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The synthesis and catalytic activity of lanthanide monoamido complexes supported by a 3-diketiminate ligand are
described. Donor solvents, such as DME, can cleave the chloro bridges of the dinuclear 3-diketiminate ytterbium
dichloride {[(DIPPh),nacnac]YbCl(z-Cl);Yb[(DIPPh),nacnac](THF)} (1) [(DIPPh),nacnac = N,N-diisopropylphenyl-
2,4-pentanediimine anion] to produce the monomeric complex [(DIPPh),nacnac]YbCl,(DME) (2) in high isolated
yield. Complex 2 is a useful precursor for the synthesis of 5-diketiminate—ytterbium monoamido derivatives. Reaction
of complex 2 with 1 equiv of LINPr', in THF at room temperature, after crystallization in THF/toluene mixed solvent,
gave the anionic S-diketiminate—ytterbium amido complex [(DIPPh).nacnac]Yb(NPr,)(u-Cl),Li(THF); (3), while similar
reaction of complex 2 with LiNPh, produced the neutral complex [(DIPPh);nacnac]Yb(NPh,)CI(THF) (4).
Recrystallization of complex 3 from toluene solution at elevated temperature led to the neutral S-diketiminate—
lanthanide amido complex [{ (DIPPh).nacnac} Yb(NPr,)(u-Cl)], (5). The reaction medium has a significant effect on
the outcome of the reaction. Complex 2 reacted with 1 equiv of LINPr, and LINCsH;, in toluene to produce directly
the neutral S-diketiminate—lanthanide amido complexes 5 and [{(DIPPh);nacnac} Yb(NCsHyo)(THF)(u-Cl)]2 (6),
respectively. These complexes were well characterized, and their crystal structures were determined. Complexes
4—6 exhibited good catalytic activity for the polymerization of methyl methacrylate and e-caprolactone.

monoanions in their deprotonated forms; moreover, their
steric and electronic properties can be easily tuned by an
appropriate choice of starting materials used in their syn-

Introduction

In recent years, the application gFdiketiminates as
supporting ligand systems in both main group and transition
metal coordination chemistry has attracted considerable (2) Recent examples for main group metals: (a) Crimmin, M. R.; Casely,

attentiont 3 because these ligand systems and cyclopenta-
dienyl anions are isoelectronic and both of them are
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(1) For reviews, see: (a) Bourget-Merle, L.; Lappert, M. F.; Severn, J.
R. Chem. Re. 2002 102 3031. (b) Gibson, V. C.; Spitzmesser, K.
Chem. Re. 2003 103 283. (c) Coates, G. W.; Moore, D. Rngew.
Chem., Int. Ed2004 43, 6618. (d) Mirica, L. M.; Ottenwaelder, X.;
Stack, T. D. PChem. Re. 2004 104, 1013. (e) Saur, I.; Alonso, S.
G.; Barrau, JAppl. Organomet. Chen2005 19, 414.
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I. J.; Hill, M. S. J. Am. ChemSoc.2005 127, 2042. (b) El-Kaderi,
H. M.; Heeg, M. J.; Winter, C. HOrganometallic2004 23, 4995.
(c) Chisholm, M. H.; Gallucci, J.; Phomphrai, KChem. Commun.
2003 48. (d) Bailey, P. J.; Coxall, R. A.; Dick, C. M.; Fabre, S.;
Henderson, L. C.; Herber, C.; Liddle, S. T.; LémGonZéez, D.;
Parkin, A.; Parsons, SChem—Eur. J.2003 9, 4820. (e) Chai, J.;
Jancik, V.; Singh, S.; Zhu, H.; He, C.; Roesky, H. W.; Schmidt, H.-
G.; Noltemeyer, M.; Hosmane N. 8. Am. Chem. SoQ005 127,
7521. (f) Cortright, S. B.; Coalter J. N., lll; Pink, M.; Johnston J. N.
Organometallics2004 23, 5885. (g) Peng, Y.; Fan, H.; Zhu, H,;
Roesky, H. W.; Magull, J.; Hughes, C. Bngew. Chem., Int. Ed.
2004 43, 3443. (h) Cheng, Y. X.; Hitchcock, P. B.; Lappert, M. F.;
Zhou, M.Chem. Commur2005 752. (i) Zhu, H. P.; Chai, J. F.; Stasch,
A.; Roesky, H. W.; Blunck, T.; Vidovic, D.; Magull, J.; Schmidt, H.-
G.; Noltemeyer M.Eur. J. Inorg. Chem2004 4046. (j) El-Kaderi,
H. M.; Heeg, M. J.; Winter C. HEur. J. Inorg. Chem2005 2081.
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thesis. Especially, some of theg&diketiminate metal

complexes exhibit exciting reactivity. For example, they
show high activity for the polymerization of ethyléfi@and

lactide?®*"and the copolymerization of carbon dioxide and
epoxidelc3 Although many rare earth metal complexes
supported bys-diketiminate anions have been synthesized
in recent years, their catalytic activity remains relatively
poorly exploreda?¢411 Piers et al. have developed the
chemistry ofg-diketiminate scandium and yttrium complexes

(3) Recent examples for transition metals: (a) Cortright, S. B.; Huffman,
J. C.; Yoder, R. A.; Coalter J. N., lll; Johnston, J.®fganometallics
2004 23, 2238. (b) Basuli, F.; Huffman, J. C.; Mindiola, D.ldorg.
Chem.2003 42, 8003. (c) Gregory, E. A.; Lachicotte, R. J.; Holland,
P. L. Organometallic2005 24, 1803. (d) Dai, X.; Kapoor, P.; Warren
T. H. J. Am. Chem. So@004 126, 4798. (e) Kogut, E.; Zeller, A.;
Warren, T. H.; Strassner T. Am. Chem. So004 126, 11984. (f)
Gao, H. Y.; Guo, W. J.; Bao, F.; Gui, G. Q.; Zhang, J. K.; Zhu, F.
M.; Wu, Q. Organometallic004 23, 6273. (g) Arom G.; Boldron,

C.; Gamez, P.; Roubeau, O.; Kooijman, H.; Spek, A. L.; Stoeckli-
Evans, H.; Ribas J.; Reedijk Dalton Trans.2004, 3586. (h) Chai,
J.; Zhu, H.; Roesky, H. W.; Yang, Z.; Jancik, V.; Herbst-Irmer, R.;
Schmidt, H.-G.; Noltemeyer, MOrganometallic2004 23, 5003. (i)
Aboelella, N. W.; Kryatov, S. V.; Gherman, B. F.; Brennessel, W.
W.; Young, V. G., Jr.; Sarangi, R.; Rybak-Akimova, E. V.; Hodgson,
K. O.; Hedman, B.; Solomon, E. I.; Cramer, C. J.; Tolman, WJB.
Am. Chem. So2004 126, 16896. (j) Reynolds, A. M.; Lewis, E. A,;
Aboelella, N. W.; Tolman, W. BChem. Commur2005 2014. (k)
Shimokawa, C.; Itoh Slnorg. Chem.2005 44, 3010. (I) Byrne, C.
M.; Allen, S. D.; Lobkovsky, E. B.; Coates, G. W. Am. Chem. Soc.
2004 126, 11404. (m) Rieth, L. R.; Moore, D. R.; Lobkovsky, E. B.;
Coates, G. WJ. Am. Chem. So@002 124, 15239. (n) Chen, H.-Y.;
Huang, B.-H.; Lin, C.-CMacromolecule®005 38, 5400.

Piers, W. E.; Emslie, D. J. HCoord. Chem. Re 2002 233—-234,
131. (b) Hayes, P. G.; Piers, W. E.; McDonald,JRAm. Chem. Soc.
2002 124, 2132. (c) Hayes, P. G.; Piers, W. E.; Parvez, MAm.
Chem. Soc2003 125, 5622. (d) Hayes, P. G.; Piers, W. E.; Parvez,
M. Organometallic2005 24, 1173. (e) Lauterwasser, F.; Hayes, P.
G.; Brase, S.; Piers, W. E.; Schafer, L.Qrganometallic2004 23,
2234. (f) Knight, L. K.; Piers, W. E.; Fleurat-Lessard, P.; Parvez, M.;
McDonald, R.Organometallics2004 23, 2087. (g) Hayes, P. G.;
Welch, G. C.; Emslie, D. J. H.; Noack, C. L.; Piers, W. E.; Parvez,
M. Organometallics2003 22, 1577. (h) Emslie, D. J. H.; Piers, W.
E.; Parvez, M.; McDonald, ROrganometallic2002 21, 4226.

(5) (a) Eisenstein, O.; Hitchcock, P. B.; Khvostov, A. V.; Lappert, M. F.;
Maron, L.; Perrin, L.; Protchenko, A. V0. Am. Chem. SoQ003
125 10790. (b) Hitchcock, P. B.; Lappert, M. F.; Protchenko, A. V.
Chem. Commun2005 951. (c) Avent, A. G.; Hitchcock, P. B.;
Khvostov, A. V.; Lappert, M. F.; Protchenko, A. \Dalton Trans.
2004 2272. (d) Avent, A. G.; Caro, C. F.; Hitchcock, P. B.; Lappert,
M. F.; Li, Z.; Wei, X.-H. Dalton Trans.2004 1567. (e) Avent, A. G.;
Hitchcock, P. B.; Khvostov, A. V.; Lappert, M. F.; Protchenko, A. V.
Dalton Trans.2003 1070.

(6) (a) Neculai, A. M.; Neculai, D.; Roesky, H. W.; Magull, J.; Baldus,
M.; Andronesi, O.; Jansen, MDrganometallics2002 21, 2590. (b)
Neculai, D.; Roesky, H. W.; Neculai, A. M.; Magull, J.; Herbst-Irmer,
R.; Walfort, B.; Stalke, D.Organometallics2003 22, 2279. (c)
Neculai, A.-M.; Cummins, C. C.; Neculai, D.; Roesky, H. W.;
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(d) Nikiforov, G. B.; Roesky, H. W.; Labahn, T.; Vidovic, D.; Neculai
D. Eur. J. Inorg. Chem2003 433.
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21, 819. (b) Yao, Y. M.; Zhang, Y.; Zhang, Z. Q.; Shen, Q.; Yu, K.
B. Organometallic2003 22, 2876. (c) Yao, Y. M.; Xue, M. Q.; Luo,
Y. J,; Jiao, R.; Zhang, Z. Q.; Shen, Q.; Wong, W. T.; Yu, K. B.; Sun,
J.J. Organomet. Chen2003 678 108. (d) Yao, Y. M.; Luo, Y. J,;
Jiao, R.; Shen, Q.; Yu, K. B.; Weng, L. IRolyhedron2003 22, 441.

(e) Zhang, Z. Q.; Yao, Y. M.; Zhang, Y.; Shen, Q.; Wong, W. T.
Inorg. Chim. Acta2004 357, 3173. (f) Xue, M. Q.; Yao, Y. M.; Shen,
Q.; Zhang, Y.J. Organomet. Chen2005 690, 4685.

(8) Basuli, F.; Tomaszewski, J.; Huffman, J. C.; Mindiola, DQiga-
nometallics2003 22, 4705.

(9) Bonnet, F.; Visseaux, M.; Barbier-Baudry, D.; Vigier, E.; Kubicki,
M. M. Chem—Eur. J.2004 10, 2428.

(10) Cui, C.; Shafir, A.; Schmidt, J. A. R.; Oliver, A. G.; Arnold,Dalton
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and found that related scandium alkyls showed high catalytic
activity for the polymerization of ethylene in the presence
of cocatalystg® 3-Diketiminate- neodymium borohydride
complex combining with M@Bu, can catalyze the stereospe-
cific polymerization of isopren& We previously reported
that some divaleng-diketiminate-ytterbium complexes as
single-component catalysts can catalyze the polymerization
of methyl methacrylate (MMA) with low activity® but the
mixed-ligand trivalenf-diketiminate-ytterbium amido com-
plexes, [(DIPPhnhacnac](MeGHs)YbNR; (R = Ph, P
[(DIPPhknacnac= N,N-2,6-diisopropylphenyl-2,4-pentane-
diimine anion], are inactive for this polymerizatiéhArnold

et al. also reported that-diketiminate-samarium alkyls
[(DIPPh)knacnac](GMes)SmR (R= Me, CH,SiMe3) and
related cationic species are not active catalysts for ethylene
or MMA polymerization!® and Hultzsch et al. reported very
recently that linked bigl-diketiminate)-rare earth metal
complexes copolymerize cyclohexene oxide and, @@h

low activity.!* Therefore, design and synthesis of new
S-diketiminate-lanthanide complexes, especially investiga-
tion of their catalytic activity, are still meaningftd.

We showed previously that lanthanocene amide (Me)z-
LnNPh(THF) is a highly active initiator for the polymeri-
zation of MMA*® while replacement one Me8,~ group
by one [(DIPPhnacnact group caused a dramatic decrease
of the catalytic activity? The reasons might be that the
p-diketiminate is the more bulky and donative ligand,
compared with the Megl,~ group; its coordination to
ytterbium atom increases the steric congestion around the
central metal and decreases the electrophilicity of the metal,
which makes the insertion of MMA into the &N bond
difficult. If the steric congestion around the metal center plays
an important role in the decrease of the activity of
[(DIPPhknacnac](Me@GH4)YbNR,, it is to be expected that
less crowdedf-diketiminate-lanthanide amides should
exhibit good catalytic activity. In this paper, we synthesized
new S-diketiminate-ytterbium monoamido complexes
[(DIPPhYnacnac]Yb(NR)CI(THF), (NR, = NPr,, NP,
NCsH,0) and tested their catalytic activity for the polymer-
ization of some polar monomers. Indeed, th@sdiketimi-
nate-ytterbium amido complexes can efficiently initiate the
polymerization of MMA and:-caprolactone. Here we report
these results.

Results and Discussion

Synthesis and Characterization of #-Diketiminate —
Lanthanide Complexes.We previously reported the syn-
thesis and characterization of the dinuclghdiketimi-
nate-ytterbium dichloride{[(DIPPh}nacnac]YbCl¢-Cl)s-
Yb[(DIPPhknacnac](THF) (1), which has a rare triply
chloro-bridged structur& Further study revealed that the
bridged structure of complekcan be easily broken by DME

(12) After we submitted this manuscript, Bochmann and co-workers
reported that (allyB-diketiminato)lanthanide complexes are effective
initiators for the polymerization of-caprolactone and lactide: Sanchez-
Barba, L. F.; Hughes, D. L.; Humphrey, S. M.; Bochmann, M.
Organometallics2005 24, 3792.

(13) Wang, Y. R.; Shen, Q.; Xue, F.; Yu, K. B. Organomet. Chen200Q
598, 359.
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to produce the monomeric ytterbium dichloride [(DIPRh)
nacnac]YbGI(DME) (2), which was identified by elemental
analysis and an X-ray structure determination. Comg@ex
can also be conveniently prepared in high yield by the
reaction of [(DIPPhnacnac]Li with YbC} in THF, followed
by the crystallization from toluene in the presence of DME.
Complex2 is a good starting synthon for thfediketimi-
nate-ytterbium derivatives via metathesis reactions. Thus,
complex2 reacted with 1 equiv of LiNPyin THF, and the
color of the solution immediately changed from red to
purplish red. After careful workup, purplish red crysted (
were obtained in good isolated yield from THF/toluene mixed
solvent. The composition of complekwas established as
[(DIPPhYnacnac]Yb(NPs)CLLi(THF), by elemental analy-
ses (C, H, N, Ln, and Li); further structural characterization
reveals that compleX is an “ate” species as shown in
Scheme 1. CompleR reacted with LiINPhin a 1:1 molar
ratio, after crystallization from THF/toluene mixed solvent,
to give the neutral product [(DIPPimacnac]Yb(NP§)CI-
(THF) (4). These results can be attributed to the difference
in bulkiness of the amido groups. Prolonged heating of a
toluene solution of compleX led to remove the coordinated
LiCl and to give the neutrgd-diketiminate-ytterbium amide
[{ (DIPPhYnacnagYb(NPry)(u-Cl)]2 (5) in a 72% isolated
yield. Elemental analysis revealed that compfegonsists
of oneS-diketiminate ligand, one diisopropylamido group,
and one chlorine atom at the metal center. When conlex

N
§Cl\\||\"“""Yb\N > N; §C
Yb-—C] Ar < /Yb“Cl A

Pr ZN
\\nu """ Yb

8

reacted with 1 equiv of LiNPr and LiINGHy in toluene,
after careful workup, the neutrgldiketiminate-ytterbium
amido complexess and [ (DIPPhynacnagYb(NCsHyg)-
(u-Cl)]2 (6) could be isolated directly in high yield, respec-
tively, as shown in Scheme 1. These results show that the
reaction medium has significant effect on the outcome of
these reactions.

The IR spectra of complexe2—6 exhibited strong
absorptions near 1554 and 1532 énwhich were consistent
with partial G=N double bond charactét All the complexes
have good thermal stability. Complek is moderately
sensitive to air and moisture, and the crystals can be exposed
to air for a few hours without apparent decomposition. In
contrast, complexe3—6 are extremely sensitive to air and
moisture. The crystals decompose in a few minutes and the
colors of the solutions changed immediately, when they are
exposed to air, but the crystals and the solution showed no
sign of decomposition after several months when stored
under argon. Complexe®—6 are freely soluble in donor
solvents such as THF and DME and moderately soluble in
toluene and benzene. Complex2s6 are slightly soluble
in hexane, while compleg is insoluble. These complexes
did not provide any resolvabléH NMR spectra; the
resonances are broad and shifted due to the strong paramag-
netic nature of ytterbium ion.

(14) Richeson, D. S.; Mitchell, J. F.; Theopold, K. 8.Am. Chem. Soc.
1987, 109, 5868.
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Table 1. Details of the Crystallographic Data and Refinements for Compléxes

Yao et al.

param 2'C7Hg 3 4 5C6H6 6'C7Hg
Formula QoHsgClzNzOsz C43H71C|2LiN 302Yb C45H59C|N30Yb C76H116C|2N6Yb2 C75H11£|2N6Yb2
Fw 843.83 912.94 866.44 1530.723 1512.72
T (K) 193(2) 193(2) 193(2) 193(2) 193(2)
cryst syst triclinic monoclinic monoclinic monoclinic monoclinic
space group P1 P2i/c P2, C2/m P21/n
unit cell
a(h) 11.847(5) 13.0993(13) 11.6162(17) 17.189(2) 14.0042(11)
b (A) 12.410(5) 16.367(2) 32.010(3) 19.4375(16) 13.3892(9)
c(A) 14.660(6) 21.975(2) 12.5587(17) 14.0992(18) 19.5533(13)
o (deg) 100.760(2)
p (deg) 102.184(3) 102.260(4) 114.488(6) 126.923(4) 91.474(5)
y (deg) 102.135(4)
V (A3) 1998.6(14) 4603.8(8) 4249.7(10) 3765.9(8) 3665.1(5)
z 2 4 4 2 2
Deaic(g cn3) 1.402 1.317 1.354 1.350 1.371
w (mm1) 2.507 2.182 2.299 2.582 2.652
F(000) 866 1892 1780 1576 1552
cryst size (mm) 0.6k 0.52x 0.31 0.15x 0.36x 0.80 0.80x 0.30x 0.15 0.51x 0.35x 0.20 0.40x 0.60x 0.24
20max (deg) 55.0 55.0 55.0 55.0 55.0
reflcns collcd 19434 51 107 41971 20 646 39563
ind reflcns 8850 10 310 19 009 4343 8116
obsd reflcns 8616 7870 18527 4246 8012
GOF 1.060 1.067 1.112 1.130 1.292
R 0.0273 0.0410 0.0376 0.0411 0.0424
WR» 0.0692 0.1250 0.0738 0.1001 0.0901

Crystal Structural Analyses. To provide full structural
information for thesep-diketiminate-ytterbium species,

In complex2, the 5-diketiminate ligand is symmetrically
coordinated to the ytterbium atom with AN bond lengths

single-crystal X-ray structural investigations were carried out of 2.275(2) and 2.282(2) A, giving the average-Yi¥ bond

for complexe2—6. Details of the intensity data collection

length of 2.278(2) A, which is similar to that in complex

and the crystal data are given in Table 1. The molecular 1.72 There is expected delocalization within thesystem of

structures of complexe—6 are shown in Figures-15.

the g-diketiminate ligand, and thg-diketiminate ligand is

Their selected bond lengths and angles are listed in Tablescoordinated to the ytterbium atom in a# manner. Two

2 and 3, respectively.

Yb—CI bond lengths are 2.5464(11) and 2.5496(10) A,

Complex2 has a monomeric structure in the solid state. respectively, which are slightly longer than the terminal
The ytterbium atom is six-coordinate with two nitrogen atoms Yb—CI bond length in complex.”

of the s-diketiminate ligand, two chlorine atoms, and two

Complex3is a dinuclear ytterbiumlithium complex with

oxygen atoms from one DME molecule in a distorted two chloro bridges. The [(DIPPacnac]Yb(NPs) moiety
octahedron. N(1), CI(1), O(2), and CI(2) can be considered is bonded through two chloro bridges to a lithium cation,
to occupy equatorial positions within the octahedron about Which in turn is bonded to two oxygen atoms of two THF
the ytterbium center, and O(1) and N(2) occupy axial Mmolecules. The coordination geometry around the ytterbium
positions. The coordination geometry around ytterbium atom atom in complex3 is different from that in comple®. The

is similar to those of monomerjg-diketiminate-lanthanide
dichlorides’®c®

Figure 1. ORTEP diagram of compleR showing the atom-numbering
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Figure 2. ORTEP diagram of comple® showing the atom-numbering

scheme. Thermal ellipsoids are drawn at the 20% probability level. Hydrogen scheme. Thermal ellipsoids are drawn at the 20% probability level. Hydrogen

atoms are omitted for clarity.
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p-Diketiminate—Lanthanide Amides

Figure 3. ORTEP diagram of complefa showing the atom-numbering Figure 5. ORTEP diagram of compleg& showing the atom-numbering
scheme. (Only one of the two independent molecules is shown.) Thermal scheme. Thermal ellipsoids are drawn at the 20% probability level. Hydrogen
ellipsoids are drawn at the 10% probability level. Hydrogen atoms are atoms are omitted for clarity.

omitted for clarity.
Table 2. Selected Bond Lengths (A) and Bond Angles (deg) in

Complexe2—4

param 2 3 4a 4b
Yb(1)—CI(1) 2.5496(10) 2.607(1) 2.5095(14) 2.5174(14)
Yb(1)—-CI(2) 2.5464(11) 2.629(1)
Yb(1)—N(1) 2.275(2) 2.351(4) 2.293(4) 2.298(4)
Yb(1)—N(2) 2.282(2) 2.332(4) 2.320(4) 2.317(4)
Yb(1)—N(3) 2.124(5) 2.217(4) 2.207(4)
Yb(1)—0(1) 2.374(2) 2.361(4) 2.360(4)
Yb(1)—0(2) 2.436(2)
Yb(1)—C(36) 3.103(5) 3.108(5)
Yb(1)—C(2) 3.215(3) 3.297(5) 3.327(5) 3.316(5)
Yb(1)—C(3) 3.220(3) 3.571(5) 3.648(5) 3.632(5)
Yb(1)—-C(4) 3.501(3) 3.263(5) 3.312(5) 3.300(5)
N(1)—C(2) 1.331(3) 1.331(7) 1.340(6) 1.337(7)
N(2)—C(4) 1.335(3) 1.345(6) 1.341(6) 1.341(6)
C(2)-C(3) 1.412(4) 1.407(7) 1.395(7) 1.402(7)
C(3)-C(4) 1.401(4) 1.357(6) 1.412(7) 1.398(7)

CI()-Yb(L)-N(1) 101.60(6) 143.4(1) 131.38(11) 130.08(11)
CI()-Yb(L)-N(2) 99.48(6)  87.5(1) 87.24(10)  87.48(11)
CI)-Yb(1)-N(1) 92.32(6)  86.6(1)

CI2)-Yb()-N(2) 92.00(6)  143.4(1)

Figure 4. ORTEP diagram of comple% showing the atom-numbering ~ N(1)=Yb(1)-N(2) 82.21(8)  80.8(1)  79.57(14)  79.99(15)

scheme. Thermal ellipsoids are drawn at the 25% probability level. Isopropyl Cl(1)—Yb(1)—N(3) 104.7(1) 119.03913) 119.72(13)
groups on the arene rings and hydrogen atoms are omitted for clarity. Two N(1)—Yb(1)—N(3) 111.9(2) 109.53(16) 110.17(16)
disordered carbon atoms (C17A,B,F) are shown in three possible orienta- N(2)—Yb(1)—N(3) 111.4(2) 102.85(16) 102.75(16)

tions. The disordered chlorine atom is shown in one possible orientation.

. . . . , , Yb—N bonds to thg-diketiminate ligand (see above). The
Yb3* ion displays a distorted pseudo-trigonal bipyramidal 4 lengths of Yb-CI(1) and Yb-CI(2) are apparently
geometry defined by the two nitrogen atoms of the chelating longer than those in complexdue to the formation of the

bidentateS-diketiminate ligand, one nitrogen atom from g6 honds. Thg-diketiminate ligand is also coordinated
diisopropylamido group, and two chlorine atoms (N(1), N(3), g the ytterbium atom in an? manner.

and CI(1) for_m a pla_m_e; N(2) and QI(Z) serve as two Crystals of complexd suitable for an X-ray structure
vertexes), while the Li ion adopts a dl_storted pseudotetra- yoomination were obtained from concentrated hexane
hedral geometr); form_?ngy t\lNo (I:hlorlne atoms and two solution at room temperature. Compléxcrystallizes with
oxygen at_om; 0 two . molecules. . two crystallographically independent but chemically similar
The g-diketiminate ligand is symmetrically coordinated molecules 4ab) in the unit cell. An ORTEP of molecule
with the ytterbium atom, which is similar to that found in 4a is depicted in Figure 3. Comple# has a solvated
Comp'ﬁ‘;fz but different from tha.t in [(DIPPRnacnac]ScGt monomeric structure in the solid state. The ytterbium atom
(THF) 2 The Yb(1)-N(3) bond is shorter (2.124(5) A) than is five-coordinated by two nitrogen atoms from heliketim-

(15) Lee, L. W. M.; Piers, W. E.; Elsegood, M. J.; Clegg, W.: Parvez, M. inate Iigarld, one nitrogen atom from diphenylamido group,
Organometallics1999 18, 2947. one chlorine atom, and one oxygen atom from THF molecule
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Table 3. Selected Bond Lengths (A) and Bond Angles (deg) in
Complexess and 6

param 5 6
Yb(1)—CI(1) 2.655(7) 2.651(1)
Yb(1)—N(1) 2.290(3) 2.289(3)
Yb(1)—N(2) 2.290(3) 2.290(3)
Yb(1)—N(3) 2.140(6) 2.091(3)
Yb(1)—C(2) 3.074(4) 3.180(4)
Yb(1)—C(3) 3.256(6) 3.444(1)
Yb(1)—C(4) 3.183(4)
N(1)—C(2) 1.340(5) 1.339(4)
C(2)-C(3) 1.403(5) 1.403(5)
C(3)-C(4) 1.402(5)
N(2)—C(4) 1.332(4)
CI(1)—Yb(1)—N(1) 140.62(11) 144.22(9)
CI(1)—Yb(1)—N(2) 89.11(8)
CI(1)—Yb(1)—N(3) 111.54(13) 109.5(1)
N(1)—Yb(1)—N(2) 85.19917) 83.4(1)
N(1)—Yb(1)—N(3) 107.66(13) 106.3(1)
N(2)—Yb(1)—N(3) 107.66(13) 102.77(15)

to form a slightly distorted trigonal bipyramidal geometry.
N(1), N(3), and CI(1) can be considered to occupy equatorial
positions within the trigonal bipyramid, and N(2) and O(1)
occupy axial positions. The Yb(N(1) and Yb(1)}-N(2)
bond lengths are 2.293(4) and 2.320(4) A, respectively,
which is slightly greater than the corresponding bond lengths
in [(DIPPhknacnac](MeGH,)YbNPh.” As expected, the
Yb(1)—N(3) bond length of 2.217(4) A is lower than the
Yb—N bond to the3-diketiminate ligand, but this bond length
is apparently higher than the corresponding—¥b bond
length in complex3. This can be attributed to the more
crowded coordination environment around ytterbium atom
in complex4. It is worth noting that there is an agostic
interaction of thex carbon atom of the diphenylamido group
with the central metal atom. The LC(36) bond length is
3.103(5) A in complexa, which is comparable to those of
2.986(6) and 3.180(9) A for bridging?CsHs bonding

in (CsMes),Smu-CsHs)Sm(GMes),,* and 2.814(4) to
3.148(6) A for chelating #5-7*-Ph—-Yb bonding in
[Yb(Odpp)]. (Odpp= 2,6—diphenylphenolate}’

Crystals of complext that were suitable for an X-ray
structure determination were obtained from concentrated
toluene solution at-5 °C. Complex5 has a neutral dimeric
structure, and two [(DIPPkacnac]Yb(NPg) moieties are
linked through two chloro bridges. The coordination geom-

etry around the ytterbium atom can be best described as a

distorted pseudo-trigonal bipyramidal, which is similar to
that in complex3. Two chlorine atoms and one isopropyl
containing C(17A-C) of the diisopropylamido group are
disordered due to strong thermal motion. The chlorine atom
has been resolved into three atoms with occupancy of one-
third, respectively. The two carbon atoms of the isopropyl

group have been resolved into three atoms with occupancy

of 0.75, 0.75, and 0.5, respectively. It is worthy to note that
there is a benzene molecule in the unit cell. The benzene
molecule should be a toluene molecule, but it lies on an

inversion center and has an average centrosymmetric struc-

ture. Only the benzene ring can be found in the crystal

(16) Evans, W. J.; Ulibarri, T. AJ. Am. Chem. S0d.987, 109 4292.
(17) Deacon, G. B.; Nickle, S.; Mackinnon, P. |.; Tiekink, E. R.Alust.
J. Chem.199Q 43, 1245.
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structure, and it is not possible to assign the methyl gféup.
The Yb—N(1) bond length of 2.290(3) A is about 0.05 A
lower than the average YHN bond to thes-diketiminate
ligand in complex3. The amide displays shorter bond to
ytterbium (2.140(6) A) than does tiflediketiminate ligand.
The Yb—C(2) distance is 3.074(4) A, which indicates that
the complex may be considered to involwecoordination
of the -diketiminate ligand to the ytterbium atom.

Crystals of complex6 suitable for an X-ray structure
determination were obtained from a concentrated toluene
solution at room temperature. Complé&xhas crystallo-
graphically imposed 2-fold symmetry; the overall molecular
structure of compleX resembles that of complex Like
that in complexs, the5-diketiminate ligand is symmetrically
coordinated to the ytterbium atom. The ¥Nh(1) and
Yb—N(2) bond lengths of 2.287(3) and 2.289(3) A, respec-
tively, are in accordance with the corresponding bond length
in complex5, but are slightly shorter than those in complex
3. The Yb—N(3) bond length of 2.089(4) A is about 0.13
and 0.05 A shorter than the corresponding bond lengths in
complexest and>5, respectively, which can be attributed to
piperidyl having less steric bulk than diisopropylamido and
diphenylamido groups. There is only purety bonding
between thes-diketiminate ligand and the ytterbium atom,
which is different from that observed in compl&x

Polymerization. Yasuda and co-workers first reported that
lanthanocene alkyls, as single-component initiators, can
initiate the living polymerization of MMAL? From then on,

a series of lanthanocene or nonlanthanocene complexes were
found to be effective initiators for MMA polymerizatici:2*

The catalytic behavior of complexds-6 for the polymer-
ization of MMA was examined. As expected, th¢sdiketim-
inate—lanthanide monoamido complexes can be used as
single-component initiators to initiate MMA polymerization

in toluene. The preliminary results are summarized in Table
4. It can be seen that complex&s6 polymerize MMA with
relatively good activity, and the yield can reach 75% at O
°C in 5 h in thecase of 0.5 mol % initiator concentration

(18) Van der Sluis, P.; Kroon, J. Cryst. Growth1989 97, 645.

(19) Yasuda, H.; Yamamoto, H.; Yokota, K.; Miyake, S.; Nakamura, A.
J. Am. Chem. S0d.992 114 4908.

(20) Lanthanocene systems in MMA polymerization catalysis: (a) Yasuda,

H.; Tamai, H.Prog. Polym. Sci1993 18, 1097. (b) Yasuda, H.;

Yamamoto, H.; Yamashita, M.; Yokota, K.; Nakamura, A.; Miyake,

S.; Kai, Y.; Kanehisa, NMacromolecule4993 26, 7134. (c) Boffa,

L. S.; Novak, B. M.Macromoleculed 994 27, 6993. (d) Giardello,

M. A.; Yamamoto, Y.; Brard, L.; Marks, T. JJ. Am. Chem. Soc.

1995 117, 3276. (e) Mao, L. S.; Shen, Q. Polym. Sci., Part A:

Polym. Chem1998 36, 1593. (f) Mao, L. S.; Shen, Q.; Sun, J.

Organomet. Chenil998 566, 9. (g) Qian, C. T.; Nie, W. L.; Sun, J.

Organometallics200Q 19, 4134. (h) Shen, Q.; Yao, Y. MJ.

Organomet. Chen002 647, 180.

Non-lanthanocene systems in MMA polymerization catalysis: (a)

Nakayama, Y.; Shibahara, T.; Fukumoto, H.; Nakamura, A.; Mashima,

K. Macromolecule4996 29, 8014. (b) Luo, Y. J.; Yao, Y. M.; Shen,

Q.; Yu, K. B.; Weng, L. HEur. J. Inorg. Chem2003 318. (c) Estler,

F.; Eickerling, G.; Herdtweck, E.; Anwander, Brganometallic2003

22, 1212. (d) Cui, C.; Shafir, A.; Reeder, C. L.; Arnold,Qrgano-

metallics2003 22, 3357. () Woodman, T. J.; Schormann, M.; Hughes,

D. L.; Bochmann, MOrganometallic2004 23, 2972. (f) Simpson,

C. K.; White, R. E.; Carlson, C. N.; Wrobleski, D. A.; Kuehl, C. J,;

Croce, T. A.; Steele, I. M.; Scott, B. L.; Young, V. G., Jr.; Hanusa, T.

P.; Sattelberger, A. P.; John, K. Drganometallics2005 24, 3685.

(g) Bonnet, F.; Hillier, A. C.; Collins, A.; Dubberley, S. R.; Mountford,

P. Dalton Trans.2005 421.

(21)
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Table 4. Polymerization of MMA Initiated by Complexe$—6

tacticity (%)
entry initiator T(°C) yield (%) 10“*Mn(calcd) 10“My(obsd? Mu/MpP mm mr rr

1 4¢ 0 24.1 0.48 2.32 2.62 17.9 36.9 45.2
2 4d 60 15.9 0.32 0.97 2.27 11.9 32.9 55.2
3 4 60 7.5 0.15 0.89 2.28

4 4¢ 0 49.3 0.98 1.93 2.23 13.8 28.6 57.6
5 5d 60 18.1 0.36 0.69 2.09 17.7 37.1 45.2
6 5d 0 45.2 0.90 3.80 2.72 8.6 31.7 59.7
7 5 60 7.8 0.16 0.93 2.92

8 6 0 69.2 1.28 2.88 1.87 8.9 30.2 60.9
9 6° 0 75.2 1.50 2.85 1.85 8.7 30.2 61.1
10 6 —78 27.9 0.56 2.52 2.58 0 19.5 80.5
11 64 60 37.6 0.76 2.05 2.77 22.8 37.8 39.4
12 6 60 18.1 0.36 1.57 211

a Polymerization conditions: in toluene, [M]/[§ 200, solvent/monomer 1
standards with MarkHouwink correctiong? ¢t = 5 h. 4 Bulk polymerization.

(IM)/[1] = 200) using comple% as initiator. However, the
activity of these complexes is apparently lower than that of
lanthanocene amido complex&s.For example, 100% of
yield can be reachedhi2 h even in the case of 0.2 mol %
initiator concentration using (MeB,).Yb(NCsH10)(HNCsH;0)

as initiator?® The amido group has a significant effect on
the activity of theses-diketiminate-lanthanide complexes.
The activity order of amido group is NPh< NPr, <
NCsH1g, which is contrary to the order of the kriN(amido)
bond lengths in these complexes. This increasing order is in
accordance with that observed in lanthanocene amide
systemg% Polymerization temperature affects the activity
dramatically. The yields increased first with the decrease of
temperature from 60 to OC and then decreased with the
decrease of temperature from 0-t@8 °C. The highest yields
were obtained at about T. This may be because a side
reaction involving a nucleophilic substitution reaction of
lanthanide amido complexes to the ester group of MMA,
which caused inactivation of the catalyst, occurred at high
temperaturé? and the polymerization became difficult at

(v/v),t = 3 h.P Measured by GPC at 3T in THF relative to polystyrene

10). The increasing of syndiotacticity with decreasing of
temperature is common in organolanthanide catalyst sydtems.

On the basis of the wide application of palygaprolac-
tone) (PCL) and its copolymers in the medical fiétdhe
synthesis of these polymers by ring-opening polymerization
(ROP) of lactones and functionally related compounds has
attracted considerable attention. Many kinds of organolan-
thanide complexes have been reported to be efficient
initiators for the ROP of lactones, giving polymers with both
high molecular weights and high yiel&&?” The catalytic
behavior of complexed—6 for the ring-opening polymer-
ization of e-caprolactone was also examined, and the
preliminary results are summarized in Table 5. It can be seen
that all of these complexes are efficient initiators for this
polymerization in toluene. Thg-diketiminate-lanthanide
amido complexes showed extremely high activity compared
with the lanthanocene amido complexes. For examples, using
complex 5 as initiator, nearly quantitative yield can be
obtained within 1 min at 25C when the molar ratio of
monomer to initiator is 500:1, and even when the amount

lower temperature. The relationship between temperature anchf the initiator decreases to [CL]:[f 800:1, the polymer-

yields for the present systems is different from that for

ization still gives a 84% yield within 10 min. However, using

lanthanocene amide systems. In the later case, the yield§anthanocene amide (MeB.,),YbNPI,(THF) as initiator, the

increase with decreasing of temperatt¥edlmost all of the
molecular weights of the polymers obtained are quite superior
to the theoretical values, which indicated that the initiation

yield is only 26% afte 4 h in thecase of 500:1 (molar
ratio) of monomer to initiatof? Evans and co-workers also

efficiency is low. The reason may be attributed to the
destruction of the extremely sensitive-diketiminate-
lanthanide amido complex by the contaminate®+and/or
oxygen included in the systetf? Because the measured
molecular weights are quite far from the theoretical ones,
and the molecular weight distributions of these polymers
obtained are relatively broad, the present polymerization
systems are not well-controlled. The tacticity of the resultant
PMMA was determined with reference to the reported tffad.
The atactic PMMA is obtained using complexés6 as
initiator at or above OC, while the syndiotacticity of PMMA
increases with the decreasing of polymerization temperature,
and the syndiotactic PMMA can be obtained-at8 °C (entry

(22) Zhang, Y.; Yao, Y. M.; Shen, Q.; Meng, Q. J.; Ren, J. S;; Lin, Y. H.
Chin. J. Appl. Chem2002 19, 173.

(23) Chujo, R.; Hatada, K.; Kitamura, R.; Kitayama, T.; Sato, H.; Tanaka,
Y. Polym. J.1987, 19, 413.

(24) Panke, D.; Stickler, M.; Wunderlich, Wilakromol. Chem1987, 188
2651.
(25) Fujisato, T.; Ikada, YMacromol. Symp1996 103 73.
(26) Lanthanide complexes bearing N-based initiating ligandsdapro-
lactone polymerization catalysis: (a) Evans, W. J.; Katsumata, H.
Macromoleculesl994 27, 2330. (b) Barbier-Baudry, D.; Bouazza,
A.; Brachais, C.-H.; Dormond, A.; Visseaux, N{lacromol. Rapid
Commun200Q 21, 213. (c) Visseaux, M.; Brachais, C.-H.; Boisson,
C.; Tortosa, KC. R. Acad. Sci. Paris, Ser. 1890Q 3, 631. (d) Matsuo,
Y.; Mashima, K.; Tani, KOrganometallic2001, 20, 3510. (e) Luo,
Y.J.;Yao, Y. M.; Shen, Q.; Sun, J.; Weng, L. H.Organomet. Chem.
2002 662 144. (f) Chen, J. L.; Yao, Y. M.; Luo, Y. J.; Zhou, L. Y.;
Zhang, Y.; Shen, QJ. Organomet. Chen2004 689 1019.
Other lanthanide complexesdrcaprolactone polymerization cataly-
sis: (a) Yamashita, M.; Takemoto, Y.; lhara, E.; Yashuda, H.
Macromolecule4996 29, 1798. (b) Nishiura, M.; Hou, Z.; Koizumi,
T.; Imamoto, T.; Wakatsuki, YMacromolecule4999 32, 8245. (c)
Martin, E.; Dubios, P.; Jerome, Rlacromolecule00Q 33, 1530.
(d) Guillaume, S. M.; Schappacher, M.; Soum, Macromolecules
2003 36, 54. (e) Yao, Y. M.; Xu, X. P.; Liu, B.; Zhang, Y.; Shen, Q.;
Wong, W.-T.Inorg. Chem.2005 44, 5133. (f) Yao, Y. M.; Ma, M.
T.; Xu, X. P.; Zhang, Y.; Shen, Q.; Wong, W.-Qrganometallics
2005 24, 4014.
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Table 5. Polymerization ofe-Caprolactone Initiated by Complexds-62

entry initiator ™M1 Vsolven! Vinonomer t (min) yield (%) 10*M(calcd) 10“M,(obsd¥ PDI
1 4 200 4 1 min 100 2.28 0.946 1.46
2 4 500 4 1 min 100 5.70 0.874 1.71
3 4 500 9 10 min 70.1 3.99 1.01 1.62
4 5 200 4 1 min 100 2.28 0.823 1.61
5 5 200 4 48 h 100 2.28 1.20 1.95
6 5 500 4 1 min 100 5.70 0.823 1.64
7 5 800 4 10 min 84.1 7.66 0.935 1.61
8 5 500 9 10 min 65.8 3.75 0.846 1.69
9 6 200 4 1 min 100 2.28 0.403 1.68
10 6 500 4 1 min 100 5.70 0.515 1.43
11 6 500 9 10 min 75.6 4.31 0.605 1.50
12 2 200 4 16 h 16.1 0.464 0.599 1.14

a Polymerization conditions: in toluen&= 25 °C. ® Measured by GPC at 3T in THF relative to polystyrene standards with Maikouwink corrections
for M, [Mn(obsd)= 0.56VI,(GPC)]28

found that the activity of the divalent samarium amide [(DIPPhknacnac]Yb(NP}CI(THF) and [ (DIPPh}nacnag-
[(MesSi)N]2Sm(THF), for e-caprolactone polymerizationis  Yb(NR2)CI]. (NR2 = NPr,, NCsH10) via metathesis reaction
much higher than that of @®es),Sm(THF).2%2 Considered using thefS-diketiminate-ytterbium dichloride [(DIPPh}

the stronger electron-donating ability of tRediketiminate nacnac]YbGI(DME) as a synthon. Their structure features
ligand in comparison with cyclopentadienyl group, it can be have been determined by X-ray diffraction study. These new
concluded that increasing of electron density of the ligand g-diketiminate-ytterbium monoamido complexes exhibit
around metal center might be beneficial to the increase of good activity for MMA polymerization. These results
activity of Ln—N(amido) bond for-caprolactone polymer-  indicate that decreasing the steric bulkiness around the central
ization. The polymerization rate decreases with decreasingmetal should increase the reactivity of the complexes.
monomer concentration. For example, the polymerization However, the activity of thes@-diketiminate-ytterbium
gives a 100% vyield in 1 min when the volume ratio of solvent monoamido complexes is still apparently lower than that of
to monomer is 4, while a 65.8% yield is obtained when the lanthanocene amido complexes. Furthermore, thaketim-
volume ratio increases to 9 under the same polymerizationinate—ytterbium amido complexes showed high catalytic
conditions (entries 3, 8). The effect of the amido groups in activity for the ring-opening polymerization efcaprolac-
these complexes on the polymerization was not observed.tone, but the polymerization is not well-controlled. Although
All of these ytterbium amido complexes show a similar a lot of lanthanide complexes bearing other ligand environ-
catalytic behavior under present polymerization conditions. ments exhibit high catalytic activity and controlled polym-
Because comple® can only initiatee-caprolactone polym-  erization behavior for the polymerization of MMA and
erization in very low activity (entry 12), the polymerization e-caprolactone, design and synthesis of ifediketiminate-
initiated by the Lr-N bonds from thes-diketiminate group lanthanide complexes to exhibit these features is still a
can be ignored, and the polymerization was initiated by the challenge. Studies are still in process in our laboratory.
Ln—N(amido) l_)ond. Hovyeve_r, thg molecular weights of t.he Experimental Section

polymers obtained are time inferior to expected theoretical
ones, and no linear relationship between monomer-to-initiator ) .

. . . atmosphere using standard Schlenk techniques. Solvents were
ratio and molgcular_ nggh'_[ can be observed. Meanwhile, the degassed and distilled from sodium benzophenone ketyl under argon
mole_cular weight distributions of the resultant polymers are prior to use {[(DIPPhpnacnac]YbClg-Cl)sYb[(DIPPhynacnac]-
relatively broad (range from 1.43 to 1.71). The low molecular (THF)} (1) was prepared according to the literature metffod.
weights and broad PDls in these systems might be attributede-Caprolactone and methyl methacrylate were purchased from
mainly to a back-biting reaction, caused by the catalyst, Acros, dried by Cakifor 48 h, and then distilled under reduced
leading to intramolecular transesterification. Further experi- pressure. The uncorrected melting points were determined in sealed
ment reveals that the molecular weight increases and molec-Ar-filed capillary tubes. Ytterbium analysis was carried out by
ular weight distribution broadens as the polymerization time complexometric titration. The content of lithium was determined
prolonged to 48 h, which can be attributed to the intermo- " @ Hitachi 180-80 polarized Zeeman .atomic absorption spectro-
lecular transesterificatiof?. These results indicate that the photometer._Carbon, hydr_ogen_, and nitrogen analyses were per-
transesterification reaction during the polymerization processformGd by direct combustion with a Carlo-Erba EA 1110 instru-

in th i i t be effectivel d ment. The IR spectra were recorded with a Nicolet-550 FT-IR
In the present systems cannot be efiectively suppressed. spectrometer as KBr pellets. Molecular weight and molecular weight

distributions were determined against polystyrene standards by gel
permeation chromatography (GPC) at 3D with a Waters 1515

In summary, we have successfully synthesized a series ofapparatus with three HR columns (HR-1, HR-2, and HR-4) using
new p-diketiminate ytterbium monoamido complexes THF as an eluent.
[(DIPPh).nacnac]YbClL(DME) (2). Method a. A 2 mL volume

(28) Barakat, I.; Dubois, P.; Jerome, R.; Teyssie].RRolym. Sci., Part A: of DME was added to a toluene solution of complex0.86 g,
Polym. Chem1993 31, 505.

(29) Xue, M. Q.; Mao, L. S.; Shen, Q.; Ma, J. Chin. J. Appl. Chem. (30) Dubois, Ph.; Jacobs, C.; Jerome, R.; Teyssie,Mitromolecules
1999 16, 102. 1991 24, 2266.

All manipulations were performed under a purified argon

Conclusion
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0.62 mmol, 80 mL) by syringe, and the color of the solution changed LiNPr', (12 mL, 4.31 mmol) prepared in situ at’C. The solution

immediately from purplish red to red. Then the solution was
concentrated to about 5 mL and cooled -85 °C. The red
crystals of complex2 were collected in two crops by filtra-
tion (0.76 g, 83%). Mp: 155157 °C (dec). Anal. Calcd for
Cs3Hs1CLNOLYh: C, 52.73; H, 6.84; N, 3.73; Yb, 23.02. Found:
C, 53.12; H, 6.51; N, 3.48; Yb, 22.89. IR (KBr, c): 2963 (s),

2932 (s), 2866 (m), 1624 (vs), 1555 (vs), 1481 (m), 1462 (s), 1437
(s), 1385 (m), 1360 (s), 1322 (s), 1292 (s), 1254 (m), 1177 (m),

1088 (m), 1026 (m), 937 (w), 798 (m).

Method b. A solution of [(DIPPh)nacnac]Li (12 mL, 3.86
mmol) in toluenef-hexane (4:1) was slowly added to a suspension
of YbCl; (1.08 g, 3.86 mmol) in 30 mL of THF at room

temperature. The color of the solution gradually changed to red.
The reaction mixture was stirred overnight at room temperature.

was stirred at @C for 1 h and then for another 24 h at room
temperature. The color of the solution gradually changed from red
to dark-blue. The precipitation was removed by centrifugation, and
then the solution was concentrated to about 10 mL under reduced
pressure. CompleX was obtained as dark-red crystals—i °C in

a few days (1.96 g, 63%).

[{(DIPPh);nacnag Yb(NCsH10)(u-Cl)]2 (6). The synthesis of
complex6 was carried out in the same way as that described for
complex5 (method b), but LINGH;0 (3.60 mmol) was used instead
of LiNPri,. A 1.65 g amount of comple$ was isolated from a
concentrated toluene solution as brown crystals (65%). Mp:—218
220°C. Anal. Calcd for GsH11CloNgYbo: C, 57.49; H, 7.24; N,
5.92; Yb, 24.36. Found: C, 57.16; H, 7.21; N, 5.72; Yb, 24.19. IR
(KBr, cm=1): 2963 (s), 2928 (s), 2866 (s), 1659 (m), 1624 (m),

Solvent was completely removed under vacuum, and the red residuel551 (s), 1524 (s), 1462 (s), 1366 (s), 1319 (w), 1254 (m), 1173
was extracted with toluene. The dissolved portion was removed (m), 1103 (m), 1022 (m), 924 (m), 750 (m).

by centrifugation. The filtrate was concentrated to 15 mL, and 1
mL of DME was added. The solution was cooled-&& °C, and

red block crystals were collected in two crops by filtration in 2
days (2.04 g, 70%).

[(DIPPh),nacnac]Yb(NPr,)(u-Cl),Li(THF) » (3). To a THF
solution (40 mL) of complex (2.29 g, 3.05 mmol) was slowly
added a toluene solution of LINRP(10 mL, 3.05 mmol) prepared
in situ by the reaction of HNBrwith LiBu-n (1.65 M inn-hexane)
at 0°C. The solution was stirred at’C for 1 h and then for another
24 h at room temperature. The color of the solution gradually

Typical Procedure for Polymerization Reactions.The proce-
dures for the polymerizations of methyl methacrylate exwépro-
lactone are similar, and a typical polymerization procedure is given
below. A 25 mL Schlenk flask, equipped with a magnetic stirring
bar, was charged with an appropriate amount of the lanthanide
complex and toluene, depending upon the monomer-to-initiator
ratio. To this solution was added 1 mL of methyl methacrylate using
a syringe. The contents of the flask were then stirred vigorously at
0 °C water bath for the desired time, during which time the mixture
became very viscous, thus disrupting the stirring. The reaction

changed from red to brown. The solution was concentrated to aboutmixture was quenched by the additioh M HCI solution and
5 mL under reduced pressure, and then 20 mL of toluene was addedwas then poured into ethanol to precipitate the polymer, which was

The brown crystals were obtained from a concentrated toluene
THF solution at—=30°C in 2 weeks (1.35 g, 49%). Mp: 16911
°C. Anal. Calcd for GgH71ClLLIN3O,Yb: C, 56.57; H, 7.84; N,
4.60; Yb, 18.95. Found: C, 56.41; H, 7.62; N, 4.57; Yb, 18.65. IR
(KBr, cm™1): 2963 (s), 2928 (m), 2866 (w), 1659 (m), 1624 (s),
1551 (s), 1462 (s), 1389 (m), 1323 (w), 1262 (w), 1172 (w), 1103
(w), 1034 (w), 937 (w).

[(DIPPh);nacnac]Yb(NPh)CI(THF) (4). The synthesis of
complex4 was carried out by the similar method for that of complex
3, but LiNPh, (6.19 mmol) was used instead of LiINPIComplex

dried under vacuum and weighed.

X-ray Crystallography. Suitable single crystals of complexes
2—6 were sealed in a thin-walled glass capillary for determining
the single-crystal structure. Intensity data were collected with a
Rigaku Mercury CCD area detectordnscan mode using Mo &«
radiation ¢ = 0.710 70 A). The diffracted intensities were corrected
for Lorentz polarization effects and empirical absorption corrections.
Details of the intensity data collection and crystal data are given
in Table 1.

The structures were solved by direct methods and refined by

4 was obtained as red crystals at room temperature in 2 days (3.60full-matrix least-squares procedures based|Bj. All the non-

g, 67%). Mp: 149-151°C. Anal. Calcd for GsHsoCIN3OYb: C,
62.38; H, 6.86; N, 4.85; Yb, 19.97. Found: C, 62.73; H, 6.75; N,
4.81; Yb, 19.62. IR (KBr, cm?): 2963 (s), 2928 (m), 2866 (m),

hydrogen atoms were refined anisotropically. The hydrogen atoms
in these complexes were all generated geometricaltyH@®ond
lengths fixed at 0.95 A), assigned appropriate isotropic thermal

1620 (s), 1593 (s), 1551 (s), 1493 (s), 1462 (m), 1385 (m), 1316 parameters, and allowed to ride on their parent carbon atoms. All

(m), 1277 (m), 1173 (w), 1099 (w), 1026 (w), 934 (w).

[{ (DIPPh),nacnag Yb(NPriz)(u—Cl)] (5). Method a. A 1.20
g (1.31 mmol) amount of compleXwas dissolved in toluene (80
mL). The solution was stirred at 8€ in an oil bath for about 12

h, and then the precipitation was removed from the solution by

centrifugation. Comple% was obtained as dark-red crystals from
a concentrated toluene solution-85 °C in 2 days (0.69 g, 72%).
Mp: 189-191 °C. Anal. Calcd for GgH116Cl-NgYb,: C, 57.88;
H, 7.63; N, 5.79; Yb, 23.82. Found: C, 58.01; H, 7.50; N, 5.39;
Yb, 23.42. IR (KBr, cntl): 2963 (s), 2928 (m), 2866 (m), 1659
(m), 1624 (m), 1589 (w), 1551 (m), 1462 (m), 1439 (m), 1173
(m), 1103 (w), 1042 (w), 934 (w), 783 (m), 756 (m).

Method b. To a toluene solution (80 mL) of complex(3.24 g,
4.31 mmol) was slowly added a toluendiexane (4:1) solution of

the H atoms were held stationary and included in the structure factor
calculation in the final stage of full-matrix least-squares refinement.
The structures were solved and refined using the SHELEXL-97
(for complexe, 4—6) and CRYSTALS (for comple8) programs.
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