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The only structurally characterized species among the extremely
electrophilic RE" ions"7 (R = alkyl, E = Si, Ge, Sn, Pb) are
the adducts of ESi" to toluené or to halogenated carboranyl
anions? and a related delocalized cyclotrigermenium cafion.
Crystallization is difficult, as adducts form even with weakly
nucleophilic solvents, and solubility is often too low in sufficiently
inert ones. Reaction of the strong neutral oxida@3;Me;>",
with a neutral BE-containing precursor in an inert solvent to
produce the BE" salt of the solubilizing and only weakly
nucleophili®é CB1;Me;;~ anion® suggests a general solution to
this problemi! We report the single-crystal X-ray structure of
n-BusSn CByiMe;;~ (1) prepared in this manner (Scheme 1).

Two equivalents of CBMe;,* reacted rapidly witm-BusSn,
in dry pentane to form a white solid, identified ds by
spectroscopy?® by trapping with PhMgBr, which afforded
n-BusSnPR* in 91% isolated yield, and by trapping with &,
which yielded the knowhn-Bu;SnOE$" cation?3

X-ray diffraction analysi¥ of a single crystal ol grown from
hexane revealed a tributylstannyl cafibweakly coordinated to
methyl groups of two CBMe;,~ anions in a trigonal bipyramid
(Figure 1A). Each anion is coordinated to two cations through
two antipodal methyl groups in infinite columns of alternating
n-BusSn™ and CBiMey,~ ions?! similar to those of numerous
covalent RSnX compounds (R= alkyl, X = O, N, S, Cl, etc¥ B
in which Sn and X atoms alternate. In all previously known Figure 1. Structure ofr-BusSit CBy:Mesz~ (1). Thermal ellipsoids are
compounds of this type X was a strong ligand and the Sn-X at 50%. Hydrogen atoms and one component of the disordered butyl
distance was short (2:2.4 A for X = O, N and 2.3-2.6 A for groups are omitted for clarity, Sn atoms are red, C atoms are black, B
X =S, ClI). Perpendicular to the columrispacks in hexagonal  atoms are green. (A) Part of an infinite column of alternating cations
sheets, where every other vertex of a hexagon contains an Srand anions. (B) View of the crystal packing balong a direction slightly
atom (Figure 1B). The edges are formedrbBu chains, and the  off the column axis. (C) Optimized (B3LYP/SDD) geometry of the
central holes are filled with CBMe;». [CB1iMe;;~ MesSnt CBuiMes; ] ion triple.
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Table 1. B3LYP/SDD Results for [MgSn™ CBi1;Mes2 ] lon Pairs and the [CBMe1;~ MesSnt CB1iMes; ] lon Triple

positior?
none 12 (B) 7 (B) 2 (B) 1(C) 9,2 (B,B)

AE £ kcal/mol — 0 2.8 9.0 22.4 —
d(sn-C), A - 2.44 2.45 2.48 2.79 2.74,2.98
d(c-B), A 1.61 1.70 1.70 1.68 1.53 (C-C) 1.61,1.63
0SnCB, deg — 176.4 178.2 173.4 144.0 (SnCC) 174.5 (SnCC)
> 0C,SNG,, deg — 346.9 348.1 349.5 347.4 359.5
0OBCHA deg 109.5 97.3 98.0 99.0 109.0 106.9
o(MesSnt),ce — +0.75 +0.76 +0.78 +0.86 -
vertex (CH) chargée,e 12 —0.09 (-0.31) —0.07 (=0.29) —0.09 (~0.29) —0.07 -0.29) —0.06 (~0.29) -

7-11 —0.15 (-0.30) —0.14 (-0.28) —0.13 (-0.28) —0.13 (~-0.28) —0.13 (-0.28) -

2—6 +0.11 (-0.31) +0.14 (-0.29) +0.13 (-0.29) +0.13 (-0.30) +0.11 -0.31) -

1 —0.69 (+0.06) —0.68 (+0.08) —0.67 (-0.07) —0.69 (+-0.06) —0.72 (¢-0.04) —

2 Position of the MgSn' cation in the ion pair® The ion triple.¢ Relative energy! Average.® lon charge from NBO analysiéAverage sum of
charges on B, C, and H (C and H) atoms on a vertex.

length in RSNF (2.10 A5, as anticipated for a near %Sp underestimated (Sn atom 0.08 A out of thg ane; in crystal,

hybridization. The distance between the C atom of the coordinat- 0.32 A). . L .
ing methyl and the adjacent cage atom is 1.61 A, equal to the Metal cation-alkane complexation is of current interésgnd
average B-C bond length in GHsNMe," CBy:Mer,~ 10 and the crystal structures with a cationic transition metal coordinated to

crystallographic diamet&rof the icosahedral core of GBVe;,™ a methyl group are knowt. The n-Bu,Sn* cation seems to
has the standafi3.27 A value. coord|.nate to 'ghe methyl carbon and act as if it were initiating a
Only the average SnC and B-C distances can be determined, backside &2 displacemerit (Table 1); the reaction ofBusSi,

: : ith CB1;Me;7", expected to yield-BusSit CB;;Me;; ™, yields
owing to theP6y/mmcsymmetry of the disordered crystal, and WI'H ~B1iV€12
the coordinating pair of anion vertices (1,12 or 2,9) is not t-BusSiMe, presumably because the now more exothermalt S

identified17 The relative coordinating ability of the four substitution proceeds to completion, in analogy to the inverse of

X . X o g .
nonequivalent vertices in GB  is under debate, and coordination m_eéhﬁe glgnMabségractlon by:& from Cp.ZrMe, and f-BuN
through positions 12 and ? (symmetry equivalent to 9) is 9~ ¢ 4)201ZrMe;.= o

known. Purely electrostatic considerations (ref 19 and Table 1) . lon aggregation via methyl ci(l)ordlnatlon appa_lrently_also oceurs
do not differentiate the vertices clearly. Electrophilic interactions in %%Ioggxa&essollﬁmﬂgt. I('c:5139|$n ’\#MR crfl.erlgu:fal Sh'tﬁh’ 43%63
with the vertices are generally believed to decrease in the reactivitypp [2D (**Sn, *H) ISQ .]’ Ies Tar upfield trom the

order, 12> 7-11 > 2—6> 1, and the B3LYP/SDE ion-pairing ppm reported for the trimesitylstannylium in benzene and the
energies for four optimized isomers of an isolated ;§te 1700 ppm _estlmatédor a gaseous trlal_kylstannyllum ion. The
CBy;Mey, ion pair with MgSn' next to position 1, 2, 7, or 12 _S|gnal of11is broad (800 Hz), suggesting excha_nge processes
follow this order (Table 1). The most stable 12-isomer is in ion aggregates. THéd NMR shift of thea protons inn-BusSn

f 1 in cyclohexane (1.83 ppm), downfield from that of its
calculated to have the shortest-SDH; and the longest BCH; o ) - 5
distance, the flattest BCH; group, the most pyramidalized analogue im-BusSn B[3,5-(FC)oCeHz]~ in CDLI2 (1.65 ppm);.
MesSnt cation, and the most inter-ion charge transfer. In 2-, 7- suggesits a reduced perturpanon Of. stan.nyhu.m chgracter in the
and 12-methyyl coordination the Sn atom lies near a 5-fold Ormer. The''B NMR of 1'? s essentially identical with that of

— 10
icosahedron axis, and the stabilizing interaction is both electro- "€€ CBuMe . .
static and doneracceptor. MgSn" interacts much less with the The_ scope of_the p_res_en_t approach_to crystallln_e_sal_ts;E)f R
1-methyl group, with the Sn atom tilted 36ff the axis toward and similar cations is limited by their low solubility in inert
the 2-methyl grbup solvents and by the coordinating ability and chemical reactivity
Assuming additivity, 2,9 dicoordination is 10.6 kcal/mol better of the CB,;Me;, anion. We are presently examining other highly

than 1,12 dicoordination, and geometrical and energetic consid-"’Ilkyl"’ueoI radicals of the C family.
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