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The application of superbases, such as the well-known
Schlosser base consisting of fBuOK and RLi, in the depro-
tonation of organic substrates is well established.!'! Recently,
Mulvey investigated the structural chemistry and applications
of related mixed-metal amide reagents.’”) These species show
remarkable activity and specificity in their reactions with
aromatic hydrocarbons and ferrocene (Cp,Fe; Cp=-cyclo-
pentadienyl).’*l For example, the treatment of Cp,Fe with a
mixture of iPr,NH/Bu,Mg and nBuNa results in a double 1,3-
deprotonation of the two Cp rings.”! We recently observed
that the stepwise reaction of MesPH, (Mes = 2.,4,6-Me;C.H,)
with BnNa (Bn=benzyl) and [Sn(NMe,),] results in the
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unusual stannate ion [Sn(2-CH,-4,6-Me,C¢H,)(PMes)]*",
which arises from the intermolecular deprotonation of a
methyl group (Scheme 1).®) We wanted to examine the
activity of this type of p-block-metal/alkali metal reaction
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Scheme 1. Formation of [Sn(2-CH,-4,6-Me,C¢H,) (PMes)]*~ through
intermolecular ortho deprotonation of a C—H bond.

system further because this Sn"/BnNa system effectively acts
as a superbase and there is a close relationship between this
C—H activation reaction and activation reactions mediated by
transition metals.) Herein, we present the observation that
the reaction of 2-aminophenylphosphane (1-PH,-2-NH,C,H,)
with nBuLi (1 equiv) followed by the addition of [Sn(NMe,),]
(1 equiv) results in remarkable quadruple deprotonation of
the ligand (Scheme 2) and generates the unusual paramag-
netic Sn"-centered cage [{[Sn(L)(NMe,)Li(thf)][Sn(L)Li-
(thf);]Sn},] (1) containing L*~ and L* "ions (L =ligand; see

the Experimental Section).
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Scheme 2. The deprotonation of LH, by [Sn(NMe,),]/nBulLi. LH,=1-
PH,-2-NH,CeH,, L=ligand.

No N—H or P—H stretching bands are found in the IR
spectrum of solid 1, thus showing that the NH, and PH,
groups of the ligand have been completely deprotonated. As
far as we can gauge, neither [Sn(NMe,),] nor nBuL.i alone will
cause deprotonation to this extent. The surprising para-
magnetic character of 1 was indicated initially by 'H and
3P NMR spectroscopic studies: only a broad resonance in the
aromatic region appears in the 'H NMR spectrum at room
temperature, and a very broad singlet appears at approx-
imately 0 =10-15 ppm in the *'P{'"H} NMR spectrum. Com-
pound 1 in the solid state exhibits a strong signal in the EPR
spectrum at both the X and K bands (Figure 1). The spectral
width is identical at both frequencies, which means that this
signal can not be interpreted as a rhombic set of g values.
Therefore, we attempted to simulate the spectra on the basis
of 1) hyperfine coupling in which the two unpaired electrons
are independent of each other and 2) hyperfine coupling with
an exchange interaction (a biradical system). It was not
possible to reproduce the relative intensities of the transitions
by assuming coupling to *'P or "!"*Sn nucleil”! for any set of
parameters that were tried (including the number of nuclei),
nor was it possible to simulate the spectra on the basis of a
biradical system with coupling to these isotopes or the
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Figure 1. Experimental (solid lines) and simulated (from parameters in
the text; dashed lines) EPR spectra of a powdered sample of 1 at

295 K; top: at the X band (9.448 GHz) and bottom: at the K band
(24.167 GHz).

“N isotope. The only good simulations were obtained by
assuming coupling of each unpaired electron to a single
N nucleus (with no interaction between the two unpaired
electrons) with the parameters g,,=2.004, g, =2.002, A, =
27x10*cm™', and A, held at an arbitrarily small value of
1x10~*cm™. The A,(**N)value places an upper limit of
approximately 45% on the unpaired electron density in the
2p orbital of the N atom. The lack of resolution of the
P nuclei coupling in the EPR spectrum suggests that this
coupling constant is smaller than the experimentally obtained
linewidths (ca. 10 G).

The low-temperature X-ray crystal structural analysis of
18! (combined with the previous spectroscopic data) shows
that the complex consists of centrosymmetric molecules with
the formula [{[Sn(L)(NMe,)Li(thf)][Sn(L)Li(thf);]Sn},] (Fig-
ure 2a). Consistent with the main conclusion drawn from the
EPR studies, semiempirical calculations on the [Sny4(L),-
(NMe,),]* "ion of 1 (see Figure 3, in which the tris-THF-
solvated Li* ions and the THF solvation have been omitted)
show that the frontier orbitals are ligand based (85 %) rather
than Sn based.”! Furthermore, the majority of the spin density
is found on the nitrogen centers of the ligands located at the
periphery of the cage (as indicated in Figure 3). The
calculated spin density of 30% on the nitrogen centers of
these ligands is in good agreement with the upper estimate of
45 % based on EPR studies. Interestingly, the spin densities
on the nitrogen and phosphorus centers of the ligands within
the central portion of the molecule are an order of magnitude
less (no greater than 5% ). This distribution explains why the
complex behaves as a biradical, in which there is no
interaction between the unpaired electrons. The major
deduction drawn from the spectroscopic and molecular
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Figure 2. a) Molecular structure of 1. Hydrogen atoms and lattice-
bound THF molecules have been omitted for clarity; disorder of the
THF molecules is not shown. Selected bond lengths [A] and angles [°]:
Sn(1)-P(1) 2.603(4), Sn(1)-P(2A) 2.607(4), Sn(1)-Sn(2) 2.885(1),
Sn(2)-N(2) 2.10(1), Sn(2)-N(3) 2.18(1), Sn(3)-N(1) 2.18(1), Sn(3)-
N(2) 2.17(1), Sn(3)-P(1) 2.566(4), Li(1)-P(1) 2.56(3), Li(2)-N 2.00(3)—
2.14(3); angles about Sn(1): 86.21(9)-103.58(9), Sn(2): 88.4(3)-
145.9(1), Sn(3): 81.0(3)-99.7(3). b) Schematic representation of the
stannate/stannylene [Sn,(L),(NMe,)]*" ion of 1.
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Figure 3. Representation of the semiempirical component PM5-derived
frontier MOs of 1, which illustrates their ligand-based &t character:

a) the HOMO and b) the LUMO. Large spheres =Sn atoms, small
spheres =P atoms.

orbital (MO) studies is that to attain electronic neutrality
the hexanuclear Sny arrangement of 1 must consist of six
Sn" centers together with two tetraanions L*~ and two radical
trianions L*~, as well as two NMe, groups, rather than the
potential metal-centered alternative consisting of two Sn™
and four Sn" ions and four L* ions.

The biradical arrangement of 1 consists of two symmetry-
related stannylene/stannate fragments (Figure 2b) that are
connected by two Sn" centers within the central (Sn,P), ring
of 1 through Sn—Sn and Sn—P bonds. The Sn—Sn bonds within
the (Sn,P), ring (Sn(2)-Sn(1)=2.885(1) A) are best de-
scribed as dative bonds between eight-electron stannate
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(donor) and Sn" centers (acceptor). These bonds are consid-
erably shorter than the dative Sn—Sn bonds in [ArSn"—
Sn"™{1,8-(NR),C;oHy}]]  (Ar=2,6-(Me,N),CsH;;  Sn—Sn=
3.087(2) A)," but similar in length to the bonds in the most
closely related species [(Me;Si);Sn™ —Sn"{2-
[(Me,Si),C]CsH,N}] (Sn—Sn =2.8689(5) A)."" The Sn—P and
Sn—N bond lengths (2.497(4)-2.607(4) and 2.10(1)-2.18(1) A,
respectively) are within the range observed for structurally
characterized Sn"—P and Sn"—N compounds."? The shortest
of the Sn—P and Sn—N bond lengths in 1 are in the {Sn(N—

2.605(4) A) being the longest bonds of this type in the
structure. This Sn(1) centre has a highly distorted pyramidal
geometry (range of angles about Sn(1)=86.21(9)-
103.58(9)°), which is similar to that found at the stannylene
center Sn(3) (range =81.0(3)-99.7(3)°). The neutrality of the
molecular arrangement of 1is completed by four Li* ions that
are located at the periphery of the cage. The Li(1)(thf); center
is bonded to a Patom (Li(1)~P(1)=2.56(3) A), and the
Li(2)(thf) center is coordinated by three N centers of the core
(Li(2)~N =2.00(3)-2.14(3) A).

Although symmetrical N-heterocyclic germylenes, ™ sily-
lenes," and stannylenes!™™ have been studied extensively in
the past decade, and noncyclic N-Sn—O and N—-Sn—C
stannylenes are known,['®!” the N,P-stannylene arrangement
found in 1 is unique for a heterocyclic species. To the best of
our knowledge, the extent of the deprotonation observed in
this study is without precedent for a simple organic acid when
treated with a base in solution. The deprotonation of both the
NH, and PH, groups of 2-aminophenylphosphane is partic-
ularly dramatic bearing in mind the large negative charge that
develops in the resulting L*~ and L*ions. The results
reported herein show that multiple deprotonation of organic
acids by mixed alkali-metal organometallic/p-block-metal
dimethylamide reagents is a promising area for future study.

Experimental Section

nBuLi (3.1 mL, 1.6 mol L™" in hexanes, 5.0 mmol) was added to 2-
aminophenylphosphane (0.47 mL, 5.0 mmol) in THF (20 mL) was
carried out at —78°C. The reaction mixture was warmed to room
temperature and stirred for 4 h to yield a red solution. The reaction
mixture was then cooled to —78°C, and [Sn(NMe,),] (1.10g,
5.0 mmol) was added as a solution in THF (10 mL). The reaction
mixture was warmed to room temperature and stirred for 16 h to yield
a dark-red solution. The solvent was reduced in volume to 5-10 mL
and filtered. Complex 1 (020 g, 10% yield based on Sn) was
crystallized from the filtrate at —30°C (ca. 1 week). IR (nujol): 7=
1583 (m), 1020 (s), 816 (m), 765 (w), 735 cm™" (m); '"HNMR (25°C,
500.16 MHz, [Dg]THF): 6 =7.5-5.7 (collection of overlapping mul-
tiplets), 3.50 (m, -CH,-, THF), 1.70 ppm (m, -CH,-O, THF) the
aromatic resonances were not resolved when the temperature was
lowered to —80°C; *P NMR (25°C, 161.975 MHz, [Ds]THF, refer-
ence: 85% H;PO,/D,0): 6 =10-15 ppm (vbr s); elemental analysis
(%) caled for CgH,;0Li;NgOoP,Sng: C 37.7, H 4.8, N 4.4, P 5.9; found
C39.2,H5.1,N 4.3, P 6.3. The X-ray crystallographic analysis of 1 was
carried out on batches of crystals from two separate reactions to
confirm the reproducibility and consistency of the product obtained.
Although the yield of 1 is low, the paramagnetic nature of the other
products of this reaction that are present in solution made it
impossible to obtain further NMR spectroscopic data on them
(through, the absence of crystalline material). However, other
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products may well be expected if one bears in mind that the 1:1:1
reaction stoichiometry of nBuLi/[Sn(NMe,),]/LH, is different from
the observed stoichiometry of the components in 1.
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