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Summary: The reaction between a mixture of Me2Zn and
MeLi with RSi(OH)3 (R ) 2,6-i-Pr2C6H3NSiMe3) in the
presence of N,N,N′,N′-tetramethyl-1,4-phenylenediamine
in THF/hexane leads to the formation of compound
(LZnLiO3SiR)4 (L ) Me2NC6H4NMe2, R ) 2,6-i-Pr2C6H3-
NSiMe3), 1. The molecular structure of compound 1
shows a central planar eight-membered Li4O4 ring,
which is sandwiched between two puckered eight-
membered Zn2Si2O4 rings. The periphery of the central
Li4Zn4Si4O12 polyhedron is surrounded by hydrophobic
groups, explaining the high solubility of 1 in common
organic solvents. This is the first molecular zinc siloxane
compound characterized by single-crystal X-ray diffrac-
tion studies.

Zinc and its compounds are widely used in many
organic reactions and biological studies. The deficiency
of zinc leads to a severe congenital disorder and a large
number of diseases. Excess of zinc is harmful to plants,
animals, and human beings. Recently, a study on the
toxicity of excess zinc in plants, accumulated as zinc
silicate, has been published.1

Willemite and hemimorphite are the two naturally
occurring zinc silicate minerals.2 Manganese incorpo-
rated zinc silicate (willemite) is an important com-
mercial material, due to its high luminescence property,
used in the display industry and for the manufacturing
of electroluminescent devices.3 Zeolites and metal-
incorporated zeolites are used as catalysts and ion
exchangers and are also widely applied in chemical
industries. Zinc-exchanged zeolites (Zn/H-ZSM 5) cata-
lyze aromatization reactions, dehydrofluorination, de-

hydrochlorination, and conversion of methyl iodide to
hydrocarbons.4

Recently, our research group has synthesized soluble
metallasiloxane compounds which can be precursors
for metal silicates and mixed metal oxide systems.5
Earlier, we have reported on three-dimensional alumi-
num siloxanes (Al4Si4O12 and Al4Si2O6) having a similar
framework to that of a naturally occurring aluminum
silicate and aluminum-containing zeolite systems
(gismondine).5b,c A few zinc siloxanes prepared by the
reaction of Me2Zn and R3SiOH (R2Si(OH)2) have been
reported in the literature.6-8 However, to the best of our
knowledge there are no reports on a reaction of Me2Zn,
MeLi, and RSi(OH)3. Herein, we report on the synthesis
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and single-crystal X-ray structure analysis of a soluble
ionic zinc siloxane polyhedron, 1.

Compound (LZnLiO3SiR)4 (L ) Me2NC6H4NMe2, R )
2,6-i-Pr2C6H3NSiMe3) (1) is prepared by the addition of
a mixture of THF solution of Me2Zn and MeLi, in 1:1
ratio, to a suspension of RSi(OH)3 in hexane at room
temperature (Scheme 1).9 The reaction proceeds with
the evolution of methane gas. Our attempt to crystallize
the resultant compound from the solvent mixture has
not been successful. Addition of N,N,N′,N′-tetramethyl-
l,4-phenylenediamine (L) is necessary to obtain single
crystals of 1 suitable for X-ray structural analysis.
Compound 1 is soluble in common organic solvents such
as hexane, diethyl ether, and THF.

Compound 1 has been fully characterized by means
of analytical, spectroscopic,10 and single-crystal X-ray
diffraction studies.11 The absence of a broad band
between 3000 and 4000 cm-1 in the IR spectrum
indicates the involvement of three -OH groups of the
silanetriol in the reaction. The 1H NMR spectrum of
compound 1 (in C6D6 or THF-d8) shows broad reso-
nances; hence it is difficult to deduce the structure of
the siloxane 1 in solution. The variable-temperature 1H
NMR spectrum gives no further information. We as-
sume that the broadening of the resonances in the 1H
NMR is due to the dynamic process and skeletal
rearrangement of 1 in solution. Moreover, no peak

(9) Synthesis of 1: A mixture of solutions of MeLi (2.4 mL of a 1 M
solution in diethyl ether, 3.87 mmol) and Me2Zn (1.9 mL of a 2 M
solution in toluene, 3.87 mmol) in tetrahydrofuran (5 mL) was slowly
added at room temperature to a suspension of RSi(OH)3 (1.27 g, 3.87
mmol) in hexane (40 mL). The reaction mixture was stirred for 10 min
and refluxed for 1.5 h. After cooling the solution to room temperature
N,N,N′,N′-tetramethyl-l,4-phenylenediamine (L) (0.64 g, 3.87 mmol)
was added and stirred for another 1 h. The solution was filtered and
concentrated to one-third of its volume. Colorless crystals were
obtained at 0 °C from the concentrated solution (0.92 g, 42%).

(10) Characterization Data for Compound 1: Mp: 148 °C dec. IR (vj,
cm-1): 1617, 1521, 1321, 1260, 1250, 1209, 1182, 1093, 1054, 1027,
967, 952, 913, 882, 836, 805, 736, 773, 682, 659, 599, 545, 466. 1H NMR
(500.13 MHz, C6D6, 25 °C, TMS): δ 0.36 (br, 36H, Si(CH3)3), 1.19 (br,
48H, CH(CH3)2), 2.81 (s, 48H, NCH3), 3.80 (br, 8H, CH(CH3)2), 6.70
(s, 16H, LArH), 6.90 (br, 12H, ArH). 29Si NMR (99.36 MHz, C6D6, 25
°C, TMS): δ 2.13 (br, Si(CH3)3), -64.8 (br, SiO3). MS (EI, 70 eV): m/e
(%) 162 (2, 6-i-Pr2C6H3, 100%), 177 (2, 6-i-Pr2C6H3NH2, 38%). Anal.
Calcd for C100H168Li4N12O12Si8Zn4: C, 53.46; H, 7.48; N, 7.48. Found:
C, 53.98; H, 7.78; N, 7.77. A single 1H resonance of the NMe2 groups
indicates a rapid exchange of the ligand at Zn.

(11) Crystal Data for Compound 1‚C6H14: The single crystals suitable
for X-ray diffraction studies of compound 1‚C6H14 were obtained from
the reaction mixture at 0 °C. Diffraction data were collected on a IPDS
II Stoe image-plate diffractometer with graphite-monochromated Mo
KR radiation (λ ) 0.71073 Å). The structure was solved by direct
methods (SHELX-97)13 and refined against F2 on all data by full-matrix
least squares with SHELX-97.14 The heavy atoms were refined
anisotropically. Hydrogen atoms were included using the riding model
with Uiso tied to Uiso of the parent atoms. Other details of the data
collection, structure solution, and refinement are given as follows.
Crystal data: C106H182Li4N12O12Si8Zn4, Mr ) 2330.60, monoclinic, space
group P21/n, a ) 24.7513(5) Å, b ) 19.9986(4) Å, c ) 25.2954(5) Å, V
) 12339.8(4) Å3, R ) γ ) 90°, â ) 99.7590(10)°, Z ) 4, Fcalcd ) 1.254
mg/m3, F(000) ) 4968, T ) 133(2) K, µ(Mo KR) ) 0.904 mm-1. Crystal
size (mm) ) 0.4 × 0.4 × 0.4. The data were collected using the ω-scan
mode in the range 1.31 e θ e 24.84, -29 e h e 29, -23 e k e 23, -29
e l e 29. Of 202 689 reflections collected, 21 207 were unique. Final
R1 (I > 2σ(I)) ) 0.0299; wR2 (all data) ) 0.0813. Maximum and
minimum heights in the final Fourier difference map were 0.650 and
-0.453 e‚A-3.

Figure 1. Molecular structure of 1. Hydrogen atoms have been omitted for clarity.

Scheme 1. Synthesis of Ionic Zinc Siloxane (1)
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attributable to the molecular ion of 1 can be observed
in the EI mass spectrum. Only smaller fragment ion
peaks are found.

Compound 1 crystallizes in the monoclinic space
group P21/n with one molecule of hexane in the asym-
metric unit. The molecular structure of compound 1
shows a planar central eight-membered Li4O4 ring,
which is sandwiched between two puckered eight-
membered Zn2Si2O4 rings. Each of the four lithium
atoms is coordinated to four oxygen atoms. There are
no solvent molecules coordinated to lithium. The oxygen
atoms in the two eight-membered Zn2Si2O4 rings are
bridged to zinc, silicon, and lithium atoms in a µ3-O

fashion, whereas oxygen atoms in eight-membered Li4O4
cycles are bridged in a µ4-O fashion. Each zinc atom is
coordinated to one of the N atoms of the amine (Figure
1). The periphery of the central Li4Zn4Si4O12 polyhedron
is surrounded by hydrophobic groups, explaining the
high solubility of 1 in common organic solvents.

Selected bond lengths and bond angles of compound
1 are given in the legend of Figure 2. The average Si-O
bond length in compound 1 is 1.624 Å. This is slightly
longer than those reported for group 13 metallasiloxane
compounds. The average Zn-N (2.120 Å) bond length
is comparable to that in similar compounds reported in
the literature.12 The shortest Zn-O bond distance is
observed for the Zn-µ3-O bond (∼1.899 Å), and the
longest is observed for the Zn-µ4-O (∼2.023 Å). Simi-
larly, the two different short and long bond distances
for Li-O were also noticed (Li-µ3-O ) 1.998(3), 2.016-
(3) Å, Li-µ4-O ) 2.029(3), 2.089(3) Å). A similar Li-O
bond length for group 13 metallosiloxanes has also been
reported.

In this note, we have given a facile method for the
preparation of a highly organic soluble zinc siloxane 1.
Compound 1 can be a potential starting material for the
preparation of zinc-containing silicates and mixed metal
oxide systems.
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Figure 2. Structure of the central core of 1. Selected bond
lengths (Å) and bond angles (deg): Zn(1)-O(1) ) 2.023(1),
Zn(1)-O(4) ) 1.905(1), Zn(1)-O(10) ) 1.890(1), Si(1)-O(1)
) 1.640(1), Si(1)-O(2) ) 1.620(1), Si(1)-O(3) ) 1.609(1),
Li(1)-O(1) ) 2.029(3), Li(1)-O(2) ) 2.016(3), Li(1)-O(10)
) 2.009(3), Li(1)-O(11) ) 2.053(3); O(3)-Zn(3)-O(8) )
1.383(5), O(3)-Zn(3)-O(5) ) 97.63(5), O(8)-Zn(3)-O(5) )
98.98(5), O(1)-Zn(1)-N(1) ) 103.97(6), O(1)-Si(1)-N(9)
) 112.16(7).
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