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A new imidazolidine-bridged bis(phenol) [ONNOJH, ([ONNOJH, = 1,4-bis(2-hydroxy-3,5-di-tert-butyl-benzyl)-
imidazolidine) was prepared in relatively high yield by Mannish reaction of 2,4-di-tert-butylphenol, formaldehyde,
and ethylenediamine in a 2:3:1 molar ratio. Reaction of the bis(phenol) with NaH in THF, after workup, afforded the
sodium bis(phenolate) {JONNO]Nax(THF),}2:2THF (1) as a dimeric tetranuclear complex in an almost quantitative
yield. Reaction of YbCl; with complex 1 in a 2:1 molar ratio in THF, in the presence of HMPA, produced the
desired bis(phenolate) ytterbium dichloride as bimetallic complex [ONNOJ{ YbCl,(HMPA)} ,-2.5C;Hg (2). Complex 2
can be used as a precursor for the synthesis of ytterbium derivatives by salt metathesis reactions. Reaction of
complex 2 with NaO'Pr in a 1:2 molar ratio in THF led to the formation of bimetallic alkoxide [ONNOJ{ Yb(u-O*-
Pr)CI(HMPA)} .- THF (3). However, the residual chlorine atoms in complex 3 are inactive for the further substituted
reaction. Further study revealed that the bulkiness of the reagent has profound effect on the outcome of the
reaction. Complex 2 reacted with bulky NaOAr (ArO = 2,6-di-tert-butyl-4-methylphenoxo) or NaNPh; in a 1:2 molar
ratio under the same reaction conditions, after workup, to give the ligand redistributed products, (ArO),YbCI-
(HMPA), (4) and [ONNO]YbCI(HMPA), (5) for the former and complexes 5 and (Ph,N),YbCI(HMPA), (6) for the
latter. If the molar ratio of complex 2 to NaNPh, decreased to 1:4, the expected ligand redistributed products
[ONNO]YbNPhy(HMPA) (7) and (PhaN)sYb(HMPA),-C7Hg (8) can be isolated in high yields. All of the complexes
were well characterized, and the definitive molecular structures of complexes 1-4, 7, and 8 were provided by
single-crystal X-ray analysis.

Introduction (phenolate) lanthanide alkoxides can polymeréizeapro-
lactone in a controllable mann& and the divalent ytter-

In recent years, bridged bis(phenolate) ligands have p;m complex stabilized by amine bis(phenolate) ligands,
received considerable attention in organolanthanide chemistry-

because they are easily available, tunable, and even poten-
tially recyclable, which thus allows for the systematic
variation of the steric and electronic properties of the
bisphenolic portiort-—2 In particular, some of these bridged
bis(phenolate) lanthanide complexes exhibit exciting reactiv-
ity. For example, the amine bis(phenolate) group 3 and
lanthanide metal complexes are highly active initiators for
the synthesis of polytcaprolactone) and poly(lactide),
respectivelyj:¢Mand syndiospecific poly-butyrolactone)
from racemic S-butyrolactoné! The carbon-bridged bis-
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as a single electron-transfer reagent, can activate some smallphenolate) ligands and > a monoanionic active group,
molecules, such as PhNCO and RRCH, etc! were synthesized by reaction of the appropriate trivalent
The presence of a heteroatom on the bridged bis(phenolateh)omoleptic lanthanide amide or alkyl with an equivalentLH
ligands seems to have significant effect on the reactivity of ligand via a protolytic ligand exchange reactiénd:i2 In
the corresponding metal complexes. The titanium complexesaddition to ligand exchange pathways, we recently reported
containing sulfur- or tellurium-bridged bis(phenolate) ligands the successful synthesis of neutral ytterbium (Ill) amine bis-
were reported to show distinctively high activity for the (phenolate) complexes by direct metathesis reaéfidinis
polymerization of ethylene and propylene upon activation interesting to know whether this is a special case. Therefore,
with methylaluminoxane (MAO) in comparison with those we intend to expand this synthetic method to other bis-
of the corresponding methylene-bridged bis(phenolate) and(phenolate) ligand systems. In this paper, a new imidazoli-
the similar 2,2diphenolate titanium complexé# theoreti- dine-bridged bis(phenol) was prepared, and a series of
cal study revealed that the coordination of the sulfur or lanthanide derivatives supported by this ligand system were
tellurium atom was essential to reduce the activation energy synthesized by direct salt metathesis reaction. Here we report
for olefin insertion into a metaicarbon bond.Our previous these results.
studies also revealed that the lanthanide complexes supported
by the amine bis(phenolate) ligands showed higher catalytic Experimental Section
activities fore-caprolactone polymerization than the meth-
ylene-_llnked onest2This encouraged us to sys_temat_lcally used as received unless otherwise noted. All manipulations were
Investigate t.h.e effect of heteroatoms of the ar_1C|IIary ligands performed under argon, using the standard Schlenk techniques.
on the reactivity of the corresponding lanthanide complexes. T toluene, and hexane were distilled from sodium benzophenone
In general, the metathesis reaction of bis(cyclopentadienyl) ketyl before use. HMPA was dried over Caffor 4 days and
lanthanide halides with lithium alkyls or amides is a distilled under reduced pressureCaution! HMPA is a cancer
convenient method for the synthesis of the lanthanocenesuspect agent and should be handled with discrefitsopropanol

All reagents are reagent grade and commercially available and

derivatives® However, this general rule is problematic for

the synthesis of non-cyclopentadienyl lanthanide complexes,

due to the formation of salt inclusion lanthanide complékes.

To date, most of the lanthanide complexes which have the

general formula LLnX, where |= dianionic bridged bis-
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was dried with a small amount of sodium and distilled before use.
Lanthanide metal analysis was performed by EDTA titration with
an xylenol orange indicator and a hexamine buffand chloride
analysis was carried out using the Volhard method. Carbon,
hydrogen, and nitrogen analyses were performed by direct combus-
tion with a Carlo-Erba EA-1110 instrument. The IR spectra were
recorded with a Nicolet-550 FTIR spectrometer as KBr pelfgts.
NMR spectra were obtained on an INOVA-400 MHz apparatus.
The uncorrected melting points of crystalline samples in sealed
capillaries (under argon) are reported as ranges.

Synthesis of Ligand [ONNO]H,. 2,4-Di-ert-butylphenol (4.12
g, 20.0 mmol) was dissolved in 50 mL methanol, and to this solution
was added aqueous formaldehyde solution (4.11 mL, 50.0 mmol)
and ethylenediamine (0.67 mL, 10.0 mmol). The mixture was stirred
overnight and refluxed in methanol, and a white precipitate appeared
during this period. After the reaction mixture was cooled to room
temperature, the product was collected by filtration and finally
recrystallized from hot petroleum ether (3.31 g, 65%). Mp: 184.1
184.5°C. Anal. Calcd for GsHsoN,O,: C, 77.90; H, 10.30; N,
5.50%. Found: C, 78.06; H, 10.44; N, 5.38%. IR (KBr, ¢hn
3167 (br, m), 2955 (s), 2905 (s), 2866 (s), 2827 (s), 1770 (w), 1608
(m), 1481 (s), 1389 (s), 1362 (s), 1304 (s), 1234 (s), 1087 (m), 880
(m). *H NMR (400 Hz, CDC}): 10.73 (br, 2H, OH), 7.22 (s, 2H,
Ph), 6.83 (s, 2H, Ph), 3.89 (s, 4H, ©H3.52 (s, 2H, imidazolidine
ring), 2.99 (br, 4H, imidazolidine ring), 1.42 (s, 18By), 1.28 (s,
18H, 'Bu). HRMS, m/z. 508.3871 (M).

Synthesis of {[ONNO]Nay(THF)2}»-2THF (1). To a stirred

suspension of NaH (1.5 equiv) in THF, the solution of [ONN@]H
(5.08 g, 10.0 mmol) in THF was added dropwise. The mixture was
continuously stirred at room temperature overnight and then
centrifuged. The precipitate was washed with hot THF twice, and
the decantate was combined and concentrated. Colorless crystals
were obtained from the concentrated THF solution (7.61 g, 99%).
Mp: 219-221°C. Anal. Calcd for GoH14gN4NayO,0: C, 70.28;
H, 9.70; N, 3.64%. Found: C, 70.16; H, 9.57; N, 3.48%. IR (KBr,
cm™1): 2956 (s), 2871 (s), 1775 (w), 1652 (w), 1605 (m), 1459
(s), 1389 (m), 1358 (m), 1297 (w), 1235 (m), 1165 (w), 880 (m).
IH NMR (400 Hz, CDC}): 7.21 (s, 2H, Ph), 6.82 (s, 2H, Ph),



Sodium and Ytterbium Complexes

Table 1. Crystallographic Data for Complexds-4, 7, and8

compd 1 2 3 4 7 8
formula GooH14eN2NayO10 Ce2.50H106ClsNgO4P2 YD, CssHi10sCloNgO7PoYb,  CagHgzCINgOsP2YD  CsiH7eNsOsPYD GssH74N9O2P,Yb
fw 1538.08 1583.37 1472.41 1005.57 1027.20 1128.21
T(K) 193(2) 193(2) 173(2) 193(2) 153(2) 173(2)
cryst syst triclinic Monoclinic monoclinic orthorhombic orthorhombic monoclinic
space group P1 P2,/c P2./n Pbcn Pbca Ri/c
a(A) 10.4123(18) 15.9447(17) 17.4291(11) 32.547(2) 14.1000(5) 16.5515(13)
b (A) 15.5300(18) 24.683(3) 17.1060(11) 18.1550(8) 27.5165(11) 16.2383(12)
c(A) 15.9655(19) 18.6684(19) 23.4174(16) 16.7632(10) 54.844(2) 20.9858(17)
o (deg) 66.699(11)

B (deg) 85.856(16) 94.481(3) 91.022(2) 102.783(2)

y (deg) 78.656(15)

V (A3) 2324.7(6) 7324.7(13) 6980.6(8) 9905.3(10) 21278.6(14) 5500.5(7)

z 1 4 4 8 16

Dealca (9 €n3) 1.099 1.436 1.401 1.349 1.283 1.806

w (mm1) 0.086 2,774 2.834 2.050 1.832 2.774

F(000) 840 3228 3016 4200 8560 2332

cryst size (mm) 0.46¢ 0.28x 0.22  0.30x 0.23x 0.14 0.50x 0.44x 0.30 0.32x 0.30x 0.29 0.50x 0.30x 0.12  0.48x 0.30x 0.29

Omax (deg) 25.3 25.35 25.35 25.35 25.35 25.35

collected reflns 23344 69167 65653 89927 113177 52864

unique reflections 8467 13390 12742 9052 19127 10051

observed reflns 5875 11062 11616 7971 15937 8589
[I'>2.00 ()]

no. of variables 500 759 640 532 1154 636

GOF 1.103 1.178 1.135 1.225 1.141 1.080

R 0.0817 0.0723 0.0596 0.0424 0.0621 0.0664

wR 0.2042 0.1732 0.1382 0.0792 0.1226 0.1732

3.87 (s, 4H, CH)), 3.72 (br, 12H, THF), 3.50 (s, 2H, imidazolidine
ring), 2.98 (br, 4H, imidazolidine ring), 1.84 (br, 12H, THF), 1.40

(s, 18H,'Bu), 1.28 (s, 18HBu).

Synthesis of [ONNO] YbCI,(HMPA)},:2.5GH;g (2). To a
slurry of anhydrous YbGI(1.40 g, 5.0 mmol) in THF was added
a hot solution of complex (1.92 g, 1.25 mmol) in THF. The
mixture was stirred at 50C for about 8 h, and a red precipitate
formed gradually. After the reaction mixture was cooled to room

was added to the stirred THF solution of compk.20 g, 2.65
mmol). The color of the mixture turned from orange to yellow,

and a gel-like precipitate was formed immediately. The reaction

mixture was stirred at room temperature overnight, and the

precipitate was removed by centrifugation. To the solution was

added HMPA (0.90 mL), and the mixture was stirred for about an

hour. The solvent was evaporated in vacuum, and hot toluene (25
mL) was added. Yellow star-like crystals of compldxwere

temperature, 0.87 mL of HMPA was added dropwise to the stirred obtained in 4 days in 37% yield (1.00 g). Mp: $0810°C. Anal.
suspension. The color of the system turned slowly yellow, and a Calcd for GoHg:CINsO4P.Yb (4): C, 50.17; H, 8.22; N, 8.35; Cl,

colorless gel-like matter appeared at the same time. The system3.53; Yb, 17.21%. Found: C, 49.96; H, 8.06; N, 8.18; Cl, 3.37;
was continuously stirred at room temperature for another 2 h, and Yb, 17.06%. IR (KBr, cm?): 2955 (s), 2913 (w), 2871 (w), 1731
the precipitate was removed from the reaction mixture by centrifu- (w), 1603 (s), 1430 (s), 1389 (m), 1367 (m), 1232 (s), 1153 (s),
gation. THF was completely evaporated in vacuum, and toluene 1121 (w), 866 (s), 772 (s). After toluene was removed from the
was added. Yellow crystals were obtained from the concentrated mother liquor, hot hexane (30 mL) was added to extract another
toluene solution at-10°C in a few days (2.65 g, 67%). Mp: 245 product. A pale yellow crystalline solid of compl&was obtained
247°C. Anal. Calcd for GosH106ClaNgO4P,Yh,: C, 47.41; H,6.75;  in 2 days in 18% yield (0.49 g). Mp: 187189 °C. Anal. Calcd
N, 7.07; Cl, 8.96; Yb, 21.86%. Found: C, 47.16; H, 6.54; N, 6.88; for CsHssCINsO4P>YDb (5): C, 50.34; H, 8.07; N, 10.44; Cl, 3.30;
Cl, 8.74; Yb, 21.69%. IR (KBr, crmt): 2953 (s), 2921 (s), 2856  Yb, 16.12%. Found: C, 50.06; H, 7.84; N, 10.28; Cl, 3.13; Yb,
(s), 1743 (w), 1650 (w), 1604 (m), 1463 (s), 1369 (m), 1356 (m), 15.98%. IR (KBr, cm?): 2951 (s), 2919 (s), 2857 (s), 1743 (w),
1287 (w), 1235 (m), 1165 (w), 850 (m). 1652 (w), 1611 (m), 1453 (s), 1389 (m), 1357 (m), 1285 (w), 1233
Synthesis of [ONNO] Yb(z-O'Pr)CI(HMPA) },-THF (3). The (m), 1158 (w), 854 (m).
crystalline solid of compleX (3.65 g, 2.31 mmol) was dissolved Synthesis of (PBN),YbCI(HMPA) , (6). The synthesis of
in THF, and the hot THF solution of NaPr (0.38 g, 4.61 mmol) complex6 was carried out as described for compfgout NaNPh
was added. The color of the reaction mixture turned lemon-yellow, (5.68 mL, 4.86 mmol) was used in place of NaOAr. After workup,
and the gel-like precipitate formed immediately. The reaction complex6 was obtained from the toluene solution in 32% yield
mixture was stirred overnight at room temperature, and the (0.71 g). Mp: 213+213°C. Anal. Calcd for GgHseCINgP.O,Yb:
precipitate was removed by centrifugation. The solution was C, 47.87; H, 6.25; N, 12.40; Cl, 3.92; Yb, 19.16%. Found: C, 48.06;
concentrated to about 8 mL, and a colorless crystal-like solid formed H, 6.26; N, 11.98; Cl, 3.63; Yb, 18.87%. IR (KBr, cri): 3036
in 2 days (2.82 g, 83%). Mp: 22225°C. Anal. Calcd for GsHiog (w), 2952 (s), 2903 (s), 2863 (s), 1734 (w), 1597 (s), 1522 (s),
ClLNgO;P,Yby: C, 44.87; H, 7.39; N, 7.61; Cl, 4.82; Yb, 23.50%. 1491 (s), 1459 (s), 1332 (s), 1244 (w), 1172 (m), 1087 (w), 880
Found: C, 44.57;H, 7.14; N, 7.38; Cl, 4.65; Yb, 23.22%. IR (KBr, (m), 702 (m), 690 (s). Complexwas also isolated from the hexane
cm™1): 2951 (s), 2920 (s), 2855 (s), 2812 (m), 1736 (w), 1604 solution in 23% yield (0.62 g).
(m), 1481 (s), 1442 (s), 1361 (s), 1304 (s), 1238 (s), 1192 (m),  Synthesis of [ONNO]YbNPh(HMPA) (7) and (Ph,N)sYb-
1149 (s), 1068 (m), 991 (s), 841 (m), 756 (s). Crystals suitable for (HMPA),-C;Hg (8). The synthesis of complexes and 8 was
X-ray structure analysis were obtained by the slow cooling of a carried out similarly as described for complex@and6, but the
hot THF solution. molar ratio of complex (3.80 g, 2.40 mmol) to NaNRlwas 1:4.
Synthesis of (ArOLYbCI(HMPA) , (4) and [ONNQ]YbCI- After the NaCl was removed from the reaction mixture, the system
(HMPA), (5). A THF solution of NaOAr (6.0 mL, 5.30 mmol)  was dried in vacuum, and hot hexane (35 mL) was added. Complex
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Scheme 1

SN
2
OH,
+ \ methangl
3 HCHO reflux —
. OH N(_N OH

/—\ J

H,N NH,

8 was precipitated immediately as a deep red crystalline solid in
36% yield (0.97 g). Mp: 185187°C, Anal. Calcd for GsH74NgOP-

Yb: C, 58.55; H, 6.61; N, 11.17; Yb, 15.34%. Found: C, 55.26;
H, 6.35; N, 10.84; Yb, 15.17%. IR (KBr, cm): 3035 (w), 2951

(s), 2903 (s), 2862 (s), 1734 (w), 1595 (s), 1523 (s), 1491 (s), 1457
(s), 1332 (s), 1244 (w), 1170 (m), 1087 (w), 881 (m), 702 (m),
691 (s). Complex7 was obtained as a yellow powder from the
concentrated hexane solution in 22% vyield (0.54 g). Mp: 257
259 °C. Anal. Calcd for GH7gNgOsPYb: C, 59.63; H, 7.65; N,
8.18; Yb, 16.85%. Found: C, 59.32; H, 7.36; N, 7.87; Yb, 16.63%.
IR (KBr, cm™1): 2958 (s), 2904 (s), 2866 (s), 1739 (w), 1602 (s),
1525 (m), 1472 (s), 1410 (m), 1389 (m), 1362 (m), 1303 (s), 1238
(m), 1029 (m), 879 (m), 748 (s). Crystals suitable for an X-ray
crystal structure study were obtained by cooling the hot toluene
(for complex8) or the hot hexane solution (for compl&xin about

2 weeks.

X-ray Crystallography. Suitable single crystals of complexes
1-4, 7, and 8 were sealed in a thin-walled glass capillary for
determining the single-crystal structure. Intensity data were collecte
with a Rigaku Mercury CCD area detectordnscan mode using
Mo Ka. 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
full-matrix least-squares procedures based|Ef. All the non-
hydrogen atoms were refined anisotropically. All 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 SHELEXL-97 programs.

d

Results and Discussion

Synthesis and Characterization of the Ligand and Its
Sodium Salt. Mannich reaction is a convenient method to
synthesize amine bridged bis(phenol). However, the product
of the reaction of phenol, aldehyde, and diamine will be
affected by the reagent and the reaction temper&tiia.
and co-workers once reported the synthesis of ethylenedi-
amine bridged bis(phenol) by refluxing corresponding re-
agents in methandlbut our attempts to repeat this reaction
failed. A bridged benzoxazine can be obtained in very high
yield when the reaction proceeded at about®@%oil bath)°

Xu et al.

_NaH _ THE{ ,O\ /N\/N~ /\ THF
THE 4 a / a P /N% /Na’
THF o ° k

! O N N O THF

compound is fully characterized by elemental analy4is,
NMR, IR, and HRMS.

Reaction of [ONNO]H with NaH in THF, after workup,
afforded sodium bis(phenolat€JONNO]Nax(THF).}» (1)
in an almost quantitative yield. Compléxs well character-
ized by elemental analysis, IR, ariti NMR, and the
definitive molecular structure was confirmed by X-ray
diffraction to be a dimeric complex. Compléwas slightly
soluble in THF and toluene and soluble in hot THF.

Lithium and sodium aryloxides are common starting
materials for the synthesis of transition metal and lanthanide
aryloxides via a transmetalation reactinn general, these
alkali metal aryloxides have polymeric or polynuclear
structure, and the steric bulk and electron-donation ability
of the ortho-substituent groups have profound effect on their
solid-state structure’s. The molecular structures of alkali
metal complexes bearing monoaryloxides have been widely
reportedt® but that of bridged bis(phenolate), especially for
sodium, is rather scaft.Crystals of complex suitable for
X-ray structure determination were obtained from a concen-
trated THF solution. The selected bond lengths and angles
are listed in Table 2. An ORTEP of compléxs depicted
in Figure 1. Complex has a dimeric tetranuclear structure:
two inner sodium atoms are coordinated by two nitrogen
atoms from the imidazolidine rings and two oxygen atoms
from the aryloxo groups, respectively, whereas two outer
sodium atoms are coordinated by two oxygen atoms from
the aryloxo groups and two oxygen atoms from two THF
molecules. The coordination environment of each of the outer
sodium atoms is similar to those in [(THEn(MBMP).Na-
(THF);] (Ln = Nd, Yb; MBMP = 2,2-methylene-bis(Gert-
butyl-4-methyl-phenoxo)}¢ The coordination number of the
sodium atoms is 4, and the coordination geometry of each
sodium atom can be best described as a distorted tetrahedron.
This coordination geometry is similar to that in [(4-FHG-
ONa)(THF)g]*32but different from that in [NaOgH»-(CH,-

(12) (a) van der Schaaf, P. A.; Jastrzebski, J. T. B. H.; Hogerheide, M. P.;
Smeets, W. J. J.; Spek, A. L.; van Koten, IGorg. Chem.1993 32,
4111. (b) Hogerheide, M. P.; Ringelberg, S. N.; Janssen, M. D.;
Boersma, J.; Spek, A. L.; van Koten, [Borg. Chem1996 35, 1195.

Further study revealed that the reaction temperature is a key(13) (a) Evans, W. J.; Golden, R. E.; Ziller, J. Worg. Chem.1993 32,

for the reaction pathway. A new imidazolidine bridged bis-
(phenol) [ONNO]H (JONNO]H, = 1,4-bis(2-hydroxy-3,5-
di-tert-butyl-benzyl)imidazolidine) can be isolated as the
major product in about 65% yield when the reaction
proceeded at about 66C (oil bath) (Scheme 1). This
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3041. (b) Kunert, M.; Dinjus, E.; Nauck, M.; Sieler, Ghem. Ber.
1997 130, 1461. (c) MacDougall, D. J.; Morris, J. J.; Noll, B. C.;
Henderson, K. WChem. Commur2004 456. (d) MacDougall, D.
J.; Noll, B. C.; Henderson, K. Winorg. Chem.2005 44, 1181.

(14) (a) Ko, B. T.; Lin, C. C.J. Am. Chem. So®001, 123 7973. (b)
Huang, B.-H.; Ko, B. T.; Athar, T.; Lin, C. Clnorg. Chem.2006
45, 7348.
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Table 2. Selected Bond Lengths (A) and Bond Angles (deg) in

Complex1
Na(1)-O(2A) 2.226(2) Na(2)0(1) 2.183(2)
Na(1)}-0O(1) 2.247(3) Na(2)yO(2A) 2.213(3)
Na(1)-N(1) 2.481(3) Na(2)0(3) 2.282(3)
Na(1)-N(2A) 2.496(3) Na(2)-0(4) 2.304(4)
Na(1)-C(17A) 3.069(3) Na(LyNa(2) 3.114(2)
Na(1)-C(16) 3.077(3) Na(tyNa(1A) 4.035(2)
O(2A)—Na(1)-0(1) 89.55(9) Na(2yO(1)—-Na(1) 89.34(9)
O(1)—-Na(1)-N(1) 87.60(9) Na(2AyO(2)—Na(1A) 89.11(9)
O(2A)—Na(1}-N(2A) 86.49(8) O(1yNa(2)-0(3) 105.50(11)
N(1)—Na(1)y-N(2A) 138.63(9) O(2A)yNa(2)-0O(4) 105.44(12)
O(1)—-Na(2y-0(2A) 91.54(9) O(3)Na(2)-0O(4) 99.08(16)

NMe,),-2,6-Me-4},*?° in which the sodium atoms are
surrounded by three bridging aryloxide oxygen atoms and
two nitrogen atoms from two amino groups.

The Na-O(Ar) bond lengths range from 2.183(2) to 2.247-
(3) A, giving an average of 2.217(3) A, which is close to _ _ _
those Na-O(An) bond lengths reported for other sodium e 1 OFTER Sagar of ormies Sonno e somoumostis,
aryloxides!*** The Na-N bond lengths of 2.481(3) and  aoms are omitted for clarity.
2.496(3) A are comparable with those in [Naghig—(CH,-
NMey)-2]s.1%2 There are remoter interactions between the that of a dinuclear structure with only one-half of the
sodium atom and the carbon atoms connecting the aryl ringsfONNO] ligand per ytterbium with a formula corresponding
and the imidazolidine rings. The bond lengths of N&(1) to [ONNOJ YbCl,(HMPA)},, which was confirmed by
C(16) and Na(1yC(17A) are 3.077(3) and 3.069(3) A, X-ray structure determination as shown in Scheme 2.
respectively, which are comparable with that reported in Complex2 has good solubility in THF and toluene and is
(THF)La(OGH3s—'Pr2-2,6),(u-OCsHs—"Pr-2,6 p,Na(THF ) sensitive to air and moisture.
(3.085(9) AJ® but slightly longer than those observed in  Few examples are available of bridged bis(phenolate)
(TMEDA)NaC(SiMe)2(SiMe,Ph) (3.026(5) A)6 lanthanide systems where salt metathesis routes are successful

Synthesis and Reactivity of Ytterbium Complexes. in the synthesis of lanthanide derivatives from halides.
Generally, the lanthanide halides bearing suitable ancillary Mountford and co-workers previously reported that the
ligands are considered to be useful precursors for the yttrium and scandium chlorides supported by the tetradentate
synthesis of miscellaneous lanthanide derivatives. Therefore,diamino-bis(phenolate) ligands,®NN' [O,B'NN’' = (2-
the ytterbium chloride supported by the new imidazolidine- CsHsN)CH,N{CH,-(2-OGH,'Bu,-3,5)}] were inactive for
bridged bis(phenolate) ligands was prepared by the normalmany halide substitution reactiotisVe had found that the
salt metathesis reaction. Taking into account the bulkinessytterbium chloride bearing amine bis(phenolate) ligands is
and the rigidity of the [ONNQ] ligand, we intend to a useful precursor for the synthesis of ytterbium alkyls and
synthesize a dinuclear ytterbium dichloride stabilized by this amides by general metathesis reacti§ns.order to elucidate
ligand system. Anhydrous Ybg&teacted with comples in the reactivity of the Yb-Cl bonds in comple, the chloride
THF in a 4:1 molar ratio at 50C for 8 h togive a red substituted reactions were employed. Com@esacted with
precipitate. The red precipitate has sparing solubility even sodium isopropoxide in a 2:1 molar ratio in THF, after
in THF, and the attempts to obtain its crystals suitable for workup, to give complex3 as colorless crystals. Elemental
structure determination failed. Because no NaCl precipitated analysis results are consistent with that of a dinuclear
from this reaction system, it is reasonable to postulate thatstructure. The definitive molecular structure was determined
the NaCl is still connected with the ytterbium center. In order to be [ONNOJ Yb(u-O'Pr)CI(HMPA)} , by X-ray diffraction
to dissociate the NaCl from the precipitate, some chelating as shown in Scheme 2. Attempts to substitute the residual
solvents such as DME and TMEDA were used, but these chlorine atoms by other organic groups were unsuccessful.
attempts were unsuccessful. It was found that the addition A total of 2 equiv of Na(Pr was added to the THF solution
of HMPA can solve this problem. After addition of HMPA  of complex3, and no reaction was detected. Furthermore,
to the THF suspension of the precipitate, the red precipitate complex 2 reacted even with 4 equiv of N&®@r in THF,
disappeared gradually, and the color of the solution turned and in a few days, after workup, the isolated product was
yellow. Meanwhile, NaCl precipitated from the reaction identified still to be complex8. These results indicated that
system. After workup, comple® was isolated from the the terminal Yb-Cl bonds in complex3 were almost inert
concentrated toluene solution as yellow crystals in a good for substituted reactions. This might be attributed to the
yield. Elemental analysis results of compl2xagree with ytterbium atoms in comple8 being blocked by the bulky
bis(phenolate) ligands and HMPA molecules, which hindered
(15) Clark, D. L.; Hollis, R. V.; Scott, B. L.; Watkin, J. Gnorg. Chem. the interaction of Na®r with the metal atoms.

1996 35, 667, Since the terminal chlorine atoms are inert for the

(16) Eaborn, C.; Clegg, W.; Hitchcock, P. B.; Hopman, M.; Izod, K; . ; g .
O'Shaughnessy, P. N.; Smith, J. Organometallics1997, 16, 4728. substituted reaction, we wonder whether the terminal chlorine
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Scheme 2
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atoms in complex can be substituted first and the bridged bulkiness of the aryloxo group. The coordination of the bulky
ones be retained. Maybe the bridged chlorine atoms are morearyloxo group to the ytterbium atom brings about the steric
active and the further chloride substituted reaction can overcongestion around the metal atom, which induces the

proceed smoothly. Thus, a bulky aryloxo group, 2,@edtt-
butyl-4-methylphenoxo (ArO), was chosen because this

redistribution reaction in this system.
In order to further elucidate the effect of the bulkiness of

ligand was usually coordinated to the lanthanide atom as athe reagent on the outcome of the reaction, the reaction of

terminal group-’ However, it was found that an unexpected
ligand redistribution reaction occurred, and the dinuclear
backbone was broken. Compl@&xeacted with ArONa in a
1:2 molar ratio in THF, after workup, to give two mono-
nuclear complexes (ArQYbCI(HMPA), (4) and [ONNOQO]-
YbCI(HMPA), (5) in moderate isolated yields as shown in

complex 2 with another bulky reagent, sodium diphenyl
amide, was explored. CompleR reacted with sodium
diphenyl amide in a 1:2 molar ratio in THF, after workup,
and the expected two ligand redistributed prod&ctsd 6
were isolated as microcrystals as shown in Scheme 2. The
elemental analysis results of complexBsand 6 were

Scheme 2, which were separated according to the differenceqnsistent with the formulas of “[ONNO]YbCI(HMPA)

in solubility. Complex4 was well characterized by elemental
analysis and IR, and its definitive structure was determined
by X-ray diffraction. The composition of complex was
confirmed by elemental analysis. Due to its paramagnetism,
no resolvable NMR spectrum was obtained. Attempts to
obtain the definitive structure failed, due to solvent loss and
the deterioration in crystal quality. The occurrence of the
ligand redistribution reaction might be attributed to the

(17) (a) Mehrotra, R. C.; Singh, A.; Tripathi, U. NChem. Re. 1991, 91,
1287. (b) Qi, Q. Z.; Lin, Y. H.; Hu, J. Y.; Shen, ®olyhedron1995
14, 413. (c) Hou, Z. M.; Fuijita, A.; Yoshimura, T.; Jesorka, A.; Zhang,
Y. G.; Yamazaki, H.; Wakatsuki, Yinorg. Chem.1996 35, 7190.
(d) Zhang, L. L.; Yao, Y. M.; Luo, Y. J.; Shen, Q.; SunRblyhedron
200Q 19, 2243.
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and “(PhN).YbCI(HMPA),". Attempts to obtain high-
quality crystals to determine their definitive structures
were unsuccessful. Due to the presence of-€bbonds in
complexes5 and 6, the complexes (ONNO)Yb(NBJ
(HMPA) (7) and Yb(NPh)3(HMPA). (8) should be iso-
lated as the final products by the reaction of comexith

4 equiv of NaNPh if these Yb-CIl bonds are active for
substitution reaction. Indeed, the expected complexes
and 8, after workup, were obtained in good isolated
yields from the reaction mentioned above as shown in
Scheme 2. Complexeg and 8 were well characterized
by elemental analyses and X-ray diffraction structure
determination.
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Figure 4. ORTEP diagram of comple% showing the atom-numbering
scheme. Thermal ellipsoids are drawn at the 20% probability level. Hydrogen

Figure 2. ORTEP diagram of comple® showing the atom-numbering atoms are omitted for clarity

scheme. Thermal ellipsoids are drawn at the 20% probability level. Hydrogen
atoms are omitted for clarity.

C51

CSO%

Figure 5. ORTEP diagram of compleX showing the atom-numbering
scheme. Thermal ellipsoids are drawn at the 20% probability level. Hydrogen
atoms are omitted for clarity.

similar to that of complex2, except that two isopropoxy
groups are the bridges instead of the two bridging chlorine
atoms and are coordinated to the two ytterbium atoms.
In complex2, the Yb—O(Ar) bond lengths are 2.046(6)
Figure 3. ORTEP diagram of comple8 showing the atom-numbering  and 2.078(7) A, giving an average of 2.062(6) A, which is
scheme. Thermal ellipsoids are drawn at the 20% probability level. Hydrogen slightly shorter than that in (AI’O)YbQ(ﬂ'HF)g.ZO The
atoms are omitted for clarity. averaged bridged Y¥bCl bond length of 2.688(3) A is
Crystal Structures of Ytterbium Complexes. The mo- comparable with that observed ifGH(PPhNSiMes),} -
lecular structures of complex@s-4, 7, and8 are shown in LnCly], (2.660(3) A¥°® and{[(DIPPhynacnac]YbCl¢-Cl)sYb-
Figures 2-6, and selected bond lengths are given in Tables [(DIPPh)nacnac](THF) (2.708(2) A) ((DIPPhynacnac=
3 and 4. Comple>2 has a dinuclear structure in which two N,N-diisopropy|pheny|-2'4-pentanediimine ani@ﬂnbut is
YbCI fragments are linked by two chlorine atoms and one apparently longer than those in f@es)Yb(Phnacnac)¢-
bridging [ONNQ] ligand. Each ytterbium atom is six- )], (Phnacnac= N,N-diphenyl-2,4-pentanediimine anion)
coordinated by one oxygen atom and one nitrogen atom from(2.571(3) A)22 The averaged terminal Y&CI bond length
the [ONNO] ligand, three chlorine atoms, and one oxygen of 2.530(3) A is comparable with those observed in §Me
atom from the HMPA molecule to form a distorted- NCH,CHN{CH,(2-O—CsH,—Bu-3,5)} ) YbCI(THF)(2.5363(10)
octahedral geometry. Rare examples reported so far have thet)1e and (ArO)YbCH(THF)s (2.555(2) AR but is slightly

dinuclear structure linked by one multidentate ligdhd@he longer than that in (ArQYbCI(THF), (2.477(9) A)2 In
coordination mode of chlorine atoms to ytterbium atom in

complex 2 is the same as that if{ CH(PPhNSiMe;);} - (g(l)) iao, $ m ;Een, Q\-{: Ssur? Rolyhsdroglg‘gfi 17, 519. lie200
LnCly».2° The overall molecular structure of compl&xs (21) Yac, ¥. M.; Zhang, ¥.; Shen, Q. Yu, K. Brganometallics2002
(22) Yao, Y. M.; Xue, M. Q.; Luo, Y. J.; Zhang, Z. Q.; Jiao, R.; Zhang,
(18) Okuda, J.; Fokken, S.; Kleinhenn, T.; Spaniol, T.Hr. J. Inorg. Y.; Shen, Q.; Wong, W. T.; Yu, K. B.; Sun, J. Organomet. Chem.
Chem.200Q 1321. 2003 678, 108.
(19) Gamer, M. T.; Dehnen, S.; Roesky, P. @fganometallic2001, 20, (23) Yao, Y. M.; Shen, Q.; Zhang, Y.; Xue, M. Q.; Sun,Rblyhedron
4230. 2001, 20, 3201.
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Table 4. Selected Bond Lengths (A) in Complexés7, and8
4 7a 7b 8

Yb(1)-0(1) 2.110(3) 2.153(4)  2.144(4)  2.198(19)
Yb(1)-0(2) 2.110(3) 2.102(4)  2.094(4)  2.212(2)
Yb(1)-0(3) 2.214(3) 2.220(4)  2.219(4)

Yb(1)-0(4) 2.217(3)

Yb(1)-Cl(1)  2.541(10)

Yb(1)-N(1) 2.504(4)  2.497(5)  2.305(2)
Yb(1)-N(2) 2.497(5)  2.570(5)  2.268(2)
Yb(1)-N(3) 2.288(2)
Yb(1)-N(6) 2.298(5)  2.310(5)
Yb(1)-C(14) 2.825(6)  3.201(6)
Yb(1)—C(40) 3.138(5)  2.871(6)

geometry. CompleX crystallizes with two crystallographi-
cally independent but chemically similar molecul@&s,(7b)

_ _ _ . in the unit cell. Like those found in other amine or
e herm s e e st ooy o e N-EtEroCycle bridged bis(phenolate) metal cormpiékeso
atoms are omitted for clarity. nitrogen atoms from the imidazolidine ring were found to
bind to the metal center in the solid state. In addition, one
carbon atom (C(14)) of the imidazolidine ring is also

2 3 2 3 coordinated to the ytterbium atom. Thus, the imidazolidine
Yb(1)-O(1) 2.046(6) 2.117(5) Yb(®O(2) 2.078(7) 2.121(5) ring is n°-coordinated to the ytterbium atom, and the

Yb(1)-O(3) 2.159(6) 2.201(5) Yb(2)O(4) 2.138(7) 2.272(5) ytterbium atom is seven-coordinated by two oxygen atoms,
Yb(1)-0(5) 2.240(5) Yb(2)-0(6) 2.235(5)

Table 3. Selected Bond Lengths (A) in Complex2sand 3

Yb(1)—0(4) 2.275(5)  Yb(2)-0(3) 2.203(5) two nitroger_1 atoms and_one carbon atom from. the bis-
Yb(1)-CI(3) 2.531(3) Yb(2)-Cl(4) 2.528(3) (phenolate) ligands, one nitrogen atom from the amido group,
Yb(1)-N(1) 2.548(8) 2.532(6) VYb(2)N(2) 2.543(8) 2.528(6) and one oxygen atom from the HMPA molecule. The
Yb(1)-Cl(1) 2.665(2) 2.560(2) Yb(}CI(2) 2.684(3) 2.561(2) dinati v at th tral tal be best
Yb(1)-CI(2) 2.701(3) Yb(2y.Cl(1) 2.700(2) coordination geometry at the central metal can be bes
Yb(2)—-C(17) 3.207(9) Yb(2)C(7) 3.179(10) described as a distorted trigonal bipyramid if thyé-

Yb(2)-C(34) 3.137(13) Yb(2}C(37) 3.149(15  coordinated imidazolidine ring is considered to occupy one

. ) . . coordination site, in which O(1), O(2), and N(6) are
addition, remoter interactions of C(17) and C(7) with Yb-  ~,nsidered to occupy the equatorial plane.

(2) were observed in compleX The bond lengths of Yb’é\ In complex4, The Yb—O(Ar) bond length of 2.110(3) A
(2)~C(17) and Yb(2)-C(7) are 3.207(9) and 3.179(10) A, compares well with the corresponding value in (AP@)CI-

respectively, Whic_h are comparable tp thpse of 2.986(6) and(-”_”:)2 (2.080(1) A) but the Yb-O(HMPA) bond lengths
3.180(9) A for bridging*CsHs bonding in (GMex),Sm- are relatively larger than the YAHO(THF) bond lengths,

ing 7-7*-Ph-Yb bonding in [Yb(Odppllz (Odpp= 2,6 gt ond fength in complex: 1S relatively

dlphenylphenolateaf? _ In complex7, the averaged YbO(Ar) and Yb—N(ring)

In complex3, two isopropoxy groups are unsymmetrically 4 lengths of 2.127(4) and 2.500(5) A, respectively, are
coordinated to two ytterbium atoms with the deviation of comparable with the corresponding values observed in
0.07 A. The averaged YbO(Pr) bond length is 2.238(6)  omplexes2 and3 and other amine bridged bis(phenolate)
A, which is consistent with that in [((MBMP)YtO'Pr)- lanthanide complexésThe Ln—N(Ph) bond length of 2.298-
(THF);].2° The averaged YbN bond length compares well (5) A lies within the range of the corresponding bond lengths
with the terminal ones in comple. The averaged Yb that have been reported for (@8H,),YbNPh(THF), (Cs-
O(Ar) and Yb—O(HMPA) bond lengths of 2.119(5) and Mes),YbNPh,2’ [(DIPPhYnacnac]Yb(NPHCI(THF),2 and
2.237(5) A, respectively, are larger than the corresponding [MeNCH,CH,N{ CHo-(2-O—CsHo—'Buy-3,5) 2] Yb(NPhy)-
values in comple® (2.062(6) and 2.148(7) A);_ meanwhile,  THF)ie when the effect of coordination number on the
the averaged YbCl bond length of 2.560(2) A is apparently  offective ionic radius is considered. It is worth noting that
smaller than that in comple (2.674(3) A). These bond  here s a strongr interaction of one carbon atom of the
parameters indicated that the chlorine atoms in comBlex midazolidine ring with the ytterbium atom. The Y£(14)
might be shielded by bulky aryloxides and HMPA molecules, p,ng length of 2.825(6) A is apparently lower than the-(h
which caused the inert to substituted reaction.

Complexes4, 7, and 8 have monomeric structure. The (26) (a) Halfen, J. A.; Jazdzewski, B. A.; Mahapatra, S.; Berreau, L. M.;
coordination geometries around the ytterbium atoms in ‘ﬁ'g('g;fi’; Fb)%gggr%u';-;JTP'ﬁee‘cfktV\é BA]r-]oArm-gIhe”C":-hg%%ggg
complexes4 and8 are similar, and each ytterbium atom is 629 188. () Mukhopadhyay, S.: ’Méndahg{)_; <g:hatterjee, P. B.:

five-coordinate to form a distorted trigonal bipyramid Desplanches, C.; Sutter, J. P.; Butcher, R. J.; Chaudhurynodg.
Chem.2004 43, 8501.

(27) Wang, Y. R.; Shen, Q.; Xue, F.; Yu, K. B. Organomet. Chen200Q

(24) Evans, W. J.; Ulibarri, T. AJ. Am. Chem. S0d.987, 109 4292. 598 359.
(25) Deacon, G. B.; Nickle, S.; Mackinnon, P. |.; Tiekink, E. R.Alust. (28) Yao, Y. M.; Zhang, Z. Q.; Peng, H. M.; Zhang, Y.; Shen, Q.; Lin, J.
J. Chem.199Q 43, 1245. Inorg. Chem.2006 45, 2175.
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contacts observed in compleX and the other known  Conclusion

examples of LA-C agostic interactions mentioned above. o L ) )
The Yb—C(14) bond length compares well with that A new imidazolidine-bridged bis(phenol) was prepared by

observed in the neutral arene ytterbium complex#fb( & simpl_e Man_nich reaction. T_his compo_und can be used as
HMB)(AICI ,); (HMB = hexamethylbenzene) (2.865(39) A), an ancillary ligand for a series of sodium and ytterbium
in which the Yb-C = interaction was considered to exist COmMPplexes. The bis(phenol) reacted with NaH to give sodium
unambiguously? Additionally, there is a remote interaction ~ Pis(phenolate) as a dimeric tetranuclear complex, which
between thex carbon atom of the diphenylamido group with  réacted with anhydrous Ybglo produce a novel bimetallic
the central metal atom. The YAC(40) bond length of 3.138-  Ytterbium dichloride. It was found that this ytterbium
(5) A is in accordance with the values in [Yb(Odglp)from dichloride can be used as a useful precursor to prepare a
2.814(4) to 3.148(6) A). Variations in the EmN(Ph)-C series of ytterbium derivatives by direct salt metathesis
angles are associated with the existence ofteractionsin ~ reactions, and the bulkiness of the reagents has profound
this complex. The angle that is associated with the nearby €ffect on the outcome of these reactions. For the less bulky
carbon atom (Yb(1yN(6)—C(40)) is 113.8(4), and the other ~ reagent, such as sodium isopropoxide, the bimetallic back-
angle (Yb(1)-N(6)—C(46)) is 127.3(%). bone remained, whereas for the more bulky reagents, such
In complex8, the Yb—N bond lengths range from 2.268- as sodium aryloxide and sodium diphenyl amide, the ligand
(2) to 2.305(2) A, giving an average of 2.287(2) A, which redistribution reaction occurred, and the mononuclear com-
is apparently larger than that in Yo(NPETHF), (2.219(6) plexes were isolated. Further studies on the synthesis and
A)3 and accords well with the ¥BN bond lengths in reactivity of lanthanide derivatives supported by the het-
complexes [Yb(NPH[Li(THF) 4] (2.212(9) AP! and Yb- eroatom-bridged bis(phenolate) ligands are in progress in our
[N(SiMe3),]s (2.158(13) AJ2 when the effect of coordination  laboratory.
number on the effective ionic radius is considefedt. is

reasonable to ascribe the difference in bond parameters to A\Cknowledgment. Financial support from the National
the increased steric congestion in complegeand Yb- Natural Science Foundation of China (Grants 20472063 and

(NPhy)s(THF), that results from the replacement of the THF 20632040), State Key Laboratory of Polymer Physics and
molecules by two bulky HMPA molecules. Chemistry, Innovation Project of Graduate Education of

Jiangsu Province, and the Key Laboratory of Organic

(29) '1-i1a3”9’ H. Z.; Shen, Q.; Lin, Y. HJ. Organomet. Cheri994 474 Synthesis of Jiangsu Province is gratefully acknowledged.
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