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The selective substitution of the antipodal F atom in 1-Me-CBy;F1;~ Scheme 1. Synthesis of Cs(1-Me-12-SiRi€B11F11) (Cs(l)) from
with a SiPhs moiety led to the isolation and structure determination Cs(1-Me-CBiFy) (Cs(); napfr is the naphth;ﬁ”'de radical anién)
of the cesium(l) and silver(l) salts of the 1-Me-12-SiPhs-CBy1F1o~ Cs(1-Me-CBF11) + 2 Nat(naph”) — 5o~

anion. The silver salt contains both a nearly trigonal-planar [Cs*, 2Na*, "1-Me-CB11F113-"] + 2 naph —onel,
Ag(arene)s* cation and the first example of a Ag(arene),* cation. NaF| + NaCll + Cs(1-Me-12-SiPhs-CB11F10)

aThe putative 2e reduced intermediate depicted as “1-Me{GB:3~"
is almost certainly not the 1-Me-GB=1,3~ trianion (3-). The composition
and structure of the intermediate is not known at this time.

In 2004 we reported the first example of a rigorously The dark brown solution was treated with SiEh and upon
planar Ag(areng) complex! The structure consisted of workup, colorless crystals of Asf were obtained in 74%
layers of{ Ag(CHPh)*}., polycations with weakly coordi-  yield (based on 1-Me-CBFi:7), as shown in Scheme 1. The
nating—> 1-Me-CBy;F1;~ anions filling trigonal prismatic ~ *F NMR spectrum and a negative-ion electrospray mass
holes of six Ag ions from successivg AgQ(CHPh)"}. spectrum of Cd4() are shown in Figure 1. We propose that
layers, with no Ag-+F contacts shorter than 3.3 A. In order the dark red (see below) intermediate is at the formal
to (i) prepare new superweak anions by selective defluori- oxidation level of thel®~ ion but is a species in which the
nation of 1-Me-CBiF11~ (I7) and (ii) extend silver(h-arene B—F bond antipodal to the carborane C atom (i.e., B12
chemistry to the as-yet-unknown Ag(areng&)cation, we F12) bond has already been cleaved. This proposal is based
have prepared 1-Me-12-SiREB;1F16 (Il 7), one of a new on the following observations: (i) use of 1.0 equiv of
family of 1-R-12-X-CBi1F1o~ anions we are studying, and Naf(naph’) led to a dark red solution and the formation of
have determined the structures of its cesium(l) and silver(l) only 0.5 equiv of Cd(); (ii) the intermediate is diamagnetic
salts. The silver(l) salt has a tetrahedral Ag(argheation (see®F NMR data in the Supporting Information); (iii)
as well as a Ag(areng)) cation. Our interest in the 12-SiPh  treating the intermediate with 2.2 equiv of the “one-electron
anion was not that it might be a superior weakly coordinating oxidizing agent” 1,13,3-tetrakis-(2-methyl-2-hexyl)ferro-
anion, because it would not, but that it would be easier to cenium nitratéled not to the recovery df but to the rapid
purify, crystallize, and characterize than anions with other (seconds) formation of 1-Me-12-H-GB1y~ (plus a small
12-X substituents. More relevant anions with 12-H, -I, and amount of the 7-H isomer, see below); (iv) the intermediate
-CH; groups have also been prepared (see Supportingreacted only slowly (days) with DME at 25C to form
Information) but will be reported later because their purity primarily 1-Me-12-H-CBiF0"; (V) the cyclic voltammogram
and yield have not yet been optimized. (CV) of an equimolar solution of~ and Fe(Cp*) in the

The anionll ~ was prepared by treating Cy(dissolved presence of several equivalents of Nagléxhibited a
in DME at —55 °C with 2.2 equiv of sodium naphthalenide. cathodic current fof~ that was twice as large as the current
for the Fe(Cp*)™ couple, indicative of an irreversible “two-
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19r{11B} NMR cyclic voltammetry
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300 400 500 600 700 800 miz M TBA*CIO,~ in DME) in the presence of Fe(Cp)
Figure 1. Negative-ion electrospray-ionization mass spectrum ofl €s(
(bottom) and the 282.4 MH¥F{''B} NMR spectra of Cd{ and Csll) Table 1. DFT-Optimized Distances (&) for 1-Me-GE1," (n = 1-3)
(top; CDsCN). The small peaks in the NMR spectrum of [C§(may be
due to a small amount of the byproduct 1-Me-12-H@8;~ and the isomer bond n—=1- n—=2— n—= 23—
1-Me-7-SiPh-CB;1F10~. The compositional purity of the product anion is B12—F12 1.379 1.410 1.438
96% 1-MeX—SiP|"g-CB]_1F11 and 4% 1-Me-12-H-CBF11 and the isomeric Blower beli_Flowerbelt 1.380 1.409 1.434
purity is 88% forx = 12 and 12% foix = 7. Bupper belr— Fupper belt 1.374 1.401 1.422
. . . . B12—Biower belt 1.812 1.801 1.795
spectrum in Figure 1: the major product, with tWo reso- B, .. ve—Biower bett 1.821 1.801 1.791
nances, is pseudss,-symmetricll ~; the minor product is Biower belt Bupper bett 1.789 1.783 1.781
almost certainly th€isomer 1-Me-7-SiPRCBy;F15~. When guppe' be“‘g“lppe' belt 1177%65 1177252 1177%11
. . belt™ . . .
other electrophiles XY were added instead of $Bhother wepere
1-Me-12-X-CBiiF1;~ anions were formed with high regio- = 12), which are formed by 2ereduction ofclosoMe,-
selectivity, including X= 1 (XY = I5), X = CH; (XY = C,B1oH 1o followed by protonatio® The % NMR spectrum

CHyl), and X= n-Dc (XY = n-DcBr). The X=H anion  of the 2e reduced intermediate and the X-ray structures of
was generated by protonation of the two-electron reducedsajts ofil - (see below) leave no doubt that that intermediate

intermediate; a small amount of the 12-H anion was a s a 12-vertexclosoCB;; cluster that has not undergone cage-
ubiquitous byproduct in all reactions. Preliminary X-ray opening rearrangment.

structures of (NMgH)(1,12-Me-CBx1F1;) and Cs(1-Me-12- DFT calculation&23 reveal that adding one and two
I-CB1F4) are shown in the Supporting Information. Further ejectrons td ~ progressively shortens the clusterB and
details about the synthesis and properties of the M, |, B—C bonds and lengthens the exohedraifBbonds. These
CHa, andn-Dc anions will be reported in the full paper.  results are shown in Table 1. The LUMO, SOMO, and

In the absence of Naions, the 25°C CV of Cs(l)  HOMO for |-, 12-, andI®", respectively, are very similar in
exhibited areversible 1e~ reduction at the same potential sjze and shape (see Supporting Information). The DFT
as the irreversible Zereduction in the presence of N&.e.,  calculations also reveal that removing F12 as aiof from

the cathodic peak potentials were the same), as shown inj3- js |ess endothermic by 13 or 22 kJ mbthan removing
Figure 2. Furthermore, when excess 18-crown-6 was addedr7 or F2 as an Fion, respectively, and this may explain
to the solution of C4() plus excess NaClQthereversible

le™ reductionof |~ to 12~ was restored. It appears that an  (8) Getman, T. D.; Knobler, C. B.; Hawthorne, M.IRorg. Chem199Q
. . : 29, 158-160.

eleCtroph"e stronger t_han . uch as N&, is nece_ssary to (9) Churchill, M. W.; BeBoer, B. Glnorg. Chem1973 12, 2674-2682.

promote the 2ereduction (i.e., to promote formation of the  (10) Deng, L.; Xie, Z.Organometallics2007, 26, 1832-1845, and

v~ i i iati i references therein.
2e reduced intermediate, presumably by assisting in the (11) Laikov. D. N.Chem. Phys. Let1997 281, 151156,

cleavage of a cage B bond). Note that the putative 12-  (12) perdew, J. P.; Burke, K.; Ernzerhof, Rhys. Re. Lett. 1996 77,

vertex<losol 3~ cluster would have the same cluster-electron 13) ?(8%5—38?]8-Y | Sv.p A A Miller S. Mo And

. - opayasni, Y.; lvanov, S. V.; Popov, A. A.; Miller, 5. IM.; Anaerson,
count as the kinetfcand the thermodynanficsomers of 12- 0. P Solntsev. K. A Strauss. S. Heteroatom Chemb00G 17,
vertexnido-7,9-Me-7,9-GBioH11~ (2n +4 e =28 e;n 181-187.
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Figure 3. X-ray structure of Cd() (50% probability ellipsoids; H atoms
shown as spheres of arbitrary size for thes@rbup and omitted from Ph
groups for clarity). The range of €< (Ph) distances is 3.600(3%.021(3)
A (each one of the coordinated Ph groups is from a diffetentanion;
most of the secontl ~ anion has been omitted for clarity).

the observed regioselectivity in the2mduced transforma-
tion of I~ into 1l —.

The structure of C$() is shown in Figure 3% Distances
and angles within the carborane cage and the SiRliety
are normal (the B-Si distance is 2.045(3) A5 The Cs

cation is sandwiched between nearly coplanar Ph groups

(interplane angle= 14.£), one from each of twdl ~ anions,
and is also coordinated to five F atoms that are contributed
by three carborane anions (the range of-@&sdistances is
2.896(1)-3.237(1) A).

The silver(l) salt ofll ~ was prepared by metathesis of
AgBF, and Csl] ).1 The structure contains two formula units

COMMUNICATION

Figure 4. Ag2 coordination sphere in the structure of Ag¢0.5GHs
(50% probability ellipsoids; H atoms omitted for clarity). Selected distances
(A) and angles (deg): Ag2C116, 2.452(2); Ag2C122, 2.511(2); Ag2
C216, 2.463(2); Ag2C222, 2.495(2); Ag2C116-C111, 91.7(2); Ag2
C122-C121, 90.9(2); Ag2C216-C211, 91.8(1); Agz2C222-C221,
92.2(2); C116-Ag2—C122, 102.1(1); C116Ag2—C216, 122.2(1); C116
Ag2—C222, 110.3(1); C122Ag2—C216, 114.8(1); C122Ag2—C222,
104.4(1); C216-Ag2—C222, 102.0(1).

triangles (the four Ag Corno—Cipso @ngles range from 908

to 92.2). The four Ag-C bond distances range from
2.452(2) to 2.511(2) A. These are compared with otherAg
C(arene) distances in the Supporting Information. The six
tetrahedral € Ag—C angles range from 102.0¢1tp 122.2(1)

(their sum is 655.8(6) whereas the ideal sum is 657).0

The angles between the least-squares planes of the phenyl
groups of the two chelating SiPmoieties are 964and

of the salt. The distances and angles within the carborane96.9, which requires the two “grab” angles (defined by

cages and the SiRmoieties are normal (the-BSi distances
are 2.021(3) and 2.034(3) A). The coordination spheres of
one of the Ag ions (Ag1l) is trigonal planar and will not be
discussed further (see Supporting Information for details).
The tetrahedral coordination sphere of the other A,
shown in Figure 4, is the first example of an Ag(arane)
complex of any geometry. There are no contacts between
Ag2 and any F atom shorter than 4.7 A. The*Aign is
coordinated to each of the four phenyl groups via
interaction&*"1° with one of the ortho C atoms from each
ring, forming what are essentially 3®0—90° AgC; right

(14) Crystals of C3() were grown by slow diffusion of hexanes into an
acetone solution: 0.05 0.07 x 0.22 mn¥; monoclinic; P2,/n; a =
9.4773(3) Ab = 20.3255(7) Ac = 14.7167(5) A = 92.127(2y;
2832.9(2) B (Z = 4); pcaica= 1.707 Mg n73; Opax = 33.148; —14 <

h < 14,-30 < k < 30,—22 < | < 22; 1 = 0.71073 A;T = 100(2)
K; no. of refins= 10 763; no. of independent reflas7064; restraints/
params= 0/388; full-matrix least-squares refinement B semi-
empirical absorption correction from equivalents= 0.143 mnt?;
final Rindices ( > 20(l)) are R1= 0.0452 and wR2= 0.0748; largest
diff. peak and hole= 0.502 and—0.319 e A3,

Ivanova, S. M.; lvanov, S. V.; Miller, S. M.; Anderson, O. P.; Solntsev,
K. A.; Strauss, S. Hlnorg. Chem.1999 38, 3756-3757.

Crystals of Agll )-0.5GHs were grown by slow evaporation of a
saturated benzene solution: &3.1 x 0.05 mn¥; monoclinic; space
group P2i/c; a = 18.4204(6) Ab = 19.1497(7) Ac = 19.1230(7)

, B =117.838(2), V = 5964.9(4) R, Z = 8; Opax = 33.07; —28
<h<27,-29<k<29,—29<|<29;1=0.71073 A;T = 100(2)
K; no. of reflns = 22 872; no. of independent reflns 14 264;
restraints/params 0/829; full-matrix least-squares refinementféh
semi-empirical absorption correction from equivalepis= 0.0796
mm~1L; final R indices F, > 20(Fo)) are R1= 0.0459 and wR2=
0.0947.

(15)
(16)

Kochi and co-workers as the complement of the angle
between the arene planes) to be 836d 83.2, which in

turn requires that the shortest distance from Ag2 to each
arene plane is to a point outside of the six-membered ring.

In ongoing work, we are studying the chemical and
electrochemical reduction of other 1-R-GB;;~ anions and
of 1-R-12-X-CBy;F10~ anions in order to prepare a variety
of new anionic fluorocarborane species by one or more
selective B-F — B—X transformations.
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