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It is generally found that the monoanionic cyclopentadienides
form stable sandwich complexes with metals in their lowest
oxidation states, while the dianionic carborane {Qhigands
stabilize the higher oxidation states of the metal€onse-
quently, the neutral Si(ll) sandwiched complex is known only
in the Cp (Cp= #75CsRs, R = hydrogen and an alkyl
substituent) systerbut the corresponding Si(IV) specieists
exclusively in the Cb systems; a number of other examples of
these oxidation state preferences are in the literattireerefore,
the recent report of the formation of group 1 metal complexes
in which the metal was sandwiched betweerelectron Cp
ligands to give the anionic full-sandwich (&)~ (M = Li,

Na) complexesraised the question as to whether lithium or
sodium could form the analogous full-sandwich complex with
the carborane ligands. If such complexes are stable, what
synthetic method should be applied in their preparation? Our
previous experience with the reactions of neutral and monoan-

of a monoalkyl Mg reagent produced the half-sandwich mag-
nesacarborane while the synthesis of a full-sandwich Mg-
(carborane) complex was possible only with magnesium
dialkyls,” indicated that the reactions of the monoalkyl lithiums
with the neutral or monoanionic carborane ligands would not
be profitable avenues to the synthesis of the full-sandwich group
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exactmechanism of the formation &fis not known. Since
alkyllithiums have been shown to be sublimablé,is possible
that1 is the subliming species which then disproportionates to
give 2. On the other hand, our experimental observations are
also consistent with the disproportionationlobccurring prior

&o sublimation. The high yield for this reaction (61%) indicates

that it may be a general method for the selective synthesis of a

number of hitherto unknown full-sandwich metallacarboranes.
Compound?2 was characterized by elemental analy8itR

spectroscopy? H, 11B, 13C, and’Li NMR spectroscopy? and

(10) Synthetic Procedure A TMEDA solution (30 mL) of nido-2,3-

1 metallacarborane species. Here, we report a new method for(SiMes),-2,3-GB4Hs (2.3 g, 10.5 mmol) (Hosmane, N. S.; Sirmokadam,

the synthesis of an anionic full-sandwich lithiacarborane
complex, whose solid state structure closely resembles that of
the (CpLi)~ complex. To our knowledge, this is the first
example of a carborane species in which a group 1 metal is
fully sandwiched between two carborane ligands.

Slow sublimation of the TMEDA -solvated monolithium
carborane complex,®1%at 160-170°C over a period of 67
hin vacuoproduced the full-sandwich lithiacarborane complex,
[Li "(TMEDA);][commo1,1'-Li{2,3-(SiM&),-2,3-GB4Hs} > 7]
(2), as a transparent crystalline solid (see Schem¥¢ Tjhe
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N. N.; Mollenhauer, M. NJ. Organomet. Chen1985 279 359. Barreto,
R. D.; Hosmane, N. Snorg. Synth.1992 29, 89) was slowly pouredn
vacuqg onto a pentane solution ¢fBuLi (8.5 mmol) in a reaction flask at
—78°C. The resulting mixture was then slowly warmed to room temperature
and stirred for a short period of time<{ h), thus avoiding the longer
reaction times that gave rise to the corresponding TMEDA (solvent)-
separated ion paifs.During this time butane gas was evolved with
concomitant formation of a pale yellow turbid solution. At this stage, all
the volatile products, including solvents, were removed from the reaction
flask by vacuum distillation to collect the off-white solidido-1-Li[(Me2-
NCHy)2]-2,3-(SiM&s)2-2,3-GB4Hs (1) (2.86 g, 8.37 mmoly, in almost
guantitative yield. Without further purification, the reaction flask containing
1 was attached to a detachable U-trap, whose side arm was wrapped with
a heating tape, was then evacuated, and was immersed in an ice bath. Slow
heating of the flask to 160170 °C over a period of 67 h resulted in the
deposition of colorless transparent crystals on the inside wall of the U-trap
held at 0°C; this sublimation was continued at this temperature for an
additiona 8 h period. The crystals were unambiguously identified as{Li
(TMEDA)z][commo1,1-Li{2,3-(SiMe)»-2,3-GB4Hs}>7] (2) (1.76 g, 2.57
mmol, 61% vyield; mp 156152 °C; soluble in both polar and nonpolar
organic solvents). Compourzlwas recrystallized from a 1:1 mixture of
hexane/benzene solution to give transparent rodlike X-ray quality crystals.
Anal. Calcd for GgH7gBsNaSisLiz (2): C, 49.19; H, 11.50; N, 8.09.
Found: C, 49.32; H, 11.33; N, 8.04. The yellow polymeric mass that
remained in the reaction flask after complete sublimatiodwés insoluble
in organic solvents and, therefore, was discarded.

(11) Cotton, F. A.; Wilkinson, GAdvanced Inorganic Chemistrybth
ed.; Wiley: New York, 1988.

(12)H NMR (CgDg, relative to external MgSi) 6 1.75 (s, 4H, CH,
TMEDA), 1.64 (s, 12H, Me, TMEDA), 0.55 (s, 18H, SiMe —4.33 (s, br,
1H, B—H—B bridge); 1B NMR (CgDs, relative to external BFOEL) 6
12.65 [br, 2B, basal BH.J(*!B—!H) = unresolved],—5.24 [br, 1B, basal
BH, 1J(11B—H) = unresolved],~50.93 [d, 1B, apical BHJ(}B—1H) =
158.2 Hz];13C NMR (CgDg, relative to external MgSi) 6 112.60 [s(br),
cage carbons (SiCB)], 55.70 gt GHTMEDA, 1J(13C—1H) = 137.5 HZz],
44.86 [q, CH, TMEDA, 1J(*3C—1H) = 135.35 Hz], 3.15 [q, SiMg LJ(*3C—
1H) = 118.6 Hz];’Li NMR (C¢Ds, relative to external aqueous LiNDO
0.29 [s,exopolyhedral Lif(TMEDA),], —2.60 [s(vbr),commoeage-Li];
IR (cm™%, CsDg vs GsDg) 2552.1 (w, br), 2394.1 (m, s), 2288.8 (W8)(B—
H)], 1867.6 (m, br) [B-H—B (bridge)].
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found for other group 1 compounds of this carbor&heThe

’Li NMR spectra shows resonances for both éixe-polyhedral

Li (6 0.29 ppm) and theommeLi (6 —2.60 ppm) atom?
The presence of BH—Briage) H'S are also apparent in the IR
spectrum o2.12 The X-ray analysis o2 shows two independent
half-molecules in the unit cell. While (CH)i(1) possesses a
center of symmetry, (Chl.i(2) (Cb = carborane) and each of
the discrete cationic [fiunits possess a 2-fold symmet&The

unit cell of 2 reveals that each anionic lithiacarborane sandwich
is associated with a discrete Li(TMEDAgEation for charge
balance. The L+Cnt (Cnt= C,B3 centroid) distances i
(2.047 and 2.071 A) are longer than the vlaue of 1.906 A found
in the half-sandwich dilithiacarborahéut are comparable to
the Li—Cpcny distance of 2.008 A found in the [Glp]~
sandwich comple®2 This indicates that the presence of a
B—H—Bwriage) hydrogen on each of the,B; faces does not
significantly influence the bonding of theommoLi metal to

the cage atoms. The sensitivity of the metiiand distance

Sy p to the ligand charge is consistent with a predominantly ionic
g:237@?'027.12,8“((21)"2?_%121}’281()1?? '2203)(1%’.5252(31)(2)2’.Ig:s(lé;?f_li(zl’%) interaction existing between the group 1 metal and the carborane

B(14,24) 2.74 (1), 2.74 (1); Li(L,2)B(15, 25) 2.47 (2), 2.49 (2); Li-  cages. The slip distortion of the lithiums toward the cage
(3,4%N(51,61) 2.08 (2)’ 2.10 (2); Li(3,4aN(52,62) 211 (2)l 212 (2); carbons and o_ne of the basal borons [L‘I’(D(ll,lZ): 2.20-
(centroid 1)-Li(1)—(centroid 1a) 180.0; (centroid 2)i(2) —(centroid (1), 2.29(2), L'.(l)’B(13115): 2.55(1), 2-47(2)?.“(1?'3(14)

2a) 175.0 (see supporting information, Tables S-2 and S-3, for detailed= 2.74(1) A] in the structure of can be attributed to the
bond lengths and angles). For clarity, the methyl and methylene H's presence of BH—B bridge H’s on the bonding faces. Such
are omitted, and the discrete Li-bound TMEDA groups were drawn slippages have been observed in the solid state structures of a

Ci34)

Tweza)

Figure 1. Perspective view oR drawn at the 40% probability level.
Pertinent distances (A) and angles (deg): Li(+,@.Bs centroid 1,2)

with circles of arbitrary radii. number of monosodium compounds of the neutnido

. carborane precursér.
X-ray crystallography?® The spectral data fd2 are consistent The utility of this approach to the syntheses of other s-block
with the structure shown in Figure 1. The resonance-&#.33 full-sandwich compounds is currently being explored in our
ppm in its™H NMR spectrum can be assigned to the-1B— laboratories. Preliminary results on the sodium analogue
B(oriage) Nydrogen, and the 2:1:1 peak pattern in t#2 NMR indicate that the present method may be of general use in the

spectra, due to basal and apical borons &2.65,-5.24, and  synthesis of a number of other full-sandwich alkali metal

—50.93 ppm, respectively, as well as the cage carbon resonanceomplexes. A detailed study of this work will be presented in
(6 = 112.60 ppm) in thé3C NMR spectra, are typical of those g |ater report.
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All non-H atoms were refined anisotropically. While methyl and methylene Supporting Information Available: ~Tables of positional and

H's were placed in calculated positions with fixed isotropic thermal thermal parameters and the selected bond distances and andlg8 for
parameters, the carborane cage terminal and the bridge H’s were located inpages). Ordering information is given on any current masthead page.
difference Fourier maps and were not refined. The final refinements

converged aR = 0.0738,R, = 0.079, and GOF= 1.58. JA9602915



