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Complexation of the silaborate ligand [Me%#B1¢)3~ is described for the first time. The syntheses of the sandwich
anions [(°>-CsMes)M(MeSiBygH10)]~ (M = Co, Rh, Ir) are realized by reaction of the monodeprotonated silaborate
with the respective pentamethylcyclopentadienyl transition metal chloride. The reaction products are characterized
by mass spectrometry, elemental analyses, and multinuclear and two-dimensional NMR spectroscopy. Because
of an unresolvable disorder in the solid state structure of J&P-CsMes)Rh(MeSiBioH10)], the isobutyl-
substituted derivative [BRMe][(7°>-CsBuMes)Rh(MeSiBiH10)], [PhsPMe][4], was analyzed by an X-ray structure
determination. The salt [BRMe][4]-THF, Gs7HggOPSIBoRh, crystallizes in the triclinic space groéq (No. 2)

with a = 9.838(4) A,b = 11.312(3) A,c = 18.858(5) A,a. = 92.68(2}, 8 = 90.22(3}, y = 96.77(3}, and

Z=2.
Introduction Ph Ph
Most of the silicon coordination chemistry (showing a (;} ,Si'Me
transition metat-silicon interaction) is based on silyl (MSiRs), Ph~~\.___~"Ph
silylene (M=SiR;), silene [M?*CR:SiR7)], and disilene Si

[M(%2-SiR4)] complexes. Despite considerable effort concern- |
ing the preparation and coordination of the silacylopentadienide

anion (Figure 1% the homologue of the aromatic cyclopen- [Bu'Si(CPh),]~ [MeSiB,oH;o] *

tadienide anion, only one example of a stable silacyclopenta- rig e 1. The silacyclopentadienide anion and the silaborate ligand.
dienyl complex has been reportédThe electronic and steric
analogies between carbocyclic ligands and borane cluster ligands
are best demonstrated by comparison of tife(sMes]~ and

the dicarbollide ligand [eBgH11]?~ propertie® In view of
current interest in silacyclopentadienyl coordination chemistry,
we are interested in the coordination abilities of the so far
unknown 7-methyl-7-silarido-undecaborate(3) ligand [Me-
SiBlOHlo]si.

The key reaction for our investigations is the nucleophilic
degradation of 1,2-dimethyl-1,2-disitdescdodecaborane (Me
SizB1oH10)® providing 7-methyl-7-silasido-undecaborate(t)

(1) as the tetraalkylammonium salt in yields up to 90%. rigyre 2. Anion structure of [BuNo[{ HFe(MeSiBH10)} .
Recently, an alternative synthesis for gili@o-undecaborate-
(1-) starting from deprotonated decaborane(14) was publishedcaborate [MeSikH17~ (1) reacts with K[BHE%] and iron(Il)

by Gaines® We previously reported that the sitéeo-unde- bromide to give the first transition metal complex of a silaborate
. . cluster in 66% yield. The surprising structure of the ferrasi-
® Abstract published im\dvance ACS Abstract€ctober 15, 1997. laborate (Figure 2) reveals a dinuclear iron unit with two

(1) Tilley, T. D. In The Silicon-Heteroatom Bonéatai, S., Rappoport, . . . .
Z., Eds.: Wiley: New York, 1991; Chapters 9 and 10, pp 245 and silaborate ligandg®-coordinated to the iron centers.

309. _ The short Fe-Si distance and the Fe&Si—H two-electron
(2) Hong, J. P.; Boudjouk, Rl. Am. Chem. S0d.993 115, 5883. three-center bond are interesting features of this metallasilabo-

% Erreuezr'n“;nch\?\;_’ E_A?ﬁg‘," $ h&”_‘jo‘m_t'ghde'n'f_”g;?égf'lfgsé 28, rate. In order to extend the scope of the coordination chemistry

(5) (a) Hawthorne, M. FAcc. Chem. Red 968 1, 281. (b) Salentine, C. of the silaborate ligand, we have investigated the reaction
G.; Hawthorne, M. Flnorg. Chem1976 15, 2872. (c) Fronczeck, F.  between the pentamethylcyclopentadienyl chlorides of cobalt,

P.; Halstead, G. W.; Raymon&. N. J. Am. Chem. Sod 977, 99, ; i i ; i ;
1769. (d) Schubert. D. M. Bandman, M. A.- Rees, W. S.. Jr.. Knobler. rhodium, and iridium and the silaborate anibnSandwich type

C. B Lu, P.; Nam, W.; Hawthorne, M. Prganometallics199Q 9, complexes with fragmenFs SUCh_ asiCsRs) (M = Co, Rh,

2046. (e) Manning, M. J.; Knobler, C. B.; Hawthorne, M.JF.Am. Ir) are known from a variety of icosahedral carbaboranes and

gglem- Soc1988 110 4458. (f) Hanusa, T. FRolyhedron1982 1, heteroborane¥. Almost 30 years ago the synthesis of the
(6) (a) Seyferth, D.; Behner, K.; Rees, W. S., Jr.; Davis, W. Mngew. cyclopentadienyl dicarbollide cobalt sandwich was published

Chem., Int. Ed. Engl199Q 29, 918. (b) Seyferth, D.; Behner, K.;
Rees, W. S., Jr.; Wesemann, L.; Davis, W. M.; Bukalov, S. S.; Leites, (8) Dopke, J. A.; Bridges, A. N.; Schmidt, M. R.; Gaines, D.lkorg.

L. A.; Bock, H.; Solouki, B.J. Am. Chem. S0d.993 115, 3586. Chem.1996 35, 7186.
(7) Wesemann, L.; Englert, U.; Seyferth, Bngew. Chem., Int. Ed. Engl (9) Wesemann, L.; Ramjoie, Y.; Ganter, B.; Wrackmeyer,ABgew.
1995 34, 2236. Chem., Int. Ed. Engl1997 36, 888.
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Silaborate Complexes of Co, Rh, and Ir
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Figure 3. Structures of the two sandwich complexes 7-L8-2-

(7]5-CsH5)-1-[((CH3)3Si)2CH]-Z,1-COCB()H9 and 12-(CH)28'2-(175-
CSHS)'l-[((CH3)3Si)2CH]-2,l-COCBng.

by Hawthornel! The analogous dicarbollide complexes of
rhodium and iridium were synthesized by the reaction of Cs-
[nido-C;BgH12] and the respective transition metal dichloride
in moderate yield? Another 11-vertex carbaborane, the carba-
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stirred for an additional 2 h. The color turned brown-red. All volatiles
were removed under vacuum. The resulting brown solid was recrystal-
lized from a mixture of THF (80 mL) and ED (20 mL). Yield: 0.323

g, 78.0%. H{11B} NMR ([Dg]THF): ¢ = 3.34 (q,3Juu = 7.3 Hz,
8H, NCH.CHs), 2.45 (s, 1HH9), 2.39 (s, 2HH7/11), 1.75 (s, 15H,
C5(CH3)5), 1.42 (S, 2HH3/6), 1.32 (t,SJHH =7.3Hz, 12H, NCHCH?,),
1.22 (s, 2H,H4/5), 1.16 (s, 3HH8/10/12), 0.76 (s2Jsih = 8.2 Hz,
3H, SiCHz). B NMR ([Dg]THF): 6 = 8.7 (d,J = 128 Hz, 2B,
B7/11), 0.1 (d,*J = 134 Hz, 1B,B9), —6.2 (d,'J = 134 Hz, 2B,
B3/6), —12.9 (d,XJ = 122 Hz, 1B,B12), —14.4 (d,.J = 134 Hz, 2B,
B8/10),—16.9 (d,%J = 134 Hz, 2B,B4/5). 3C{'H} NMR ([Dg]THF):

0 = 93.0 (s, 5C,Cs(CHza)s), 53.9 (s, 4C, CH,CHg), 9.8 (s, 5C, &
(CH3)5), 8.6 (S, 4C, NC&HQ, —-8.7 (S, 1C, SEH3) 295i NMR ([Dg]-
THF): 6 = 39.5 (s). CV (THF): —0.78 V. SIMS, m/z (lre,
assignment): 130.3 (100, NE} from cation spectrum; 355.1 (100,
M~) from anion spectrum. Anal. Calcd forg4sB10CONSI: C, 46.98;

nido-undecaborane, was transformed into a cyclopentadienyl y 10.47: N, 2.88. Found: C, 47.02; H, 10.48: N, 2.70.

sandwich cobalt comple®. The thermal reaction between a
substituted derivative of the carlmédo-undecaborane, derived

from bis(trimethylsilyl)acetylene and decaborane(14), and Cp-

Co(COy} leads to a mixture of two sandwich complexes (Figure
3).

We report here the synthesis of the first sandwich type
complexes containing a silaborate ligand.

Experimental Section

General Procedures and Materials. All reactions and manipula-

Alternative Synthesis of [NEY][2]. To a solution of [5>-CsMes)-
CoCl}; (0.196 g, 0.43 mmol) in THF (25 mL) was added TiRB.297
g, 0.85 mmol) as a powder. This solution was transferred#g °C
to a solution of [NEf][MeSiB;¢H1] (0.250 g, 0.85 mmol) in THF (25
mL). The color of the reaction mixture turned dark blue, changing
upon warming to dark green. After the reaction mixture was stirred
for 2 h atroom temperature, all volatiles were removed under vacuum.
Crystals were grown from toluene at°€. Yield: 0.270 g, 65.3%.
[NEt4][(CsMes)Rh(MeSiBigH10)] {[NEt4][3]}. A solution of [NEL]-
[MeSiBigH12] (0.250 g, 0.85 mmol) in THF (25 mL) was treated at
—78°C with 0.85 mL of a 1.0 M K[BHE§]—THF solution. After 2

tions were carried out in dry glassware under a nitrogen atmospherep, of stirring at room temperature, a white precipitate formed. The

using standard Schlenk tube techniquessBWMesH,* [(7°-Cs-
Mes)CoClL, 5 [(175-CsMes)RhCh],, ' [(17°>-CsBuMes)RhCh]», ¢ and [(;°-

solvent and the BEtwere removed under vacuum, and the remaining
white solid was suspended in 20 mL of THF. Af78 °C, [(°>-Cs-

C5Me5)|r_CI_2]216were prepared by literature procedures. Solvents were \je)RhCh], (0.263 g, 0.43 mmol) was added as a powder to the
freshly distilled from the appropriate drying agents under nitrogen before suspension, resulting in an orange solution. The reaction mixture was

use.

2°Si NMR at 99.27 MHz*B NMR at 164.364 MHz!3C NMR at
125.697 MHz, andH NMR at 499.843 MHz were obtained at 26
on a Varian Unity 500 MHz spectrometer.

Mass spectra were obtained on a Varian MAT-CH-5, El 70 eV.

allowed to warm to room temperature and was stirred for an additional
2 h. The color turned brown-red. All volatiles were removed under
vacuum. The resulting brown solid was recrystallized from a mixture
of THF (80 mL) and E4O (20 mL). Yield: 0.401 g, 89.0%H{*B}
NMR ([Dg]THF): 6 = 3.30 (q,%Jun = 7.3 Hz, 8H, NGH,CH3), 2.95

Elemental analyses were obtained from the Mikroanalytisches Labor (s 1H,H9), 2.38 (s, 2HH7/11), 1.87 (s, 15H, §CHa)s), 1.68 (s, 2H,
Pascher, Remagen, Germany, and on a Carlo-Erba elemental analyzety3/6), 1.52 (s, 5H,H4/5/8/10/12), 1.32 (t3Jun = 7.3 Hz, 12H,

[NEt4][(CsMes)Co(MeSiBigH10)] {[NEt4][2]}. A solution of [NEL]-
[MeSiBigH17] (0.250 g, 0.85 mmol) in THF (25 mL) was treated at
—78°C with 0.85 mL of a 1.0 M K[BHE§]—THF solution. After 2
h of stirring at room temperature, a white precipitate formed. The
solvent and the Bitwere removed under vacuum, and the remaining
white solid was suspended in 20 mL of THF. Af78 °C, [(#°-Cs-
Mes)CoCl], (0.196 g, 0.43 mmol) was added as a powder to the

NCH,CHy), 0.67 (s2Jsi = 8.5 Hz, 3H, SiC®3). 1B NMR ([De]THF):

6 =18.9 (d,J = 134 Hz, 2B,B7/11), 1.6 (dJ = 134 Hz, 1B,B9),
—6.1 (d,3J = 134 Hz, 2B,B3/6), —14.8 (d,%J = 134 Hz, 1B,B12),
—15.7 (d,\) = 134 Hz, 2B,B8/10),—19.0 (d,\J = 134 Hz, 2B B4/5).
13C{1H} NMR ([De]THF): 6 = 98.8 (d,Jrnc = 4.4 Hz, 5C.Cs(CHa)s),
54.2 (s, 4C, \CH,CH), 8.8 (s, 4C, NCHCH3), 8.4 (s, 5C, @CHa)s),
—9.0 (s, 1C, SBHy). 29Si NMR ([Dg]THF): 6 = 33.1 (s). SIMSm/z

suspension, resulting in an orange solution and hydrogen evolution (9.5(] ., assignment): 130.2 (NEf) from cation spectrum; 399.2 (100,

mL). The amount of hydrogen was measured with a gas buret. The M-) from anion spectrum. Anal. Calcd forgsB10NRhSi: C, 43.08;
reaction mixture was allowed to warm to room temperature and was H, 9.13. Found: C, 40.71; H, 8.83.

(10) (a) Hawthorne, M. F.; Young, D. C.; Wegner, P. A.Am. Chem.
Soc.1968 90, 879. (b) Hawthorne, M. F.; Andrews, T. BChem.
Commun.1965 443. (c) Zalkin, A.; Hopkins, T. E.; Templeton, D.
H. Inorg. Chem1967, 6, 1911. (d) Warren, L. F., Jr.; Hawthorne, M.
F.J. Am. Chem. S0d.97Q 92, 1157. (e) Wing, R. MJ. Am. Chem.
So0c.1967, 89, 5599. (f) Hyatt, D. E.; Little, J. L.; Moran, J. T.; Scholer,
F.R.; Todd, L. JJ. Am. Chem. S0d967, 89, 3342. (g) Paetzold, P.;
Mdller, J.; Meyer, F.; Hansen, H.-P.; SchneiderPlure Appl. Chem.
1994 66, 255. (h) Hertler, W. R.; Klanberg, F.; Muetterties, E. L.
Inorg. Chem1967, 6, 1696. (i) Kester, J. G.; Keller, D.; Huffman, J.
C.; Benefiel, M. A.; Geiger, W. E., Jr.; Atwood, C.; Siedle, A. R.;
Korba, G. A.; Todd, L. JInorg. Chem.1994 33, 5438.

Hawthorne, M. F.; Young, D. C.; Andrews, T. D.; Howe, D. V.; Pilling,

R. L.; Pitts, A. D.; Reintjes, M.; Warren, L. F., Jr.; Wegner, P.JA.

Am. Chem. Sod 968 90, 879.

(12) Fontaine, X. L. R.; Greenwood, N. N.; Kennedy, J. D.; Nestor, K.;
Thornton-Pett, MJ. Chem. Soc., Dalton. Tran99Q 681.

(13) Quintana, W.; Ernest, R. L.; Carroll, P. J.; Sneddon, LO®&ano-
metallics1988 7, 166.

(14) (a) Kohl, F. X.; Jutzi, PJ. Organomet. Chenl983 243 119. (b)
Houben-WeylMethoden in der Organischen Chenvigh ed.; Georg
Thieme Verlag: Stuttgart, Germany, 1970; p 139.

(15) Kdlle, U.; Fuss, BChem. Ber1984 117, 743.

(16) Brauer, G.Handbuch der Priparativen Anorganischen Chemie
Ferdinand Enke Verlag: Stuttgart, Germany, 1981; Vol. 3, p 1961.

(11)

Alternative Syntheses of [NE§][3]. (a) To a solution of [NEf-
[MeSiBigH12] (0.250 g, 0.85 mmol) in THF (25 mL), were added 1,8-
bis(dimethylamino)naphthalene (Proton Sponge) (0.365 g, 1.70 mmol)
and [Cp*RhC}]; (0.263 g, 0.43 mmol) at-78 °C as powders. The
reaction mixture was allowed to stir at room temperature for 24 h,
during which the color of the solution became dark red. All volatiles
were removed in vacuum. The resulting dark red-brown solid was
recrystallized from toluene (30 mL) at*€. Yield: 0.189, 41.9%.

(b) To a solution of [{5-CsMes)RhCk], (0.263 g, 0.43 mmol) in
THF (25 mL) was added TIRHO0.595 g, 1.70 mmol) as a powder.
This solution was transferred at78 °C to a solution of [NEf-
[MeSiBigH12] (0.250 g, 0.85 mmol) in THF (25 mL). The color of the
reaction mixture turned orange, changing upon warming to dark red.
After the reaction mixture was stirredrf@ h atroom temperature, all
volatiles were removed under vacuum. Crystals were grown from a
mixture of THF (80 mL) and EO (20 mL) at 4°C. Yield: 0.241 g,
53.4%.

[Ph3PMe][(CsBUiMe4)Rh(MeSiB10H10)] {[PthMe][4]} A solu-
tion of [PhsPMe][MeSiB,¢H12] (0.250 g, 0.56 mmol) in THF (25 mL)
was treated at-78 °C with 0.56 mL of a 1.0 M K[BHE$]—THF
solution. Afte 2 h of stirring at room temperature, a white precipitate
formed. The solvent and the BEtere removed under vacuum, and
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the remaining white solid was suspended in 20 mL of THF. -AB Table 1. Summary of Crystallographic Data for
°C, [(17°-CsBUMesRhCh]» (0.199 g, 0.28 mmol) was added as a powder [PhsPMe][(175-CsBu'Mes)Rh(MeSiBioH10)]- THF {[PhsPMe][4]- THF}
to the suspension, resulting in an orange solution. The reaction mixture

. empirical formula RhPSiO&B10Hs0
was allowed to warm to room temperature and was stirred for an M, 790.97
additional 2 h. The color turned brown-red. All volatiles were removed T/°C ~70
under vacuum. The resulting brown solid was recrystallized from a crystal system triclinic
mixture of THF (80 mL) and EO (20 mL). Yield: 0.383 g, 91.7%. space group P1(No. 2)
1H{1B} NMR ([Dg]THF): 6 = 7.78 (m, 18H, (GHs)sP), 3.06 (dJpw alA 9.838(4)
= 14.0 Hz, 3H, P®3), 2.95 (s, 1HH9), 2.38 (s, 2HH7/11), 2.23 (d, b/A 11.312(3)
3Jun = 7.5 Hz, 2H, GH,CHMey), 1.85 and 1.84 (s, 12H,s(CHa)s), c/A 18.858(5)
1.70 (s, 2H,H3/6), 1.67 (m, 1H, CHCHMey), 1.52 (s, 5H,H4/5/8/ a/deg 92.68(2)
10/12), 0.86 (d3Juy = 7.0 Hz, 6H, CH(G3),), 0.63 (s,2Jsin = 7.9 pldeg 90.22(3)
Hz, 3H, SitHs). 1B NMR ([DgTHF): ¢ = 9.2 (d,%J = 134 Hz, 2B, {’//dAesg 29&;72(3)
B7/11), 2.2 (d,}J = 134 Hz, 1B,B9), —6.0 (d,J = 134 Hz, 2B,B3/ 7 2 @
6), —14.5 (d,%J = 134 Hz, 2B,B12), —15.4 (d,%J = 134 Hz, 2B, aedg CNT3 1262
B8/10),—18.9 (d,%J = 134 Hz, 2B,B4/5). *C{'H} NMR ([Dg] THF): (Mo Kacm 4.97
6 =134.6 (s, 3C, (€Hs)sP), 133.0 (d2Jpc = 10 Hz, 6C, (GHs)sP), A(Mo Ka)/A 0.717 03
129.9 0 (d3Jpc = 13 Hz, 6C, (GHs)sP), 119.7 0 (diJec = 89 Hz, 3C, F(000)/e 828
(CeHs)sP), 104.2 (d, 1CJrnc = 4.9 Hz, RICCH;), 101.4 and 100.3 (d, crystal dimensions/mm 050.3x 0.25
Jrnc = 4.9 Hz, 4C, Rh@), 36.0 (s, 1C,CH.CHMe,), 31.7 (s, 1C, no. of reflcns measd 7983
CHMey), 23.9 (s, 2C, CHCH3),), 11.4 and 10.8 (s, 4C,s(CH3)4), 7.4 no. of independent reflcns 4612
(d, Wpc = 56 Hz, 3C, BHs), —6.5 (s, 1C, STH3). 2°Si NMR ([Dg]- 20 range/deg 651

THF): 6 = 34.2 (s). SIMSm/z(le, assignment): 277.33 (100, £h
PMet) from cation spectrum; 441.52 (100, Wfrom anion spectrum.

Anal. Calcd for GsHs.B10PRhSi: C, 55.14; H, 7.29. Found: C, 54.99;

final residuals
goodness of fit
res el density/(e/3

R=0.0632R, = 0.062
1.355
0.85

H, 8.14. R = 3|IFol — IFell/SIFol. °Ru = [W(IFo| — [Fel)/3wFAY
[NEt,][(CsMes)Ir(MeSiB 10H10)] {[NEt4][5]}. A solution of [NEt]- wt = g2(Fo).
[MeSiBigH12] (0.250 g, 0.85 mmol) in THF (25 mL) was treated at Scheme 1

—78°C with 0.85 mL of a 1.0 M K[BHE§]—THF solution. After 2
h of stirring at room temperature, a white precipitate formed. The Me
solvent and the Bitwere removed under vacuum, and the remaining
white solid was suspended in 20 mL of THF. Af78 °C [(#°-Cs-
Mes)IrClz], (0.331 g, 0.43 mmol) was added as a powder to the
suspension, resulting in an orange solution. The reaction mixture was H
allowed to warm to room temperature and was stirred for an additional
2 h. The color turned brown-red. All volatiles were removed under
vacuum. The resulting brown solid was recrystallized from a mixture
of THF (80 mL) and E{O (20 mL). Yield: 0.354 g, 67.2%H{*'B}
NMR ([Dg]THF): 6 = 3.34 (q,%Jun = 7.3 Hz, 8H, NGH,CH), 2.02
(s, 3H,H7/9/11), 1.96 (s, 15H, £CHs)s), 1.62 (s, 2HH3/6), 1.52 (s,
5H, H4/5/8/10/12), 1.32 (t8Jun = 7.3 Hz, 12H, NCHCH3), 0.66 (s,
2Jgn = 8.1 Hz, 3H, SiGls). B NMR ([Dg]THF): 6 = 0.1 (d,%J =
128 Hz, 1B,B9), —1.7 (d,J = 134 Hz, 2B,B7/11),—14.6 (d,J =
140 Hz, 2B,B3/6), —18.6 (d,*J = 140 Hz, 2B,B8/10),—19.4 (d,1J
= 152 Hz, 1B,B12), —22.5 (d,%J = 140 Hz, 2B,B4/5). ¥C{H}
NMR ([Dg]THF): 6 = 94.1 (s, 5C,C5(CHa)s), 54.1 (s, 4C, ICHo-
CHj3), 8.6 (s, 4C, NCHCH3), 7.9 (s, 5C, &CHs)s), —11.6 (s, 1C,
SiCH3). 2°Si NMR ([Dg]THF): 6 = 2.8 (s). SIMS, m/z (le,
assignment): 130.18 (100, NE} from cation spectrum; 489.0 (100,
M~™) from anion spectrum. Anal. Calcd forgl4sB10rNSi: C, 36.87;
H, 7.82; N, 2.26. Found: C, 35.96; H, 7.82; N, 2.13.

X-ray Crystallographic Analysis of [PhsPMe][(CsBuMe4)Rh-
(MeSiBioH10)] THF {[PhsPMe][4]-THF}. A yellow single crystal was
grown by diffusion of EfO into a THF solution of the complex. A

crystal of approximate dimensions 0.500.30 x 0.25 mm was studied .
on an Enraf-Nonius CAD4 diffractometer with graphite-monochroma- [3], [PhsPMe][4], and [NEL,][5]. The cobaltasilaborate cluster

tized Mo Ka radiation ¢ = 0.71073 A). Crystal data and the anion2 can be prepared by two pos_sible procedures. YieI_ds of
parameters for data collection and structure refinement are compiled /8% of crystalline [NEf[2] can be isolated from the reaction
in Table 1. The structure of [RRAMe][4]-THF was solved by the  Of the half-sandwich cobalt compl¢¥Co(7°>-CsMes)Cl]2} with
Patterson method. The remaining atom positions resulted from 2 equiv of monodeprotonated silaborate ligand [MegB1]>~
subsequent refinement cycles and Fourier-difference synthess. in tetrahydrofuran. The silaborate ligand is deprotonated with
empirical absorption correction based amscan® was applied 1 equiv of K[BHEg] in tetrahydrofuran before adding the cobalt
(maximum/minimum transmission: 99.34/93.98%). In the final least- chloride at—78 °C (Scheme 1). After several hours of stirring
squares full-matrix refinement (based Bg) all non-hydrogen atoms at room temperature, the solvent is removed in vacuum to yield
were refined with anisotropic thermal displacement_param_eters, hy- 5 dark brown powder. On the basis of the and !B NMR
g{fgﬁgf@g;ggr?da‘igr:; l;\?erfen traéggz \g/serrrie dgﬁgnaetgr:s:(mcfgl’gg’ and spectroscopic investigations, this reaction product is identified

’ as the pure cobalt complex [Nf{t?]. Recrystallization of the
dark brown powder from a mixture of tetrahydrofuran and
diethyl ether affords the sandwich complex [ME-(7°-Cs-
Mes)-close2,1-Co(MeSiBoH10)] {[NEt][2]} in 78% vyield as
air-stable dark yellow crystals.

[NEt,]1 [NEt,]-2

A: K[BHEt;] - Hy,

0.5 [Cp*CoCl],, - KCI, -0.5 H,

B: TIPFg + 0.5 [Cp*CoCll,, -TICI, -0.5 H,

A, By = 1.3 Bc). No hydrogen atoms were calculated for the THF
molecule because of large anisotropic displacement parameters.

Results and Discussion

Syntheses of the Sandwich Complexes [NE[2], [NEt 4]-

(17) MolEN: An Interactve Structure Solution Procedur&nraf-Nonius:
Delft, The Netherlands, 1990.

(18) North, A. C. T.; Phillips, D. C.; Mathews, F. &cta Crystallogr.,
Sect. A1968 24, 351.
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Scheme 2
Me 1
Me —~==—=>—Me
Me Me
H 17 1) K[BHEt] M~
Si-Me 5 112 [cpMC, \ Si—Me
1)-H,-BEt,
2) - HCI - KCl
INEt]1 [NEt,]-3 M = Rh
[NEtJ5M=1r
Scheme 3
Me 1
Me@»Me
_ Me Me .
H 1 Rh\ Figure 4. PLATON!® drawing of [2-{;°-CsBuiMey)-closo2,1-Rh-
-Si-Me 417 (Cp'RACly, 2 PS \< Si~Me (MeSiBigHi))]~ (4).
-2 PSHCI ! Table 2. Atomic Coordinates and Equivalent Isotropic Thermal
Parameters (A for [2-(75-CsBuMey)-close2,1-Rh(MeSiBgH10)]
INEt]1 [NEt}-3 4)
< (dimeth . Hthal atom xla y/b zlc Weq}
PS =1.8-Bis(dimethylamino)naphthalene, Rh2  021950(6) 0.45511(5) 0.20762(3)  0.0239(1)
Proton Sponge Sil  —0.0006(2)  0.4116(2)  0.1668(1)  0.0372(6)
c1 —0.0633(9) 0.3554(9) 0.0776(5) 0.062(3)
The other possible synthesis starts with a dehalogenation of gi _g-gfgg(g) g-gfgg(g) g-gg;(g) 8-828(2)
[{Co@5-CsMes)Cl} 5] with TIPFg in tetrahydrofuran. After s ©) : (8) ) ©) -040(3)
S . . . 5 0.1183(9) 0.3595(8) 0.2516(5) 0.034(2)
removal of the TICI by flltrathn, the silaborate |Igand is added B6 0.0593(9) 0.3187(7) 0.2518(5) 0.030(2)
at—78°C. [NEy][2] is isolated after crystallization in a yield B7 0.1529(9) 0.5741(7) 0.2914(5) 0.033(2)
of 65% (Scheme 1). In both cases, the cobalt atom is oxidized B8 —0.0223(9) 0.6055(8) 0.2919(6) 0.040(3)
on complexation with the silaborate ligand. Therefore evolution g?o _g-égggggg 8‘3‘22%23 8%?28 8-8288
ofa0.5 eqqlv of hyo_lr_ogen c‘_am be measured during the reac.tlon. B11 0'.1512(8) O'.4210(7) 0'.3164(4) O'.024(2)
The rhodium and iridium silaborate complexes are synthesized g12 0.0347(9) 0.5135(8) 0.3569(5) 0.032(2)

by reaction of the monodeprotonated silaborate and the respec-
tive pentamethylcyclopentadienyl transition metal dichloride
{[M(#5-CsMes)Cly)2, M = Rh, I} In both cases, the sandwich

aU(eq) is defined as one-third of the trace of the orthogonalizgd

tensor.

complexes are isolated as yellow air-stable crystals in yields of Table 3. Selected Interatomic Distances (&) for

89% [NE][3] and 67% [NE]][5] (Scheme 2).

[2-(75-CsBuMey)-closo2,1-Rh(MeSiBeH10)] ~ (4)

Two alternative syntheses were developed for the rhodium
silaborate complex. The reaction &f{ [Rh(;%-CsMes)Cl],},
and Proton Sponge [1,8-bis(dimethylamino)naphthalene] as the
deprotonating agent affords [Nft3] in 42% vyield (Scheme
3).

In analogy to [NEf][2] the dehalogenated (pentamethylcy-
clopentadienyl)rhodium fragment reacts with the silabofiate
to give [NEY][3] as yellow crystals after recrystallization from
THF—ELO in 53% yield. [PRPMe][4] can be obtained in
analogy to [NEf][ 3] from the reaction between the deprotonated
silaborate [MeSiBH11]2~ and { [Rh(;7°>-CsBuMe4)Cl,]2} in a
yield of 92%.

On the basis of'B NMR spectroscopic investigations, the
formation of the sandwich complexes was not observed from
the reaction between the completely deprotonated ligand
[MeSiB1oH10)%~ and the respective transition metal chloride.

X-ray Structural Analysis of [Ph sPMe][4]-THF. In order
to establish firmly the structure of the sandwich salts, a single-
crystal X-ray investigation was carried out on fPMe][(;°-
CsBuMes)Rh(MeSiBgH10)] (Tables 1 and 2). A suitable crystal
was obtained from slow diffusion of diethyl ether into a
tetrahydrofuran solution of [RRMe][4] at +4°C. The salt [Pk

Rh2-Sil 2.285(2)
Rh2-B3 2.253(9)
Rh2-B6 2.262(9)
Rh2-B7 2.18(1)
Rh2-B11 2.198(9)
Si1—C1 1.846(9)
Si1-B4 2.02(1)
Si1-B6 2.079(9)
B3-B4 1.85(1)
B3-B8 1.77(1)
B4—B8 1.76(2)
B5—-B6 1.86(1)
B5—-B10 1.77(1)
B6-B11 1.80(1)
B7-B11 1.81(1)
B8—B9 1.76(1)
B9-B10 1.76(1)
B10-B11 1.77(1)
B11-B12 1.79(1)
C2-C6 1.44(1)
c3-c4 1.43(1)
c4-C5 1.41(1)
C5-C6 1.42(1)
C6-C11 1.49(1)
C12-C13 1.54(1)

Rh2C2
Rh2C3
Rh2-C4
Rh2-C5
Rh2C6
Si+B3

SitB5

B3-B7
B4-B5
B4-B9
B5-B9
B6-B10
B7B8
B7B12
B8-B12
B9-B12
B16-B12

2.209(7)
2.217(7)
2.239(8)
2.227(8)
2.229(7)
2.09(1)

2.05(1)

1.79(1)
1.84(1)
1.77(1)
1.75(1)
1.78(1)
1.80(1)
1.80(1)
1.77(1)
1.75(1)
1.76(1)
1.42(1)
1.49(1)
1.49(1)
1.48(1)
1.49(1)
1.52(1)
1.53(1)

PMe][4]-crystallizes with 1 equiv of THF. Under vacuum, these shown in Figure 4. The rhodasilaborate anion adopt®so
crystals lost the THF and were afterward found to be uselessstructure composed of the polyhedral RhgiRinit. The

for crystal structure analysis. Selected interatomic distances of

the sandwich anio# are listed in Table 3, and the structure is (19) Spek, A. L.Acta Crystallogr., Sect. A99Q 46, C34.



5196 Inorganic Chemistry, Vol. 36, No. 23, 1997

1 &) ee
Y ° [o] A ©
je a0
{® (<] o
1 ° o 8
]

1@ ] B

|||||||||||||||||||||||||||

1086 42-0-2-4-6-8-10 -14 -18
(ppm)
Figure 5. MB{'H}—"B{'H} COSY NMR spectrum of [2#>-CsMes)-
close2,1-Co(MeSiBoH10)]~ (2). From right to left: B4/5, B8/10, B12,
B3/6, B9, B7/11.

rhodium atom is approximately centered over the silaborate open
face, giving rise to a distance between the rhodium atom and

the plane through Si, B3, B6, B7, B11 of 1.532(1) A. TheRh
Si distance of 2.286(2) A is in the range of RBi bond lengths
found for rhodium silyl derivatives [RhHCI(Sig(PPh).
2.203(4) A20 (35-CsMes)RN(SiEk),H, 2.379(2) &Y. Due to
geometric constraints the RiB distances of the two boron
atoms neighboring the silicon atom are longer {88 2.251-
(9), Rh—B6 2.262(8) A] than the other RIB distances [Rk
B7 2.179(9), Rr-B11 2.196(8) A]. This situation is known
from the X-ray structure investigations of the stannasitso
dodecaboratef1)?? and the ferrasilaiosododecaborat®. The

Rh—B distances are known from the dicarbollide ligand

coordinated via the pentagonal open fé&&eThe small slip

Wesemann et al.

EE) 5] o
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Figure 6. B{H} —B{'H} COSY NMR spectrum of [2#>-CsMes)-
close2,1-Rh(MeSiB¢H10)]~ (3). From right to left: B4/5, B8/10, B12,
B3/6, B9, B7/11.
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distortion of 0.02 A from the rhodium atom concerning the best (ppm)

plane through Si, B3, B6, B7, B11 and the small angle [4(2) Figure 7. 1B{H}—B{H} COSY NMR spectrum of [2+f-CsMes)-

between this plane and the cyclopentadienyl ligand confirm the ¢lose2,1-Ir(MeSiBiH10)]~ (5). From right to left: B4/5, B12, B8/10,
closogeometry of the rhodasileloscdodecaborate. B3/6, B7/11, B9.

Single-crystal cell measurements of [ME2], -[3], and -]
have shown that these salts are isotypic, with measured unit
cell dimensions and volumes differing by2%. [NE][3]
crystallizes in the monoclinic space groBg/a (No. 14) with
cell dimensionsa = 17.87(1) A,b = 9.594(3) A,c = 18.912-
(7) A, andp = 115.71(5). Due to a disorder of the silaborate
ligand, the refinement of the structure did not yield precise
parameters. In order to obtain a crystal structure analysis of a
nondisordered sandwich complex, we varied the countercation

and changed the®es ligand to the GBu'Me, ligand.
Spectroscopic Characterization of the Metallasilacloso

dodecaborates(t). All sandwich complexes obtained in this

Figure 8. Numbering in [MMeSiBoH1q] .

dodecaboratestd) indicateCs symmetry in solution. Thé'B

study were characterized by multinuclear magnetic resonanceNMR signals were related to the respective boron atoms in the

spectroscopy, two-dimensiorfaB{*H} —11B{'H} COSY NMR
spectroscopy*B{H} —1H{1!B} HMQC NMR spectroscopy,
and secondary-ion mass spectrometry.

cluster framework on the assumption that the transition metal
is responsible for a much stronger antipodal shift to low field.
For the Co, Rh, and Ir silaborate clusters, the difference between

In contrast to the phenomenon that cross-peaks betweenthe antipodal shifts for the boron atoms opposite to the transition

heteroatom-bridged boron atoms are not visibley cross-peaks
are missing in the two-dimension&#B{H} —11B{1H} COSY
NMR spectra of2, 3, and5 (Figures 5-7). Six signals in the
11B NMR spectra for 10 boron atoms of the metallaglaso

(20) Manojlovic-Muir, L.; Muir, K. W.; lbers, J. Alnorg. Chem197Q 9,
447. Muir, K. W.; Ibers, J. Alnorg. Chem.197Q 9, 440.

(21) Fernandez, M.-J.; Bailey, P. M.; Bentz, P. O.; Ricci, J. S.; Koetzle, T.

F.; Maitlis, P. M.J. Am. Chem. S0d.984 106, 5458.

(22) Wesemann, L.; Ramjoie, Y.; Ganter, B.; MaischGtem. Ber1996
129 837.

(23) Venable,T. L.; Hutton, W. C.; Grimes, R. Bl.Am. Chem. S04984
106, 29.

metal and the silicon atoms is larger than 10 ppm (SiCo, 12.8;
SiRh, 16.4; Silr, 19.5).

The1B{'H} NMR signals for the boron atoms (B7/11, B3/
6) (Figure 8) of the CoSiBp and RhSIiB, skeleton exhibit a
typical downfield shift whereas the resonances for B4/5 and
B8/10 appear at slightly changed values in comparison to those
of Me;SizB1gH106 The respective resonances for B7/11 and
B3/6 of the iridium derivativeb appear at remarkably higher
field. A slight shift of the’B NMR signals to higher field
was also observed in the Co, Rh, Ir series of the;R{M-
(C2BgH11)] complexes.
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