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We report herein the preparation, NMR characterization, and
crystal structure of a tricoordinate stannyl cation that is entirely
free from coordination with solvent or anion. In 1997, we reported
the preparation of the first free, tricoordinate silyl cation, trimesityl-
silylium tetrakis(pentafluorophenyl)boratdn collaboration with
Reed, in 2002, we reported the crystal structure of the same cation,
confirming its freedom from coordinatiohThe search for a free
stannylium ion has proved to be slightly more difficult. The longer
Sn—C bonds permit greater access of nucleophiles to the highly
electrophilic Sn cationic center.

Modern efforts to prepare a free stannylium ion began in 1992
with the first use of aromatic solvents and low nucleophilic anfons.
These discoveries ultimately led to the free silylium ion but
apparently not tg a free stannylium ',On' For the casp Wlth_ three Figure 1. Face-on perspective of tris(2,4,6-triisopropylphenyl)stannylium,
alkyl groups on tin, wéand othersobtained*'°Sn chemical shifts TipsSrT, from the crystal structure.

up too ca. 360. Comparisdmwith empirical correlatiorfssuggested . .
that such shifts represented only about 20% stannylium ion before, tetrakis(pentafluorophenyl)borate (TPFPB) was the anion.

. Nonionic byproducts were concentrated in the upper benzene layer
charac_ter_. In 1999’ we rt_aport_ed the sta_nnyl catlon_analogous to theand were syringed off. The resulting NMR spectra confirmed the
free silylium cation, trimesitylstannylium tetrakis(pentafluoro-

. : clean conversion to a stannylium ion, 31", with a11Sn chemical
phenyl)boraté. Because crystals were not obtained, questions of y

th t d tin and of possible coordination with solvent S Of © 714
€ geomelry around tin and of possib'e coordination with solven Crystals were obtained from a mixture of benzene and hexane,
or anion remained open. The observé®n chemical shift of

8065 in the absen f an rate theoretical m ) Id n tand the crystal structure was solVEdigure 1 shows the cation
! € absence ot an accurate theoretical measure, Could Ok, .o o, golvent is absent, and no atom from the anion approaches
be interpreted in terms of geometry. We endeavored to place even S L :
terically d di tin. but i to within 4 A of Sn. Thus, the cation is entirely free from
able to prepare a tetracoordinate precursor wih three larger groupsS12510NS W either solventor anion. The sum of thes-C
prep P arger group angles is 359.9(2) experimentally planar. The aryl rings are twisted
and the allyl group necessary to generate the catidichl and

Kers ded in obtaining th tal struct f i in the usual propeller fashion from the plane of the tin atom and
go;vxfotr er l;uccg; ,\j '[1 _(l)_h_alnlr;_g € cr‘}/s a kIS fuc ucr;_e ot c;I- its three attached carbons. The aryl rings subtend an average angle
tou %Zti;?élrli)rps” 10 fetlﬁe' anlizr?atlr?g Vg;lgzmv:r?/ ;rgﬁ(r)n:j '32 ?/vas of 61.1°, somewhat larger than the average of 49dind for the

’ trimesitylsilylium cation? as expected for the larger ortho substit-
nonplanar (the &-Sn—C, angles summed to 353.tather than YISty P 9

360 required for trigonal geometry), and th¥Sn chemical shift uents (isopropyl vs methyl).

. The most important remaining question to answer is whether
was only6_45_4.3, rather thaf ca. 1500 expected for the f_ree cqtlon. any of the hydrogen atoms on the isopropy! groups are coordinated
A very similar value was found for the same cation with a

fluorinated anior?. The trigonal bipyramidal geometry around Sn with tin. The isopropyl methyl groups of T4 coulld conceivably

is a common structural motif. Michl's structure possesses such a approach more closely than those in M@&iS. Steric congestion

eometry in the solid, with col.umns of alternatin pcations and anions around tin, however, forces the methyl groups to rotate to the outer
9 ety ' . 9 surface, away from tin, leaving only the isopropyl methinyl protons
in which there are three alkyl groups in a plane around Sn and

thyl ; th : directly ab d below Sn. M in the vicinity of tin. The cogwheel geometry is very tight, so that
methyl groups from fhe anions directly above and below Sn. Many w,q g isopropyl carbons and hydrogens are diastereotopic at
other such structures have been reported, in which the apical atoms

0 foom temperature. Th&éH resonances broaden and coalescence
are O, N, S, or CIf
. . above 70°C.
The current breakthrough was the result of success in preparing

allyltris(2,4,6-triisopropylphenyl)stannane (ally5&n). The syn Examination of the region above and below the Sn atom revealed
thesis began with the reaction of TipBr witBuLi at —78 °C after that there are no atoms along the axis passing through Sn and

Suzuki et al to give TipLi. Reaction of the lithium reagent with perpendicular to the plane of Sn and its three attached carbons, in

f . ) contrast to the case of the tributylstannyl catiand to all other
S_nBr4 produced TigSnBr. EXC?SS aIIyImagne_smm brom@e regcted reported trigonal bipyramidal tin geometrisThe entire region
with TipzSnBr to afford allylTigSn. Conversion to the tin cation

- in which axial groups would exist in a trigonal bipyramid is vacant
followed our silicon method? by treatment of the allyl compound group 9 4

with strong electrophil t room temperature in lovebox. A of atoms, including hydrogens.
strong electrophiles at room temperature in a glovebox. AS 1o isopropyl methine carbons average 3.259 A from Sn, much

 Northwestern University. longer than the covalent SI€ bond (2.14 A), less than the sum
* Goethe UniversitaFrankfurt. of the van der Waals radii for Sn and C (4.17 A), and longer than
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Figure 2. The immediate structure around Sn in 3o, showing Sn
(pink), ipso aryl carbon (green), and the six isopropyl methinyl hydrogens
(blue).

the average Sn/GHilistance in the tributylstannyl cation (2.81 &).
The only candidates for agostic interactions with Sn are the
isopropyl methinyl hydrogens, which were refined and located
during the solution of the crystal structure. Figure 2 shows the
location of these hydrogens, in a prismatic geometry identical to
that of the closest ortho hydrogens in the trimesitylsilylium cafion.
The Sn/H distances average 2.64 A, well beyond the covalenHSn
bond length of 1.70 A but less than the sum of the van der Waals
radii (3.37 A). The van der Waals radius of cationic Sn, however,
is unknown and is almost certainly less than that of neutral Sn, so
these comparisons are somewhat misleading. There is no angula
distortion within the isopropyl groups of TiBn". The Gyso—Cortho—

CH angles average to a very normal?sp21.5 (122.2 in
trimesitylsilyliun?), and the Gn—C—H angles average to a normal
sp® 106.5.

It is worthwhile to compare the X-ray structure with the results
of calculation, which refer to the gas phddelhe DFT/B3LYP
geometry optimization showed that the crystal and gas phase
structures are essentially identical. An atoms in molecule (AIM)
calculatiot* showed that there are no bond critical points between
Sn and the six methinyl hydrogens and that there are bonds only
between Sn and the three aryl carbons. TH8n chemical shift
was calculated to bé 763 with Gaussian 98 using the GIAO
method and the MPW1PW91 density functioaCalculations at
this level are systematically higher frequencies than are observation
values!® The plots of a more extensive study in the Supporting
Information demonstrate that the calculated valuedo763 is
entirely consistent with the observed valuedo?14.

In summary, the crystal structure of tris(2,4,6-triisopropylphenyl)-
stannylium tetrakis(pentafluorophenyl)borate reveals a geometry
around Sn that is planar and tricoordinate. There is no solvent

agreement with that observed in solution. AIM calculations indicate
no bonding between the methinyl hydrogens and tin. The common
structure in solid, liquid, and gas phases fulfills all criteria for a
free, tricoordinate stannylium cation and provides a new coordina-
tion number for diamagnetic Sn.
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