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Reactivity of Monocationic Bis(alkyl) and Dicationic Mono(alkyl)
Yttrium Complexes toward Ketones and Carbon Dioxide
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Cationic alkyl yttrium complexes [Y(CEbiMe;)(THF)4][A] (1a, A = BPhy; 1b, A = Al(CH,SiMes),)
react with benzophenone and fluorenone at ambient temperature to produce bis(alkoxy) coniglexes

[Y{OC(CHSIiMe3)R'} o(THF)4|[BPh,] (33, R
[Y {OC(CH:SiMe5)R'} o THF)A|[AI(CH 2SiMes)4] (3b,

Ph;4a, R'; = CyHg), while two isomersgis- andtrans

R = Ph;4b, R = Cy;Hg), were obtained from

the reaction of the aluminatéb with benzophenone or fluorenone. The reaction of the crown ether-
supported monocationic bis(alkyl) complex [Y(€$5IMes)(12-crown-4)(THF)][A] ('a, A = BPh; 1'b,
A = AI(CH,SiMe;),) with benzophenone or fluorenone results in the formatioris{Y { OC(CH,-

SiMe;)R'5} 2(12-crown-4)(THF)][A] @'a, R = Ph, A=

BPh,; 4'a, R, = Ci2Hg, A = BPhy; 3'b, R= Ph,

A = AI(CH,SiMe3),). Complexlareacts with carbon dioxide to produce a dinuclear carboxylato complex,
[Y(u-nt:n1-0O.CR) (u-1nt:n>-O,CR)(THF)][BPhy]» (6a) (R = CH,SiMe;). The reaction of the crown ether
complex [Y(CHSiMes),(12-crown-4)(THF)][B(GH4F-4)] (1'c) with carbon dioxide also produced a
product of insertion, [Yg-7t:7*-O,CR)(12-crown-4)}[B(CsHaF-4)]2 (7'C). The structures ofta, 6a,

and 7'c were determined by single-crystal X-ray structural analysis. Reaction of the dicationic mono-
(alkyl) complex [Y(CHSiMes)(THF)s][BPh4] . (28) with benzophenone, fluorenone, and carbon dioxide
resulted in the formation of the corresponding dicationic alkoxy compl€©OR(CH.SiMe;)R'} (THF)s]-
[BPhy2 (Ba, R = Ph;9a, R, = Cy2Hg) and the carboxylato complex [YEOR)(THF)][BPhy], (108).

Introduction

In the context of developing homogeneous ethylene,
o-olefinef2and 1,3-dienépolymerization catalysts based on
rare earth metatsyve and others have established that cationic
alkyl complexes of the rare earth metals play a pivotal role as
the active specieks.®® Since the first isolation and structural
characterization of a cationic alkyl lutetium complex in 2662,
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several complexes without any ancillary ligands p{RHF)4]-
[BPhy] (R = CH.SiMes, 1a) and the dication [YR(THF]-
[BPhy], (28) have been describéd. These complexes contain
labile THF ligands and a higher reactivity can be expected. In
addition to the olefin insertion into the metal alkyl bond at a
cationic metal center, initial studies have revealed a high
reactivity of these complexes, including the-8 bond activa-

tion of pyridine8¢” For further applications of these cationic
rare earth metal alkyls, understanding their fundamental reactiv-
ity appears to be essential. Since a highly polarized rare earth
metal-carbon bond is combined with a Lewis acidic cationic
metal center, both nucleophilic and electrophilic properties can
be anticipated for these complexXaale have examined whether
the trimethylsilylmethyl group of the cationic yttrium complexes
still acts as a nucleophifeHerein we report on the reactivity

of the monocationic bis(alkyl) complex [YARTHF)4][A] ( 1a,

A = BPh; 1b, A = AIR,) as well as the dicationic mono-
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Cationic Yttrium Alkyl Complexes

Scheme 1

. cis-3a (89%)

[BPh,]
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[BPh,]
THF, 25 °C, 20 min

cis-4a (85%)

(alkyl) complex [YR(THF}][BPhy], (2a) toward the C-O
double bond of some ketones and carbon dioxide.

Results and Discussion

Reaction with Benzophenone and Fluorenonélhe cationic
bis(trimethylsilylmethyl) yttrium complex [YRTHF)4][BPh4]
(1a) was found to be highly reactive toward aliphatic ketones

Organometallics, Vol. 26, No. 5, 201271

Figure 1. Molecular structure otis-4a (ellipsoids drawn at the
50% probability level, tetraphenyl borate anion, disordered carbon
atoms of a tetrahydrofuran, and hydrogen atoms omitted for clarity).
Selected bond lengths (&) and angles (deg)-QY1 2.0533(18),
Y—02 2.0680(18), Ct0O1 1.402(3), C502 1.406(3), ¥-0O1—
C1167.31(17), ¥02—C5 156.01(17), C3C1-01 112.1(2), C4
C1-01 111.3(2), C2C1-01 109.7(2), C+C5-02 109.1(2),
C8-C5-02 112.3(2), C6C5-02 110.1(2).

trum of this complex, thg-carbon atom bonded to the amido

(acetone, pentanone-3, acetophenone) in THF solution atnitrogen was reported as a doublet with a coupling constant of
ambient temperature, resulting in intractable mixtures of several 2Jyc = 5 Hz. The NMR spectroscopic datac$-4aare similar

compounds. Presumably both insertion of the@double bond
into the Y—C bond andp-H deprotonation (enolization)
occurred. Wherla reacted with a 3-fold excess of benzophe-
none in THF at room temperature, the bis(alkoxy) complex,
Cis[Y(OCRPh)(THF)4[BPhy] (3a), was formed as the only
product and isolated in analytically pure form (Scheme 1).
Likewise, the cationic completa reacted with excess fluo-
renone in THF at room temperature to give a similar complex,
cis-[Y(OCRC;2Hg)2(THF)4[BPh4] (44d), in high yield.
The bis(alkoxy) complexesis-3a andcis-4awere identified

by IH and 13C NMR spectroscopy as well as by elemental
analysis. In théH NMR spectrum otis-3a, the two equivalent

to those ofcis-3a. Complexcis-4a exhibits one set of signals
for the trimethylsilylmethyl group ad 1.76 (CHSi) and 6
—0.69 (SiMe) in the IH NMR spectrum. In the'3C NMR
spectrum, a doublet was observeddad5.4 @Jyc = 3.7 Hz)
for the quaternary carbon of the alkoxy group.

The structure oftis-4a was determined by a single-crystal
X-ray diffraction study. Suitable single crystals were obtained
from a CHCI./Et,O solution at—30 °C. The ORTEP diagram
as well as selected bond distances and angles is depicted in
Figure 1. The structure @fis-4ain the crystal is consistent with
the above-mentioned spectroscopic data in solution. The coor-
dination geometry around the yttrium center, coordinated by

alkoxy groups give rise to one doublet and two triplets in the 4 cis-arranged alkoxy ligands and four THF molecules, is
aromatic region, assigned to phenyl groups. The two equivalent yigiorted octahedral. The structure of the starting complex

trimethylsilylmethyl groups are observed as a singlei 4t95
(CH,Si) ando —0.35 (SiMe). The!*C NMR spectroscopic data
of cis-3a are consistent with a structure containing two
equivalent alkoxy ligands. The trimethylsilylmethyl groups

exhibit only one set of methyl and methylene signals. The phenyl

group gives rise to four signals in the aromatic region. Notably,

the carbon atom attached to the alkoxy oxygen atom is recorded

as a doublet ab 83.5 with a coupling to yttrium2Qyc = 5.4
Hz). This coupling to yttrium indicates a strong interaction of
yttrium with the alkoxy ligand, as previously reported by Teuben
et al. for the dinuclear benzamidinato yttrium compléRfC-
(NSiMe3)2} oY (u-NHCMe=CHCN)]..8¢ In the 13C NMR spec-

(9) Not unexpectedly, the neutral yttrium tris(alkyl) complex [Y(£H
SiMes)3(THF),] was found to react with 3 equiv of benzophenone to give
a neutral tris(alkoxy) complex, [fOCPh(CH,SiMes)}3(THF)s]. *H NMR
(400 MHz, GDg, 25°C): ¢ —0.05 (s, 27H, SiMg), 1.34 (m,5-THF), 1.92
(s, 6H, QH2Si), 3.57 (m,a-THF), 7.09 (t,2Jun = 7.3 Hz, 6H,p-Ph), 7.20
(t, 3Jun = 7.8 Hz, 12H,m-Ph), 7.59 (d2Jun = 7.8 Hz, 12H,0-Ph).13C
NMR (100 MHz, GDs, 25°C): ¢ —0.81 (SiMe), 25.6 (3-THF), 37.7 CH.-

Si), 68.5 @-THF), 81.2 (d,?Jyc = 5.2 Hz, OC), 125.8-Ph), 127.6 ¢-
Ph), 127.6 -Ph), 154.0 ipso-Ph). Preliminary crystallography of
[Y{OCPRh(CH,SiMe3)} 3(THF)3] showed a facial configuration.

with a tetrakis(trimethylsilylmethyl) aluminate counteranion also
possesses twois-arranged trimethylsilylmethyl ligand€.The

Y —0O bond lengths of the alkoxy groups;-Y01 = 2.0533(18)

A and Y-02=2.0680(18) A, are consistent with-YO single
bonds of terminal alkoxy groups coordinated to an yttrium center
(1.99-2.12 A)1° The C-0O bond lengths observed in both
alkoxy groups are ca. 1.40 A, corresponding to a norma0C
single bond. The bond angles of ©C1-C2—4 and O2-C5—
C6—8, 109-113, indicate sp-character of the carbon atoms,
and the angles at the alkoxy oxygen atoms,(¥1—C1 167.31-
(17 and Y—02—C5 156.01(19), suggest pronounceddona-
tion. Preliminary experiments revealed that the monocationic
bis(alkyl) complex of scandium, [SeRHF)3][BPhy], also
reacted with benzophenone to give the bis(alkoxy) complex [Sc-
(OCRPh)y(THF),][BPhy] (n = 3, 4)11

(10) (a) Evans, W. J.; Boyle, T. J.; Ziller, J. V@rganometallics1993
12, 3998. (b) Schaverien, C. J.; Frijns, J. H. G.; Heere, H. J.; van den Hende,
J. R,; Teuben, J. H.; Spek, A. ). Chem. Soc., Chem. Commuir291,
642. (c) Evans, W. J.; Dominguez, R.; Hanusa, TORjanometallics1986
5, 1291.
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Scheme 2 spectra{50 °C) of a mixture containing botbis-3b andtrans
O 3b did not show any change in the molar ratio or in the chemical
.\,(. 9, shifts, suggesting that the exchange betwesi8b andtrans
o N, 3b does not occur at 56C.
THF, 25 °C, 2h oI (BPha]

Although the X-ray diffraction study using a single-crystal
obtained from cold THF/pentane solution showed that complex
1b has two alkyl groupsisto each othetd trans-1b presumably
exists in solution. The related monocationic dimethyl complex,
[YMex(THF)s][BPhy], adopts aransconfiguration3¢ As shown
previously, there is an equilibrium between the aluminate

CRPh,

Ta ® O A complex1b and the neutral tris(alkyl) complex [YARTHF),]
R = CHzSiMes ” (N NoZ 3 (5) and [AIR(THF)] as a result of a transfer of an alkyl group
o} \Y/ 4 . .
— . o.\---"“\THF [BPh,] between the aluminum center and the yttrium center depending
THF.25°C.2h O R Q on the solvent polarity2 On the basis of this observation, it is
R .Q probable that an isomerization process occurs betweehb
O and trans-1b via the neutral tris(alkyl) comple% at room

temperature (Scheme 4). Since the thermodynamically more
stablecis-1b predominantly exists at low temperature, thie

The previously reported crown ether complex p{R2-crown- complex3b was obtained as the sole product when the reaction

4)(THF)][BPhy] ('a)® also reacted with benzophenone and Was conducted at low temperature, whereas at higher temper-
fluorenone in THF at room temperature to produce the corre- atures botteis andtransisomers reacted with the ketone. On

sponding bis(alkoxy) complexe8a and 4a (Scheme 2). the other hand, no exchange reaction was observed on the NMR
Complexes3'a and 4'a exhibit two multiplets for the diaste- ~ time scale between the bis(alkyl) catiba with tetraphenylbo-
reotopic methylene protons of the coordinated crown ether. The fate anion and tris(alky!$. This observation is consistent with
trimethylsilylmethyl group of3'a is observed ad 1.84 (CH- the result that the reaction ofa with benzophenone or
Si) andd —0.36 (SiMe) in the 'H NMR spectrum. Complex fluorenone produced only thas isomercis-3a or cis-4a.
4'a exhibits one methylene signal and one methyl signal for _In the case of the crown ether complex [Y&2-crown-4)-
the trimethylsilylmethyl group at 1.66 andé —0.68. The  (THF)I[AIR4] (I'b), the tetradentate crown ether ligand only
quaternary carbon if'a and4'a appears as a singlet &83.2 allows complext'b to adopt ecis configuration. Consequently,
andd 84.5 in thel3C NMR spectrum. the reaction ofl'b with benzophenone gave only one bis(alkoxy)
Changing the counteranion affected the reactivity of the complex, [Y(OCRPR2(12-crown-4)(THF)][AIR;] (3'b) with cis
cationic bis(alkyl) complex. The reaction of the tetrakis- alkoxy ligands. o o _
(trimethylsilylmethyl)aluminate complex, [YRTHF)J][AIR 4] . Reaction Wl.th Carbon D|o>-<|de. Carbon dioxide insertion
(1b), with benzophenone produced two isomeric bis(alkoxy) N0 & lanthanide alkyl bond is a well-known reaction to give
complexes,cis-3b and trans-3b in a 9:1 ratio (Scheme 3). lanthanide carboxylato complexes, which serve as catalyst
Analogously, two isomers;is-4b andtrans-4b, were formed precursors for isoprene polymerizatibrirhe bis(alkyl) mono-

42 (99%)

in the reaction ofLb with fluorenone. cationlaunderwent insertion of carbon dioxide (1 bar) in THF
In the "H NMR spectrum ofcis-3b and trans-3b, each at room temperature to produce the dinuclear cationic tetrakis-
complex shows one set of signals for alkyl groups,97 (CH- (trimethylsilylacetato) complex [Y(7":5*-OCR)u-1"n*Oz-

Si) and® —0.38 (SiMe) for cis-3b andé 1.87 (CHSi) andd CR)(THF)]2[BPh]. (63) in quantitative yield.
—0.35 (SiMe) for trans-3b. In the13C NMR spectrumgis-3b
andtrans-3b each exhibit one doublet & 83.6 fJyc = 5.3

R
|

\
R

Hz) and6 82.2 fJyc = 5.2 Hz), which are assigned to the | ., lw““T”F eong 9/*0&/ N -

quaternary carbon atom, as a result of coupling to the yttrium * | e e _COaltban TI.:B’;,./\ \$\ LolEE )
center. Complexesis-4b and trans4b also exhibit doublets THE i AN 0\\/0/ \

for the quaternary carbon atomsa85.8 €Jyc = 6.1 Hz) and e \T’Z‘/

8 85.2 @Jyc = 5.0 Hz), respectively. The spectra@$-3b and R = orasite: R

cis-4b show almost identical signals tis-3a andcis-4a. Only 6a (78%)

cis-3b was obtained when the reactionlds with benzophenone o ) ) )
was performed at-30 °C. Even after the solution ofis-3b Complex6a precipitated from THF solution and was identi-

was kept at room temperature overnight, formatiotrafis-3b fied on the basis of théH and**C NMR spectra in pyridineks

was not observed. Furthermore, the high-temperature NMR @s Well as by elemental analysis. In the NMR spectrum,
signals for the trimethylsilylmethyl groups are observed at

(11) The reaction of [Sc(CsBiMes)(THF)3][BPhs] with benzophenone

produced the homologous scandium [Sc(OC{8iNIe3)Phy)(THF)4][BPhs] (12) Kramer, M. U.; Robert, D.; Nakajima, Y.; Englert, U.; Spaniol, T.
quantitatively. The resulting alkoxy complex was identified'blyand3C P.; Okuda, JEur. J. Inorg. Chem.in press.

NMR spectroscopy'H NMR (400 MHz, THF4ds, 25 °C): 6 —0.22 (s, (13) (a) Evans, W. J.; Miller, K. A.; Ziller, J. Winorg. Chem.2006
18H, SiMe), 1.74 (m3-THF), 1.79 (s, 4H, @©Si), 3.58 (ma-THF), 6.69 45, 424. (b) Fischbach, A.; Perdih, F.; Herdtweck, E.; Anwander, R.
(t, 3Jun = 7.2 Hz, 4H, 4-G BPhy), 6.83 (t,3Jun = 7.3 Hz, 8H, 3-CGi Organometallics2006 25, 1626. (c) Evans, W. J.; Champagne, T. M.;
BPhy), 7.06 (t,3Jun = 7.3 Hz, 4H,p-Ph), 7.17 (t3Jun = 7.7 Hz, 8Hm-Ph), Giarikos, D. G.; Ziller, J. WOrganometallics2005 24, 570. (d) Evans,
7.24 (br, 8H, 2-G1 BPhy), 7.47 (d,3Jun = 7.1 Hz, 8H,0-Ph).13C NMR W. J.; Perotti, J. M.; Ziller, J. WJ. Am. Chem. So@005 127, 3894. (e)
(100 MHz, THF4ds, 25°C): 6 0.35 (SiMe), 25.3 (3-THF), 33.1 CH.Si), Evans, W. J.; Miller, K. A.; Lee, D. S.; Ziller, J. Wnorg. Chem.2005
67.4 @-THF) 86.1 (CC), 121.9 (4€H BPhy), 125.7 (3€H BPhy), 126.6 44, 4326. (f) Evans, W. J.; Champagne, T. M.; Ziller, J. @/ganometallics
(p-Ph), 126.8 ¢-Ph), 128.3 ifn-Ph), 137.2 (2cH BPhy), 151.5 (pso-Ph), 2005 24, 4882. (g) Kwang, G.Macromolecules2002 35, 4875. (h)
165.2 (9,/Jsc = 49.5 Hz, 1€H BPhy). HMQC (THFds, 25°C): —0.22- Fischbach, A.; Perdih, F.; Sirsch, P.; Scherer, W.; Anwande©rgano-
0.35,1.79-33.1, 6.69-121.9, 6.83-125.7, 7.06-126.6, 7.17128.3, 7.24 metallics2002 21, 4569. (i) Campion, B. K.; Heyn, R. H.; Tilley, T. D.

137.2,7.47-126.8. Anal. Calcd for @Hgq4BOsScSi: Sc, 3.77. Found: Sc, Inorg. Chem.199Q 29, 4355. (j) Schumann, H.; Meese-Marktscheffel, J.
3.63. A.; Dietrich, A.; Galitz, F. H. J. Organomet. Chenl992 430, 299.
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Scheme 3
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2.18 (CHSI) ando 0.13 (SiMe) at room temperature. These
resonances did not change their shape eversat°C, although
6a has two sets of inequivalent carboxylato ligands according
to its solid-state structure. TRE&C NMR spectrum is consistent
with the TH NMR spectrum, and only one signal assigned to
all four carboxylato carbon atoms was observed at91.3.
Ligand exchange between THF and pyridikeis fast when
the cationic rare earth metal complex is dissolved in pyridine.
The structure oba in the solid state was determined by a
single-crystal X-ray diffraction study. The ORTEP diagram

known}!> complex 6a is the first example of a cationic
carboxylato rare earth metal complex that is prepared by
insertion reaction of carbon dioxide.

In the course of the reaction, intermediates were detected by
monitoring the reaction ofa with CO, by means ofH NMR
spectroscopy. Immediately after @Cca. 10 equiv) was
transferred into the NMR tube, all of the starting complex
was consumed and the formation of three intermedi#®e8,
andC, was observed. After 30 min, intermedi&ealisappeared
and onlyB and C were detected in a ratio of 4:1. In tH&l

together with selected bond lengths and angles is depicted inNMR spectrum, the intermediat& exhibits one set of reso-

Figure 2. The crystal system is monoclinic, and the structure
of 6a possesses an inversion center on the center of thg'Y
axis. Complex6a contains two yttrium centers bridged by two
symmetrical-nt:nt and two unsymmetrical-n*:n? carboxylato
ligands. The Y--Y' distance is 3.8632(6) A. Each yttrium center
is eight-coordinate and attached to two symmetrically bridging
carboxylato oxygen atoms, omé and twoz? oxygen atoms of
the unsymmetrically bridging:-:n? carboxylato, and three

nances for the trimethylsilylmethyl bonded to yttrium, viz., one
doublet ath —0.93 (CHSI) and one singlet at —0.13 (SiMe).
IntermediateA could not be fully characterized because of its
short life time. The two other intermediatd,and C, exhibit
one set of alkyl signals at 1.88 (CHSi) and 0.12 (SiMg for

B and¢6 1.92 (CHSI) and 0.13 (SiMg for C, respectively.
The intermediate8 andC also show a carboxylato carbon at
0 192.0 and 187.7 in thEC NMR spectrum. It was confirmed

THF oxygen atoms. The coordination geometry can be describedthat bothB andC are easily converted into the dimeric complex

as triangular dodecahedron—¥ (carboxylato) distances are
in the range 2.22.6 A, which are comparable with the-YO
single-bond distance of dimeric yttrium complexes bridged by
a uz-oxo ligandi®ac The Y—02 bond length of the:w-nty?
carboxylato ligand of 2.3334(19) A is slightly longer than the
other Y—02 bond, 2.532(2) A. This inequivalence i
bond lengths of a bridging carboxylato ligand is observed in
other structurally related dimeric yttrium carboxylato com-
plexest* Although several examples of structurally characterized
cationic carboxylato rare earth metals or lanthanides are

(14) (a) Wang, X.; Guo, Y.; Wang, E.; Duan, L.; Xu, X.; Hu, &.Mol.
Struct.2004 691, 171. (b) Evans, W. J.; Brady, J. C.; Ziller, J. \M.Am.
Chem. Soc2001 123 7711.

6a without any additional C@molecule, as the mixture @&
and C produced6a quantitatively in vacuum. These results
indicate thatB and C have already incorporated two GO
molecules on each yttrium center. On the basis of this observa-
tion, monomeric dicarboxylato complexes witig/trans ge-
ometry are proposed fd and C.13°

The cationic crown ether-supported compléxlso reacted
with carbon dioxide to produce a dinuclear yttrium tetracar-
boxylato complex. Although compleka, with a tetraphenylbo-

(15) (a) Sawase, H.; Koizumi, Y.; Suzuki, Y.; Shimoi, M.; Ouchi, A.
Bull. Chem. Soc. Jpri984 57, 2730. (b) Schleid, T.; Meyer, G. Anorg.
Allg. Chem.199Q 583 46. (c) Ma, B.-Q.; Zhang, D.-S.; Gao, S.; Jin, T.-
Z.; Yan, C.-H.; Xu, G.-X.Angew. Chem., Int. E®00Q 39, 3644.
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Figure 2. Molecular structure o6a (ellipsoids drawn at the 50%  Figure 3. Molecular structure of'c (ellipsoids drawn at the 50%
probability level, tetraphenylborate anion, tetrahydrofuran molecules Probability level, tetra¢-fluorophenyl)borate, dichloromethane in
in the lattice, and hydrogen atoms omitted for clarity). Selected the lattice, and hydrogen atoms were’omltted for clarity). Selected
bond lengths (&) and angles (deg):-¥f’ 3.8632(6), O+ Y 2.333-  bond lengths (A) and angles (deg):-¥' 4.0695(5), O2'Y 2.222-

(2), 02-Y 2.3334(19), 02Y' 2.532(2), 03-Y 2.2693(19), 04 (). O3-Y 2.2534(19), OTY’ 2.2709(19), O4Y" 2.2392(19),
Y'2.2729(19), 0+C1-02 118.9(3), 03C3-04 124.2(3), Si ~ O1~C1-02122.6(3), 03C3-04 123.5(3), Si+ C2-C1 112.4-
C2-C1 111.1(2), Si2C4—C3 114.4(2). (2), Si2-C4-C3 113.5(2).

rate counteranion, reacted with carbon dioxide instantaneously,expected to be less nucleophilic than that in the monocationic
the resulting compound was found to be sparingly soluble in complex1. However, the reaction o2a with benzophenone
organic solvents and could not be identified. Therefore, the and fluorenone smoothly proceeded in THF to produce the
reaction ofl’ with carbon dioxide was performed using the more corresponding alkoxy complexes [Y(OCRRTHF)s][BPhy]>

soluble derivative [YR(12-crown-4)(THF)][B(GH4F-4)] (1'c), (88) and [Y(OCRG:Hg)(THF)s|[BPhu]2 (9a), respectively
with a tetrap-fluorophenyl)borate anion, to produce the di- (Scheme 5). Both complexea and 9a exhibited one set of
(yttrium) tetracarboxylato complex [Yinl-i-O,CR)(12- trimethylsilylmethyl and phenyl groups in tHél NMR spec-

crown-4)b[B(CeHaF-4)]2 (7'c) quantitatively. The reaction with ~ trum. In the®C NMR spectrum, one doublet assignable to the
carbon dioxide is faster than that b&, and no intermediates ~ carbon atom attached to an oxygen atom appeared84.6
were observed during the reaction, the final prodfictbeing (3vc = 5.2 Hz) for8aando 88.1 fJyc = 6.1 Hz) for9aas a

obtained quantitatively after 2 h. result of coupling to yttrium.
The dicationic complegaalso reacted with carbon dioxide (1

monitoring. The resulting compled0awas characterized by
NMR, 13C NMR, and IR spectroscopy as well as elemental anal-
ysis. In theH NMR spectrum, signals of the trimethylsilylmeth-
Complex7'c was identified by*H NMR, 13C NMR, and IR yl group were observed @t2.19 (CHSi) ando 0.13 (SiMQ)_.
spectra as well as by elemental analysis. Single crystalcof N the *C NMR spectrum the carboxylato carbon signal
were obtained from cold C4€1,/EO solution, and the structure ~ aPPeared ab 191.4. Since the spectra @bawere measured
of 7c was determined by X-ray structural analysis. The " pyndlneds, the coordination number of the solvent at the
molecular structure is shown in Figure 3 together with selected Ytrium center is obscured. As a consequence of the double
bond lengths and bond angles. The crystal system is monoclinic,PoSitive charge and by the number of THF molecules, we
and a crystallographic inversion center relates both yttrium assume that this complex, [Y{OCH,SiMes)(THF)e]* [BPh] 75,
atoms. In7'c, the geometry around the yttrium center, sur- has a pentagonal b|pyram|dal conflguratlc_)n with a p_ossmly
rounded by eight oxygen atoms, is square antiprismatic with chelating carboxylate ligantf. Carboxylato ligands at highly
the 12-crown-4 ether coordinating to the yttrium center via four POSitively charged metal centers tend to be chelating, although
oxygen atoms. In contrast to the structure & all four the structure_ found in the dlf:atlonlc tris(t-butylsiloxy)-
carboxylato ligands bridge the two yttrium centers in a sym- Silanolate yttrium complex [YOSi(OBu)s} (THF)e]**[BPhy]
metricalu-n-5! fashion and the ¥Y' bond length (4.0695(5) with six THF ligands contains a nonchelating silanolate liggnd.
A) is slightly longer than that ia. This can be accounted for ]
by the increased valence electron number of the 11-electron Conclusion
fragment [Y(12-crown-4)] ir¥'c versus the 9-electron fragment
[Y(THF)3] in 6a
Reaction of the Dicationic Mono(alkyl) Complex.Due to

the high ioniq charge, th? trimethylsilylmethyl group at the (1) preliminary single-crystal X-ray analysis indicated that the solid-
dicationic yttrium center in [YR(THFR][BPhy]. (2a)¢ was state structure ofOais mononuclear.

R bar) in THF under insertion into the yttriuatarbon bond to pro-
4o N o duce the carboxylato complex [Y(OR)(THF)][BPhy]2 (104). In
2| | cgraa 22 : Y/\IO] B @ contrast to the reaction of the monocatttawith carbon diox-
R Ny THF.25°C.2h 20 / X8 ide, no intermediates were observed'ByNMR spectroscopic
C
|
R

R = CH,SiMes

Addition of metal alkyls such as Grignard or alkyl lithium
reagents to carbonyl compounds is one of the most fundamental
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reactions in organic synthesiéln these reactions, competitive  crown-4)(THF)][AIR] (1b'), and [Y(CHSiMes)(THF)s][BPhy]»
pathways such as enolization and reduction decrease the(2a), were prepared according to published proced@rPs(CH -
selectivity of the formation of the normally desired alcohol. It SiMes)x(12-crown-4)(THF)][B(GH4F-4)] (1'c) was prepared from
has recently been demonstrated that the addition of a lanthanidehe reaction of [YB(THF),] with [PhNMe;H][B(CeH4F-4)] and
salt promotes the addition of organometallic reagents as a resultL2-crown-4 following the published procedufésll solvents were
of the Lewis acid-induced activation of the carbonyl group by dried over sodium benzophenone ketyl and distilled. Tddktas

the lanthanide salt$. Although CeC} is the most commonly
used reagent in these systems, any lanthanide or yttrium
trichloride has been recognized to be applicablthough there

are not many examples for facile addition of well-defined alkyl
lanthanide complexes to a carbonyl grdéf Despite the cat-
ionic charge?? the nucleophilicity of the trimethylsilylmethyl
group in the cationic alkyl yttrium complexdsand2 appears

to be retained. Cationic alkoxy complexes were formed selec-
tively as a result of insertion of the-€0 double bond of a
ketone into the yttriumrcarbon bond. Notably, even the tri-
methylsilylmethyl group in dicationi2 remains highly polarized
and acts as a nucleophile. At the same time, the polarity of the
trimethylsilymethyl group appears to be also pronounced, as
facile C—H bond activation of pyridine by [Y(CE(THF)e)-
[BPhy]> has showd. Application of cationic rare earth metal
alkyl complexes for other €C bond forming processes beyond
olefin polymerization will depend on the ability to harness this
strongly polarized bond.

Experimental Section

General Procedures.All operations were performed under an
inert atmosphere of argon using Schlenk line and glovebox
techniques. The starting materials, [Y(&3iMe3)2(THF)4][BPhy]
(1a), [Y(CH:SiMes),(12-crown-4)(THF)][BPhR] (1&), [Y(CHy-
SiMes)2(THF)4][AIR 4] (1b) (R = CH;SiMes), [Y(CH,SiMes),(12-

(17) (a) Negishi, EOrganometallics in Organic SynthesWiley: New
York, 1980. (b) Davies, S. GOrgano-Transition Metal Chemistry:
Application to Organic Synthesi®ergamon: Oxford, 1982. (€)rgano-
metallics in Synthesi€nd ed.; Schlosser, M., Ed.; Wiley: New York, 2002.
(d) Hegedus, L. STransition Metals in the Synthesis of Complex Organic
Molecules University Science Books: Mill Valley, CA, 1994. (e) Tsuji, J.
Transition Metal Reagents and Catalysi§iley: New York, 2001.

(18) (a) Imamoto, TPure. Appl. Chem199Q 62, 747. (b) Imamoto,

T.; Takiyama, N.; Nakamura, K.; Hatajima, T.; Kamiya, ¥.Am. Chem.
So0c.1989 111, 4392. (c) Evans, W. J.; Feldman, J. D.; Ziller, J. WAm.
Chem. Soc1996 118 4581.

(19) (a) Evans, W. J.; Ansari, M. A.; Feldman, J. D.; Doedens, R. J.;
Ziller, J. W.J. Organomet. Cheni997 545546, 157. (b) Krasovskiy, A.;
Kopp, F.; Knochel, PAngew. Chem., Int. Cher006 45, 497.

(20) The disproportionation of a main group alkyl to give an ion pair
has been studied in some detail: Fabicon, R. M.; Richey, H. G., Jr.
Organometallic2001, 20, 4018, and references therein.

dried over sodium benzophenone ketyl, and,CPand pyridine-
ds were dried over calcium hydride. Benzophenone (Fluka) and
fluorenone (Acros Organics) were purified by sublimation.,CO
was obtained by Westfalen (DIN 32526-C1) and used without any
purification. The!H and*C NMR were recorded on a Bruker DRX
400 spectrometer, Varian Unity 500 spectrometer, or Varian Unity
200 spectrometer. Chemical shifts fif and 13C NMR spectra
were referenced to the residual solvent resonances*FiEMR
was recorded on a Bruker DRX 400 spectrometer, and the chemical
shifts were referenced externally to GEIElemental analyses were
performed by the Microanalytical Laboratory of the department.
The results occasionally show incorrect values for carbon content,
despite acceptable hydrogen and yttrium measurements. We ascribe
this difficulty to the sensitivity of the material and to the possibility
of solvent loss during sample manipulatitsiMetal analyses were
performed by complexometric titratioRs.

Bis{ 1,1-diphenyl(2-trimethylsilyl)ethoxy} tetra(tetrahydrofuran)-
yttrium Tetraphenylborate (3a). To a solution containinga (30
mg, 0.035 mmol) in THF (0.6 mL) was added solid benzophenone
(20 mg, 0.11 mmol) at room temperature, and the reaction mixture
was stirred for 20 min. After an excess amount of pentane was
added, the reaction mixture was cooled-80 °C to give pure3a
as a white precipitate, which was washed with pentane @8
mL) and driedin vacug yield: 38 mg (0.031 mmol, 89%)H
NMR (400 MHz, THFds, 25°C): 6 —0.35 (s, 18H, SiMg), 1.71
(br s, B-THF), 1.95 (s, 4H, €;Si), 3.56 (br s,o-THF), 6.70 (t,
8Jun = 7.2 Hz, 4H, 4-G BPhy), 6.84 (t,%Jyn = 7.4 Hz, 8H, 3-CH
BPhy), 7.18-7.30 (m, 20H, 2-€1 BPh, m+p-Ph, 20H), 7.47 (d,
3Juy = 7.1 Hz, 8H,0-Ph).13C NMR (100 MHz, THFdg, 25 °C):
0 0.14 (SiMe), 26.3 (3-THF), 40.2 CH,Si), 68.2 (--THF) 83.5
(d, 2yc = 5.4 Hz, OC), 121.8 (4€H BPhy), 125.7 (3€CH BPhy),
127.1 ¢-Ph), 128.2¢-Ph), 128.81f+Ph), 137.1 (2cH BPh), 151.7
(ipso-Ph), 165.1 (qiJsc = 49.4 Hz, 1€H BPhy). Anal. Calcd for
C;gH102BO;SibY: C, 71.65; H, 7.86; Y, 6.80. Found: C, 71.59; H,
7.17;Y, 6.85.

Bis(trimethylsilylmethylfluorenoxy)tetra(tetrahydrofuran)-
yttrium tetraphenylborate (4a). Complexla (30 mg, 0.035 mmol)
was dissolved in THF (0.6 mL) and treated with solid fluorenone
(20 mg, 0.11 mmol) at room temperature. After the reaction mixture

(21) Arndt, S.; Spaniol, T. P.; Okuda,Organometallic003 22, 775,
and references therein.
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was stirred for 20 min, excess pentane was added and the solutioNMR (100 MHz, CB,Cl,, 25°C): ¢ —1.46 (SiMe), 25.5 (3-THF),

cooled to—30 °C, to afford a white precipitate. Washing the
precipitate with excess pentane 2) and dryingn vacuoafforded
productda; yield: 36 mg (0.029 mmol, 85%). Single crystals were
obtained by cooling a solution of GBI,/Et,O (1:1 v/v) containing
4a

IH NMR (400 MHz, THF4g, 25°C): 6 —0.69 (s, 18H, SiMg),
1.71 (br s,5-THF), 1.76* ((H.Si), 3.57 (br s,a-THF), 6.76 (t,
3Jun = 7.2 Hz, 4H, 4-® BPhy), 6.83 (t,3Juny = 7.3 Hz, 8H, 3-¢H
BPhy), 7.19 (t,3Jun = 7.3 Hz, 4H, C3H), 7.24 (br, 8H, 2€H BPh),
7.25* (C4H), 7.34 (d,%3yn = 7.3 Hz, 4H, C2H), 7.64 (d,3Jyn =
7.6 Hz, 4H, C5H). *The signals observed at1.76 and 7.25 were
assigned on the basis of an HSQC spectrtid NMR (100 MHz,
25°C, THFdg): 6 —1.07 (SiMe), 25.1 (3-THF), 34.6 CH.Si),
68.0 @-THF), 85.4 (d,2Jyc = 3.7 Hz, CC), 120.3 C5), 121.6 (4-
CH BPhy), 124.0 C2), 125.4 (3€H BPhy), 128.0 C3), 128.3 C4),
136.8 (2€CH BPhy), 139.4 C1), 154.5 (C6), 164.9 (9 {Jsc = 39.4
Hz, 1-CH BPhy). COSY (THF4dg, 25°C): 7.64-7.25, 7.34-7.19,
7.25-7.19, 6.83-6.76, 6.83-7.24. HSQC (THFdg, 25°C): —0.69
to—1.07,1.76-34.6, 6.76-121.6, 6.83-125.4, 7.19-128.0, 7.24
136.8, 7.25-128.3, 7.34124.0, 7.64-120.3. Anal. Calcd for
CzgHosBO7Si,Y: C, 71.87; H, 7.58; Y, 6.82. Found: C, 70.15; H,
7.00;Y, 6.96. The elemental analysis indicated that five molecules
of THF per yttrium are present, whereas the crystal structure
determination by an X-ray diffraction study showed four THF
molecules.

Bis{ 1,1-diphenyl(2-trimethylsilyl)ethoxy} (12-crown-4)(tet-
rahydrofuran)yttrium Tetraphenylborate (3a '). To a THF solu-
tion of 1'a (50 mg, 0.048 mmol) was added solid benzophenone
(40 mg, 0.22 mmol) at room temperature. After the reaction mixture
was stirred fo 2 h atroom temperature, the solvent was removed
in vacua The solid residue was washed with pentanex(®.8
mL) and dried under reduced pressure to aff$edas a white solid;
yield: 41 mg (0.035 mmol, 73%fH NMR (400 MHz, THFds,
25°C): 0 —0.36 (s, 18H, SiMg), 1.70 (br s5-THF) 1.84 (s, 4H,
CH,Si), 3.15 (m, 8H, 12-crown-4), 3.24 (m, 8H, 12-crown-4), 3.56
(br s,a-THF), 6.73 (t,%Junw = 7.2 Hz, 4H, 4-CH BP}), 6.86 (t,
3Jun = 7.3 Hz, 8H, 3-CH BP}), 7.14 (1,34 = 7.2 Hz, 4H,p-Ph),
7.21 (t,334y = 7.4 Hz, 8H,m-Ph), 7.25 (br, 8H, 2-CH BRJ) 7.40
(d, 3Jyn = 8.0 Hz, 8H,0-Ph).13C NMR (100 MHz, THFdg, 25
°C): 6 0.37 (SiMe), 24.9 3-THF), 39.2 CH,Si), 68.2 (12-crown-
4), 68.3 (-THF), 83.2 (d2Jyc = 5.2 Hz, CC), 122.2 (4€H BPhy),
125.9 (3CH BPhy), 126.7 p-Ph), 128.0¢-Ph), 128.7 if+-Ph), 137.1
(2-CH BPhy), 152.8 {pso-Ph), 165.0 (9 Jsc = 49.4 Hz, 1CH
BPhy). HSQC (THFds, 25°C): —0.36-0.37, 1.76-24.9, 1.84
39.2,3.15, 3.2468.2, 3.56-68.3, 6.73-122.2, 6.86-125.9, 7.14
126.7, 7.2+128.7, 7.46-128.0, 7.25137.1 Anal. Calcd for
CyoHgeBOSiY: C, 70.34; H, 7.25; Y, 7.44. Found: C, 68.04; H,
7.60;Y, 7.17.

Bis(trimethylsilylmethylfluorenoxy)(12-crown-4)(tetrahydro-
furan)yttrium Tetraphenylborate (4a’'). The reaction was per-
formed in the same manner as the reactiod'afwith benzophe-
none. From the reaction &fa (50 mg, 0.048 mmol) with fluorenone
(40 mg, 0.22 mmol), compled’a was obtained; yield: 56 mg
(0.047 mmol, 99%)*H NMR (400 MHz, CQCly, 25°C): 6 —0.68
(s, 18H, SiMg), 1.66 (s, 4H, E1,Si), 1.81 (m,3-THF), 2.99 (m,
8H, 12-crown-4), 3.16 (m, 8H, 12-crown-4), 3.75 (@THF), 6.88
(t, 3y = 7.2 Hz, 4H, 4-& BPhy), 7.01 (t,3Jyn = 7.4 Hz, 8H,
3-CH BPhy), 7.20 (t,3Jun = 7.0 Hz, 4H, C3H), 7.29 (m, 16H,
2-CH BPh, + C2,C4H), 7.61 (d,3J4y = 7.5 Hz, 4H, C5H). 13C

33.2 CH.SI), 67.2 (12-crown-4), 69.70(THF), 84.5 (br s, @),
119.7 C5), 122.0 (4CH BPhy), 123.5 C4), 125.8 (3€H BPhy),
127.5 C3), 127.8 C2), 136.0 (2€H BPhy), 138.8 C1), 152.2 (C6),
164.0 (9, Jsc = 49.4 Hz, 1€H BPhy). HSQC (CDCly, 25°C):
6.88-122.0, 7.0+125.8, 7.26-127.5, 7.29-123.5, 127.8, 136.0,
7.61—-119.7. Anal. Calcd for @Hg,BO;SiY: C, 70.58; H, 6.94;
Y, 7.46. Found: C, 69.31; H, 6.79; Y, 7.75.

cis/trans-Bis{ 1,1-diphenyl(2-trimethylsilyl)ethoxy} tetra-
(tetrahydrofuran)yttrium Tetrakis(trimethylsilyimethyl)aluminate
(cis/trans3b). To the THF solution oflb (55 mg, 0.059 mmol)
was added benzophenone (30 mg, 0.16 mmol) at room temperature.
After the solution was stirred for 10 min at room temperature, excess
pentane was added to the solution. The solution was cooled to
—30°C, and a colorless slurry was obtained. After removal of the
supernatant and washing with excess pentane twice, a mixture of
cis-3b (90%) andtrans-3b (10%) was obtained as an oiHd NMR
(400 MHz, THF4dg, 25°C): 6 —1.24 (br, 8H, ACH,), —0.38 (s,
18H, SiMe), —0.13 (s, 36H, AICHSIMes), 1.70 (br s,5-THF),
1.97 (s, 4H, E©i;Si), 3.55 (br s@-THF), 7.19 (t,3Jyn = 7.2 Hz,
4H, p-Ph), 7.26 (t3J4p = 7.3 Hz, 8H,m-Ph), 7.48 (d3Jyy = 7.0
Hz, 8H, o-Ph). 13C NMR (100 MHz, THFds, 25 °C): 6 1.99
(sextet3Iyy = 61.2 Hz, AICH,), 0.15 (SiMeg), 4.22 (AICH:SIMey),
26.3 (3-THF), 40.2 CH,Si), 68.2 (-THF), 83.6 (d,2Jyc = 5.3
Hz, OC), 127.1 ¢-Ph), 128.2 ¢-Ph), 128.7 if+-Ph), 151.6 ipso-
Ph).trans-3b: 'H NMR (400 MHz, THF4ds, 25°C) 6 —1.24 (s,
8H, AICH,), —0.35 (s, 18H, SiMg, —0.13 (s, 36H, AICHSIMe3),
1.70 (br s,6-THF), 1.87 (s, 4H, ®,Si), 3.55 (br sp-THF), 7.02
(t, 3y = 7.2 Hz, 4H,p-Ph), 7.09 (t3Juy = 7.3 Hz, 8H,m-Ph),
7.45 (d,334y = 7.5 Hz, 8H,0-Ph).23C NMR (100 MHz, THFdg,
25 °C): 0 1.99 (sextetiJyy = 61.9 Hz, ACH,), 0.05 (SiMe),
4.22 (AICH,SiMe3), 26.3 (3-THF), 38.9 CH,Si), 68.2 (-THF),
82.2 (d,2Jyc = 5.2 Hz, C), 125.8 p-Ph), 127.7 ¢-Ph), 128.5
(m-Ph), 154.3ipso-Ph). Since8b was obtained as an oil, elemental
analysis was not performed.

Reaction of 1b with Benzophenone at-30°C. A THF solution
containinglb (30 mg, 0.032 mmol) and a THF solution containing
benzophenone (15 mg, 0.082 mmol) were mixed together at
—30 °C. The reaction mixture was gradually warmed to room
temperature and stirred for 30 min. The reaction mixture was again
cooled at—30 °C after excess pentane was added, and a colorless
slurry was obtained at the bottom of the reaction vessel. After
removal of the supernatant, washing with excess pentafg &nd
dryingin vacug complexcis-3b was obtained as the sole product.

Bis(trimethylsilylmethylfluorenoxy)tetra(tetrahydrofuran)-
yttrium Tetrakis(trimethylsilylmethyl)aluminate (4b). The reac-
tion of 1b (35 mg, 0.038 mmol) with fluorenone (20 mg, 0.11
mmol) was carried out at room temperature in the same manner as
the reaction ofLb with benzophenone. A mixture afs-4b (86%)
andtrans-4b (14%) was obtained as an oily slurgis-4b: 'H NMR
(400 MHz, THF4dg, 25°C) 6 —1.24 (br, 8H, AlGH,), —0.70 (s,
18H, SiMe), —0.12 (s, 36 H, AICHSIMe;), 1.70 (br s,5-THF),
1.79 (s, 4H, E1;Si), 3.56 (br so-THF), 7.19 (t,3Jun = 7.34 Hz,
4H, C3H), 7.26 (t,3Juy = 7.54 Hz, 4H, C4H), 7.34 (d,304y =
7.53 Hz, 4H, C2H), 7.63 (d,2Juy = 7.28 Hz, 4H, C5H). 13C NMR
(100 MHz, THF4dg, 25°C): ¢ —0.85 (SiMe), 1.99 (sextetlJac
= 60.6 Hz, ACH;SiMe3), 4.2 (AICH,SiMe3), 26.4 (3-THF), 34.8
(CH,Si), 67.4 ¢-THF), 85.8 (d,2Jyc = 6.1 Hz, C), 120.6 C5),
124.3 C2), 128.3 C3), 128.6 C4), 139.7 C1), 154.7 C6). COSY
(THF-dg, 25 °C): 7.19-7.34, 7.26, 7.267.63. HSQC (THFds,
25°C): 7.19-128.3,7.26-128.6, 7.34124.3, 7.63-120.6.trans
4b: *H NMR (400 MHz, THFdg, 25°C) 6 —1.24 (br, 8H, AlGH,),
—0.69 (s, 18H, 9Vle;), —0.12 (s, 36 H, AICHSIMes), 1.70 (br s,
B-THF), 1.78 (s, 4H, @,Si), 3.56 (br so-THF), 7.07 (t,3Jyy =
7.28 Hz, 4H, C3H), 7.12 (t,3Jyy = 7.0 Hz, 4H, C4H), 7.51 (d,
8Jun = 7.3 Hz, 4H, C2H), 7.53 (d,2Jun = 7.3 Hz, 4H, C5H). 13C
NMR (100 MHz, THFds, 25°C): 6 —0.81 (SiMe), 1.99 (sextet,
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ac = 60.6 Hz, ACH,SiMes), 4.22 (AICH:SiMes), 26.4 (3-THF),
36.8 (CH,Si), 68.2 (-THF), 85.2 (d,2Jyc = 5.0 Hz, CC), 119.7
(C5), 125.2 €2), 127.2 £3), 127.6 C4), 139.6 C1), 157.1 C6).
COSY (THF4dg, 25°C): 7.07-7.51, 7.12-7.53. HSQC (THFd,
25°C): 7.0~127.2, 7.12-127.6, 7.5+125.2, 7.53-119.7.

Bis{ 1,1-diphenyl(2-trimethylsilyl)ethoxy} (12-crown-4)(tet-
rahydrofuran)yttrium Tetrakis(trimethylsilylmethyl)aluminate
(3b"). Complex1'b (30 mg, 0.034 mmol) was dissolved in THF,
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(br s, 0-THF), 6.69 (t,3J4y = 7.4 Hz, 4H, 4-G& BPhy), 6.83 (t,
3Juy = 7.2 Hz, 8H, 3-G1 BPhy), 7.25 (br, 8H, 2-& BPhy). 13C
NMR (100 MHz, THFdsg, 25°C): 6 —0.72 (SiMe), 26.4 3-THF),
30.5 ((H,Si), 68.2 (-THF), 121.8 (4CH BPhy), 125.7 (3CH
BPhy), 137.2 (2CH BPhy), 165.2 (q,Jgc = 49.4 Hz, 1CH BPhy),
187.7 CO).

Reaction of 1a with Carbon Dioxide under Reduced Pressure.
A THF solution containing compountla (60 mg, 0.069 mmol)

and benzophenone (20 mg, 0.11 mmol) was added at roomwas charged into the reaction vessel equipped with a Teflon valve.

temperature. The reaction mixture was stirred 2oh at room

After the evacuation of the reaction mixture-afi95 °C, carbon

temperature. To the reaction mixture was added excess pentane talioxide (1 bar) was transferred into the reaction vessel at room

terminate the reaction. After cooling the reaction mixture-30 °C,

temperature. After the reaction mixture was stirred for 10 min at

a colorless slurry was obtained. The resulting slurry was washed room temperature, the solvent was removed under reduced pressure.

with pentane twice and dried vacua Complex3'b was obtained
as an oily compoundtH NMR (400 MHz, THF4dg, 25 °C): ¢
—1.24 (br, 8H, AIGH,), —0.35 (s, 18H, SiMg, —0.11 (s, 36H,
AICH;SiMe;y), 1.70 (br s5-THF), 1.91 (s, 4H, €1,Si), 3.56 (br s,
o-THF), 3.66 (m, 16H, 12-crown-4), 7.16 &y = 7.28 Hz, 4H,
p-Ph), 7.23 (t3Jun = 7.41 Hz, 8H,m-Ph), 7.46 (d3Juy = 7.78
Hz, 8H, 0-Ph). 13C NMR (100 MHz, THFds, 25 °C): 6 0.37
(SiMe3), 2.1 (sextetidac = 60.3 Hz, AICH,), 4.3 (AICH;SiMe3),
26.4 (3-THF), 39.3 CH,Si), 68.2 (-THF), 68.5 (12-crown-4), 83.3
(d, 2Jyc = 5.2 Hz, C@C), 126.8 p-Ph), 128.0 (+-Ph), 128.7 ¢-Ph),
152.7 (pso-Ph).

Tetrakis{ (trimethylsilylacetato} hexa(tetrahydrofuran)yttri-
um Tetraphenylborate (6a). A glass ampule equipped with a
Teflon valve was charged witha (30 mg, 0.035 mmol) and THF
(2 mL). After degassing of the ampule-ail95°C, carbon dioxide

On starting the evacuation, a large amount of white crystafime
formed at the bottom of the vessel. Complete removal of the solvent
and washing the resulting crystals with THk2) afforded clean

6a; yield: 43 mg (0.024 mmol, 70%).

(12-Crown-4)tetrakis{ (trimethylsilylacetato} yttrium Tetra-
(p-fluorophenyl)borate (7'c). A THF solution (1 mL) of [Y(CH-
SiMe;),(12-crown-4)(THF)][B(GH4F-4)] (1'c) (80 mg, 0.089
mmol) was charged in an ampule. After the solution was degassed
at—195°C, carbon dioxide (1 bar) was transferred into the reaction
vessel at room temperature. The reaction mixture was stirred at
room temperature for 2 h. Removal of the solvientacuoafforded
a slurry. Washing the residue with pentane (0.8 rill) gave7'c
as a white solid: yield 81 mg (0.044 mmol, 99%). From a,CH
Cl,/Et,O solution at—30 °C, a single crystal of’'c was obtained.

IH NMR (400 MHz, THF#dg, 25°C): 6 —0.09 (s, 36H, SiMg),

(1 bar) was transferred at room temperature. The reaction mixture obscured in residual THF (€Si), 3.81 (br, 16H, 12-crown-4), 4.13

was stirred at room temperature, and a white solid of com@éex
was gradually formed over hours. After 9 h, volatiles were removed
in vacuoand compleX6awas obtained in good yield: 24 mg (0.014
mmol, 78%).'H NMR (400 MHz, pyridiness, 25°C): 6 0.13 (s,
36H, SiMe), 2.18 (s, 8H, Ei,Si), 1.60 (m,s-THF), 3.63 (m,
o-THF), 7.13 (t,3Jun = 7.2 Hz, 8H, 4-G1 BPhy), 7.31 (t, 16H,
3Jyy = 7.4 Hz, 3-GH BPhy), 8.10 (br s, 16H, 2-8 BPhy). 13C
NMR (100 MHz, pyridineds, 25°C): ¢ —0.95 (SiMe), 30.3 CH>-
Si), 25.8 -THF), 67.8 (-THF), 122.3 (4€H BPhy), 126.2 (3-
CH BPhy), 137.2 (2€H BPhy), 165.1 (q,"Jsc = 49.0 Hz, 1€H
BPhy), 191.3 (sCO). IR (KBr): » = 3055, 3036, 2982, 2897, 1591,
1579, 1553 %sym CO, RCQ), 1480, 1431%.5ymCO, RCQ), 1375,
1240, 1114, 1032, 1015, 855, 734, 705, 680, 638, 612 cAnal.
Calcd for GyHi3B,014SisY2: C, 62.29; H, 7.50; Y, 10.02.
Found: C, 62.95; H, 7.75; Y, 10.09.

Monitoring the Reaction of 1a with Carbon Dioxide. The
NMR sample tube was charged witla (10 mg, 0.012 mmol) and
THF-ds. After the solution was evacuated atl95 °C, carbon
dioxide (1 bar, 0.09 mmol) was transferred into the sample tube

(br, 16H, 12-crown-4), 6.61 (Jun = 3Jue = 8.2 Hz, 16H, 3-Cl
B(CgH4F-4)), 7.14 (br m, 16H, 2-@ B(CgH4F-4),). 13C NMR
(100 MHz, THF4dg, 25°C): 6 —1.48 (SiMe), 30.9 CH,Si), 71.5
(12-crown-4), 112.3 (doJcr = 18.2 Hz,3Jgc = 3.1 Hz, 3CH
B(CgH4F-4)), 137.6 (2CH B(CgH4F-4),), 159.4 (g,%Jgc = 49.7
Hz 1-CH B(CgH4F-4)y,), 160.9 (d}Jcr = 237.6 Hz, BCsH4F-4)),
180.9 CO). %F NMR (376.4 MHz, THFés, 25°C): 6 —125.01
(B(CeH4F-4),). THF coordinated at yttrium was obscured by THF-
ds signals in the!*C NMR spectrum. IR (KBr):» = 3081,3017,
2957, 2888, 1615, 158 {m CO, RCQ), 1489, 1443 %a5ym CO,
RCQ,), 1381, 1298, 1285, 1251, 1211, 1157, 1131, 1114, 1072,
1018, 934, 867, 853, 814, 780, 707, 633, 552-tmnal. Calcd
for C34H10382F801()Si4Y2: C, 54.91; H, 5.92; Y, 9.68. Found: C,
54.45; H, 5.66; Y, 8.82.

{1,1-Diphenyl(2-trimethylsilyl)ethoxy} penta(tetrahydrofuran)-
yttrium Bis(tetraphenylborate) (8a). Complex2a (70 mg, 0.060
mmol) was reacted with benzophenone (30 mg, 0.16 mmol) in THF
(0.7 mL) at room temperature for 20 min. All volatiles were
removed under reduced pressure, and the resulting solid was washed

using a balloon. The sample tube was kept at room temperaturewith pentane (2< 0.8 mL) and driedn vacuoto afford8a as a

and the reaction was followed by takingtd NMR spectrum. The
molar ratio of complexes was calculated on the relative integral
intensity to TMS. After 10 min, compleda was completely
consumed and intermediatés B, and C were observed. The
relative integral intensities of methyl signals are 5%, 76%, and 19%,
respectively. After 30 min, onlf3 andC were observed with yields

of 80% and 20%. At the end of the reaction, single crystaléapf
which were suitable for X-ray diffraction study, were obtained in
the NMR sample tubeA: H NMR (200 MHz, THF#dsg, 25°C) 6
—0.93 (d,2yy = 3.2 Hz, H,Si), —0.13 (s, SiMg). B: H NMR
(400 MHz, THF4dg, 25°C) 6 0.12 (s, SiMg), 1.72 (br s5-THF),
1.88 (s, ®¢1,Si), 3.56 (br sp-THF), 6.69 (t,3Jyy = 7.4 Hz, 4-CH
BPhy), 6.83 (t 334y = 7.2 Hz, 3-CH BPhy), 7.25 (br, 2-G BPhy).

13C NMR (100 MHz, THFds, 25°C): 6 —1.01 (SiMe), 26.4 (3-
THF), 30.2 (d 3Jyc = 2.6 Hz,CH,Si), 68.2 @-THF), 121.8 (4€H
BPhy), 125.7 (3€CH BPhy), 137.2 (2€H BPhy), 165.2 (9,"Jsc =
49.4 Hz, BPh), 192.0 CO). C: H NMR (400 MHz, THFds,
25°C) 6 0.13 (s, SiMe), 1.72 (br s5-THF), 1.92 (s, Ei,Si), 3.56

yellow powder; yield: 75 mg (0.056 mmol, 9298 NMR (400
MHz, THF-dg, 25°C): 6 —0.38 (s, 9H, SiMg), obscured in residual
THF (CH.Si), 1.70 (br s5-THF), 3.55 (br sp-THF), 6.72 (1,33
= 7.2 Hz, 16H, 4-G BPh), 6.86 (t,3Juny = 7.4 Hz, 16H, 3-Cl
BPhy), 7.26 (br, 16H, 2-€l BPh), 7.45 (br, 4H,p-Ph), 7.55 (br,
2H, m-Ph), 7.74 (br, 4Hp-Ph).*3C NMR (100 MHz, THFdg, 25
°C): 0 —0.07 (SiMeg), 26.4 (3-THF), 40.0 (CH,Si), 68.2 (-THF),
85.6 (d,2Jyc = 5.2 Hz, CC), 122.0 (4€H BPh), 125.8 (3€CH
BPhy), 128.2 -Ph), 129.0¢-Ph), 129.51(+Ph) 137.1 (2H BPhy),
149.1 {pso-Ph), 165.1 (qNJsc = 54.8 Hz, 1€H BPhy). Anal. Calcd
for C85HloleoGSiY: C,72.21;H,7.50;Y, 6.55. Found: C, 74.28;
H, 7.17; Y, 6.63.

{(Trimethylsilylmethyl)fluorenoxy } penta(tetrahydrofuran)-
yttrium Bis(tetraphenylborate) (9a). Complex2a (25 mg, 0.021
mmol) was dissolved in THF (0.6 mL) and treated with fluorenone
(20 mg, 0.11 mmol) at room temperature. After the solution was
stirred for 20 min, all volatiles were removédvacua The residue
was washed with pentane 0.8 mL) and driedn vacuoto give
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Table 1. Experimental Data for Crystal Structure Determinations of Complexes 4a, 6a, and'@

4a 6a 7'c
empirical formula G4HgoBOeSi2Y C92H13282014Si4Y2'2(C4H30) Cg4Hm§BngOmSi4Y2'CH2C|2
M 1231.36 1917.98 1922.43
cryst syst monoclinic monoclinic monoclinic
space group P2,/a P2i/n C2lc
a(h) 21.6997(11) 12.4231(10) 29.708(2)

b (A) 12.2426(6) 13.6526(11) 13.3582(11)
c(A) 24.9387(13) 29.791(2) 23.4492(19)

o (deg)

p (deg) 94.546(2) 93.001(2) 92.171(2)

7 (deg)

V (A3) 6604.4(6) 5045.9(7) 9299.0(12)

z 4 2 4

Dcalc (g-cm™3) 1.238 1.262 1.373

T (K) 130 130 130

u(Mo Ka)) (mm1) 0.971 1.253 1.428

F(000) 2616 2040 3992

cryst size 0.19% 0.20x 0.46 0.23x 0.26x 0.44 0.16x 0.28x 0.47
0 range (deg) 2.3326.58 2.22-28.57 2.1729.58

no. of reflns collected 79201 33647 66 746

no. of reflns obsdI[> 20(1)] 9484 7947 8431

no. of indep refinsRint) 13772 (0.1020) 12 334 (0.0605) 12 971(0.0819)
no. of data/restraints/params 13 772/0/753 12 334/0/554 12 971/0/529
absorp corr empirical empirical empirical
goodness-of-fit orfF2 1.021 1.005 1.014

Ry, WR: [I > 20(1)]
Ri, WR: (all data)
largest diff peak and hole (e &)

0.0504, 0.1040
0.0891, 0.1179
0.545 and-0.352

0.0548, 0.1242
0.1008, 0.1416
0.604 and-0.404

0.0506, 0.1151
0.0973,0.1341
1.432 ane-1.363

9aas a yellow powder; yield: 19 mg (0.014 mmol, 67%).NMR
(400 MHz, pyridineéds, 25°C): 6 —0.50 (s, 9H, SiMg), 1.60 (m,
B-THF), 2.40 (s, 2H, €1,Si), 3.64 (ma-THF), 7.09 (t3Jyy = 7.2
Hz, 8H, 4-CH BPhy), 7.26 (t,3J4y = 7.4 Hz, 16H, 3-El BPh),
7.30 (1,334 = 7.5 Hz, 2H, GoHg), 7.47 (1,334 = 7.5 Hz, 2H,
Cleg), 7.69 (d,EJHH =75 HZ, 2H, QzHB), 7.88 (d,SJHH =75
Hz, 2H, G2Hg), 8.05 (br, 16H, 2-G BPhy). 13C NMR (100 MHz,
pyridine-ds, 25°C): —0.71 (SiMe), 25.8 (3-THF), 31.2 CH,Si),
67.9 @-THF), 88.1 (d,2Jyc = 6.1 Hz, CC), 121.1 CiHg), 122.4
(4-CH BPhy), 124.5 Ci2Hs), 126.2 (3€CH BPhy), 128.4 Ci2Hs),
129.6 Ci2Hg), 137.2 (2€H BPhy), 139.6 CioHg), 151.2 CioHg),
165.1 (q,lJBC =49.4 Hz, 1cH BPh;) Anal. Calcd for GsHgoB-06-
SiY: C, 75.33; H, 7.36; Y, 6.56. Found: C, 75.49; H, 7.43; Y,
6.30.

(Trimethylsilylacetato)penta(tetrahydrofuran)yttrium Bis(tet-
raphenylborate) (10a).In an ampule, compleRa (75 mg, 0.064

mmol) was dissolved in THF (1.2 mL) and exposed to 1 bar of
CO; for 22 h at room temperature. After all volatiles were removed
under reduced pressure, the resulting solid was washed with pentang c

(2 x 0.8 mL). After dryingin vacuqg the carboxylato complex was
obtained as a white solid; yield: 60 mg (0.049 mmol, 77%).
NMR (400 MHz, pyridineds, 25°C): 6 0.13 (s, 9H, SiMg), 2.19
(s, 2H, H,Si), 1.60 (m, 20H,5-THF), 3.64 (m, 20H,0-THF),
7.10 (t,334y = 7.2 Hz, 8H, 4-G1 BPhy), 7.27 (t,3)4y = 7.5 Hz,
16H, 3-CH BPhy), 8.06 (br, 16H, 2-& BPh;). 13C NMR (100 MHz,
pyridine-ds, 25°C): 6 —0.91 (SiMe), 25.8 (3-THF), 30.4 CH.-
Si), 67.9 (-THF), 122.4 (4€H BPhy), 126.3 (3€CH BPhy), 137.2
(2-CH BPhy), 165.8 (q,\Jsc = 49.4 Hz, 1€H BPhy), 191.4 CO).
IR (KBr): v = 3055, 3036, 2983, 2898, 1612, 155%m CO,
RCGO,), 1480, 1441 #.sym CO, RCQ), 1375, 1251, 1112, 1032,
1014, 856, 733, 704, 634, 612 ctnAnal. Calcd for G3Hg:B,0+-
SiY: C, 71.92; H, 7.52; Y, 7.29. Found: C, 71.50; H, 7.40; Y,
7.35.

Crystal Structure Analysis of 4a, 6a, and 7c. The diffraction
data of4a, 6a, and7'c were collected on a Bruker SMART Apex

CCD area detector diffractomet&#The SADABS program was
used for absorption correctiGd.The structure ofta was solved

using the Patterson method, and the structure&gaaind 7'c were

solved by direct methods using the SHELXS-97 progfam,
followed by successive cycles of full-matrix least-squares refinement
on F2. In the structure ofla, two carbons of a yttrium-coordinated
tetrahydrofuran are disordered with 61.0% and 38.1% occupancy
for each site. In the lattice @a, two disordered tetrahydrofuran

molecules are included with 56.4% and 43.6% occupancy, respec-

tively. In the lattice of7'c, one disordered methylene chloride
molecules was included with occupancy of 50:50. All non-hydrogen

atoms except the disordered carbon and chloride atoms were refined

anisotropically. Hydrogen atoms of methylene, methyl, and phenyl
groups were included in the structure factor calculations in idealized
positions. Least-squares refinement was carried out using SHELXL-
9724 Relevant crystallographic data fota, 6a, and 7'c are
summarized in Table 1.
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