhNMgH][B(CeFs)4] (B) activator where appropriate, 1.0 combine in promoting this isomerization.
mmol of substrate? Determined by!H NMR. ¢Over the first 50%

conversiondIn C¢Ds solvent.® Not determined, due to the poor solubility Conclusions

of the catalyst.

The lanthanum tribenzyl complexgprovide easily prepared

Scheme 4 neutral and salt-free homoleptic trialkyl complexes that are

[La]—R sufficiently reactive to serve as convenient starting materials

for organolanthanum chemistry. Reactions with organic mol-

H2N\></\ -RH ecules containing active protons can provide derivatives with

anionic ancillary ligands, and solvated cationic benzyl deriva-
H tives can be obtained by reaction with ammonium salts. These
A lanthanum benzyl species are active for some of the best known
L] y\ reactions catalyzed by rare-earth-metal compounds (ethene
polymerization, hydroamination/cyclization).
H * As the synthesis of salt-free rare-earth organometallics is
[La]/% usually most problematic for the largest metal, lanthanum, it is
R likely that related tribenzyl species will also be readily available
for the smaller sized rare-earth metals. They should provide a
N rate-determining step convenient starting point for studies addressing the effect of
rare-earth-metal ionic radius on reactivity.

el X

ene insertion into the metahmide bond; Scheme 4). The
cationic species is nearly 2 orders of magnitude slower than
the neutral catalyst. This observation is similar to that made by

us on tlhe related amidinate ((trimethylsilyl)methylyttrium diethyl ether, and THF were distilled from Na or Na/K alloy before
systemz. .N?Ver‘h?'?,ssl although the YandLa r}eutrgl catalysts use or purified by percolation under a nitrogen atmosphere over
dlspla}y similar activities, the cationic La catalyst is 3 times faster .qjumns of alumina, molecular sieves, and supported copper oxygen
than its analogue with the smaller metal Y. scavenger (BASF R3-11). Benzedgand THF g were dried over
Although the activity of the neutral tribenzyb was difficult Na/K alloy and vacuum-transferred before use. Bromobendgne-
to quantify due to its poor solubilitf the mono- and dicationic  was degassed and dried over GaKCH,Ph-4-R (R= H, Me)®
derivatives showed good activities (comparable to that of the and [PhC(N-2,6-PsCsH3)-JH24 were prepared according to pub-
neutral amidinate catalyst). The monocationic system is nearly lished procedures. [PhNM][B(C¢Fs)s] (Strem) was used as
twice as active as the dicationic derivative. purchased. TIBAO was prepared by careful partial hydrolysis of
As the tribenzyl compleshb contains three coordinated THF ~ BuizAl (Witco) in toluene? For the polymerization experiments,
molecules, we attempted to use the anionic tetrabenzyl complexthe toluene solvent (Aldrich anhydrous, 99.5%) as well as the ethene
3 to generate unsolvated lanthanum benzyl cations by reaction(AGA, polymer grade) were passed over columns of oxygen

Experimental Section

General Considerations All experiments were carried out under
an inert atmosphere of purified,Nusing standard Schlenk and
glovebox techniques, unless mentioned otherwise. Toluene, pentane,

with the appropriate amounts of [PhNM[B(C¢Fs)s). Com- scavenger (BASF R3-11) and molecular sieves (4 A) befo_re beir_lg
pound3 itself is moderately active, and the intrinsic activity of ~Passed to the reactor. NMR spectra were recorded on Varian Unity
the derived neutral species, like that b, was difficult to 500, VXR 300, and Gemini 200 spectrometers. Gel permeation

determine due to poor solubility. Interestingly, the combination chromatography (GPC) analysis of the polyethylene was carried

of 3with 2 equiv of [PhNMeH][B(C¢Fs)4] resulted in relativel out by A. Jekel (University of Groningen) on a Polymer Labora-
rapid conve?sion 01[ the subs]t[ra(te,sbﬂ;l]yielded al2 mixtu)r/e of tories Ltd. (PL-GPC210) chromatograph using 1,2,4-trichloroben-
2-methyl-4,4-dimethylpyrrolidine andj-2,2-dimethyl-3-pen- zene (TCB) as the mobile phase at 18D. Elemental analyses

. . R were performed at the Microanalytical Department of H. Kolbe
tenylamine, the product of double-bond isomerization of the (Miilheim an der Ruhr).

substrate. _— . - . Synthesis of K(CH,Ph-4-Me). To a suspension of potassium
It turns out that the cationic Lewis acidic species generated o t.putoxide (5.6 g, 50 mmol) in xylene (100 mL) and hexanes
by thefull protonation of either solvatetlb or nonsolvatecd (100 mL) was added dropwise-butyllithium (20 mL, 2.5 M

can effectively isomerize 2,2-dimethyl-4-pentenylamine to 2,2- so|ytion in hexanes). The reaction mixture turned orange. The
dimethyl-3-pentenylamine (eq 1). The reaction appears to be

(23) Ates, A.; Quinet, CEur. J. Org. Chem2003 1623.

(22) Tsurugi, H.; Bambirra, S.; Hessen, B. Unpublished results. When  (24) Bambirra, S.; van Leusen, D.; Meetsma, A.; Hessen, B.; Teuben. J.
[Y(CH,SiMes)3(THF),] was exposed to solutions of the substrate 2,2- H. Chem. Commur2003 522.
dimethyl-4-pentenylamine indDs, cloudy suspensions were obtained, which (25) van Baar, J. F.; Schut, P. A.; Horton, A. D.; Dall'occo, T.; van
(remarkably) give clear solutions when [PhNM#[B(CeFs)4] was added. Kessel, G. M. M. World Pat. WO 00/35974, 2000.
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Table 3. Catalytic Isomerization of dg, 20°C): 6 6.92 (m, 2 H, Ar H), 6.87 (m, 5 H, Ph), 6.84 &yn
2,2-Dimethyl-4-pentenylamine to =7.5Hz, 4 H, Bzm-H), 6.81 (M, 4 H, Ar H), 6.41 (Jyy = 7.5
(E)-2,2-Dimethyl-3-pentenylamine by Hz, 4 H, Bzo-H), 6.32 (t,3Jun = 7.5 Hz, 2 H, Bzp-H), 3.41 (sept,

Cationic Lanthanum Species 3Jun = 6.6 Hz, 4 H, GiMe,), 1.76 (s, 4 H, LaCH), 1.19 (d,3Jun

catalyst time/h conver$¥ kIL mol~1s1 = 6.6 Hz, 12 H, PrMe), 0.85 (d,3J4y = 6.6 Hz, 12 H, PrMe).
10/3B 15 95 399 102 13C NMR (125.7 MHz, THFdg, 20 °C): 6 174.7 (NCN), 153.0
3/4B 2 96 3.43x 102 (BZ Gipso), 146.7 (Ph Gso), 141.5 (Ar Gyso), 134.7 (Ar C), 131.9

17, — =
aConditions: GDsBr solvent (total volume 0.5 mL), 58C, 10umol of (d, Jen = 160.0 Hz, Bz CH), 130.6 (der = 156.2 Hz, Ar CH),

catalyst, B= 10 umol of [PhNMeH][B(CsFs)s] activator, 1.0 mmol of 129.8 (dNen = 158.8 Hz, Ph CH), 128.3 (dJci = 161.5 Hz, Ph
substrateP Determined by:H NMR. CH), 125.2 (d ¢y = 158.7 Hz, Ph CH), 125.1 (dJcw = 153.6

Hz, Ar CH), 122.8 (d ey = 152.8 Hz, Bz CH), 117.6 (dJcy =
reaction mixture was stirred fod h atroom temperature. After 157.8 Hz, Bz CH), 71.1 (&Jc = 130.6 Hz, LaCH), 30.2 (d,}Jc
filtration, the orange solid was washed by continuous extraction = 126.6 Hz, PrCH), 26.8 (q,2Jcy = 125.0 Hz, PrMe), 24.7 (q,
with hot hexanes (Li@u removal) and dried under vacuum, 1j., = 124.8 Hz, PrMe).

yielding 6.5 g §46 mmol, 93%) of KCiPh-4-Me as a red, (b) Preparative Scale.Solid 1a(0.31 g, 0.50 mmol) and [PhC-
g)yrogihorlc solidH NMR (300 MHZé THid& 20°C): 65.97 (d, (N-2,6-Pi,CgHs3)]H (0.22 g, 0.50 mmol) were mixed and dissolved
Juw = 7.5 Hz, 2H, Arm-H), 5.62 (d, fHH = 7.5 Hz, 2H, Aro-H), in THF (30 mL). The solution was stirred at ambient temperature
1.94 (s, 2H, KCH), 1.78 (s, 3 H, Me)*C NMR (75.4 MHz, THF- 45,1 1y after which the volatiles were removed in vacuo. The residue

d, 200((;')1: g 154'5 (Ar Gpsg), 132.0 (dNw = 145.8 Hz, Ar lCH)' was dissolved in hexanes (5 mL) with some added THF (ca. 1.0
112.6 (d,New = 149.6 Hz, Ar CH), 105.7 (ACMe), 46.9 (t,"Jcn mL). Cooling to —30 °C afforded the crystalline title compound

= 149.2 Hz, KCH), 21.7 (q,%Jcy = 125.3 Hz, Me). ) o
Synthesis of LCHPh-4-Me). Solid KCHPR-4-Me (650 Mg, 3 1o 512 (3 11 A 1) .08 (o & 1 Py 6.06 (s 2 7.2
5.0 mmol) and LiBr (435 mg, 5 mmol) were mixed, and 50 mL of > Bzm-’H) 6,.69—6.,66 (m, 4 H Ar H) é_53 (i = 6.9
diethyl ether was added with stirring. The color of the suspension |, 4 1y’ Bzo-H) 6.42 (€3 = 6.9Hz 2 H ’sz-H) 362 (sept
changed from red to yellow, and the mixture was stirred for 3 h. 3\JH;—| —6.7Hz 4 H O—II\/]eﬁ 3.06 (M 4 HaiTHF) >34 (s, 4 H
The solvent was removed in vacuo, and the solids were extractedLaCHZ) 132 ’(d 3J’HH — 67 Hz 12 H Pr Me) 112 (m’ 4H
with toluene (50 mL). The filtrate was evaporated to dryness under [)’-THF), 1.03 (d ’3JHH — 6.7 Hz ’12 H b’rMe) 1,3(: NMR &75 4
reduced pressure, leaving the title compound as a yellow pyrophoric gy oy, , - : ) -
powder ([2100 mg, 3.5 mr%ol, 71%)H NpMR (300 Msz, Tleglolg,p ('\QHZ’ 5226522 C_)' 0 i;gg (ZC'\CI:)' 11530129(%5]%01 iggg |(_|Ph
20°C): 6 6.80 (d,3J = 7.7 Hz, 2H, ArmrH), 6.70 (d,3J = ps: 1415 (A Gosg) 132.9 (Ar C), 181.9 (dhideys = 156.2 Hz,
7.7 Hz, 2H, Aro-H), 2.32 (5, 3 H, Me), 1.90 (s, 2H, Licpt 1ic 02, CH). 1306 (dNey = 160.3 Hz, Ar CH), 128.9 (diJen =
NMR (75.4 MHz, THFég, 20 °C): 0 159.4 (Ar Gosg), 130.4 (d, 11J54'1_H1260P2 EH)’Pﬁzéﬂ (dl’]ggg 1;2'11_'21’ thcg ) i24'1H(d’
Uor = 156.0 Hz, Ar CH), 119.3 (diew = 150.6 Hz, Ar CH), o' 500y i’52 1H )’B oH (11’](?“2_(} 2.2 166’ r CH).
115.6 (ArCMe), 34.4 (t ey = 126.1 Hz, LICH), 22.3 (0. cx oy, 6(9 e e e )c 68(7 ’]C['J_ - l‘f7H62’HBZ
= 123.3 Hz, Me). Anal. Calcd for sBLi (mol wt 112.10): C, ), 694 (&, cr = 1990 Tz, Ha H), 68.7 (t, cn = 2400 N
85.72; H, 8.09; Li, 6.19. Found: C, 85.65; H, 8.93; Li, 6.08. ﬁ'Tiﬁ)Mzs'szg;‘JctHg 12_5?3';22 pdCH)’Tf"T’:'s (2q3, éCH _13125'2
Synthesis of [La(CHPR)s(THF)4] (1a). A solution of KCHy- 155 2 Hzeg;‘rMe.) ,gl‘waICHCach fo.r QgHZ’ﬁLaN (%‘(mo.l V\ftq é3§H94)'
Ph (1.56 g, 12.0 mmol) in 10 mL of THF was added to a suspension < —o <& /oo T Fo 0 il | él 20 28' H 732 N 324
of LaBry(THF), (2.70 g, 4.0 mmol) in THF (100 mL) at @C. The o e i e LT T e
resulting yellow suspension was stirred foh at 0°C, after which Reaction of 1b with AIN=CPhNHAr. Solid1b (67.0 mg, 100.0
the mixture was centrifuged and decanted from the KBr precipitate. #M0!) and [PhC(N-2,6-PiC¢Hz)2]H (44.0 mg, 100.Qumol) were
The solution was concentrated under reduced pressure to about 16"xed together and dissolved in 0.6 mL of Thk- NMR
mL, during which a crystalline solid formed. Pentane was layered SPectroscopy showed clean conversior{ fBhC(NAr)]La(CH,-
onto the mixture, and cooling t630°C afforded the title compound ~ PN-4-Me}(THF)4 and 1 equiv ofp-xylene.*H NMR (300 MHz,
as yellow-orange crystals (1.45 g, 2.3 mmol, 57%) NMR (300 THF-dg, 20°C): 0 6.94 (m, 2 H, Ar H), 6.90 (m, 5 H, Ph), 6.83
MHz, THF'dg, 20 OC): o 6.78 (t, 6H,3\]HH = 7.5 Hz, th—H), (m, 4 H, Ar H), 6.75 (d,S‘JHH =75 HZ, 4 H, BZmH), 6.30 (d,
6.22 (t,%)uy = 7.2 Hz, 3H, Php-H), 6.14 (d,%0uy = 7.5 Hz, 6H,  Jnn = 7.5 Hz, 4 H, Bzo-H), 3.42 (sept®Juy = 6.6 Hz, 4 H,
Pho-H), 1.41 (s, 6H, El,Ph).13C NMR (300 MHz, THFdg, 20 CHMe,), 1.79 (s, 4 H, LaCh), 1.18 (d,®)un = 6.6 Hz, 12 H, Pr
°C): 6 153.0 (Ph G, 131.4 (dMen = 152.9 Hz, Ph CH), 122.7  Me), 0.85 (42 = 6.6 Hz, 12 H, PrMe). C NMR (125.7 MHz,
(d, Yen = 153.0 Hz, Ph CH), 116.1 (&Jcys = 158.5 Hz, Ph CH), ~ THF-Og, 20°C): 6 174.4 (NCN), 149.5 (BZ Gysg), 146.7 (Ph Ges),
67.2 (t,Jon = 133.0 Hz, LaCH). Anal. Calcd for GsHaslaOs 143.2 (Ar Gpso), 134.7 (Ar C), 132.9 (diJcw = 160.0 Hz, Bz CH),
(mol wt 628.62): C, 63.05; H, 7.22. Found: C, 62.85; H, 7.13.  130.3 (d,"Jcx = 156.2 Hz, Ar CH), 128.3 (d\Jcw = 158.2 Hz, Ph
Synthesis of [La(CH,Ph-4-Me)(THF)3] (1b). A reaction on CH), 126.3 (dNcn = 157.5 Hz, Ph CH), 125.0 (dJcw = 158.7
the same scale and under the same conditions, but usingKCH HZ, Ph CH), 125.1 (diJcn = 151.4 Hz, Ar CH), 123.0 (diJch =
Ph-4-Me (1.7 g, 12.0 mmol) as benzylating agent, afforded the title 152.8 Hz, Bz CH), 69.8 (8Jcn = 130.5 Hz, LaCH), 30.1 (d,"Jew

compound as yellow-orange crystals (1.20 g, 1.8 mmol, 45pb). = 126.6 Hz, PrCH), 26.6 (q,"Jcn = 125.0 Hz, PrMe), 24.8 (g,
NMR (300 MHz, THF ¢, 20°C): 6 6.65 (d,3Juy = 7.6 Hz, 6H, Jon = 124.8 Hz, PrMe), 21.6 (q,"Jcn = 126.8 Hz, BMe).
m-H), 6.07 (d,2Jun = 7.6 Hz, 6H,0-H), 2.08 (s, 9 H, Me), 1.36 (s, Synthesis of [La(CHPh-4-Me)][Li(THF) 4] (3). Solid 1b (670

6H, LaCH,). 13C NMR (75.4 MHz, THFe€g, 20°C): 6 150.0 (Ar mg, 1.0 mmol) and LiCkPh-4-Me (112 mg, 1.0 mmol) were
Cipso), 132.0 (d,XJcn = 153.3 Hz, Ar CH), 125.0 (ACMe), 123.1 mixed, and THF (5 mL) was added with stirring. The red solution

(d, ey = 150.0 Hz, Ar CH), 66.0 (tiJcy = 131.2 Hz, LaCH), was stirred for 1 h, after which the solution was layered with
21.7 (9,%cy = 125.9 Hz, Me). Anal. Calcd for £gHs;L.aOz (mol hexanes (30 mL). Cooling t&-30 °C yielded the title compound
wt 670.70): C, 64.47; H, 7.66. Found: C, 64.36; H, 7.64. as red-orange crystals (450 mg, 52%j.NMR (300 MHz, THF-
Synthesis of [PhC(NAr)]La(CH >Ph)(THF) (2). (a) NMR- dg, 20°C): 6 6.51 (d, 8H 334y = 7.9 Hz, Arm-H), 5.70 (d,3Jun
Tube Scale.Solid 1a (63.0 mg, 100.Qumol) and [PhC(N-2,6- = 7.9 Hz, 8H, Aro-H), 2.06 (s, 12 H, Me), 1.11 (s, 8H, LaGH

Pri,CeHs)]H (44.0 mg, 100.0umol) were mixed together and  *3C NMR (75.4 MHz, THFdg, 20 °C): ¢ 150.0 (Ar Gyso), 132.7
dissolved in 0.6 mL of THRls. NMR spectroscopy showed clean  (d, 1Jcy = 152.0 Hz, Ar CH), 121.9 (Ar C), 120.7 (d)cyy = 153.0
conversion t® and 1 equiv of toluenéH NMR (500 MHz, THF- Hz, Ar CH), 62.0 (t,%Jcy = 139.6 Hz, LaCH), 21.8 (q,Jcy =
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Table 4. Crystal Data and Collection Parameters of Complexes 1a,b, 2, 3, '4and 54

la 1b 2 3 44 5b'

formula GgHs1LaOs CagHasLaOs CagHs1LaN0O [CaoHsela]™ [C3oHedLaOg] ™ [CaoHs7La0g]?t
[C16H32LiO4] T [C24H20B]~ [C24H20B] ~2:C4HgO
C4HgO
fw 628.62 664.66 832.94 927.02 928.83 1387.28
cryst color yellow orange orange orange yellow yellow
cryst size (mm) 0.5k 0.42x 0.53x 0.41 x 0.31x 0.11x 0.37x 0.31x 0.41x 0.34x 0.49x 0.27 x
0.37 0.33 0.07 0.26 0.10 0.25
cryst syst monoclinic triclinic orthorhombic triclinic orthorhombic _triclinic
space group (No.)  P2i/c(14) P1(2) Pbca(61) P1(2) Pbca(61) P1(2)
a(A) 14.092(1) 10.5672(8) 19.961(2) 13.599(1) 18.3872(9) 13.9488(8)
b (A) 10.443(1) 13.420(1) 15.566(1) 13.605(1) 18.3346(9) 15.7315(9)
c(A) 20.773(2) 15.033(1) 26.987(2) 15.016(1) 27.242(1) 17.528(1)
o (deg) 64.923(1) 71.147(1) 106.521(1)
p (deg) 100.879(2) 73.314(1) 89.847(1) 96.670(1)
y (deg) 73.363(1) 67.519(1) 98.939(1)
V (R3) 3002.1(5) 1816.0(2) 8385.2(12) 2406.0(3) 9183.9(7) 3590.1(4)
4 4 2 8 2
Peales g CNTS 1.391 1.215 1.320 1.280 1.343 1.280
u(Mo Ka), cmt 14.53 12.05 10.56 9.32 9.76 6.5
F(000), e 1296 684 3472 976 3872 1456
6 range (deg) 3.33,28.28 3.63, 28.28 2.54,26.02 2.56, 28.28 2.48, 26.37 2.46, 28.28
R1 0.0290 0.0236 0.0423 0.0320 0.0365 0.0425
wR2 (all data) 0.0716 0.0664 0.1077 0.0790 0.0859 0.1085
index rangesHhkl) +18,+13,+27 +14,+17, +24,+19, —18to+17,+18, +22,+22, +18,—19 to+20,
—19 to+20 —31to+33 —19to+20 —34to+29 —22to+23

T(K) 100(1) 100(1) 100(1) 100(1) 100(1) 200
GOF 1.043 1.116 1.025 1.025 1.016 1.521

125.5 Hz, Ar Me). Anal. Calcd for gH7sBLaOs (mol wt 854.91):
C, 67.44; H, 8.02; La, 16.25; Li, 0.81. Found: C, 67.28; H, 7.88;
La, 16.11; Li, 0.84.

Reaction of 1a with 1 Equiv of [HNMe,Ph][B(CeFs)4]. Solid
[La(CH,Ph)(THF)3] (31 mg, 50.Qumol) and [HNMePh][B(CsFs)4]
(40 mg, 50.Qumol) were mixed, and THIgs (0.6 mL) was added.

dg, 20°C): 6 7.26 (br, 8H, BPRo-H), 7.03 (t,3Juy = 7.5 Hz, 4
H, PhmH), 6.85 (t, 7.3 Hz, 8H, BPhmH), 6.72 (t, 7.1 Hz, 4H,
BPh, p-H), 6.50 (t,3)4y = 7.5 Hz, 2 H, Php-H), 6.26 (d,3Jun =

7.6 Hz, 4 H, Pfo-H), 1.69 (s, 4H, LaCh). 13C NMR (75.4 MHz,
20 °C, THF-dg): 6 165.8 (q,ce = 49.6 Hz, BPh Cipso), 150.5
(Ph Gpso), 137.9 (dt, ey = 153.6, 7.3 Hz, BPho-H), 132.7 (dd,

The obtained solution was transferred to an NMR tube and analyzed'Jcy = 156.6, 7.7 Hz, Ph CH), 126.7 (d, 152.5 Hz, BRhH),

by NMR spectroscopy, which showed full conversion to the ionic
species [La(CHPh)L(THF-dg)n][B(CeFs)4] (4d), 1 equiv of toluene,
and free PhNMg H NMR (300 MHz, THF4g, 20 °C): 4a, ¢
7.09 (t,33yn = 7.6 Hz, 4 H, Phm-H), 6.50 (t,3Jyy = 7.6 Hz, 2 H,
Php-H), 6.33 (d 3.y = 7.6 Hz, 4 H, Pto-H), 1.74 (s, 4 H, LaEl,);
PhNMe, d 7.12 (t,3Juny = 7.8 Hz, 2 H, Phm-H), 6.63 (d,3Jup =
7.8 Hz, 2 H, Pho-H), 6.54 (t,3J4y = 7.00 Hz, 1 H, Ptp-H), 2.82
(s, 6H, Me); GHg, 0 7.18 (t,3J4y = 7.2 Hz, 2 H, Phm-H), 7.11
(t, 3Jyn = 7.2 Hz, 2 H, Pho-H), 7.07 (t,3Jyn = 7.2 Hz, 2 H, Ph
p-H), 2.24 (s, 3 H, Me)*C NMR (75.4 MHz, THFdg, 20 °C):
4a, 6 150.5 (Ph Gso), 149.9 (dNcr = 242.6 Hz, GFs), 140.0 (d,
cr = 245.2 Hz, GFs), 138.5 (d,"Jcr = 243.6 Hz, GFs), 132.8
(d, Ycn = 155.6 Hz, Ph CH), 123.8 (dJcn = 156.1 Hz, Ph CH),
119.6 (d,"Jey = 162.0 Hz, Ph CH), 71.3 (&Jcy = 133.7 Hz,
LaCH,); PhNMe, 6 152.4 (Ph Gso), 130.2 (d,*Jcy = 161.0 Hz,
Phm-CH), 117.7 (d}Jcy = 161.0 Hz, Ptp-CH), 114.0 (d}Nch =
154.6 Hz, Pho-CH), 41.2 (s, Me).

Reaction of 1a with 2 Equiv of [HNMe,Ph][B(CeFs)4]. Solid
1a(31.0 mg, 50.Qemol) and [HNMePh][B(CsFs)4] (80.0 mg, 100.0
umol) were mixed, and THFs (0.6 mL) was added. The obtained
solution was transferred to an NMR tube and analyzed by NMR
spectroscopy, which showed full conversion to the ionic species
[La(CHoPh)(THFdg)n][B(CeFs)4]2 (53), 2 equiv of toluene, and free
PhNMe. 'H NMR (300 MHz, THF€g, 20°C): ¢ 7.29 (t,3Jun =
7.5 Hz, 2 H, Phm-H), 6.82 (t,3Jun = 7.5 Hz, 1 H, Php-H), 6.65
(d, 334y = 7.2 Hz, 2 H, Pho-H), 1.85 (s, 2 H, LaCh). 13C NMR
(75.4 MHz, THF4dg, 20°C): 6 148.0 (Ph Gso), 133.6 (d,XJcn =
157.5 Hz, Ph CH), 125.4 (dJcn = 154.1 Hz, Ph CH), 122.8 (d,
ey = 160.5 Hz, Ph CH), 78.9 (£Jcy = 130.0 Hz, LaCH)).

Synthesis of [La(CH,Ph)(THF) 4[B(CeHs)4] (4a"). THF (0.5
mL) was added to a mixture of 63 mg (1@@nol) of 1a and 44
mg (100umol) of [HNMe,Ph][BPhy]. The resulting yellow solution
was cooled to-30 °C for 3 days, producing yellow crystals of the
titte compound (69 mg, 68mol, 75%).'H NMR (300 MHz, THF-

123.7 (dt,}Jcy = 152.0, 7.2 Hz, Ph CH), 122.7 (dt, 155.5, 8.2, 7.3
Hz, BPh p-H), 119.4 (dt,*Jcy = 162.0, 7.4 Hz, Ph CH), 71.1 (t,
LJcn = 133.5 Hz, LaCH). Anal. Calcd for G4HgslLaBO, (mol wt
928.83): C, 69.83; H, 7.16. Found: C, 69.58; H, 6.83.
Synthesis of [La(CH,Ph)(THF)g][B(CeHs)4]2 (5d). THF (0.5
mL) was added to a mixture of 63 mg (1@@nol) of 1a and 88
mg (200umol) of [HNMe,Ph][BPhy)]. From the resulting yellow
solution an oil precipitated. The supernatant was decanted off, and
the oil was rinsed with hexanes. Drying of the residue in vacuo
gave yellow microcrystallinésa (69 mg, 75%).'H NMR (300
MHz, room temperature, THBg, 20 °C): 6 7.11 (t,33yy = 7.4
Hz, 4 H, Phm-H), 6.80 (t,3Juy = 7.4 Hz, 2 H, Php-H), 6.60 (d,
8Juy = 7.4 Hz, 4 H, Pho-H), 1.84 (s, 2H, LaChk). For resonances
of the anion, see the data fde. Anal. Calcd for GoHgsLaB,Og
(mol wt 1301.15): C, 72.93; H, 7.36. Found: C, 72.42; H, 6.95.
Reaction of 1b with 1 Equiv of [HNMe,Ph][B(C¢Fs)4]. Solid
1b (34 mg, 50.0umol) and [HNMePh][B(CsFs)4] (40 mg, 50.0
umol) were mixed, and THFg (0.6 mL) was added. The obtained
solution was transferred to an NMR tube and analyzed by NMR
spectroscopy, which showed full conversion to the ionic species
[La(CH,Ph-4-Me}(THF-dg)n][B(CeFs)4] (4b), 1 equiv ofp-xylene,
and free PhNMg H NMR (300 MHz, THF#dg, 20 °C): 4b, ¢
6.72 (d,33yny = 7.7 Hz, 4 H, Arm-H), 6.12 (d,3Juy = 7.7 Hz, 2
H, Ar o-H), 2.09 (s, 6 H, Me), 1.63 (s, 4 H, LaGH p-CgH10, 0
6.93 (s, 4 H, Ar H), 2.18 (s, 6 H, Me}*C NMR (75.4 MHz, THF-
ds, 20°C): 4b, 6 149.2 (Ar Gpso), 132.4 (dXJcy = 151.3 Hz, Ar
m-CH), 129.2 (ArC-Me), 123.5 (dXJcy = 152.7 Hz, Aro-CH),
70.6 (t,"Jcy = 134.0 Hz, LaCH), 21.5 (q,"Jc = 125.0 Hz, Me);
p-CgHio, 136.2 (Ar C), 130.6 (d*Jcy = 155.5 Hz, Ar CH), 22.1
(g, YUcn = 125.7 Hz, Me).
Reaction of 1b with 2 Equiv of [HNMe,Ph][B(C¢Fs)4]. Solid
1b (34.0 mg, 50.«mol) and [HNMePh][B(CsFs),] (80.0 mg, 100.0
umol) were mixed, and THFg (0.6 mL) was added. The obtained
solution was transferred to an NMR tube and analyzed by NMR
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spectroscopy, which showed full conversion to the ionic species
[La(CH,Ph-4-Me)(THFég)n][B(CsFs)4]2 (5b), 2 equiv ofp-xylene,

and free PhNMg H NMR (300 MHz, THFds, 20 °C): 6 7.14

(d, 3Jyn = 7.5 Hz, 2 H, Arm-H), 6.57 (d,3J4y = 7.5 Hz, 2 H, Ar
0-H), 2.20 (s, 3 H, Ap-H), 1.79 (s, 4 H, LaCh). 13C NMR (75.4
MHz, THF-dg, 20°C): 6 149.2 (Ar Gyso), 134.3 (d,Jcn = 151.4

Hz, Ar mCH), 125.6 (d,}Jcy = 151.3 Hz, Aro-CH), 132.8 (Ar
C-Me), 78.0 (t,3Jcy = 129.7 Hz, LaCH), 21.1 (g,"JcH = 126.6

Hz, Me).

Synthesis of [La(CHPh-4-Me)(THF) 4][B(C ¢Hs)4]- THF (4b").
THF (0.5 mL) was added to a mixture of 67 mg (10®ol) of 1b
and 44 mg (10Q«mol) of [HNMe,Ph][BPhy]. The resulting light
yellow solution was cooled te-30 °C for 3 days, producing
yellowish crystals oftb’ (74 mg, 72%)H NMR (300 MHz, THF-
dg, 20°C): 0 6.87 (d,3Jun = 7.5 Hz, 4 H, Arm-H), 6.18 (d,2Jun
= 7.7 Hz, 2 H, Aro-H), 2.14 (s, 6 H, Me), 1.59 (s, 4 H, LaGH
13C NMR (75.4 MHz, THFe€g, 20 °C): 6 166.1 (q,"Jcg = 48.7
Hz, BPhy Cigso), 148.5 (Ar Gpso), 133.5 (d,Jcy = 155.2 Hz, Ar
m-CH), 128.9 (ArC-Me), 124.0 (d,)Jcy = 153.0 Hz, Aro-CH),
70.4 (t,3cy = 131.0 Hz, LaCH), 21.6 (q,%Jcy = 125.0 Hz, Me).
Anal. Calcd for GoH7gBLaOs (mol wt 1028.99): C, 70.04; H, 7.64.
Found: C, 69.87; H, 7.54.

Synthesis of [La(CHPh-4-Me)(THF)g][B(CgH5s)4]2 (5b). THF
(0.5 mL) was added to a mixture of 67 mg (10ol) of 1b and
88 mg (20Qumol) of [HNMe,Ph][BPhy]. The resulting light yellow
solution was cooled te-30 °C for 3 days, producing yellowish
crystals of5b' (80 mg, 61%).*H NMR (300 MHz, THFdg, 20
°C): 0 76.90 (d3J4y = 7.3 Hz, 2 H, Arm-H), 6.47 (d,3Jyn = 7.3
Hz, 2 H, Aro-H), 2.09 (s, 6 H, Me), 1.77 (s, 2H, LaGH Anal.
Calcd for GoHoBoLaOs (Mol wt 1315.17): C, 73.06; H, 7.43.
Found: C, 73.00; H, 7.48.

Reaction of 2 with [HNMe,Ph][B(C¢Fs)4]. A solution of2 (42
mg, 50.0umol) in THF-ds (0.6 mL) was added to solid [HNMe
Ph][B(CsFs)a] (40 mg, 50.0umol). The obtained solution was
transferred to an NMR tube and analyzed by NMR spectroscopy,
which showed full conversion to the ionic specid®hC(N-2,6-
Pr,CgHa)2]La(CH,Ph)(THFdg)} [B(CeFs)4] (6), 1 equiv of toluene,
and free PhNMg *H NMR (500 MHz, THFds, 20 °C): 6 7.13
(m, 2 H, Ar H), 7.00 (m, 5 H, Ph), 6.94 (m, 4 H, Ar H), 6.84 (t,
3Jun = 7.5 Hz, 4 H, Bzm-H), 6.65 (d,%Juy = 7.5 Hz, 4 H, Bz
0-H), 6.55 (t,3J4y = 7.5 Hz, 2 H, Bzp-H), 3.25 (sept3dyy = 6.7
Hz, 4 H, tHMey), 1.90 (s, 4 H, LaCh), 1.22 (d,3J4y = 6.7 Hz,
12 H, Pt Me), 0.81 (d,3Jus = 6.7 Hz, 12 H, PrMe). 13C NMR
(125.7 MHz, THFdg, 20 °C): 6 176.8 (NCN), 151.2 (BZ Gpso),
146.0 (Ph Gso), 142.7 (Ar Gpso), 133.1 (Ar C), 131.9 (dNch =
160.5 Hz, Bz CH), 131.4 (d))cyy = 156.5 Hz, Ar CH), 128.7 (d,
en = 160.0 Hz, Ph CH), 127.0 (dJch = 160.5 Hz, Ph CH),
126.5 (d,XJcy = 158.8 Hz, Ph CH), 125.7 (dJcn = 154.1 Hz, Ar
CH), 124.2 (d3cy = 152.3 Hz, Bz CH), 120.5 (dJcy = 160.7
Hz, Bz CH), 78.3 (t*Jcn = 130.0 Hz, LaCH), 30.5 (d,Jch =
123.9 Hz,CHMey), 26.2 (4, Jch = 125.6 Hz, PrMe), 24.8 (q,
ek = 125.6 Hz, PrMe).

Procedure for Ethylene Polymerization.Polymerizations were
performed in a 50 mL glass miniclave (B AG, Switzerland)
with a magnetic stirrer. Before use, the reactor was dried &C30
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in a vacuum oven for at least 2 h. In a drybox, the miniclave was
charged withlb or 2 (10 umol), [HNMe,Ph][B(CsFs)4] (where
appropriate 1imol or 20umol), 30 mL of toluene, and TiBAO
(200umol of Al). The reactor was taken out of the drybox, heated
at 50°C in an oil bath, and pressurized with 5 bar of ethylene. The
pressure was kept constant during the reaction by replenishing the
flow. The reaction mixture was stirred for 15 min and then vented.
The polymer was repeatedly rinsed with acidified methanol and
dried in a vacuum oven.

Procedure for Intramolecular Hydroamination/Cyclization.

All samples for the hydroamination/cyclization reactions were
prepared in a Mfilled glovebox. Typically, an NMR tube equipped
with a Teflon (Young) valve was charged with the (pre)catalyst
(10 umol), the activator [PhNMgH][B(CeFs)4] (10 umol, where
appropriate), ferrocene (as internal standard, 20®l), and the
aminoalkene substrate 2,2-dimethyl-4-pentenylamine (10001)
dissolved in GDg or CsDsBr (total volume 0.5 mL). The reactions
were followed in time, either directly in the NMR spectrometer
(thermostated at 5TC unless mentioned otherwise; measurements
taken in an array of regular intervals) or warmed in an electric
oven at 50°C and transferred to the spectrometer periodically.
Conversions were determined Hy NMR following the decrease

of the olefinic resonances of the substrate relative to the ferrocene
internal standard (single-pulse spectra). The product 2-methyl-4,4-
dimethylpyrrolidine was identified byH NMR and GC-MS in
comparison with literature data.

Procedure for the Isomerization of 2,2-Dimethyl-4-pentenyl-
amine. Samples were prepared and examined as described above
for the hydroamination/cyclization procedure. Conversions were
determined by!H NMR following the decrease of the olefinic
resonances of the substrate. The product was characterizE} as (
2,2-dimethyl-3-pentylamine b{H and'3C NMR and GC-MS. Data
for (E)-2,2-dimethyl-3-pentylamine are as follow$i NMR (500
MHz, CsDsBr, 20 °C): 6 5.49 (dq, 1 H.3uy = 6.1 Hz,3)yn =
15.4 Hz, Me®=CH), 5.43 (d, 1 H3Jyy = 15.4 Hz, MeCH=
CH), 2.28 (s, 2 H, CkNHy), 1.56 (d,2Jun = 6.1 Hz, 3 H,MeCH=
CH), 0.85 (s, 6 H, CMg, 0.73 (s, 2 H, NH). 13C NMR (125.7
MHz, CsDsBr, 20 °C): 6 135.6 (d,%Jcy = 148.2 Hz, MeCH=
CH), 118.7 (d Xy = 151.0 Hz, ME&€H=CH), 49.9 (t,2Jcy = 130.7
Hz, CH:NH,), 34.2 (s,CMey) 21.2 (q,%Jch = 124.6 Hz, Bey),
14.7 (d,"Jcy = 125.0 Hz,MeCH=CH). GC-MS: m/z 113 [M*].
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