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The trialkyl complexes [MPr-trisox)(CHSIMe:R);] (R = Me, M =Y, (1), R= Ph, M= Lu (2a),
R = Me, M = Lu (2b), Tm (3), Er (4), Ho (5), and Dy 6)) were prepared from 1,1,1-tri§)-4-
isopropyloxazolinyl]lethangRr-trisox) and the corresponding trialkyl precursors [M¢SeR)s(THF),].
Their molecular structures all display a highly distorted octahedral geometry, with the angles subtended
at the metal center significantly deviating from the ideat,90hich is attributed to the steric demands
imposed by the large CiSiMe;R ligands, both with each other and with the isopropyl groups of the
iPr-trisox ligand. Active catalysts for the polymerizationoetlkenes f-hexenen-heptene, and-octene)
were generated in situ by reaction of the trialkyl precatalyst with 2 equiv of trityl tetrakis-
(pentafluorophenyl)borate. In all cases polyolefins whii/M, values of between 1.58 and 2.08 and
isotacticities of 86-95% were obtained. The polymerization activity increases from lutetium to thulium
and then subsequently decreases with increasing ionic radius of the metal due to a combination of activation
with increasing ionic radius and decreasing catalyst stability.

Introduction based systems remains much less com#ioi.One reason for
this situation is related to the fact that lanthanide complexes

Cationic alkyl group 3 and lanthanide complexes have been ¢4 pe difficult to characterize and are often much less thermally
extensively employed as catalysts for the polymerization of gigple compared to their scandium and yttrium analogues.

olefins1—4

While the chemistry of cyclopentadienyl-based consequently, many ligand systems are employed with group

complexes is well establishéd;? there has been an increasing 3 metals but are rarely extended toward the lanthanide series.
interest in recent years in the respective chemistry employing pespite this, however, there have been some recent examples
non-cyclopentadienyl ligands. The use of group 3 systems hasyt highly successful lanthanide catalysts for olefin polymeri-

been well studied in this regard, particularly in the past zation14.15These focused almost exclusively on ethylene as the
decadé? *°whereas the successful employment of lanthanide- monomer, while highero-olefins have been less studied,

particularly with respect to tacticity control in the polymer
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Cs-Symmetric Chiral Organolanthanide Complexes

Scheme 1. Synthesis of Complexes-5
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In our laboratories we have embarked on an extensive

research program focusing on the coordination chemistry and

subsequent catalytic applications of tBg-symmetric 1,1,1-
tris(oxazolinyl)ethane liganét~27 This ligand is ideally suited
to the trivalent octahedral complexes commonly observed with
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Figure 1. Molecular structure of [LUuPr-trisox)(CHSiIMe,Ph)]
(24) (25% probability). Hydrogen atoms omitted for clarity. Selected
bond lengths (A) and angles (deg): C2Lu(1), 2.379(4); C(30}
Lu(1), 2.373(4); C(39)Lu(1), 2.372(4); Lu(1)N(2), 2.504(3); Lu-
(1)—N(1), 2.510(3); Lu(1y¥N(3), 2.522(3); C(39)Lu(1)—C(30),
99.22(13); C(39-Lu(1)—C(21), 99.24(14); C(36G)Lu(1)—C(21),

lanthanides, since the symmetry and tripodal nature of the ligand102.41(14); N(2y-Lu(1)-N(1), 71.84(11); N(2}Lu(1)—N(3),

render the remaining anionic coligands homotopic. In addition,
the position of the chiral center on the ligand framework is such
that the chiral information is efficiently transferred to the
catalytically active site. We have recently reported on the use
of the 1,1,1-tris[§)-4-isopropyloxazolinyl]lethaneiRr-trisox)
ligand as a successful supporting environment for the scaf@lium
and thuliun®® complexes [MiPr-trisox)(CHSiMes)s], which

73.24(12); N(1)-Lu(1)~N(3), 73.81(11).

The trialkyl complexes [M@r-trisox)(CHSiMe:R)3] (R =
Me, M=Y (1), R=Ph, M= Lu (28), R= Me, M = Lu (2b),
Tm (3), Er @), Ho (5), and Dy 6)) were prepared from the
corresponding trialkyl precursors [M(GHiM&R)s(THF),]
(Scheme 1). Although the trialkyl precursors for scandium and

proved to be precatalysts for the isospecific polymerization of yttrium can be readily isolated, the corresponding complexes
a-olefins. The thulium complex was the first example of a for the lanthanide metals are significantly less thermally stable.
stereospecifica-olefin polymerization catalyst based on a They were therefore synthesized at low temperature and used
lanthanide. In due consideration of the importance of the ionic in situ. Subsequent to their preparation in pentane, the trialkyl

radius of the metal, we herein report on the preparation and
catalytic activity of analogous complexes employing other
lanthanides, to probe the generality of the system.

Results and Discussion

Synthesis and Structural Characterization of the iPr-
trisox/Trialkyl Complexes. Given the early results obtained
with the scandium complex [S&r-trisox)(CHSiIMes)3], we
continued our investigations with yttrium and the lanthanides
in order of increasing ionic radius. The syntheses of the [Ln-
(iPr-trisox)(CHSiMe;s)s] complexes were performed for metals
ranging from lutetium to dysprosium (Scheme 1). Although we
have previously demonstrated that tir-trisox ligand will
readily adapt to a wide range of ionic radii, we were unable to

successfully prepare complexes with the lanthanides preceding?

dysprosium, possibly owing to the decreased stability of
lanthanide alkyl complexes as the ionic radius increases.
Interestingly, we were also unable to synthesize an ytterbium
complex, which we attribute to redox side reactions.

(24) Bellemin-Laponnaz, S.; Gade, L. Angew. Chemlnt. Ed. 2002
41, 3473.

(25) Dro, C.; Bellemin-Laponnaz, S.; Welter, R.; Gade, L.Athgew.
Chem., Int. Ed2004 43, 4479.

(26) Bellemin-Laponnaz, S.; Gade, L. Bhem. Commur2002 1286.

(27) (a) Gade, L. H.; Marconi, G.; Dro, C.; Ward, B. D.; Poyatos, M;
Bellemin-Laponnaz, S.; Wadepohl, H.; Sorace, L.; PonetClem—Eur.
J. 2007, 13, 3058. (b) Foltz, C.; Enders, M.; Bellemin-Laponnaz, S.;
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complexes were reacted with tier-trisox ligand, causing the
immediate precipitation of théPr-trisox-supported complexes
1-6. Thermal decomposition of these complexes was observed
over a few days at ambient temperature, and thus, they were
stored in the solid state at40 °C.

The molecular structures o2a,b, 3, 4, 5 and 6 were
confirmed by X-ray diffraction. Diffraction-quality single
crystals were grown from saturated dichloromethane solutions
at —30 °C. The molecular structure @ais shown in Figure 1
along with the principal bond lengths and angles. The crystals
of the CHSiMe; derivatives2b, 3, 4, 5, and6 were isomor-
phous; the molecular structures 6fand 6 are provided in
Figures 2 and 3, with the principal bond lengths and angles
listed in Table 1.

The structures all display a highly distorted octahedral
eometry, with the angles subtended at the metal center
significantly deviating from the ideal 90This is presumably
due in part to the steric demands imposed by the large- CH
SiMeR ligands, both with each other and with the isopropyl
groups of theiPr-trisox ligand. This latter effect may also be
invoked to explain the long MN bonds. In contrast to the
C—M-C angles of ca. 106in 2b, 3, 4, 5, and 6, the
corresponding angles i2a are smaller, being 100102,
presumably owing to the fact that the phenyl group, although
larger, is rather flat and can be orientated in such a way as to
minimize steric repulsion. The other essential structural features
remain comparable to those @b, 3, 4, 5, and6. The mean
M—N and M—C bond lengths in the structures 266—6 show
a gradual increase with the effective ionic radius of the metal
center, as illustrated in Figure 4.

The 'H and 13C NMR data of the yttrium and lutetium
complexesl, 2a, and 2b are consistent withCs-symmetric
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Figure 2. Molecular structure of [HaPr-trisox)(CHSiMes)3] (5) 088 090 092 094 096 098 100 102 1.04 1.06

(25% probability). Hydrogen atoms omitted for clarity. lonic radius / angstroms

Figure 4. Effective ionic radii vs the mean MN and M—C bond
lengths in the molecular structures 26—6.

Scheme 2. Isotactic Polymerization of 1-Hexene, 1-Heptene,
and 1-Octene

cat
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R = CHy, C;H5, C3H; R

complexes supported by ther-trisox ligand are active olefin
polymerization catalysts fon-alkenes when activated with 2
equiv of trityl tetrakis(pentafluorophenyl)borat&?®We found
that the phenyl dimethyl derivati&a showed no polymerization
activity at all, which we attribute to the cationic species being
unstable. This was verified by NMR tube scale experiments
between2a and [PhC][B(CeFs)4], in which only a complex
mixture of products was obtained. Consequently, we confined
our studies to the trimethyl congen@ts—6. The active catalysts
were generated in situ by reaction of the trialkyl precatalyst
structures, with only a single set of resonances being observedwith 2 equiv of activator in chlorobenzene. Under these
for the oxazolines and alkyl ligands, at both 295 and 215 K. conditions very poor activities were observed, which we attribute
This suggests that thesMound coordination of thePr-trisox to thermal decomposition of the cationic species. The decom-
ligand observed in the solid state pertains in solution. The position was circumvented by carrying out the activation process
paramagnetidH NMR spectra were recorded for complexes at—5 °C before immediately adding the appropriate olefin and
3—6. Although the spectra could not be unambiguously as- maintaining the temperature at5 °C for the duration of the
signed, all spectra display sharp resonances betwéd®&0 and reaction (15 min for 1-hexene and 1-heptene, 30 min for
—220 ppm, with resonance patterns that are consistent with thel-octene). Under these conditiomshexene,n-heptene, and
Cs-symmetric structures observed in the solid state, as well asn-octene were polymerized (Scheme 2). Reducing the reaction
in the NMR spectra of the diamagnetic complexes. time afforded correspondingly less polymer, suggesting that the
Polymerization of n-Hexene ,n-Heptene, andn-Octene We catalysts retain at least some activity for the total duration of
have previously reported that the scandium and thulium trialkyl the reaction. In all cases polyolefins wit,,/M, values of

Table 1. Selected Bond Lengths (A) and Angles (deg) for [NIr-trisox)(CH ;SiMes)s] (M = Lu (2b), Er (4), Ho (5), Dy (6))

Figure 3. Molecular structure of [DyiPr-trisox)(CHSiMes)3] (6)
(25% probability). Hydrogen atoms omitted for clarity.

Se 2b (Lu)® Tm?® 4 (Er) 5 (Ho) 6 (Dy)
M—N(1) 2.456(2) 2.519(2) 2.557(3) 2.536(3) 2.5646(9) 2.600(5)
M—N(2) 2.446(1) 2.532(3) 2.565(3) 2.550(3) 2.5792(9) 2.580(4)
M—N(3) 2.464(2) 2.527(2) 2.542(3) 2.562(3) 2.5929(10) 2.600(5)
M—C(21) 2.270(2) 2.388(3) 2.394(4) 2.415(4) 2.4304(12) 2.432(6)
M—C(25) 2.272(2) 2.375(3) 2.393(4) 2.405(4) 2.4284(12) 2.432(6)
M—C(29) 2.275(2) 2.384(3) 2.395(4) 2.428(3) 2.4295(12) 2.423(6)
N(1)-M=N(2) 74.90(5) 72.11(9) 71.55(10) 72.23(13) 71.96(3) 70.70(18)
N(1)—-M—N(3) 73.95(5) 73.03(9) 72.58(11) 71.81(13) 71.11(3) 70.72(16)
N(2)-M—N(3) 73.81(5) 71.84(8) 71.75(11) 71.65(11) 71.11(3) 71.74(18)
C(21)-M—C(25) 106.69(7) 106.18(11) 106.69(14) 108.03(13) 107.94(4) 107.2(2)
C(21-M—C(29) 104.38(7) 107.50(10) 108.47(13) 106.85(13) 106.73(4) 106.6(2)
C(25-M—C(29) 105.51(8) 105.93(11) 106.64(14) 105.75(13) 106.33(5) 108.0(2)

aFrom ref 28. Equivalent bond lengths and angles are listed, although the actual numbering scheme in ref 28 differs slightly from that of the structures
reported herein? From ref 29.
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Table 2. Polymerization Activities for
[M(iPr-trisox)(CH ,SiMes)s] When Activated with 2 equiv of
[Ph3C][B(CeFs)d]
Ln RI(A) monomer activitf My/M, MP MyP isotacticity .
Lu 1.00 1-hexene 137 1.65 0.901 1.49 88
Lu 1-heptene 74.2 191 119 2.26 89 34.50 34.00
Lu 1-octene 38.9 169 164 278 80 ) )
Tme 1.02 1-hexene 165 195 1.26 2.46 90
Tme 1.02 1-heptene 120 2.08 0.99 206 83 L
Tme 1.02 1l-octene 30 180 1.18 213 95 J
Er 1.03 1-hexene 122 1.62 1.02 1.65 80
Er 1-heptene 49.4 201 103 208 80
Er 1-octene 31.4 1.65 1.02 1.69 90
Ho 1.04  1-hexene 65.8 1.69 0.818 1.38 85
Ho 1-heptene 33.3 1.95 0.561 1.10 80
Ho 1-octene 30.9 190 0.778 1.48 80
Dy 1.05 1-hexene 66 1.58 0.675 1.07 85 .
Dy 1-heptene 48.4 1.61 0.551 0.888 80
aUnits of kg molt h~L, b Units of 1 g mol~2. ¢ Percentage ahmmm 3500 3450
pentad in thé3C{'H} NMR spectrumd Effective ionic radius of L&' for
CN = 6; see ref 36° See ref 29. l
180 -
160 /-\ —a&— 1-hexene
1 S AN —e— 1-heptene
140 4 _// . —A— 1-octene «
- 1 \\ (REapansnnnl
= 120 . L] 35.00 34.50
A / N\
£ 100 - / \ \ 1
o 7] / \ .
< / \ N\ A —
2 804 / \\ AN 400 350 30.0 25.0 200 15.0
% * \ \\_ . Figure 6. °C{1H} NMR spectra of 1-hexene (top), 1-heptene
< 604 \ (middle), and 1-octene (bottom). Resonances marked with an
\.\ o asterisk in the expansions correspond torttremrpentad, the first
~ — tad to be observed downfield of thenmmpentad:®
404  a pen p
] \A A \’/ .
20 : , : , : i , i , , comparable to those observed with the scandium congener [Sc-
Lu m Er Ho Dy (iPr-trisox)(CHSIiMe3)3], which was found to polymerize
Lanthanide 1-hexene with an activity of 36000 kg mdlh~! at ambient
temperaturé®

Fi 5. Olefi I ization data for [MPr-tri CH- - -
Slif\],,uerss] M =eL|E’ Pr?n)‘/rgina%"o;nd aD;l)_ or [Mr-trisox)(Ct For each catalyst the polymerization activity was observed

to decrease in the order 1-hexend-heptene> 1-octene, which

) o . ) is consistent with the increased steric demands imposed by the
bet\iveen 1.58 and 2.08 and isotacticities of-86% determined  |5nger alkyl chain of the olefin. This difference in the activity
by **C NMR spectroscopy (vide infra) were obtained. The \yas much more pronounced between 1-hexene and 1-heptene,
polymerization data e summarized in Table 2 and are yhereas the difference was less pronounced for 1-heptene and
illustrated in Figure 52 o L 1-octene. The polymerization activities for 1-octene were

Interestingly, the polymerization activity increases from relatively constant at around 3@0 kg mol! h™L The M,,

lutetium to_thuliun®® and then subsequently decreases with yajyes of the polymers were found to be in the range of 88800
increasing ionic radius of the metal, which at first seems to be 575000 g mot?, with generally higher molecular weights being
contrary to the observation made by Okuda, who reports an gptained with the smaller lanthanides lutetium and thulium. The
increase of activity with the larger metafsWe attribute the  |oer values for the larger metals are possibly attributed to the
activity trend in this case to two effects, the first being that the |gyer stability of the catalysts based on metals with larger ionic
activity increases with ionic radius owing to the greater space ragii (vide supra).
(and potentially higher coordination number) around the larger |5 each case, the stereocontrol in the polymer microstructure
metals and the second being the decreased stability of the activgy a5 determined by integration of the resonance ift#661H}
species as the size of th_e metal increases, a phen(_)menorNMR spectra corresponding to tremmmpentad in the C3
supported by. our observatlon that the stability of the trialkyl -5rbon resonance at ca. 35 pBhA representative example of
precatalysts in the solid state also decreases for the largery 13C{1H} NMR spectrum for each of the polymers obtained
Ian@h_anldes. This explanation follows the observations on ith the lutetium catalysRa is provided in Figure 6. In each
amidinate complexes made by Hessen, who reports a steady:ase good to excellent tacticity control was observed, regardless

increase of activity with increasing ionic radius, reaching a of the metal and monomer in question, being between 80% and
maximum at yttrium, followed by a decrease in activity as the g5 isotactic. Such consistent control is indicative of the

stability of the complex decreastsFor the trisox-supported  efficient transmission of the chiral information from the trisox

yttrium complex, only traces{10 mg) of polymer were formed  |igand to the catalytically active site on the metal center. This
under these conditions. Although the above explanation is

consistent with the polymerization activities observed with the  (30) Asakura, T.; Demura, M.; Nishiyama, ¥lacromolecules1991,
lanthanide metals, we note that none of the activities are 24, 2334.
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is also illustrative of the ligand’s ability to readily adapt to the 4.43 (3 H, dd, GIHO, 2J = 9.1 Hz,3J = 5.6 Hz), 4.32 (3 H, app
changing environment of different metal sizes and to maintain t, CHHO, appJ = 9.9 Hz), 2.38 (3 H, d sept, l@Me,, 3J = 6.9
efficient stereocontrol under such varying conditions. Hz,3J = 3.4 Hz), 1.71 (3 H, s, Mgica), 0.89 9 H, d, CHile,, 3J =
7.1 Hz), 0.65 (9 H, d, CMle,, 3J = 6.8 Hz), 0.04 (27 H, s, SiMg,
—0.93 (6 H, d, ®1,SiMes, 2J(YH) = 2.7 Hz) ppm23C{'H} NMR
(100.6 MHz, CDCl,, 293 K): 6 167.8 (C=N), 71.1 (CHO), 70.9

We have illustrated that th&Pr-trisox ligand is a highly (CHiPr), 43.9 CMeapica), 33.7 CH2SiMes, JJ(YC) = 33.5 Hz),
suitable supporting environment for a range of group 3 and 29.5 CHMey), 18.7 (CHVley), 14.2 (CHVley), 14.5 (M&ypica), 4.6
lanthanide metals up to an ionic radius of 1.05 A (Dy). As (SiMes) ppm.2S{H} NMR (CD,Cl,, 39.7 MHz, 293 K): —4.5
observed previously by othetd,14the activity of the lanthanide-  (SiMes) ppm. Anal. Found (Calcd) for £SHegNsOsSisM: C, 53.1
based polymerization catalysts depends on the ionic radius of(53.8); H, 9.2 (9.3); N, 5.8 (5.9).

the metal. However, none of the triselanthanide systems Data for [Lu( iPr-trisox)(CH 2SiMe,Ph)s] (2a). White crystalline
display a catalytic activity which is comparable to that of the solid. Yield: 64%.1H NMR (399.9 MHz, GDg, 293 K): 6 7.94
scandium catalyst reported previously by us. (6 H, d,0-CgHs, 3] = 6.5 Hz), 7.33 (6 H, tm-CeHs5 3J = 7.3 Hz),
The Cs-symmetric environment is very efficient at transmit-  7.20 (3 H, t,p-CgHs, 3J = 7.3 Hz), 4.32 (3 H, m, EliPr), 3.62 (3
ting the chiral information to the catalytic site in stereoselective H, dd, CHHO,2J = 9.2 Hz,3) = 5.3 Hz), 3.33 (3 H, app t, CHO,
olefin polymerization, with a remarkable degree of tacticity appJ= 9.5 Hz), 2.45 (3 H, d sept, @Me,, 3J = 6.8 Hz,3) = 3.3
control being observed for a range @folefins. Hz), 1.49 (3 H, s, Mgyca), 0.92 (3 H, d, LUCH, 2J = 6.7 Hz),
0.81 (3 H, d, LUCH, 2J= 6.8 Hz), 0.75 (9 H, s, SiMe), 0.72 (9 H,
s, SiMe), 0.44 (9 H, overlapping d, Q#k,, 3 = 6.7 Hz) ppm.
13C{1H} NMR (100.6 MHz, GDg, 293 K): 167.8 (&=N), 164.9
General Information. All manipulations were performed under  (ipso-CgHs), 148.8 (GHs), 134.2 (GHs), 128.3 (GHs) 70.8 (CHO),
an inert atmosphere of dry argon using standard Schlenk techniquesz0.6 CHiPr), 43.7 CMegpica), 37.3 (CHVey), 29.2 CHMe,), 18.2
or by working in a glovebox. Solvents were dried over potassium (CHMey), 14.0 (Meypica), 4.4 (SiMe), 3.3 (SiMe), not observeati,-

Conclusion

Experimental Section

(thf), sodium/potassium alloy (pentane), or Gg#ichloromethane),

SiMe;) ppm.

distilled, and thoroughly degassed prior to use. Deuterated solvents  pata for [Lu( iPr-trisox)(CH »SiMes)s] (2b). White crystalline

were dried over potassium {Bs) or CaH (CD,Cl,), vacuum
distilled, and stored in Teflon valve ampules under argbhand

solid. Yield: 39%.H NMR (399.9 MHz, CQCl,, 293 K): 6 4.52
(3 H, m, CHiPr), 4.43 (3 H, dd, BHO, 2J = 9.0 Hz,3) = 5.3 Hz),

13C{*H} NMR spectra were recorded on Bruker Avance 200, 400, 4 3q (3H, appt, CHO, appJ = 9.6 Hz), 2.40 (3 H, d sept,ldMe,
and 600 NMR spectrometers and were referenced using the residuaby _ g g H, 3 = 3.51Hz) 1.72 3 H s Nk%icaD’ 0.88 (’9 H d

proton solvent peak!fl) or carbon resonance€3C). Elemental

CHMe,, 3 = 7.1 Hz), 0.65 (9 H, d, CNle,, 3J = 6.8 Hz),—0.04

analyses were recorded by the analytical service of the Heidelberg 27H. s SiMe). — : ; 27—

. . . 'S, @), —0.39 (6 H, overlapping d, B,SiMe;s, 2J = 10.9
Chemistry Department. Y (CiSiMe;)s(thf), was prepared according I(—|z) ppm.13C{1)H} NMR( (100.6 Mng C%Clz 293 K): & 166.8
to published proceduré$.All other reagents were obtained from (C=N), 71.2 (CHO), 71.1 CHiPr), 43 6 CMe ' ), 29.3 CHMey)
commercial sources and used as received unless explicitly stated, g 5 (’CHV'IeZ) 148 (M% ) 143 .(CI-Me;)plca4’2 (éiMQ) not
The microanalyses of complexés2b, 5, and6 were persistently < -2y ‘CHzlSiMés) ppnsl.cgf’,Si{ 1,_'|} NMR (C,DZICIZ, 39.7 MHZ,

and consistently low in carbon, despite repeated recrystallization. } :
o . ) - i . 293 K): —4.9 (SiMe) ppm. Anal. Found (Calcd) for £5HesN3O0s-
This is attributed to carbide formation and incomplete combustion, SiM: C, 47.4 (48.0); H, 8.2 (8.3); N, 5.2 (5.3).

which is a common observation with group 3 and lanthanide ) . ) ) ) .
[Er(iPr-trisox)(CH ,SiMej3)s] (4). Anhydrous erbium trichloride

complexes containing metatarbon bonds? T X X
General Procedure for [M(CH.SiMes)s(iPr-trisox)] (M = Lu, (1.82 mmol) was slurried in THF (30 mL) and stirred overnight.

Ho, Dy). Anhydrous lanthanide trichloride (1.82 mmol) was slurried 1he THF suspension was cooled te78 °C for the dropwise

in THF (30 mL) and stirred overnight. The THF was removed under 2ddition of a cooled {78 °C) solution of LICHSiMe; (512.2 mg,
reduced pressure and the solid suspended in pentane (20 mL). The-4 mmol) in pentane (40 mL). The reaction was warmee 20
resulting suspension was cooled+80°C for the dropwise addition ~ °C and stirred until all the solids had dissolved (ca. 20 min) before
of a cooled {10 °C) solution of LICHSiMe; (512.2 mg, 5.4 mmol) removal of the volatiles under reduced pressure. The reaction was
in pentane (40 mL). The mixture was stirred-at0 °C for 2 h. extracted with toluene (30 mL) at10 °C, and to the resulting
The reaction was filtered, and to the resulting solution was added solution was added a coolee {8 °C) solution ofiPr-trisox (327

a cooled (78 °C) solution ofiPr-trisox (327 mg, 0.9 mmol) in Mg, 0.9 mmol) in pentane (50 mL). The resulting solution was then
pentane (50 mL), which caused precipitation of the product, which concentrated to approximately 2 mL, and the product was precipi-
was isolated by filtration and dried in vacuo at room temperature. tated by the addition of pentane (50 mL). The product was isolated
The crude product was extracted with £Hp (40 mL) and filtered. by filtration and dried in vacuo at room temperature. The crude
The solution was concentrated to 20 mL and cooled-8D °C product was extracted with GBI, (40 mL) and filtered. The
overnight to yield the pure product as a crystalline solid. solution was concentrated to 20 mL and coolee-8) °C overnight

[Y(iPr-trisox)(CH 2SiMes)s] (1). To a cooled solution of Y(CH to yield the pure product as a crystalline solid. Pink crystalline solid.

SiMes)3(THF), (177 mg, 0.358 mmol) in pentane (20 mL) at©

was added a solution @Pr-trisox (130 mg, 0.358 mmol) in pentane
(10 mL). A white precipitate was formed immediately, and the

Yield: 58%.H NMR (399.9 MHz, CBCl,, 293 K): & 94.00,
69.95, 12.95, 7.77+-10.16,—33.31,—39.21,—46.85,—132.18,
—143.53 ppm. Anal. Found (Calcd) foriseN30sSisM: C, 48.3

reaction was stirred for 30 min before the supernatant solution was (48.5); H, 8.2 (8.4); N, 5.1 (5.3).

decanted. The precipitate was washed with pentane {® mL)
and dried in vacuo to afford [YPr-iPr-trisox)(CHSiMes)s).
Yield: 126 mg (49%)*H NMR (399.9 MHz, CBCl,, 293 K): ¢
4.58 (3 H, ddd, EliPr,3] = 9.7 Hz,3J = 5.5 Hz,3J = 3.5 Hz),

(31) Lappert, M. F.; Pearce, R. Chem. Soc., Chem. Commu9.73
126.

(32) For example, see: Ward, B. D.; Dubberley, S. R.; Maisse-Bianc
A.; Gade, L. H.; Mountford, PDalton Trans.2002 4649.

Data for [Ho(iPr-trisox)(CH ,SiMejs)3] (5). Pale pink crystalline
solid. Yield: 48%H NMR (499.9 MHz, CRCl,, 293 K): 6 87.70,
84.25,20.81, 15.72, 14.47, 6.30, 2.6%.76,—12.94,—53.04 ppm.
Anal. Found (Calcd) for gHeeN3OsSisM: C, 47.7 (48.6); H, 8.3
(8.4); N, 5.1 (5.3).

Data for [Dy(iPr-trisox)(CH ,SiMes)s] (6). White crystalline
solid. Yield: 65%.H NMR (399.9 MHz, CDCl,, 293 K): o
205.76, 192.33, 47.81, 27.70, 19.42, 14+79,75,—12.37,—26.77,



Cs-Symmetric Chiral Organolanthanide Complexes Organometallics, Vol. 26, No. 18, 2@%7

Table 3. X-ray Data for Compounds 2a, 2b, 4, 5, and 6

2a 2b 4 5 6
empirical formula G7H72LUN303Si3 C32H66LUN303Si3 C32H56ErN3038i3 C32H56HON303Si3 C32H56DyN303Si3
fw 986.32 800.12 792.41 790.08 787.65
cryst size/mm 0.3% 0.15x 0.15 0.25x 0.20x 0.20 0.15x 0.15x 0.10 0.25x 0.25x 0.10 0.15x 0.10x 0.10
cryst syst orthorhombic monoclinic monoclinic monoclinic monoclinic
space group P2,2:2; P2, P2, P2, P2,
alA 11.202(2) 10.2048(10) 10.2557(6) 10.2711(2) 10.3013(14)
b/A 20.432(4) 19.115(2) 19.0994(11) 19.1776(3) 19.200(3)
c/A 22.582(5) 10.3849(10) 10.3659(6) 10.4005(2) 10.4282(14)
o/deg 90 90 90 90 90
pldeg 90 102.054(2) 102.011(1) 101.947(1) 102.000(3)
yldeg 90 90 90 90 90
VIA3 5168.9(18) 1981.0(3) 1986.0(2) 2004.26(6) 2017.5(5)
z 4 2 2 2 2
DJ/Mg m~3 1.267 1.341 1.325 1.309 1.297
ulmm 2.018 2.614 2.235 2.095 1.972
max, min transm 0.7517, 0.5386 0.59, 0.52 0.7460, 0.5598 0.4596, 0.3569 0.4294, 0.2545
index rangeshkl —14 to+14, 0 to+26, —15to+14,—28t0+28, —13to+13,—25to+25, —20to+20,—39to+39, —13to+13,—25to+25,
0to+29 0to+15 0to+13 Oto+21 Oto+14
6/deg 1.8-27.5 2.0-32.1 2.0-28.3 2.0-46.5 2.0-28.7
TIK 193(2) 173(2) 173(2) 100(2) 150(2)
F(000) 2048 832 826 824 822
no. of reflns collected 127115 13330 41782 269587 16058
no. of independent refinsR},] 11846 [0.1026] 13302 [0.0462] 9856 [0.0588] 35569 [0.0612] 10286 [0.0614]
no. of data/restraints/params ~ 11846/0/527 12143/1/380 9856/37/395 35569/1/411 10286/1/395
GOF onF? 1.058 1.0563 1.066 1.064 0.992
final Rindices | > 20(1)] R1=0.039, wR2=0.60 R1=0.030, wR2=0.034 R1= 0.032, wR2= 0.065 R1= 0.026, wR2= 0.058 R= 0.049, wR2= 0.107
Rindices (all data) R* 0.046, wR2= 0.062 R1= 0.034, wR2= 0.352 R1= 0.041, wR2= 0.068 R1= 0.031, wR2= 0.060 R=0.062, wR2=0.112
absolute structure param  —0.012(5) 0.001(5) —0.011(7) —0.001(3) —0.037(11)
largest residual peak/e A 1.413 and-0.663 3.81 and-2.76 0.846 and-0.928 3.649 and-1.296 1.541 and-0.629

—126.35 ppm. Anal. Found (Calcd) forssNzOsSisM: C, 48.2 by using the programs SHELXS-88,SHELXL-973* CRYS-

(48.8); H, 8.3 (8.5); N, 5.3 (5.3). TALS,35 and (DIRDIF)3® Crystal data and experimental details are
Polymerization Studies A 20 umol sample of the catalygta provided in Table 3.

was dissolved in chlorobenzene (1 mL) and added to trityl tetrakis-

(pentafluorophenyl)borate (40mol) at =5 °C. The appropriate Acknowledgment. We thank the Deutsche Forschungsge-

a-olefin (1 mL) was added, and the mixture was stirred for a given meinschaft (Grant SFB 623 and postdoctoral fellowship to L.L.),

period of time. At the end of the reaction, methanol (5 mL) was the EU (Marie Curie EIF fellowship to B.D.W.), BASF AG,

added to quench the catalyst, and the volatiles were removed undethe state of Baden-Wtiemberg, and the University of Heidel-

reduced pressure to yield the polyolefin as a waxy solid. *fge berg (postdoctoral fellowship to B.D.W. within CaRLa) for
{*H} NMR spectra of the polyolefins are provided in the Supporting  financial support.
Information.

Crystal Structure Determinations. Suitable crystals o2a, 2b, Supporting Information Available: CIF files giving crystal

3,4, 5, and6 were obtained from saturated solutions in dichlo-  gata for compoundga, 2b, and4—6. This material is available
romethane at—20 °C. Intensity data were collected at low free of charge via the Internet at http://pubs.acs.org.
temperature on a Bruker Smart 1000 CCG34, 5, 6) or an Enraf-

Nonius Kappa-CCD diffractomete#,2b). The structures were ~ OM700504F

solved using heavy atom or direct methods, with absorption - — — —
corrections being applied as part of the data scaling procedure. After Ge(rﬁ;rf’hel'gg%k' G. MSHELXS-86University of Gdtingen: Gtingen,
refinement of the heavy atoms, difference Fourier maps revealed (34) Syﬁeldricf(, G. MSHELXL-97 University of Gdtingen: Gatingen,

the maxima of residual electron density close to the positions Germany, 1997.

expected for the hydrogen atoms. They were introduced as fixed (35) Watkin, D. J.; Prout, C. K.; Carruthers, J. R.; Betteridge, P. W.;
contributors in the structure factor calculations and treated with a Cooper, R. ICRYSTALSssue 11; Chemical Crystallography Laboratory:
riding model with isotropic temperature factors but not refined. A ox{gg?'B%'lfrgki%?'P T Beurskens. G.: de Gelder. R.: Garcia-Granda. S.-
final difference map revealed no significant maxima of residual Gould, R. O.; Israel, R.; Smits, J. M. M. DIRDIF-99, University of

electron density. Structure solution and refinement were performed Nijmegen, The Netherlands, 1999.




