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Two new directly attached carboranyl-indenyl compoundsp-2afboranyl)indene?) and 1-6-
carboranyl)indene4)), were synthesized, and their applications in lanthanide chemistry were explored.
Reactions of 2-indanone or indene epoxide withLB1¢H,0 followed by dehydration reactions gage
or 4, respectively. Treatment d with excess sodium metal afforded presumaphy:;®-(2-CoHe)-
(CsB1oH11)}{ Nag(THF),}, which reacted with LnGlto produce dinuclear complexe&;p:,8-(2-CoHe)-
(CaB1oH1)LN(THF)} o(u-CI)][Na(THF)e] (Ln =Y (54), Er (5b)). Compound! reacted with excess sodium
metal, yielding { #%#7°-(1-CoHe)(C2B10H11)}{ Nag(THF)s} 2 (6), bearing a six-membered,B4 open face
and a five-membered {bonding face. Reaction & with LnClz or Ln(BH,)s(THF); gave [#%nr®-(1-
CoHg)(C2B1oH1)LN(THF)} 2(u-CI][Na(THF)g] (Ln =Y (7a), Nd (7b), Er (70)) or {[1°5°(1-CoHe)-
(CB1oH11) Er(THF)](u-BH4)}{ Na(THF)} (8), respectively. Interaction & with excess sodium metal
generated [17%:177-(1-CoHg)(CoB1oH11) EF(THF) |} Nay(THF)g} (9). These new complexes were character-
ized by various spectroscopic techniques and elemental analyses. The molecular struditireHof
6, 73, 7¢c, 8, and9 were confirmed by single-crystal X-ray analyses. The results showed that these new
ligands favored the formation of the “metal-bridged” type of dinuclear complexes due to the lack of the
linkage between the indenyl and carboranyl units.

Introduction Chart 1
Ligands are an essential part of organometallic compounds. PhyP_ | PPhs PhsP. H oph
They impose a dominant control over both the chemical and ' s RI 8

the physical properties of the resulting metal complexes.
Therefore, ligand design has become a central theme in the
development of the chemistry of organometallic compounds.
In this connection, a series of single-atom-bridged cyclopenta-
dienyl-, indenyl-, and fluorenyl-carboranyl ligands, At&)-
(CgBloHll) (A = MeZC,Z Me28i3), A'(C9H7)(CzBloH11) (A' =

@(Q@fv

MezC,“ MeZSi,5 F’I‘lzNB,6 PlijFﬂ), and A'(ClgHg)(CzBloHll)

Experimental results show that the bridging atom significantly

(A" = H,CJ? Me;Si), have been developed. These ligands are influences the chemical and physical properties of the resulting

finding many applications in organometallic chemistry?

organometallic complexé8lt is anticipated that the interactions
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be largely enhanced if there is not any linkage between them,
probably leading to a new class of ligands demanding highly
constrained geometries.
Cyclopentadiene-substituteecarboranes are know#d They
are prepared from either the direct reaction of IBgH;0R with
cyclopentenone followed by dehydratidhor the intramolecular
cyclization of 1-Ph-2-[CH(CHCH,CsHs)2]-1,2-CB1gH10.11¢ Or-
ganometallic complexes directly derived from these compounds
have not appeared in the literature yet, although some sandwich/
half-sandwich complexes were reportédd-(C, in Chart 1)2¢:12
These species were prepared from the reaction of ethynylfer-
rocene with decaborat@ or (°-CsDs)RuCI(PPh), with 1-Li-
2-Me-1,2-QBloH1012b or RUCb(PPr@)3 with Liz[MEZC(CsH4)-
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(CoB10H10)].2¢ The mechanisms for the formation Bfand C
were not clear. To investigate the properties of directly linked

indenyl-carboranyl compounds and to compare them with the

corresponding single-atom-bridged systems, we prepared 2-(
carboranyl)indene and b{carboranyl)indene and investigated

their applications in organolanthanide chemistry. These results

are reported in this article.

Results and Discussion

Ligands. Our objective was to directly connect the carboranyl
moiety to the indenyl group with the cage CH available for
further functionalization. Some indenyl derivatives were con-
veniently prepared from the reaction of indenyllithium with
electrophiles. Unfortunately, 1-1-1,2,B10H1; showed no re-
activity toward indenyllithium. In view of the nucleophilicity
of readily available LiC;B10H10, Several electrophilic com-

pounds were examined. The results showed that the reaction of

Li,CsB10H10 With secondary halides such as 3-bromoindene
afforded very poor yields, probably due to the relatively low
nucleophilicity of the carborane anion. After many attempts, it

was found that very strong electrophiles of indanone and indene

epoxide were suitable starting materials.
Treatment of 2-indanone with 1 equiv of,0,B;0H10 at room

temperature afforded, after column chromatographic separation,

2-(o-carboranyl)-2-indanoll) ando-carborane in 31% and 56%
yields, respectively. Thé'B NMR experiments indicated that
only 40% of L,C,B10H10 was consumed before quenching the
reaction with a diluted HCI solution. The yield df was not
improved even under forced reaction conditions. A stronger
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electrophile was necessary to increase the efficiency of this equatorial protons at the benzyl positions, one singlet at 4.29

nucleophilic reaction. Reaction of indene epoxide with 1 equiv
of Li,C,B10H10 in diethyl ether gave letcarboranyl)-2-indanol
(3) in 82% yield. Although thes-position is sterically more
accessible, it is a much less reactive site thacarbon toward

ppm attributable to the cageHproton, and one broad singlet
at 2.42 ppm corresponding to theH@roup were observed in
the 'TH NMR spectrum ofl. For 2, the 'H NMR spectrum

showed three singlets at 7.02 (vinyl proton), 3.89 (cagé C

nucleophiles due to the presence of the aromatic ring. Therefore,proton), and 3.54 ppm (benzyl protons) besides the aromatic

no other isomer was isolated.

There are many methods to convert alcohols to olefins.
Compoundl is very stable in acidic media under normal
reaction conditions. After many attempts, it was found that a

protons. Thei'3C NMR spectra were consistent with th
NMR results. Thé!B NMR spectra exhibited a 2:2:2:4 splitting
pattern forl and a 1:1:2:2:2:2 splitting pattern f@r The solid-
state IR spectrum of displayed a characteristic broad, strong

very strong acid and high temperature were required to convertabsorption of OH at 3571 cm and a very strong absorption

linto the corresponding indene derivative. Heating the mixture
of 1 andp-TsOH in a molar ratio of 1:1 in a sealed Pyrex tube
at 180°C for 10 min gave, after workup, 2x{carboranyl)indene
(2) in 84% vyield (Scheme 1). On the other hand, compo8nd
is surprisingly stable under various acidic conditions. Direct
dehydration of3 is not feasible. Alternative routes were then
examined. Treatment &with a mixture of triphenylphosphine,
imidazole, and iodine in a molar ratio of 1:1.2:2:1.3 in refluxing
toluene for 48 h generated, after workup ateérboranyl)indene
(4) in 78% vyield (Scheme 2). The thermodynamically more
stable compound was the only isomer. No 3fcarboranyl)-
indene was isolated. Compountignd 3 are soluble in BO,
THF, and toluene and slightly soluble mhexane, wherea?®
and 4 are soluble in common organic solvents including
n-hexane.

In addition to the aromatic protons, two doublets at 3.52 and
2.97 ppm with?) = 16.2 Hz assignable to the axial and
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1983 53, 1066.

(12) (a) Beckering, C. L.; Rosair, G. M.; Weller, A. $. Organomet.
Chem.1998 556, 55. (b) Basato, M.; Biffis, A.; Tubaro, C.; Graiff, C;
Tiripicchio, A. Dalton Trans.2004 4092.

of BH at ca. 2600 cm®. The characteristic OH absorption
disappeared in the IR spectrumafbut that of BH remained.

The 3J coupling constants afans protons are too small to
be observed in théH NMR spectrum of3 since the dihedral
angles between thteansprotons are close to 983 Accordingly,

a singlet at 3.88 ppm of the tertiaryHC(benzyl) proton, a
doublet at 4.77 ppm of the tertiaryH{OH) proton with3J =

5.1 Hz, a doublet at 2.81 ppm of one methylene proton tith

= 17.1 Hz, and a doublet of doublets at 3.45 ppm of another
methylene proton with coupling constants?df= 17.1 and®J

= 5.1 Hz were observed in tAel NMR spectrum oB. A singlet

at 3.58 ppm corresponding to the cagd @roton and a broad
singlet at 1.72 ppm assignable to théd @roton were also
observed. The latter disappeared after addip@ B the NMR
solution, confirming that it was an KD proton. The'H NMR
spectrum of4 was relatively simple, showing a triplet at 6.84
ppm with 3 = 2.1 Hz of the vinyl proton, a doublet at 3.41
ppm with3J = 2.1 Hz of the methylene protons, and a singlet
at 4.14 ppm of the cageHCproton, in addition to the aromatic
protons. The!’B NMR spectra exhibited a 1:1:2:3:3 splitting
pattern for3 and 1:1:2:4:2 fo#, respectively. Their solid-state
IR spectra displayed a very strong characteristic peak of BH

(13) Karplus, M.J. Chem. Phys1959 30, 11.
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Table 1. Selected Bond Lengths (&) and Angles (deg) for
1-4

1 2 3 4

C(11)-C(12) 1.545(2) 1.387(2) C(1¥C(12) 1.510(3) 1.485(3)
[1.518(3)]

C(12)-C(13) 1.512(2) 1.474(2) C(12C(17) 1.392(3) 1.403(3)
[1.381(3)]

C(13)-C(18) 1.391(2) 1.383(2) C(1AC(18) 1.502(4) 1.493(4)
[1.490(4)]

C(18)-C(19) 1.507(2) 1.496(2) C(18)C(19) 1.528(4) 1.483(3)
[1.537(4)]

C(19-C(11) 1.549(2) 1.450(2) C(19C(11) 1.557(3) 1.338(4)
[1.546(3)]

C(1)-C(11) 1.554(2) 1.489(2) C(HC(11) 1.547(3) 1.492(3)
[1.545(3)]
C1)-0O(1) 1.427(2) C(19Y0(1) 1.420(3)
[1.419(3)]

C(1)-C(2)  1.653(2) 1.645(2) C(HC(2) 1.672(3) 1.648(3)
[1.702(4)]

SOC(11) 332.7(1) 360.0(1) ¥OC(11) 329.3(2) 360.0(2)
[331.6(2)]

aDistances and angles in brackets are those of a second molecule.

Figure 4. Molecular structure of le-carboranyl)indened).
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Figure 2. Molecular structure of 2e-carboranyl)indene?].

S
. . A
absorption at ca. 2600 crh A broad, strong absorption of an N
OH group at 3335 cm was also observed in the IR spectrum Ln =Y (5a), Er (5b)
of 3.

The solid-state structures @f-4 were further confirmed by  the indenyl and carboranyl units. These results clearly imply
single-crystal X-ray analyses. The selected bond distances andhat the interactions between the indenyl and cage are stronger
angles are listed in Table 1. The molecular structurk @figure than those observed in single-atom-bridged systems.

1) shows that both the cage and OH group are bonded to C(11). Organolanthanide Complexes.Compounds2 and 4 are

The bond distances and angles indicate that C(11), C(12), andisomers bearing two functional moieties that can be conveniently
C(19) are all spcarbons, whereas C(13) and C(18) arésp converted intor ligands. Treatment d? with excess finely cut
carbons. In the molecular structure d{Figure 2), the C(11) sodium metal at room temperature in THF for 48 h generated,
and C(12) become $garbons with a bond distance of 1.387- after removal of excess Na, presumably{f:;%-(2-CoHe)-

(2) A. The C(11)-C(1) distance of 1.489(2) A is much shorter  (C;B1gH11)}{ Nag(THF),} solution, followed by reaction with
than that of 1.554(2) A observed I indicative of a certain 1 equiv of LnCk to give [ #%#5-(2-CoHg)(CoB1oH11)LN(THF)} »-
degree of conjugation between the cage and indenyl group. («-Cl)][Na(THF)¢] (Ln =Y (5a), Er (5b)) in about 70% isolated

There are two crystallographically independent molecules in yield (Scheme 3). The same complexes were isolated even when
the unit cell of3. Figure 3 shows the representative structure. the molar ratio of2:LnCl; was changed from 1:1 to 1:2. The
It is clear that the OH group and the cage aretians diamagnetic yttrium compleXa offered useful NMR informa-
arrangement. The €C distances are very close to those tion. Its'H NMR indicated the presence of an indenyl group
observed irl. The C(11) and C(19) become the&g@rbons in and THF and supported a molar ratio of four THF molecules
4 (Figure 4), as judged from the bond distances and angles listedper indenyl. Thé'B NMR spectrum showed a 1:2:4:2:1 splitting
in Table 1. The C(B-C(11) distance of 1.493(3) Ais very close  pattern. These data, however, do not offer any structural
to that of 1.489(2) A ir2 but is much shorter than the 1.545(3) information on whetheBais a monomeric or dimeric species.
[1.547(3)] A in3, again suggestive of some conjugation between An X-ray analysis is desired.
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Table 2. Selected Bond Distances (A) and Angles (deg) for 5b, 7a, 7c, 8, and 9

5b (Er) 6 (Na) 7a(Y) 7c(Er) 8 (Er) 9 (Er)

av C(1)-C(11) 1.473(19) 1.470(6) 1.515(1) 1.495(2) 1.50(1) 1.492(9)
av M—Csring 2.669(15) 2.831(6) 2.701(1) 2.677(2) 2.683(5) 2.716(7)
av M—C;B4 ring 2.715(16) 2.775(6) 2.765(5) 2.759(2) 2.770(7) 2.703(8)
avM—-0 2.374(9) 2.275(5) 2.377(2) 2.383(1) 2.353(2) 2.438(5)
av M—Xa 2.633(4) 2.657 (1) 2.636(1) 2.656(5)

OM—X-M2 107.5(1) 106.3(1) 106.4(3) 107.2(2)

av Cent6-M—Cent5 132.3 130.6 132.5 127.7 142.1

aFor5b, 7a and7c, X = CI; for 8, X = B. P Average Er-cage B distance.

Figure 6. Molecular structure of{[7%:178-(1-CoHe)(CB10H11)} { Nas-
Figure 5. Molecular structure of the anion if{ §%7°-(2-CoHe)- (THF)} ]2 (6) (all coordinated THF molecules and H atoms are
(CoB1oH1n) EX(THF)} ou-Ch]INa(THF)g] (5b). omitted for clarity).

A single-crystal X-ray diffraction study revealed tii is a C(11)/C(1)—C(11) bond distances of 1.449(19)/1.497(18) A
dinuclear molecule consisting of well-separated, alternating in 5b are close to that of 1.489(2) A i

layers of discrete complex cations [Na(THF)and dinuclear Like 2, reduction of4 with excess Na metal in THF at room
anions {#7°5°(2-CoHe)(CoB1oH11)Er(THF)} o(u-CI)] ™. In the temperature for 24 h afforde¢h®:,5-(1-CoHe)(C2B1oH11)}H{ Nas-
anion, each Er atom ig®-bound to thenido-carboranyl,,>- (THF)s}2 (6) in 92% yield. 1ts'B NMR spectrum displayed a

bound to the indenyly-bound to one doubly bridging Cl atom,  3:4:3 splitting pattern, which was significantly different from
and coordinated to one THF molecule in a distorted-tetrahedral that of4. Therefore, this reduction reaction was closely followed
geometry, as shown in Figure 5. The selected bond distanceshy the !B NMR. Its 'H NMR spectrum showed the presence
and angles are listed in Table 2. Thbia and 5b are metal-  of the ligand and supported a molar ratio of five THF molecules
bridged type of complexes in which the same ligand bonds to per indenyl group. The solid-state structureéofvas further
two metal atoms due to the highly constrained systéithe confirmed by single-crystal X-ray analysis and is shown in
dihedral angles between the five- and six-membered bondingFigure 6. It has a centrosymmetrical structure, in which the
faces in the same ligand are 13anhd 14.8, respectively. trianionic ligand is bonded to two Na atoms via the six- and
The average Ercage atom distance of 2.715(16) A and-Er  five-membered rings im®- and»®-fashion and to the third Na
Cs ring distance of 2.669(15) A are comparable to the corre- atom through one NaB—H and one Na (72-C(15)=C(16))
sponding values of 2.680(3) and 2.602(5) A if:f;®-Me,C- interaction, respectively. The average Na{tge atom distance
(CsHa)(C2B1oH11)]Er(THF)?*15 and 2.773(12) and 2.675(15)  of 2.775(6) A is very close to that of 2.776(2) A alosoexo
Ain [{7%17°-MezSi(CoHe)(C2B10H10)} Er(THF) (u-Cl)Na(THF ] .5 [(CeHsCH2)2CB1o0H10]Nax(THF),,26 but is much shorter than
The Cent6-Er—Cent5 (Cent6 and Cent5 represent the centroids that of 2.854(4) A in{u-1,2-[0-CsHa-(CH2)2)]-1,2-C:B1oH10} -
of the six- and five-membered bonding faces, respectively) angle Nay(THF)g],1"2and 2.848(7) A in{#°-[(CHsOCH,CH,),CB1o-
of 132.3 is significantly larger than the chelating type of H;gNa}{Na(THF}]..1" The average Na()Cs ring distance
complexes; for example, 118% in [1°#°%Me;C(CsHa)- of 2.831(6) A is much shorter than that of 2.934(3) A in
(CB1oH11)]Er(THF),?>15 and 126.12 in [{#7°:55-Me;Si(CoHe)- [175-Me2Si(CoHe) (C2B10H11)]YB(THF)[(u-7°):0-Me3Si(Co-
(CoB1oH11)} Er(THF)(u-Cl)Na(THF)] .50 The average Er He)(C2B1oH10)JNa(THF):%2 and 2.877(1) A in [NagH/(15-
Cl distance of 2.633(4) A is significantly shorter than that crown-5)]18

of 2.733(1) A in [#5%5’-Me;C(CsH4)(C2B10H11)} Era(u-Cl)- Interaction of6 with 2 or 4 equiv of LnC} in THF at room
(THF)3]2,2215 but much longer than that of 2.545(1) A in  temperature afforded 5:1°-(1-CoHe)(C2B1oH12)Ln(THF)} o(u-
[{ 7°:0-Me2Si(CoHe)(C2B10H10)} { 17°-Me,Si(CoHe) (C2B1o- CI)][Na(THF)g] (Ln =Y (7a), Nd (7b), Er (70)) in 75-83%
Hi1)}[Er(u-Cl)Na(THF)® and 2.563(4) A in {3%7°-Me,Si- yields (Scheme 4). ThéH NMR spectrum of the diamagnetic

(CoHg)(C2B1oH11)} Er(THF) (u-Cl)Na(THF)]n.5¢ The C(1)-

(16) Chui, K.; Li, H.-W.; Xie, Z.Organometallics200Q 19, 5447.

(14) Schumann, H.; Meese-Marktscheffel, J. A.; EsseiChem. Re. (17) (a) Zi, G.; Li, H.-W.; Xie, Z.Organometallic2002 21, 3464. (b)
1995 95, 865. Cheung, M.-S.; Chan, H.-S.; Xie, Drganometallic2004 23, 517.
(15) Xie, Z.; Chui, K.; Yang, Q.; Mak, T. C. WOrganometallicsL999 (18) Kéhler, T.; Behrens, U.; Neander, S.; Olbrich, F.Organomet.

18, 3947. Chem.2002 649, 50.
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Scheme 4
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=
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complex 7a showed four doublets and two triplets in the
aromatic region, a singlet at 4.26 ppm corresponding to the two
cage G protons, and two multiplets at 3.64 and 1.60 ppm
attributable to the THF protons, and supported a molar ratio of
2.5 THF molecules per ligand. 1148 NMR spectrum exhibited

a 1:1:2:2:1:1:1_:1 splitting pattern, which is quite Fjifferent from Fiqure 7. Tob: Molecular structure of the anion i 5:6-(1-
that of 6. Again, this reaction was closely monitored b8 Cg?"e)(C2810H1T)Er(THF)}2(M-C|)][Na(THF)3] (79 Bottomn:[: gpz(ice-
NMR spectroscopy. filling drawing of the anion.
Single-crystal X-ray analyses revealed tifat and 7c are
isomorphous and isostructural, consisting of well-separated, On the other hand, although the bridging Cl atom is accessible
alternating layers of discrete complex cations [Na(T#iFand by Ag*, such interactions may not be strong enough to break
anions {7%75-(1-CoHg)(C2B10H11)LN(THF)} 2(u-Cl)] ~. The rep- the Ln—Cl—Ln bonds.
resentative structure @ftis shown in Figure 7. The anion is a
metal-bridged* centrosymmetrical dinuclear complex with a . . . . .
coordination environment and geometry very similar to that d.esur_ed. Reaction df with Er(BHa)s(THF)s in @ molar ratio of
observed irbb. These results indicate that bd2rand 4 form 1:2 in THF at room 5tefr5nperature gave the Brbridged
the same type of metal complexes. The dihedral angles betweerflinuclear complex{[#:,°-(1-CoHe)(CoB1oH11)Er(THF)]o(u-
the six- and five-membered bonding faces of 25r67a and BH.)HNa(THF)} (8) in 74% yield. Treatment o with excess
26.6' in 7care significantly larger than the corresponding values SCdium metal in THF at room temperature afforded the,BH
of 13.8 and 14.8 found in5b. Consequently, the C(HC(11) free dinuclear comple{<[;75:7_77—(1-CgH5)(Czqul-|11)Er(THF)]z}-
distances of 1.515(1) A irva and 1.495(2) A in7c are {Nau(THF)g} (9) in 68% vyield, as shown in Scheme 5. The
statistically longer than those of 1.497(18) and 1.449(19) A in formation of the insoluble NaBHin THF facilitated the
5h, which might reflect some differences in conjugation between purification of 9. Both 8 and 9 are paramagnetic complexes
the twosr systems. and do not provide interpretable NMR spectra. Their structures
Organolanthanide chloride complexes are generally useful were, however, ultimately established by single-crystal X-ray
starting materials for the synthesis of the corresponding diffraction studies.
complexes containing L.AX (X = H, C, N, O, S, P, Bh) Complex8 adopts the polymeric structure in which the™a
bonds!*1*We examined the chemical propertiessafand7a. ions serve as linkages to connect the dinuclear complex anions
They were surprisingly inert toward nucleophiles such as [{35:76-(1-CoHe)(C2B1oH11)Er(THF)} 2(u-BHa)]~ to form zigzag
NaBH;,;, CH;COONa, Na[CHCOCHCOCH], and KOBU and infinite polymeric chains. Overall, the structure of the anion is
toward chlorine-abstracting reagents such as AGOTfand AGNO  simijlar to that observed ific except for the bridging Bkt unit,
To help understand these results, the space-filling drawing of 55 shown in Figure 8. The hydrogen atoms of the;Biroup
the anion in7c was generated using X-ray data (Figure 7). The cannot be located from X-ray data, which prevents the precise
figure clearly shows that the coordination sphere of the assignment of the coordination mode of the Bigroup. Since
lanthanide ion is fully occupied by the surrounding ligands, B(41) is almost located at the middle of the two Er atoms (Table
which prevents the metal ion from any attack of nucleophiles. 2), it is reasonable to suggest that the BHnoiety bonds to
(19) (a) Edelmann, F. T.. Freckmann, D. M. M.: SchumanncHem. the two Er atoms in the same coordination mode, which may

Rev. 2002 102, 1851. (b) Arndt, S.; Okuda, Chem. Re. 2002 102, 1953 be determingd according to the-H8 dlistances. Fon?-BH,4,
(c) Marques, N.; Sella, A.; Takats, Chem. Re. 2002 102 2137. the Ln—B distances are normally in the range 26578

To prepare derivatives afc, an alternate synthetic route was
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A.7a17a20|n view of the Er-B(41) distances of 2.645(5) and
2.667(5) A, itis best suggested that the Blgroup isy>-bonded
to two Er atoms to form a EmfH),B(u-H)-Er unit.

The average Ercage atom distance of 2.770(7) A and-Er
Cs ring distance of 2.683(5) A are very close to the correspond-
ing values of 2.759(2) and 2.677(2) A ifc (Table 2). The
Cent6-Er—Cent5 angles of 1282Gand 127.4 are smaller than
that of 132.8 in 7c. The dihedral angles between the two
bonding faces are 26@&nd 27.2, which is almost the same as
that of 26.6 observed in7c. As a result, the C()C(11)

distances of 1.513(7) and 1.490(7) A are close to that of 1.495-

(2) A found in7c.
An X-ray analysis revealed th8tis a coordination polymer

Shen et al.

Figure 8. Molecular structure of the anion if{7°%#%-(1-CoHe)-
(CoB1oH1) Er(THF)o(u-BH4)}H{ Na(THF)} (8).

Figure 9. Molecular structure of the anion if{#%#7-(1-CoHe)-
(C2B1oH1)Er(THF)[2}{ Nay(THF)g} (9).

Conclusion

in which the Nd ions act as linkages to connect the complex  Two new directly attached carboranyl-indenyl ligands were
anions f°:77-(1-CoHe)(C2B1oH1 1) Er(THF)*~ to generate two-  Synthesized and structurally characterized. They were readily
dimensional coordination sheets. The anion is a centrosym-converted into the trianions bearing an open six-membesBg C
metrical dinuclear complex, shown in Figure 9. Each Er atom face and a €ring that are directly connected to each other.
is yﬂ-bound to thmrachnecarboranwn5_b0und to the indeny| The lack of the Iinkage between the two bonding faces makes
unit of the other ligand, and coordinated to one THF molecule these trianions highly constrained, favoring the formation of
in an almost trigonal planar geometry. Such an arrange- metal-bridged dinuclear complexes with lanthanides, for ex-
ment has not been observed before in lanthanacarbo-2MPle, [7°7°(CoHe)(CoB1oH11)Ln(THF)} (u-X)IINa(THF)].
ranes incorporating aarachnecarboranyl ligand1°The aver- ~ 1he nido-CzBiHu unit in these complexes was able to be
age Er Cq ring distance of 2.716(7) A compares to that of T BER B e e ed dinuclear compiex
2.683(5) A in8 and 2.758(5) A in {5%n’-[MesSi(CoHe)- ! - '
o R N T The B 1) ot ¢ A#*r~(1-GHe) CBH)ENTHRL} (NadTHF)g , was pre-

2.375(6) and 2.364(8) A and the average-Eage B distance pared and structurally characterized. These results indicate that

of 2.703(8) A are comparable to those of 2.386(5) and 2.655-
(7) Ain [{75:9"-MexC(CsH4)(CoB1oH11)} Era(u-Cl)(THF)3] 2,215
2.410(6) and 2.671(7) A in{[#5:57-Me,C(CsHa)(C2B1oH11)]-

En o Nay(THF)g} ]n,5¢ and 2.421(5) and 2.739(5) A if}5:57-
[Me;Si(CoHe)(CoB1oH11)|Er} o Nay(THF)g} 2015

the coordination mode exhibited by the new ligandsHgC»-
B1oH11]3~ is similar to that of the [(GH4)CeHs] ~ ligand?! but
is different from the single-atom-bridged systems [A{6)-
(C2B1oH11)]3™ (A = Me,C, Me,Si) 110 The reactivity of (GH7)-
C.BioH11 is, however, very similar to that of A@El)-
(CoB1gH11). 110

(20) (a) Qian, C.; Zou, G.; Nie, W.-L.; Sun, J.; Lemenovskil, D. A;;
Borzov, M. V. Polyhedron200Q 19, 1955. (b) Deng, D.; Zhang, X.; Qian,
C.; Sun, J.; Zhang, LJ. Organomet. Chen1994 466, 95. (c) Laske, D.
A.; Duchateau, R.; Teuben, J. Bl. Organomet. Chen1993 462, 149. (d)
Deng, D.; Zheng, X.; Qian, CActa Chim. Sin1992 50, 1024. (e) Segal,
B.; Lippard, S. JInorg. Chem.1978 17, 844.

(21) (a) Bonifaci, C.; Carta, G.; Ceccon, A.; Gambaro, A.; Santi, S.;
Venzo, A. Organometallics1996 15, 1630. (b) Lee, S.-G.; Lee, H.-K,;
Lee, S. S.; Chung, Y. KOrganometallicsl997, 16, 304. (c) Qian, C.; Guo,
J.; Sun, J.; Chen, J.; Zheng, IRorg. Chem.1997, 36, 1286. (d) Djukic,
J.-P.; Michon, C.; Heiser, D.; Kyritsakas-Gruber, N.; Cian, AtDK.

H.; Pfeffer, M. Eur. J. Inorg. Chem2004 10, 2107.
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Experimental Section C), 61.4 (cageCH), 42.0 CH,). 'B{'H} NMR (CDCl): 6 —3.1
_ (1B), —5.6 (1B),—10.1 (2B),—11.9 (2B),—12.4 (2B),—13.9 (2B).
General ProceduresAll experiments were performed under an R (KBr, cm%): » 3057 (s), 2607 (vs), 1457 (m), 1385 (m), 1065

atmosphere of dry nitrogen with the rigid exclusion of air and (m), 1014 (m), 916 (m), 868 (M), 727 (s). Anal. Calcd farsB1o
moisture using standard Schlenk or cannula techniques, or in a(2): ¢, 51.14; H, 7.02. Found: C, 51.23; H 7.11.

glovebox. All organic solvents were freshly distilled from sodium
benzophenone ketyl immediately prior to use,@:BioH10,22
2-indanoné? indene epoxidé} anhydrous LnGl%> and Ln(BH)s-

Preparation of 1-(o-Carboranyl)-2-indanol (3). A 1.6 M
solution ofn-BuLi in n-hexane (13.0 mL, 20.8 mmol) was slowly

26 . . added to a stirring solution af-carborane (1.50 g, 10.4 mmol) in
(THF);> were prepared according to the literature methods. Al diethyl ether (30 mL) at OC, and the reaction mixture was stirred

other chemicals were purchased from Aldrich Chemical Co. and at room temperature for 2 h. The resulting:CiBoHzo solution

useo! as received unless other\lee_ noted. Infrared spectra WErE s then cooled to-78 °C, to which was added indene epoxide
obtained from KBr pellets prepared in the glovebox on a Perkin-

Elmer 1600 Fourier transform spectrometé and *C NMR (1.37 g, 10.4 mmol) in one portion. The reaction mixture was stirred

spectra were recorded on a Bruker DPX 300 spectrometer at 300.1312\/6”“9”1t at room temperature and then quenched by adding 2 M

and 75.47 MHz, respectively’B NMR spectra were recorded on ngsrﬁgglg m\ijtCeI? ((1155mmLI)_).sZtTJera(t)é%al{l];: Iayel:evgiz :glraz;r(;alr:e((iSand
a Varian Inova 400 spectrometer at 128.32 MHz. All chemical shifts y ' 420

were reported i units with reference to the residual protons of xflt_gr ?Qr?]owif(ﬁergaviﬁf tcr;eISrr?r:Ii?\r\(l)vrI]twgt?)nrr]gd:]?ng%}ation
the deuterated solvents for proton and carbon chemical shifts and, . . P grap - P
to external BE-OEt (0.00 ppm) for boron chemical shifts. (silicon gel, 236-400 mgsh) using hexane/acetone (5'1.\//\/? as
Elemental analyses were performed by MEDAC Ltd. Brunel eluent afforde® as a white solid (2.35 g, 82%). Recrystallization

: : : . . p .~ from n-hexane/diethyl ether gave X-ray-quality crystals3pimp
gﬂgﬂzg’ g')&dsdlecsﬁ);’au'}(" or Shanghai Institute of Organic e’ 1 67¢ 11y NMR (CDCl): 6 7.31 (m, 4H) (aromatic), 4.77

) ) . 3] =
Preparation of 2-(o-Carboranyl)-2-indanol (1). A 1.6 M (d, ") = 5.1 Hz, 1H) (¢1OH), 3.88 (s, 1H) (&), 3.58 (s, 1H)

solution ofn-BuLi in n-hexane (13.0 mL, 20.8 mmol) was slowly (2(?;1 %C%gi)’l&;iségd?H; (10:% aln(;;] (; 51|%|)H(f];1)1|-|1)3é?1_:_2|)}
added to a stirring solution af-carborane (1.50 g, 10.4 mmol) in N.MR (lCDCI ) .6 14’1 6 13825, '129 4’ 1973 i26 1 1263
toluene/diethyl ether (2:1, 30 mL) at @, and the mixture was (aromatic) 738.4 (ca €|_'|)’75 9 .(c’a 93). 6’0 0 CH) 59 8 (’ZH) .
stirred at room temperature for 2 h. The resultingQzB10H10 41.2 CH )lllB{.lH} NgMR (CDCI ) 69_2’2 (1.B) _4'1(1|'3) —Sé
solution was then cooled t678 °C, to which was added 2-indanone (2é) _121'0 (3B).—13.2 (3B) IR3(.KBr cﬁrl)' v1333;5 (brs)' 2585
(1.37 g, 10.4 mmol) in one portion. The reaction mixture was stirred ’ . ! ' : ’ ; ’
at—78°C for 1 h, at—30°C for 2 h, and then at room temperature (vs), 1620 (m), 1439 (m), 1038 (m), 927 (m), 737 (m), 517 (m).

overnight. This solution was quenched by add2M hydrochloric Z\;laslé_C:I(:?ciszr GiH20B100 (3): C, 47.80; H, 7.29. Found: C,
acid (15 mL). The organic layer was separated and washed by water™" = " " " "=~ )
(15 mL), saturated NaHCSaqueous solution (15 mL), and brine ~ Preparation of 1-(o-Carboranyl)indene (4). Compound3 (1.38

(15 mL) and then dried with anhydrous }60,. After removal of g, 5.0 mmol) was dissolved in 20 mL of toluene, to which was
the solvent, column chromatographic separation (silicon gel-230  @dded triphenylphosphine (1.57 g, 6.0 mmol) and imidazole (680
400 mesh) using hexane/acetone (5:1 in v/v) as eluent affdtded M, 10.0 mmol). The suspension was stirred at room temperature
(890 mg, 31%) and-carborane (840 mg, 56%) all as a white solid. until a clear solution was obtained. lodine powder (1.65 g, 6.5
Recrystallization fromn-hexane/diethyl ether gave X-ray-quality ~Mmol) was then added in several portions. The reaction mixture
crystals ofL, mp 110-111°C. 'H NMR (CDCL): 8 7.26 (m, 4H) was stirred at room temperature fbh and heated to reflux for 48
(aromatic), 4.29 (s, 1H) (8 of cage), 3.52 (d?J = 16.2 Hz, 2H) h. The resulting solid was removed by filtration. The clear filtrate

(CHp), 2.97 (d,2) = 16.2 Hz, 2H) (&), 2.42 (brs, 1H) (®). was washed with 5% #D, (15 mL), water (15 mL), 2 M
13C{1H} NMR (CDCl): ¢ 139.0, 127.5, 125.0 (aromatit), 81.8, hydrochloric acid (15 mL), water (15 mL), saturated S#s
80.1 (cageC), 59.4 C-OH), 48.8 CH,). 11B{'H} NMR (CDCly): aqueous solution (15 mL), saturated NaH&Queous solution (15

6 —3.8 (2B),—9.3 (2B),—11.9 (2B),—13.7 (4B). IR (KBr, cnY): mL), and brine (15 mL), respectively, and dried with anhydrous

v 3571 (brs), 3065 (s), 2627 (vs), 2579 (vs), 2549 (vs), 1479 (m), N&SOs. Removal of the solvent afforded a brown oil. Column
1223 (m), 1184 (m), 1092 (m), 1049 (m), 748 (vs), 723 (s). Anal. chromatographic separation (silicon gel, 230 mesh) using
Calcd for GiH20B160 (1): C, 47.80; H, 7.29. Found: C, 47.44;H, n-hexane as eluent producddas a white solid (1.01 g, 78%).
7.31. Recrystallization frorm-hexane gave X-ray-quality crystals &f

Preparation of 2-(o-Carboranyl)indene (2). CompoundL (552 mp 136-137°C. *H NMR (CDCl): 6 7.76 (d,%) = 7.8 Hz, 1H),
mg, 2.0 mmol) ang-TsOH (344 mg, 2.0 mmol) were mixed ina  7-48 (d,*) = 7.8 Hz, 1H), 7.33 (m, 2H) (aromatic), 6.84 {4 =
glass tube. The tube was sealed and heated at@86r 10 min. 2.1 Hz, 1H) (vinyl), 4.14 (s, 1H) (8 of cage), 3.41 (d¥J = 2.1
The resulting black residue was dissolved in diethyl ether (10 mL). Hz, 2H) (CHy). 3C{*H} NMR (CDCl): ¢ 144.2, 140.8, 137.3,
The solution was washed with water (15 mL), saturated NapiCO 137.0, 126.5, 125.8, 124.4, 121.1 (aromatic and vinyl), 72.2 (cage
aqueous solution (15 mL), and brine (15 mL) and then dried with C), 60.7 (cageCH), 37.6 CHy). *'B{*H} NMR (CDCL): 6 —2.2
anhydrous Nz50,. Removal of the solvent afforded a pale brown (1B), —3.6 (1B), —9.0 (2B), —10.9 (4B),—~13.0 (2B). IR (KBr,
solid. Column chromatographic separation (silicon gel,~2800 cm): v 3077 (m), 2578 (vs), 1452 (m), 1370 (m), 1068 (m), 1008
mesh) using hexane as eluent affor@eas a white solid (433 mg, (M), 927 (m), 814 (m), 734 (s). Anal. Calcd foi 115810 (4): C,
84%). Recrystallization from-hexane gave X-ray-quality crystals ~ 51.14; H, 7.02. Found: C, 50.98; H, 7.17.
of 2, mp 116-117°C. 'H NMR (CDCly): ¢ 7.41 (m, 2H), 7.31 Preparation of [{7%:76-(2-CgHe)(C2B10H11) Y (THF) } 2(u-Cl)]-
(m, 2H) (aromatic), 7.02 (s, 1H) (vinyl), 3.89 (s, 1H)H®f cage), [Na(THF)¢] (5a). A suspension o2 (129 mg, 0.5 mmol) and finely
3.54 (s, 2H) (). 13C{H} NMR (CDCly): 6 142.5,142.3,139.9,  cut sodium metal (115 mg, 5.0 mmol) in THF (5 mL) was stirred
133.9, 127.2, 126.6, 123.8, 122.0 (aromatic and vinyl), 73.6 (cage at room temperature for 24 h. After removal of excess Na metal,
the clear solution was added dropwise to a suspension of (88l

(22) Gomez, F. A.; Hawthorne, M. B. Org. Chem1992 57, 1384. mg, 0.5 mmol) in THF (3 mL). The mixture was then stirred at
(23) Horan, J. E.; Schiessler, R. \0rg. Synth.1961, V, 647. room temperature for 2 days. After removal of the precipitate, the
ggg 'Trgﬁlt?},“f/ii é'_f;fecré'r?éi; g.r%Jélz%%%%fcf%r}g;lléez 24, 387. resulting clear solution was concentrated to ca. 3 mL, to which
(26) Mirsaidov, U.; Shaimuradov, |. B.; Khikmatov, Mh. Neorg. Khim. was added-hexane (1 mL). Comple&awas collected as yellow

1986 5, 753. crystals after this solution stood at room temperature for a week
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Table 3. Crystal Data and Summary of Data Collection and Refinement for +4 and 6
1 2 3 4 6
formula GiH20B100 C1iH18B10 C11H20B100 CiiH18B10 Co2H114B20N36010
cryst size (mm) 0.3 0.20x 0.10 1.30x 0.80x 0.20 0.20x 0.15x 0.10 0.10x 0.08 x 0.05 0.30x 0.20x 0.10
fw 276.37 258.35 276.37 258.35 1373.67
cryst syst monoclinic orthorhombic monoclinic monoclinic _ triclinic
space group P2;/n Pbca Qlc P2;/c P1
a, 7.885(1) 12.864(1) 22.706(1) 7.171(1) 10.677(2)
b, A 12.196(1) 12.908(1) 13.057(1) 19.546(1) 13.460(3)
c, A 16.717(1) 18.120(1) 21.107(1) 10.775(1) 15.145(3)
o, deg 90 90 90 90 100.01(3)
p, deg 102.45(1) 90 90.13(1) 98.13 (1) 108.77(3)
y, deg 90 90 90 90 100.24(3)
v, A3 1569.9(2) 3008.8(2) 6257.9(5) 1494.9(2) 1964.7(7)
z 4 8 16 4 1
Dcalcs Mg/m? 1.169 1.141 1.173 1.148 1.161
radiation ¢), A Mo Ka (0.71073) Mo Ko (0.71073) Mo Ko (0.71073) Mo Ko (0.71073) Mo Ko (0.71073)
26 range, deg 4.21056.0 4.5t056.0 3.6t050.0 4.21050.0 2.91048.0
u, mmt 0.061 0.054 0.061 0.055 0.099
F(000) 576 1072 2304 536 732
no. of obsd reflns 3774 3615 5508 2639 4556
no. of params refnd 200 190 397 190 491
goodness of fit 1.023 1.039 1.091 1.049 1.115
R1 0.060 0.058 0.063 0.062 0.099
wR2 0.174 0.163 0.180 0.159 0.263
Table 4. Crystal Data and Summary of Data Collection and Refinement for 5#.5THF, 7a, 7c, 8C;Hg, and 9
5b-0.5THF 7a 7c 8C7Hs 9
formula GseH102B20CIET- C42H74B2oCINa- CuoH74B2oCIERNaGs CasH7gB21ErRNaOy, CeoH114B20ErNa4O10
NaGs 5 OsY2
cryst size (mm) 0.5 0.45x 0.30 0.30x 0.20x 0.10 0.30x 0.20x 0.10 0.20x 0.15x 0.10 0.40x 0.30x 0.20
fw 1520.54 1111.47 1268.17 1267.59 1662.21
cryst syst monoclinic orthorhombic orthorhombic orthorhombic monoclinic
space group C2/lc Fddd Fddd Fda P2:/n
a, A 45.890(4) 17.493(8) 17.547(8) 33.105(6) 16.917(2)
b, A 10.949(1) 34.279(1) 34.651(2) 40.435(7) 13.113(2)
c, A 35.572(3) 46.193(2) 46.269(2) 17.226(3) 17.237(2)
B, deg 121.65(1) 90 90 90 101.29(1)
v, A3 15216(2) 27699(2) 28133(2) 23059(7) 3749.7(9)
z 8 16 16 16 2
Dcalca Mg/m?3 1.328 1.066 1.198 1.461 1.472
radiation ¢), A Mo Ka (0.71073) Mo Ko (0.71073) Mo Ko (0.71073) Mo Ko (0.71073) Mo Ko (0.71073)
260 range, deg 2.1t054.0 3.7t048.0 2.71050.0 2.81050.0 3.1t050.0
u, mmt 2.277 1.745 2.447 2.939 2.299
F(000) 6160 9152 10 080 10 112 1692
no. of obsd refins 13357 5439 6208 10117 6603
no. of params refnd 725 313 313 658 465
goodness of fit 1.024 0.946 0.978 1.044 1.098
R1 0.083 0.087 0.072 0.067 0.039
wR2 0.242 0.275 0.232 0.153 0.105

(232 mg, 66%), mp 82C (dec).!H NMR (pyridineds): 6 8.12

(s, 2H), 7.96 (d3J = 8.1 Hz, 2H), 7.03 (t3J = 8.1 Hz, 2H), 6.97

(s, 2H), 6.73 (t3) = 8.1 Hz, 2H), 6.24 (d3J = 8.1 Hz, 2H)
(indenyl), 4.07 (s, 2H) (B of cage), 3.64 (s, 32H), 1.61 (s, 32H)
(THF). 13C{H} NMR (pyridine-ds): ¢ 145.2, 133.3,129.0, 126.1,
124.3, 122.1, 121.5, 103.5, 98.5 (indenyl), 54.4 (c&t®, 67.2,
25.1 (THF).11B{*H} NMR (pyridine-ds): 6 9.1 (2B), 2.0 (4B),
—4.7 (8B),—8.3 (4B), —12.9 (2B). IR (KBr, cnt?): v 2965 (s),
2876 (s), 2525 (vs), 1454 (m), 1351 (m), 1105 (m), 1046 (s), 865

(m), 813 (m), 744 (m), 627 (m). Anal. Calcd forsfi7¢Bo0-

CINaGs 5Y, (5a— 2.5THF): C, 46.05; H, 6.85. Found: C, 45.59;

H, 7.20.
Preparation of [{#%:#56-(2-CoHe)(C2B1oH 1) Er(THF) } 2(u-Cl)]-

[Na(THF)g]-0.5THF (5b-0.5THF). This complex was prepared as
red crystals from ErGl(137 mg, 0.5 mmol) an@ (129 mg, 0.5

Preparation of [{#°#75-(1-CoHe)(C2B1oH11)}{ Nag(THF) 5} (6).
A suspension o (129 mg, 0.5 mmol) and finely cut sodium metal
(115 mg, 5.0 mmol) in THF (5 mL) was stirred at room temperature
for 24 h. After removal of excess Na metal, the clear solution was
concentrated to ca. 5 mL, to which was addelexane (2 mL).
Complex6 was obtained as yellow-green crystals after this solution
stood at room temperature for a week (316 mg, 92%), mpd6
(dec).'™H NMR (pyridineds): ¢ 8.94 (d,3] = 7.8 Hz, 2H), 7.85
(d, 3 = 7.8 Hz, 2H), 7.81 (d3J = 3.3 Hz, 2H), 6.95 (t3J = 6.9
Hz, 2H), 6.82 (1,3 = 6.9 Hz, 2H), 6.55 (d3J = 3.3 Hz, 2H)
(indenyl), 3.68 (m, 40H) (THF), 2.70 (s, 2H) KCof cage), 1.63
(m, 40H) (THF).13C NMR (pyridineds): ¢ 131.8, 127.3, 124.3,
120.6, 120.1, 118.6, 112.9, 112.7, 94.4 (indenyl), 67.2 (THF), 42.5
(cageCH), 25.1 (THF).B NMR (pyridineds): 0 —2.5 (6B),
—10.3 (8B),—20.8 (6B). IR (KBr, cnT): v 2968 (m), 2867 (M),

mmol) using procedures identical to those used in the synthesis 0f2522 (vs), 1431 (m), 1048 (vs), 907 (m), 736 (m). Anal. Calcd for

5a (273 mg 72%), mp 108C (dec).H NMR (pyridine-ds): o

3.61 (s), 1.50 (s) (THF), and many other unresolved petks.
{*H} NMR (pyridine-ds): many broad, unresolved resonances. IR
(KBr, cm™b): v 2966 (s), 2877 (s), 2527 (vs), 1455 (m), 1351 (m),
1108 (m), 1042 (s), 857 (m), 816 (m), 744 (m), 627 (m). Anal.
Calcd for QgHeeBzoC'El’zNaQ (5b - 4THF) C, 38.16; H, 5.56.

Found: C, 37.86; H, 5.99.

CsgH10B20Na6Og (6 — THF): C, 53.52; H, 8.21. Found: C, 53.18;
H 8.37.

Preparation of [{7%:#75-(1-CoHe)(C2B10H11) Y (THF) } 2(u-Cl)]-
[Na(THF)3] (7a). A solution of 6 (343 mg, 0.25 mmol) in THF (5
mL) was added dropwise to a suspension of @8 mg, 0.5
mmol) in THF (3 mL). The mixture was then stirred at room
temperature for 2 days. After removal of the precipitate, the resulting
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clear solution was concentrated to ca. 3 mL, to which was added Preparation of {[5%#57-(1-CoHe)(C2B1oH11)Er(THF)] 2}{ Nay-

n-hexane (1 mL). CompleXawas collected as yellow crystals after

this solution stood at room temperature for 2 days (208 mg, 75%),

mp 158°C (dec).'H NMR (pyridineds): 6 8.61 (d,3J = 8.4 Hz,
2H), 8.53 (d2J = 3.3 Hz, 2H), 7.25 (d3J = 8.4 Hz, 2H), 7.06 (d,
3J = 3.3 Hz, 2H), 6.30 (t3J = 7.2 Hz, 2H), 6.19 (t3J = 7.2 Hz,
2H) (indenyl), 4.26 (s, 2H) (B of cage), 3.64 (m, 20H), 1.60 (m,
20H) (THF).13C{H} NMR (pyridineds): ¢ 130.6, 129.4, 128.7,
128.0, 127.0, 125.5, 118.7, 100.3 (indenyl), 54.0 (cab®, 67.2,
25.1 (THF).B{*H} NMR (pyridineds): ¢ 2.0 (2B),—0.8 (2B),
—4.7 (4B),—7.0 (4B),—9.7 (2B),—12.9 (2B),—15.6 (2B),—17.9
(2B). IR (KBr, cmrl): v 2951 (s), 2528 (vs), 1439 (m), 1035 (s),
878 (m), 756 (m). Anal. Calcd for gH74sB2CINaGsY, (74): C,
45.39; H, 6.71. Found: C, 45.44; H, 7.06.

Preparation of [{ %:#%-(1-CoHg)(C2B1oH1)Nd(THF) } »(u-Cl)]-
[Na(THF)3] (7b). This complex was prepared as orange crystals
from NdCk (125 mg, 0.5 mmol) an@ (343 mg, 0.25 mmol) using
procedures identical to those used in the synthesi&a¢R47 mg
81%), mp 148°C (dec).'H NMR (pyridine-ds): ¢ 3.66 (s), 1.62
(s) (THF), and many other unresolved peak®{'H} NMR
(pyridine-ds): many broad, unresolved resonances. IR (KBr; §m

v 2954 (s), 2881 (s), 2528 (vs), 1434 (m), 1037 (s), 877 (m), 753
(m). Anal. Calcd for G;H74B2oCINaNd,Os (7b): C, 41.28; H, 6.10.
Found: C, 41.50; H, 6.34.

Preparation of [{n®%55-(1-CgHg)(C2B1oH 11)Er(THF) } 2(u-Cl)]-
[Na(THF)3] (7c). This complex was prepared as red crystals from
ErCl; (137 mg, 0.5 mmol) and (343 mg, 0.25 mmol) using
procedures identical to those used in the synthesi&ad263 mg
83%), mp 166°C (dec).*H NMR (pyridine-ds): 6 3.63 (s), 1.50
(s) (THF), and many other unresolved peak¥{'H} NMR
(pyridine-ds): many broad, unresolved resonances. IR (KBr; Hm

v 2945 (s), 2525 (vs), 1447 (m), 1029 (s), 875 (m), 752 (m). Anal.
Calcd for GoH7oB2oCIERNaQ, 5 (7c — 0.5THF): C, 38.99; H, 5.73.
Found: C, 39.21; H, 5.78.

Preparation of {[7%n7°-(1-CoHe)(C2B1oH11) EN(THF)] 2(u-BH4)} -
{Na(THF),}-CsHg (8:C;Hg). This complex was prepared as yellow
crystals from Er(BH)s(THF); (214 mg, 0.5 mmol) an@ (343 mg,

(THF)g} (9). A suspension oB-C;Hg (158 mg, 0.13 mmol) and
finely cut sodium metal (46 mg, 2.0 mmol) in THF (5 mL) was
stirred at room temperature for 2 days. After removal of excess Na
metal, the clear solution was concentrated to ca. 3 mL, to which
was addedh-hexane (1 mL). Comple® was obtained as yellow
crystals after this solution stood at room temperature for 2 days
(141 mg, 68%), mp 162C (dec).*H NMR (pyridineds): ¢ 3.84

(s), 1.82 (s) (THF), and many other unresolved pedkd{'H}
NMR (pyridine-ds): many broad, unresolved resonances. IR (KBr,
cm1): v 2962 (s), 2870 (s), 2407 (vs), 1454 (m), 1326 (m), 1199
(m), 1123 (m), 1048 (s), 901 (s), 741 (s). Anal. Calcd fosHg.B2o
Er,Na,Os (9 — 4THF): C, 40.22; H, 6.02. Found: C, 39.89; H,
6.10.

X-ray Structure Determination. All single crystals were
immersed in Paraton-N oil and sealed under nitrogen in thin-walled
glass capillaries. Data were collected at 293 K on a Bruker SMART
1000 CCD diffractometer using Mo K radiation. An empirical
absorption correction was applied using the SADABS progtam.
All structures were solved by direct methods and subsequent Fourier
difference techniques and refined anisotropically for all non-
hydrogen atoms by full-matrix least-squares BA using the
SHELXTL program packag®. All hydrogen atoms were geo-
metrically fixed using the riding model. Crystal data and details of
data collection and structure refinements are given in Tables 3 and
4, respectively. Further details are included in the Supporting
Information.
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0.25 mmol) using procedures identical to those used in the synthesis

of 7a(234 mg 74%), mp 118C (dec).*H NMR (pyridine-ds): ¢
3.62 (s), 1.52 (s) (THF), and many other unresolved petkgs.
{™H} NMR (pyridine-ds): many broad, unresolved resonances. IR
(KBr, cm™1): v 2966 (s), 2876 (s), 2533 (vs), 2440 (s), 1439 (s),
1375 (m), 1219 (m), 1139 (m), 1045 (s), 1003 (s), 904 (m), 852
(s), 750 (s), 680 (m). Anal. Calcd forz&sgB21ERNaQ, 5 (8 —
1.5THF): C, 36.01; H, 5.48. Found: C, 35.57; H, 5.82.
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