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Metal - Metal Bonds between Group 12 Metals and Tin: Structural
Characterization of the Complete Series of Sn-M-Sn (M =Zn, Cd, Hg)
Heterodimetallic Complexes
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Abstract: Reaction of the lithium tri-
amidostannate [MeSi{SiMe,N(p-Tol)};-
SnLi(OEt,)] (1) with 0.5 molar equiva-
lents of MCl, (M=Zn, Cd, Hg) in
toluene afforded the corresponding het-
erodimetallic  complexes  [MeSi{Si-
Me,N(p-Tol)};Sn,M {M=Hg (2), Cd
(3), and Zn (4)}. The molecular struc-
tures of the mercury and cadmium

Sn and Cd—Sn bonds to be characterized
by X-ray diffraction. That the Hg—Sn
bonds are shorter than the Cd—Sn bonds
in the isomorphous complexes is attrib-
uted to relativistic effects in the mercury
system. In contrast, the structure of the
Zn analogue is unsymmetrical with one
stannate unit being Sn—Zn bonded
(d(Sn(1)~Zn) 2.5782(4) A), while the

Zn" atom bridges two amido functions
of the second stannate cage, thus repre-
senting a second isomeric form of these
complexes. The different degree of met-
al-metal bond polarity is reflected in
the Sn NMR chemical shifts of the
three complexes. Variable-temperature
NMR studies and a series of 'H ROESY
experiments of the cadmium complex 3

complexes were determined by X-ray
diffraction and found to adopt a linear
Sn-M-Sn metal—metal bonded array
(d(Sn—Hg) 2.6495(2), d(Sn—Cd)

A ) ) . zinc
2.6758(1) A), these being the first Hg—

Introduction

Metal -metal bond polarity!l is normally linked to the
difference of the coordination spheres of the bound metal
atoms or to their different horizontal or vertical positions in
the periodic table. In Group 12 of the periodic table there is an
ideal combination of a significant variation of the properties
of metal dications, the stability of a given oxidation state, and
the accessibility of suitable starting materials. At the same time
the extremes of transition-metal properties are covered, ranging
from the typical first-row coordination behavior of divalent
zinc to the structural chemistry of mercury(i1), which is strongly
influenced by the relativistic contraction of the 6s orbital and
the destabilization of the 5d orbitals. This goes along with an
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in solution revealed a dynamic exchange

ween th isomers.
. mercury between the two isomers.

increase of the covalency of ligand —metal and metal — metal
bonding upon going down the group within Group 12.

Although Group 12 silyl compounds of the type M(SiR;),
(M =Zn, Cd, Hg) have been studied systematically since the
1960s, 3 much less is known about the heavier congeners in
particular of heterodimetallic complexes between an element
from Group 12 and tin. While there has been a small number
of stable Ge —Hg!l and Sn—Hgl % compounds reported, the
corresponding Zn and Cd representatives remain extremely
rare.l” 81 A systematic study of tin — Group 12 heterodimetallic
complexes, especially of their structural patterns is often
thwarted by their pronounced light sensitivity and rapid
degeneration at room temperature and their occurrence
mainly as oily reaction products.

In previous studies we have shown that our tripodal
triamidostannates(11), which act as anionic Sn'" nucleophiles,
are suitable for the generation of a series of stable tin
heterodimetallic complexes and resist oxidation by numerous
salts of transition metals.” 1% They were therefore thought to
be suitable building blocks for a systematic structural inves-
tigation of Sn—M bonded compounds in solution and in the
crystalline state. Herein we provide the first Sn—Cd and Sn—
Hg bonded complexes which have been structurally charac-
terized by X-ray diffraction, along with only the second fully
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structurally characterized Zn—Sn complex. This is supple-
mented by a comparative study of their different dynamic
behavior in solution which is a result of the variation in the
chemical properties of the three Group 12 metals.

Results and Discussion

Synthesis of the Sn-M-Sn heterodimetallic complexes (M =
Zn, Cd, Hg) and their structural characterization by X-ray
diffraction

Reaction of the lithium triamidostannate [MeSi{SiMe,N(p-
Tol)};SnLi(OEt,)]” (1) with 0.5 molar equivlants of MCI,
(M =Zn, Cd, Hg) in toluene afforded the corresponding
heterodimetallic complexes [MeSi{SiMe,N(p-Tol)};Sn],M
{(M=Hg (2), Cd (3), and Zn (4)} as colorless to pale yellow
microcrystalline solids for which the analytical data are
consistent with the formulation given in Scheme 1.

Tol
Me,Si—N_ Tol 1%
£.5—N Tol_ N—SiMe,
Me—Si ™ Me, >§p NS
“fe zncl, \ /en—sn  MeSi—ve
Py / Me,Si—N
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N N 4 Tol
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! 55N SN—sG
Me—Si\ Me: Si— M—si  Mergi—Me
Me,S—N N— SiMe,
\Tol Tél
M=Cd: 3
Hg: 2

Scheme 1. Syntheses of complexes 2—4.

The solid complexes 2 and 3 were found to be fairly
airstable, but solutions of 2 decomposed slowly with concom-
itant formation of metallic mercury and an unidentified tin
species upon prolonged exposure to light. Single crystals of all
three complexes suitable for X-ray diffraction studies were
obtained. The triclinic crystals of complexes 2 and 3 were
found to be isomorphous. The molecular structure of
compound 2 in the crystal, which is analogous to that of 3, is
displayed in Figure 1 along with the principal bond lengths
and angles for both complexes. The compounds adopt the
expected molecular structure containing a linear Sn-M-Sn
unit, with the central Hg or Cd atom lying on a crystallo-
graphic inversion center. The two MeSi{SiMe,N(p-Tol)};Sn
units are therefore bonded in an exactly linear fashion to the
mercury center (Sn(1)-Hg-Sn(1") 180.00°) and are staggered
with respect to each other (D, symmetry). The Sn—Hg bond
length (d(Sn—Hg) 2.6492(2) A), which is the first to be
determined by X-ray crystallography, is shorter than the
sum of the covalent radii (rs, + ry,=2.90A),M but is
significantly longer than the X—Hg (X=Si, Ge) distances
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Figure 1. Molecular structure of 2 and 3 in the crystal. Selected bond
lengths [A] and interbond angles [°]; (M =Hg) 2: Sn(1)-Hg 2.6495(2),
N(1)—Sn(1) 2.054(2), N(2)—Sn(1) 2.075(3), N(3)—Sn(1) 2.074(2); Sn(1)-Hg-
Sn(1’) 180.00, N(1)-Sn(1)-N(3) 105.39(10), N(1)-Sn(1)-N(2) 106.51(10),
N(3)-Sn(1)-N(2) 102.18(10), N(1)-Sn(1)-Hg 124.54(7), N(3)-Sn(1)-Hg
110.04(7), N(2)-Sn(1)-Hg 105.99(7); M =Cd) 3: Sn(1)—Cd 2.6758(2),
N(1)—Sn(1) 2.0578(18), N(2)—Sn(1) 2.0823(19), N(3)—Sn(1) 2.0882(18),
Sn(1)-Cd-Sn(1) 180.00, N(1)-Sn(1)-N(3) 105.53(7), N(1)-Sn(1)-N(2)
105.85(7), N(3)-Sn(1)-N(2) 100.71(7), N(1)-Sn(1)-Cd 128.30(5), N(3)-
Sn(1)-Cd 107.92(5), N(2)-Sn(1)-Cd 105.27(5).

found in the known mercury complexes with the lighter Group
14 elements, such as [{(C4Fs);Ge},Hg] (2.483 A),1* [{(Me;SiSi-
(Me,));Si},Hg,] (2.485 A),21  [{Ph,Si},Hg] (2.494 A) 120
[{(Me;Si);Ge},Hg] (2.512 A)® and [{Ph;Ge},Hg] (2.543
A).l%l There are relatively short contacts between the Hg
atom and the arene rings of the tolyl units in the ligands (for
instance C(19)—Hg(1) 3.227, C(23)-Hg(1) 3.582, cen-
troid(C(13) - C(19))—Hg(1) 3.361, centroid(C(22)-C(23))—
Hg(1) 3.477 A); however, these seem to be imposed by the
orientation of the ligand periphery of the tripodal amides
rather than being significant in their own right. The corre-
sponding arene—Cd distances are, accordingly, very similar.

The Sn—Cd bond length in the isostructural complex 3 was
found to be 2.6758(1) A which is significantly longer than the
Hg—Sn distance discussed above. Here again, there is no
precedent in the literature as far as metal-metal bonding
between these elements is concerned, however, it is notable
that the lighter element appears to possess the greater ionic
radius. Such an inversion of the atom/ion sizes is quite
common in the chemistry of the early transition elements
which follow the lanthanoid block (e.g. Zr/Hf) and in the
latter case a consequence of the lanthanoid contraction.!'] For
the late transition metals the relativistic contraction of 6s
valence shell in the third-row elements becomes an increas-
ingly important factor. Schmidbaur and co-workers have
found such an inverse relation for isostructural gold(l) and
silver(i) complexes and it is to be assumed that the case at
hand is analogous.['*]

In both complexes the peripheral tolyl groups adopt mutual
edge-to-face orientations so that a total of six m—m inter-
actions (ring centroid—ring centroid 3.839—-4.156 A) encap-
sulate the metal core of the complex. This arrangement is
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reminiscent of the centrosymmetric sextuple phenyl embraces
identified by Dance and co-workers as a supramolecular motif
in {Ph,P*}, complexes!*) and may contribute to the stability of
the dinuclear compounds.

In contrast to the isomorphous compounds 2 and 3, the
X-ray diffraction study of the Sn-Zn-Sn heterodinuclear
complex [MeSi{SiMe,N(p-Tol)};Sn],M (4) established a sig-
nificantly different molecular structure which is depicted in
Figure 2 along with the principal metric parameters.

$i2) = , ]
Qﬁ@g ) L
Si(3) LAk W~
: A c(13
Qy“@/N% ‘(“r)Qb Sn(2)
T/ N cas)
C(19) ¥ C(16)

C(17)
Figure 2. Molecular structure of 4 in the crystal. Selected bond lengths [A]
and interbond angles [°]: Zn—Sn(1) 2.5782(4), Zn—Sn(2) 2.9930(4), N(1)—
Sn(1) 2.086(2), N(2)—Sn(1) 2.069(2), N(3)—Sn(1) 2.071(2), N(4)—Sn(2)
2.357(2), N(5)—Sn(2) 2.337(2), N(6)—Sn(2) 2.123(2), N(4)—Zn 2.044(2),
N(5)—Zn 2.035(2); N(2)-Sn(1)-N(3) 101.60(9), N(2)-Sn(1)-N(1) 100.48(9),
N(3)-Sn(1)-N(1) 102.08(9), N(2)-Sn(1)-Zn 104.07(7), N(3)-Sn(1)-Zn
123.70(6), N(1)-Sn(1)-Zn 120.89(6), N(6)-Sn(2)-N(5) 101.75(9), N(6)-
Sn(2)-N(4) 104.67(9), N(5)-Sn(2)-N(4) 76.04(8), N(6)-Sn(2)-Zn 128.21(7),
N(4)-Sn(2)-Zn  42.90(5), N(5)-Sn(2)-Zn 42.71(6), Sn(1)-Zn-Sn(2)
140.385(13), N(5)-Zn-N(4) 90.29(9), N(4)-Zn-Sn(1) 131.46(7), N(5)-Zn-
Sn(1) 135.92(6), N(4)-Zn-Sn(2) 51.73(6), N(5)-Zn-Sn(2) 51.18(7).

In the crystal, complex 4 comprises two geometrically
inequivalent {MeSi{SiMe,N(p-Tol)};Sn} metal —ligand units.
The tin atom in one of these metallacages is directly bonded
to the zinc atom to form an unsupported Zn—Sn bond
with a bond length of d(Sn(1)—Zn) 2.5782(4) A. A compara-
ble value for a direct Sn—Zn bond has been recently reported
for zinc [bis{3-(dimethylamino)propyl-C,N}tin]bis(dibenzoyl-
methanato)(Sn—Zn) (d(Sn—Zn) 2.634(6) A).lS) In contrast,
the tripodal amido ligand in the second stannate unit acts a
bridging ligand, binding both the tin and zinc atoms. As a
consequence of simultaneous tin and zinc bonding and of the
electron-deficient nature of the zinc atom, the Sn—N bond
lengths in the Cs symmetrical subunit differ considerably from
each other (d(N(4)—Sn(2)) 2.357(2), d(N(5)—Sn(2)) 2.337(2),
d(N(6)—Sn(2)) 2.123(2) A). This is to be compared to the Cs,
symmetrical subunit for which almost equal Sn—N bond
lengths were found (d(N(1)—Sn(1)) 2.086(2), d(N(2)—Sn(1))
2.069(2), d(N(3)-Sn(1)) 2.071(2) A). The latter are also
considerably shorter which we believe to be a consequence
of the coordination of a Lewis acidic metal center to the tin
atom. The shortening of the Sn—N bonds in complexes
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between Sn and transition metals containing this triamido-
stannate cage in comparison to the lithium stannate(i) has
been previously observed. In compound 4 the N—Zn-bonded
stannate unit therefore visibly retains its anionic stannate
character and the complex may be formally described as a
zwitterionic species.

As a result of intramolecular Zn-N coordination (d(N(4)—
Zn) 2.044(2), d(N(5)—Zn) 2.035(2) A) the zinc atom in 4 is
tricoordinate with an additional contact to the second tin
atom (d(Zn—Sn(2)) 2.9930(4) A). The degree of Sn—Zn
bonding across the bridging amido ligand is difficult to assess
but thought to be rather weak.

Owing to the reduced symmetry and the tilting of the Sn(2)
cage with respect to the Sn(1) —Zn axis, the arrangement of its
ligand tolyl groups is also much less symmetrical. In fact, as is
evident in the view of the molecule chosen in Figure 2, one of
the tolyl groups of the Sn(1) triamidotin cage (C(13)-C(19))
is now almost embedded between two of the tolyl groups of
the Sn(2) unit. This places it exactly within the high shift
anisotropy cones of two Sn(2) tolyl fragments, a situation
which is expected to give rise to unusual chemical shifts of the
'"H NMR resonances of this tolyl group if intramolecular Sn—
Zn rotation is frozen out in the low-temperature limit (vide
infra).

The structures and dynamic behavior of the Sn-M-Sn
complexes 2 -4 in solution

For the Sn-Hg-Sn complex 2 the 'H, C, and ?Si NMR
spectroscopic patterns in the spectra recorded at 291 K are
consistent with a threefold symmetry in solution. The
chemical shift of the "Sn NMR resonance of 2 (6=
266.2 ppm) is significantly shifted to lower field compared to
the "°Sn NMR signal of the stannate 1 (6 = —96.3 ppm), and
the Hg NMR signal is observed at d = —267.8 ppm (ext.
standard: HgMe,). We were unable to observe '711°Sn —1“Hg
coupling in solution which is probably due to the rapid
relaxation of the Sn nuclei caused by the quadrupolar “N
environment.

The 'H, BC, #Si, and '"®Sn NMR spectra of the Sn-Zn-Sn
heterodimetallic complex 4, recorded at 291 K, reflect the
reduced symmetry of the system in comparison to its mercury
analogue. The analysis of the signal pattern due to the Si-
bonded methyl groups is particularly instructive (Figure 3a).
The intense, slighly broadened resonance at 6 =0.57 ppm is
attributed to the Si(CHj;), groups and the singlet at d =
0.26 ppm to the apical SiCH; group of the Sn—Zn-bound
stannate cage. Rotation around the Sn—Zn is apparently still
arapid process at this temperature and generates the effective
local threefold symmetry although the visible resonance
broadening indicates a significant activation barrier. In the
second stannate fragment in which the Zn ion bridges the two
amido functions the local symmetry is reduced to mirror
symmetry which gives rise to three proton signals for the
Si(CHj,), units (6 =0.02, 0.06, 0.32 ppm) and the resonance of
the second “apical” Si-CH; group (6 =—0.01 ppm). The
signals of the peripheral tolyl groups lie in the typical range
around 6 =2.2 (CH,;CsH,) and 6.7-7.5 ppm (aromatic pro-
tons). However, at 291 K and below a resonance set of a single
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nucleus possessing a direct Sn—
Zn bond, while the resonance at
higher  field shift (0=
—153.5 ppm) is due to the stan-
nate-type tin nucleus Sn(2).

a(l) a(2)
a(3)

b(1) a(4)

Tol N

Ny dae, B
— SiMe,
Whereas the NMR spectra of
complexes 2 and 4 are consis-
tent with the molecular struc-
tures of both compounds deter-
mined in the X-ray diffraction
experiment, the '"H NMR spec-
trum of the Sn-Cd-Sn complex
3 recorded in [Dg]toluene at
291 K proved to be more com-
plicated. The presence of two

Tol

isomers of complex 3, a sym-
metrical form 3a as found in its

b)

crystal structure, and a nonsym-
metrical form 3b analogous to
the structure found for 4 in the
crystal structure analysis can be
readily inferred from the signal
pattern of the Si-bonded methyl

groups observed at this temper-
ature as well as the detection of
two '»Cd NMR resonances

S YO 263
b 253 JU

(0 =310, 201 ppm; external ref-
erence: Cd(ClO,),/H,0, 1.0 m).

In the methylsilyl chemical
shift range of the 'H NMR
spectrum depicted in Figure 4a
there are eight methyl resonan-

g0 7.0 60 50 40 30 2.0 1.0 0.0 -1.0
8('H)

Figure 3. a) Si(CH;), and SiCH; resonances in the '"H NMR spectrum of 4 recorded at 291 K. b) Variable-

temperature '"H NMR series of complex 4.

tolyl group at unusually high field emerges (0=1.67
(CH;C¢H,) and 5.87, 6.15 ppm (AB system of the aromatic
protons)). We attribute this set of signals to the unique tolyl
group of the Sn(1) fragment in the molecular structure
depicted in Figure 2. The principal changes upon lowering the
temperature to 253 K is the sharpening up of this high field
tolyl resonances due to the freezing out the intramolecular
Sn-—Zn rotation (Figure 3b). This goes along with the splitting
of the Si(CHj), signal at 6 =0.57 ppm into three singlets (0 =
0.58, 0.62, and 0.65 ppm).

This correspondence of the NMR signal pattern with the
molecular structure of 4 found in the solid state is supported
by the observation of five ?Si NMR resonances at 6 = —98.2,
—88.2 (2 x SiMe), — 6.1, 0.5, and 6.0 ppm (3 x SiMe,), and two
1Sn NMR resonances (0 =—153.5 and —91.2 ppm). The
chemical shift of the '"?Sn NMR resonances strongly depends
on the symmetry around the tin nucleus and therefore
changes to lower frequencies upon going from a tetrahedral
to a trigonal-monopyramidal coordination geometry.l'”? Con-
sequently the signal at d = —91.2 ppm is attributed to the tin
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ces in total, of which the signal
at 0 =0.17 ppm is attributed to
the apical Si-CH; group and the
singlet at 0 =0.52 ppm to the
three Si(CHj;), units in each of
the two aminostannate cages of
the symmetrical, linear Sn-Cd-
Sn complex 3a. For the second isomer, 3b, the Sn — Cd bonded
stannate cage appears to undergo rapid internal rotation
around the Sn— Cd axis, generating local threefold symmetry
which is reflected in the two signal pattern of the Si-CH; (6 =
0.26 ppm) and the Si(CHj), (6=0.59 ppm) units. In the
second stannate fragment the local symmetry is reduced to
mirror symmetry due to the bridging of two of the amido N
atoms by the cadmium ion. This leads to three resonances for
the Si(CHj;), groups (6 =0.00, 0.12, 0.36 ppm) and the signal
for the apical methyl group at 6 =0.02 ppm.

The spectrum shown in Figure 4a represents an intermedi-
ate dynamic regime in the equilibrium between the two
isomeric forms 3a and 3b. At 253 K the SiMe, resonance
signal of the Sn—Cd bonded stannate unit in 3b is split
indicating a hindered rotation around the Sn—Cd bond
(Figure 4b). As in the low-temperature 'H NMR spectrum
of the zinc analogue 4, the set of proton signals of one of the
tolyl groups is observed at remarkably high field which we
attribute to the same structural environment as discussed in
detail above. Upon raising the sample temperature to 373 K in
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a3
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* impurity

represented in Figure 5 and is
consistent with the conclusions
drawn from the variable-tem-
perature study.

A comparison of the properties
and the behavior of the Group
12 metals in the Sn—M bonded
complexes 2-4

The use of identical building
blocks in compounds 2-4 al-
lows a meaningful comparison
of these metal-metal bonds.
The metal —metal bonds in the
Sn-Hg-Sn complex 2 is polar
but primarily covalent, as is
evident from the strong de-
shielding of the '"Sn nuclei

1.1

b)

T[X]
373

(60=266.2 ppm) compared to
the the lithium stannate(t) “li-
gand” (0 =-96.3). The linear
arrangement is reinforced by
the relativistic contraction of
the valence 6s shell as is observed
in most mercury compounds.
For the zinc complex, on the
other hand, the chemical shifts

353

of the two '"°Sn NMR resonan-
ces are at high field (6 =—92.8,

333

—155.0 ppm) which indicates
the retention of the stannte(ir)

A 313 |

character of the tin fragment.

Y W %

291

Metal-metal bonding in this

case is thus strongly ionic and

M 2T3

the Sn—Zn bond is to be seen as
a “classical metal —ligand” co-

b,

M 253

ordinative bond. This and the
preference of zinc(11) for higher

coordination numbers explain

7.5 6.5 45 35 25

3('H)

5.5 1.5

the nonsymmetrical molecular
structure for 4 both in solution
and in the solid state. The

Figure 4. a) Si(CH,;), and SiCH; resonances in the 'H NMR spectrum of 3 recorded at 291 K. b) Variable-

temperature '"H NMR series of complex 3.

a variable-temperature series of 'H NMR spectra all reso-
nances coalesce and a high-temperature limit is attained which
has the same spectral pattern as observed for the static Sn-Hg-
Sn complex 2 (Figure 4b). This indicates that at 373 K the
exchange between the two isomers 3a and 3b as well as the
intramolecular exchange of the different u,-bridging Cd-amide
positions in 3b is rapid on the NMR time scale (Scheme 2).

The exchange networks for the Si(CHj;), protons and the
resonances of the apical SiCH; groups in 3 were also studied
by 'H-ROESY spectroscopy. The variant of this method used
in this study was developed by Desvaux and Goldman to
suppress the TOCSY type contributions as well as the COSY
cross peaks.l' The methyl '"H NMR chemical shift region is

Chem. Eur. J. 2002, 8, No. 14
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amido-N coordination of the

zinc(il) center offers a better

match of chemical hardness/
softness of the donor-acceptor interaction,'”! and it is
assumed that this would be the preferred coordination mode
for both stannate units (rendering the zinc tetracoordinate), if
the steric interactions of the peripheral tolyl groups were not
in the way of such an arrangement. Finally, the cadmium —tin
complex 3 represents a heterodimetallic species with an
intermediate bond polarity between those in 2 and 4, as is
evident from the '"Sn NMR chemical shifts found for this
species. In the nonsymmetrical isomer 3b, the ''°Sn nucleus of
the amido-N coordinated stannate fragment resonates at 0 =
—142.7 ppm which is very similar to the equivalent Sn
environment in the Zn—-Sn compound. However, the signal
of the cadmium-bonded tin nucleus in 3 is observed
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Scheme 2. Dynamic interconversion of the isomers 3a and 3b.
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Figure 5. '"H ROESY spectrum recorded at 313 K (¢, =300 ms): The
exchange networks for the Si(CH;), protons and the resonances of the
apical SiCHj; groups in 3 are indicated; * = impurity.

at 0 =—22.2 and thus at considerably lower field than in 4.
The position of 3 between the two extremes 2 and 4 is
additionally manifested in the dynamic behaviour observed in
solution in which the two isomeric forms exchange rapidly.

Conclusion

This study has provided a detailed structural investigation of
tin— Group 12 heterodimetallic complexes and with it the first
structurally characterized Sn—Cd and Sn—Hg bonds. As in our
previous work, the use of the tripodal triamidostannate cage
as a building block for heterodimetallic complexes has proved
not only to yield stable crystalline compounds but allowed the
investigation of a remarkable, decomposition-free dynamic
behavior in solution. This study now provides the basis for a
detailed theoretical analysis of the variation of metal-metal
bonding in such compounds. Our current and future work also
aims at extending this approach to heterometallic arrays
containing oligomercury units bound to the stannates.

3274
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Experimental Section

All reactions were performed in flame-dried glassware under an inert gas
atmosphere of dry nitrogen (desiccant P,O,,, Granusic, J.T. Baker) using
standard Schlenk techniques, or in a glovebox. Toluene, n-pentane,
[Dg]benzene, [Dgltoluene, and [Dg|tetrahydrofuran were distilled prior to
use from sodium potassium alloy and stored under nitrogen in resealable
bulbs. Solids were separated from suspensions by filtration through dried
Celite.

The 'H, 1*C, and '"Sn NMR spectra were recorded on a Bruker Avance 250
and a Bruker AMX 400 FT NMR spectrometer, respectively. The °Si and
1“Hg NMR spectra were recorded on Bruker Avance 250 FT NMR and
AMX 400 spectrometers. 'H and *C NMR data are listed in parts per
million (ppm) relative to tetramethylsilane and were referenced by using
the residual protonated solvent peak ('H) or the carbon resonance (**C).
»Si, °Sn, 3Cd, and ""Hg NMR data are listed in ppm relative to the
external standards tetramethylsilane, tetramethyltin, Cd(ClO,),/H,0O
(1.0 m) and HgMe,, respectively.

In the 'H ROESY experiment!"®! mixing times were varied between 50 and
300 ms (in increments of 50 ms). The spin lock field had a spectral coverage
of 5000 Hz and the off resonance carrier was set at an offset at tgd =yB,/
w =~ 54°. Relaxation delay: 3 s; TD: 2 K, 512 increments. The spectra were
processed after zero filling in both dimensions to 2 K x 2 K and after cos?-
apodization in both dimensions.

Elemental analyses were carried out with a Leco CHNS-932 microanalyzer
and a CE-instruments EA 1110 CHNS-O microanalyzer. The lithium
triamidostannate [MeSi{SiMe,N(p-Tol)};SnLi(OEt,)] (1)!¥! was prepared
according to a literature procedure. The commercially available metal
halides CdCl,, and ZnCl, were dehydrated by means of refluxing in
SOCI, for 24h prior to use and subsequently thoroughly dried in
vacuum.

General procedure for the preparation of Tin— Group 12 heterobimetallic
compounds

Precooled toluene (15 mL) was added to a solid mixture of [MeSi{Si-
Me,N(p-Tol)};SnLi(OEt,)] (1) (733 mg, 1.00 mmol) and the dehydrated
Group 12 metal dichloride (0.50 mmol; ZnCl,: 68.2 mg, CdCL,: 91.7 mg,
HgCl,: 136 mg, respectively) which was cooled to —78°C. The reaction
mixture was warmed up to ambient temperature within a period of 12 h and
subsequently filtered through Celite. The residue was extracted with hot
toluene (20 mL) and the resulting solution was concentrated to about
10 mL. Storage at —50°C afforded the mixed tin heterobimetallic
compound as a microcrystalline solid. The obtained residue was washed
with n-pentane (5 mL) and dried in vacuum.
[(MeSi{SiMe,N(p-Tol)};Sn),Hg] (2): yellow crystals, yield: 511 mg (68 % );
"H NMR (250.13 MHz, [Dg]toluene, 295 K): 6 =0.16 (s, 6 H; SiCHj), 0.52 (s,
36H; Si(CH,),), 2.21 (s, 18 H; CH;C4H,), 6.52 (d, 3y =83 Hz, 12H; H>¢
of CH;C¢H,), 6.71 ppm (d, 3Jyy=83Hz, 12H, H** of CH;CH,);
{'"H}"*C NMR (62.90 MHz, [Dg]toluene, 295 K): 6 =—15.1 (SiCH;), 3.4
(Si(CH;),), 20.5 (CH;C4H,), 124.1 (C*6), 129.9 (C*), 130.6 (C* %), 149.5 ppm
(CY; {H}*Si NMR (49.7 MHz, [Dg]THF, 295K): 6 =—89.8 (SiCHj;),
24 ppm (Si(CH3;),); {'"H}'""Sn NMR (93.3 MHz, [Dg]THF, 295K): 0=
266.2 ppm (Sn-Hg-Sn); {'H}*Hg NMR (44.79 MHz, [Dg|toluene, 295 K):
0=-2678 ppm (Sn-Hg-Sn); elemental analysis (%) caled for
Cs6HgyHgN(SigSn, (M, =1503.98): C 44.72, H 5.63, N 5.59; found: C
45.09, H 5.46, N 5.72.

[(MeSi{SiMe,N(p-Tol)};Sn),Cd] (3): Pale-yellow crystals, yield: 517 mg
(73%); 'H NMR (250.13 MHz, [Dg]toluene, 373 K): 6=0.16 (s, 6H;
SiCHS), 0.42 (s, 36H; Si(CH,),), 2.15 (s, 18 H; CH,C4H,), 6.62 (d, Jyyp=
7.5 Hz, 12H; H* ¢ of CH;C4H,), 6.74 ppm (d, 3/ =75 Hz, 12H; H>® of
CH,GGH,); {'H}®C NMR (62.90 MHz, [Dy]toluene, 291 K): o =—15.0
(SiCH,), —14.9 (SiCH,), — 14.5 (SiCH,), 1.9 (Si(CHs),), 3.4 (Si(CHa),), 4.4
(Si(CHa),), 6.2 (Si(CH,),), 20.5 (CH,C,H,), 20.7 (CH,C4H,), 124.3, 1271,
129.5, 129.8, 129.9, 130.3, 130.8, 131.8, 132.6, 146.4, 147.8, 150.8 ppm
(aromatic tolyl-C); {'H}'3C NMR (62.90 MHz, [Ds]toluene, 363 K): 6 =
~14.9 (SiCH5), 3.8 (br, SiCH,), 20.7 (CH,CH,), 125.7 (br), 130.9 ppm
(aromatic carbons); {'H}*Si NMR (49.69 MHz, [Dg]toluene, 291 K): 6 =
~ 978 (SiCH,), —88.9 (SiCH,), —87.7 (SiCH,), —72 (Si(CHs),), — 1.9
(Si(CH,),), 1.1 (Si(CHa),), 5.0 (Si(CHs),): ['H}'"”Sn NMR (93.3 MHz,
[Dgltoluene, 295 K): 6 =—22.2, —142.7; {'H}'>3Cd NMR ([Dg]toluene,
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295 K): 310, 201; elemental analysis calcd for CssHgCdN¢SigSn, [1415.80]:
C 4751, H 5.98, N 5.94; found: C 47.64, H 6.07, N 5.88.

[(MeSi{SiMe,N(p-Tol)};Sn),Zn] (4): Colorless crystals, yield: 403 mg
(57%); 'H NMR (250.13 MHz, [Dg]toluene, 323 K): 6=0.00 (s, 3H;
SiCH3;), 0.02 (s, 6 H; Si(CH;),), 0.05 (s, 6 H; Si(CHj3),), 0.24 (s, 3H; SiCHj;),
0.30 (s, 6H; Si(CH3),), 0.53 (s, 18 H; Si(CHs),), 2.12 (s, 3H; CH;C¢H,), 2.16
(s, 6H; CH;CsH,), 2.23 (s, 9H; CH;C¢H,), 6.71-7.09 ppm (m, 24H,
CH,;C4H,); {'H}C NMR (62.90 MHz, C,Dq, 323 K): 6 =—15.0 (SiCHj,),
—14.5 (SiCHj), 2.2 (Si(CH;),), 4.3 (Si(CH;),), 5.3 (Si(CHs),), 20.66
(CH;C¢H,), 20.68 (CH5C4H,), 20.71 (CH;C,H,), 117.3, 125.6, 127.2, 129.5,
129.9, 130.2, 130.6, 132.2, 133.2, 145.8, 147.2, 150.6 ppm (aromatic carbons);
{'H}**Si NMR (49.69 MHz, [Dg]toluene, 291 K): 6 = —98.2 (SiCH;), —88.2
(SiCH3;), —6.1 (Si(CHj),), 0.5 (Si(CHj;),), 6.0 (Si(CH;),); {'H}'""Sn NMR
(149.18 MHz, [Dgltoluene, 291 K): 6 =—153.5 (N;-Sn), —91.2 (N;-Sn-
ZnN,); elemental analysis calcd (%) for CssHg,N4SigSn,Zn - 0.5 C;H;CH;
(M,=1414.84): C 50.51, H 6.27, N 5.94; found: C 50.55, H 6.41, N 5.91.

X-ray crystallographic study

The X-ray diffraction data were collected with a Nonius KappaCCD
diffractometer using Moy, radiation (1=0.71073 A) with a Collect data
collection program.?! The Denzo-Scalepack program packagell was used
for cell refinements and data reduction. The structures 2 and 4 were solved
by direct methods by using the SIR97? with the WinGX!?*! graphical user
interface. Structure 3 was solved by the Patterson method by using the
DIRDIF-99 program.? A multiscan absorption correction based on
equivalent reflections (XPREP in SHELXTL version 6.12)1] was applied
to all data (7 ./Tmin Were 0.38729/0.25607, 0.33751/0.30057 and 0.38284/
0.32612 for 2, 3, and 4 respectively). Structures were refined against F?
using the SHELXL97 program.?) All hydrogen atoms were placed in
idealized positions and constrained to ride on their parent atom. The

Table 1. Crystal data and structure refinement for 2, 3, and 4.

asymmetric unit of 4 contains half a molecule of toluene. The solvent
molecule is disordered around the center of symmetry. Carbon atoms of the
toluene molecule were refined isotropically with equal U, and with fixed
carbon—carbon distances. The crystallographic data are summarized in
Table 1.

CCDC-179103 (2), CCDC-179104 (3), and CCDC-179105 (4) contain the
supplementary crystallographic data (excluding structure factors) for the
structures reported in this paper. These data can be can be obtained free of
charge via www.ccdc.cam.ac.uk/conts/retrieving.html (or from the Cam-
bridge Crystallographic Data Centre, 12 Union Road, Cambridge CB2
1EZ, UK; fax: (+44)1223-336033; or deposit@ccdc.cam.ac.uk).
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