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Summary: The sodium siloxides (tBuzSiONa), and (tBuz-
PhSiONa), can be synthesized almost quantitatively
from the reaction of the sodium silanides tBusSiNa and
tBu,PhSiNa with N2O in tetrahydrofuran at —78 °C.
(tBusSiONa)4 and (tBu,PhSiONa), are the first struc-
turally characterized sodium siloxides featuring a het-
erocubane framework in the solid state. X-ray quality
crystals of the supersilanol, tBuzSiOH (monoclinic, C2/
c), were obtained from the thermolysis of tBusSiNaN—
N=NSitBus in the presence of water.

Introduction

Low-coordinate early transition metal complexes con-
taining Si—O—M units have attracted recent attention
due to their chemical properties.! The angle of the Si—
O—M linkage and the metal—oxygen bond length are
the typical criteria for assessing the metal—siloxide
bond order. An Si—O—M bond angle that is near
linearity indicates a significant z-interaction. In this
case, the siloxide can act as a six-electron donor similar
to cyclopentadienide. Using bulky ligands such as
cyclopentadienide or tri-tert-butylsiloxide (supersil-
oxide), tBuzSiO~, low-coordinate, reactive metal centers
can be stabilized. Previous investigations indicated
supersiloxide to possess a cone angle greater than 120°
(cyclopentadienide ~130°).2

Tri-tert-butylsilanol (supersilanol), tBuszSiOH, was
invented by Dexheimer, Spialter, and Weidenbruch
more than 20 years ago and is today well-established
as a ligand in coordination chemistry.? Several synthe-
ses of supersilanol, tBuszSiOH, have recently been
reported, as shown in Scheme 1: (i) reaction of super-
silane, tBuzSiH, with KOH in methanol,* (ii) treatment
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Scheme 1
0]
tBu,SiH + KOH
_H2
(i)
tBu3SiO3SCF3 + NaOH BuSiOH
- N803SCF3 1a
(iii)
tBu3SiNNa-N=NSitBu3 + Hzo
_N2
- tBU3SINH,

of supersilyltriflate, tBu3SiO3SCF3, with NaOH;> and
(iti) thermolysis of tBusSiNaN—N=NSitBus, sodium
bissupersilyltriazenide, in the presence of water.®

In this paper, the syntheses and structural charac-
terization of the sodium siloxides tBusSiONa and tBus-
PhSiONa are described. When tBu,PhSiONa is em-
ployed as a ligand of transition metal complexes, some
novel peculiar properties can be expected. Perhaps the
most interesting feature of the new ligand, tBu,PhSiO™,
is its ability to coordinate a second metal center via its
phenyl group. Finally we report here the crystal struc-
ture of a supersilanol adduct with 18-crown-6 (1a(18-
crown-6)).

Results and Discussion

In contrast to the well-established trimethylsiloxides
and tris(trimethylsilyl)siloxides” (hypersilylsiloxides),
only a limited number of supersiloxides have been
structurally characterized by X-ray crystallography.
Crystals of the supersilanol adduct 1la(18-crown-6)
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Table 1. Selected Data for 1a, 1b, 2a, 2a(THF),, and 2b

1H NMR (C¢Dg), 6

13C NMR (CgDg), 6 295ji NMR (C¢Dg), 6

la 1.082 (s; 3 tBu)

7.599 (m; 2H m-Ph)
2a 1.176 (s; 3 tBu)
2a(THF),11  1.161 (s; 3 tBu), 1.412 (m; 4 CH)),
3.590 (m; 4 OCHy)

7.736 (m; 2H m-Ph)

Scheme 2
(i)
10 tBu3SiNa + 6 O, 8 tBu3SiONa + tBu;Si-SitBus
-2 NaO,
(i)
R3SiNa + N,O I R3SiONa
-iN2

2a: R3Si = tBu3Si
2b: R3Si = tBuyPhSi

were obtained from the thermolysis of tBusSiNaN—N=
NSitBuz in the presence of water, as indicated in
Scheme 1.

The synthesis of tBusSiONa was achieved in two
different ways, as depicted in Scheme 2: oxidation of
(i) tBuzSiNa8 with O, at ambient temperature; (ii) tBus-
SiNa with N>,O at —78 °C.

The synthesis of 2a according to method 2 is prefer-
able to method 1, because 2a is obtained in high purity
and very good yield without tBusSi—SitBus as byprod-
uct. Obviously, in the solution the bulky silanide, tBus-
SiNa, undergoes Si—0O bond forming reactions with N,O
as HsSi™ or MesSi™ does in the gas phase. Ab initio
calculations for the reaction of H3Si~ with N,O suggest
a complex reaction pathway.®

In a similar way, the siloxide 2b can be obtained
almost quantitatively from the sodium silanide tBug-
PhSiNal® with N,O in tetrahydrofuran at —78 °C.
Removal of the solvent in vacuo gave the solid siloxides
2a and 2b, which were extracted with heptane. These
heptane extracts yielded colorless crystals of the sil-
oxides 2a and 2b, which are still only moderately
sensitive to moisture. The tetrahydrofuran adduct 2a
could be crystallized from a solution of 2a in tetrahy-
drofuran or in pentane/tetrahydrofuran (see eq 1).1!

Q SiR3

ReSi. o
\_SiR3 \ /
N%’—i_é{'éa +THF CO‘N?‘C.’

Oflllé “siR ~“ ./O—Na\—OG o
ReSi” 3 -THF RsSi @

2a 2a(THF),

R3Si = tBu;Si

For the preparation of siloxides it is generally advan-
tageous to combine the appropriate silanides and N,O
at low temperature. For the synthesis of 1a and 1b, the
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22.7 (s; CMe3), 29.8 (s; CMe3)
1b 0.970 (s; 2 tBu), 7.161 (m; 3H o/p-Ph),  20.5 (s; CMes), 28.2 (s; CMe3), 128.4
(s; m-Ph), 129.2 (s; p-Ph), 134.8 (m; 0-Ph), 136.6 (s; i-Ph)
23.4 (s; CMe3), 31.5 (s; CMe3).
23.4 (s, 3 CMe3), 31.6 (s, 3 CMeg3), 25.3 (s, CHy),
68.0 (s, OCHy)
2b 1.076 (s; 2 tBu), 7.198 (m; 3H o/p-Ph),  21.0 (s; CMe3), 29.5 (s; CMe3z), 128.1 (s; m-Ph),
129.2 (s; p-Ph), 134.3 (m; 0-Ph), 138.0 (s; i-Ph)

9.80 (s; SitBus)
2.02 (s; SiPhtBuy)

—6.17 (s; SitBug).
—5.10 (s, SitBus)

—6.62 (s; SiPhtBuy)

Figure 1. Thermal ellipsoid plot of 1a showing the atom-
numbering scheme. The displacement ellipsoids are drawn
at the 50% probability level.

sodium siloxides 2a and 2b were protonated with 1
equiv of water as indicated in eq 2.

R;SiONa + H,0 R4SiOH ()

-NaOH
2a: R,Si = tBujSi
2b: R3Si = tBuyPhSi

The NMR spectra of 2a and 2b exhibit the same
general features. The most remarkable difference be-
tween the sodium siloxides 2a and 2b on one hand and
the silanols 1a and 1b on the other hand is manifested
in an upfield shift of the 2°Si resonances of 2a and 2b.
In comparison to the 'H NMR spectra of sodium
siloxides, a significant upfield shift of the tBu proton
resonance is observed for the silanols 1a and 1b. Table
1 shows the NMR data in detail.

Figure 1 represents the molecular structure of the
silanol la. 1la (monoclinic, C2/c) cocrystallizes in an
equimolar ratio with 18-crown-6 and water. The dis-
tance of 1.6407(14) A represents a characteristic value
for an O—Si bond. The crystal packing shows three
intermolecular O---H---O contacts between the silanol,
water, and the crown-ether (O---H---O distances: O(1)—
O(1W) 2.715(2) A, 0(42)—0(1W) 2.982(2) A, O(48A)—
O(1W) 3.040(2) A). The crystal structure of 2a is shown
in Figure 2 (2b is analogously structured to 2a); the
selected bond lengths and angles are listed in Table 3.
X-ray quality crystals of 2a (triclinic, P1) and 2b
(triclinic, P1) were grown from heptane. The central
cores of sodium siloxides 2a and 2b possess a distorted
heterocubane structure. The corners of these cubes are
alternately occupied by O and Na atoms (2a: O—Na—0
98.2(2)°, Na—O—Na 81.4(2)°; 2b: O—Na—0O 96.1(2)°,

(11) Lerner, H.-W.; Wiberg, N.; Borrmann, H.; Simon, A. Unpub-
lished work: Crystal data for tBuzSiONa(THF),: CyoHa3NaO3Si,
monoclinic, space group P2i/c, a = 23.506(5) A, b = 17.512(4) A, ¢ =
23.624(5) A, a = 90°, 8 = 105.41(3)°, y = 90°.
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Table 2. Crystal Data and Structure Refinement for 1a, 2a, 2a(tBusSiSitBus)os, and 2b

la 2a(tBusSiSitBus)os 2a 2b
empirical formula C13H4205Si C63H133N404Si5 C48H103Na4048i4 *(C7H15) C55H92Na4045i4
color colorless colorless colorless colorless
shape plate block plate needle
fw 366.61 1192.14 1003.76 1033.62
cryst syst monolinic cubic triclinic triclinic
space group C2/lc P2,3 P1 P1
a, A 35.058(3) 24.612(3) 13.182(2) 12.288(2)
b, A 8.7226(8) 24.612(3) 13.297 (2) 12.335(2)
c, A 15.150(1) 24.612(3) 21.319(3) 24.072(3)
o, deg 90 90 73.45(1) 96.53(1)
p, deg 100.583(7) 90 87.01(1) 96.44(1)
y, deg 90 90 62.62(1) 111.75(1)
volume, (A3), 2 4554.0(6), 8 14909(3), 8 3167.1(8), 2 3319.5(9), 2
density(calcd), Mg/m3 1.069 1.062 1.053 1.034
abs coeff (Mo Ka), mm~1 0.124 0.159 0.158 0.153
F(000) 1632 5296 1114 1120
cryst size, mm3 0.73 x 0.71 x 0.28 0.32 x 0.28 x 0.16 0.20 x 0.20 x 0.08 0.18 x 0.10 x 0.08
diffractometer Siemens SMART-CCD Siemens SMART-CCD Stoe-1PDS-11 Stoe-1PDS-11
0-range, deg 2.41-27.48 1.43—25.33 1.79—25.03 0.86—25.24
index ranges —44 < h < 44, —29 < h = 29, —14 < h = 15, —14 < h < 14,
—10 = k = 11, —29 < k = 29, —15 < k = 15, —14 < k =< 14,
-19=<1=<18 —29=<1=29 —-25=<1=25 —28=<1=<28
no. of reflns collected 39713 150 838 36 569 30 066
no. of ind reflns 5141 9115 11178 11873
R(int) 0.0385 0.1526 0.0981 0.1343
abs corr empirical, SADABS empirical, SADABS empirical, MULABS empirical, MULABS
Tmin, Tmax 0.915, 0.966 0.951, 0.975 0.969, 0.988 0.973, 0.988
no. of data/restraints/ 5141/0/229 9115/0/457 11 178/0/577 11 873/23/650
params
goodness of fit on F2 1.026 1.007 0.892 0.778
final R indices [I > 20(1)], 0.0541, 0.1483 0.0611, 0.1051 0.0965, 0.2152 0.0777,0.1914
R1, wR2
largest diff peak/hole,e A3 0.864, —0.329 0.229, —0.247 0.737, —0.466 1.071, —0.422
Na—0O—Na 83.6(2)°). In and between both compounds, Table 3. Selected Bond Lengths (A) and Angles
L 2 . (deg) for 1a2
no significant variations between the O—Si bonds are
observed (2a: O—Si 1.612(5) A; 2b: 0—Si 1.617(5) A). Si(1)—O(1) 1.6407(14)
However, the O—Si distances in 2a and 2b are shorter 2:83—28 ig%gg
than in 1a. 2a cocrystallizes with heptane in the triclinic Si(1)—C(1) 1:924(2)
space group P1 and with tBusSi—SitBus in the cubic O(1)—H(1) 0.72(3)
space group P2,3. 0(1)-Si(1)-C(3) 107.14(9)
0(1)-Si(1)-C(2) 102.53(8)
O(1)-Si(1)—C(1) 108.73(8)

C-Si—-C

112.58(10) (av)

a2 Symmetry transformations used to generate equivalent at-
oms: #1 —x+1/2, —y+3/2, —z+1.

Table 4. Selected Bond Lengths (average) (A) and

Angles (av) (deg) for 2a and 2b#

2a 2b

Na—0 2.308(6) 2.294(6)
O-Si 1.612(5) 1.617(5)
Si—C 1.950(10) 1.913(12)
0-Na-0 98.2(2) 96.1(2)
Na—O—Na 81.4(2) 83.6(2)
Si—O—Na 131.2(3) 128.7(3)
C-Si—C 109.4(4) 108.6(7)

a2 Symmetry transformations used to generate equivalent at-
oms: #1 —x+1, —y, —z+1.

The supersilanol 1a shows a C—Si—C angle greater
than 110° (la: 112.58(10)°), indicating a positively
polarized Si atom.? The smaller C—Si—C angle (109.4-
(4)°) in the siloxide 2a indicates that more negative

charge than in 1a is located at the silicon center.

Figure 2. Thermal ellipsoid plot of 2a showing the atom-

numbering scheme. The displacement ellipsoids are drawn
at the 50% probability level. 2b is analogously structured

to 2a.
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Experimental Section

General Procedures. All experiments were carried out
under dry argon with strict exclusion of air and moisture using
standard Schlenk techniques. tBusSiNa,® tBu,PhSiNa,° and
la(18-crown-6)** were prepared according to literature pro-
cedures. The solvents (benzene, heptane, toluene, tetrahydro-
furan) were distilled from sodium/benzophenone prior to use.

The NMR spectra were recorded on a Bruker AM 250, a
Bruker DPX 250, and a Bruker AMX 400 spectrometer. The
29Si NMR spectra were recorded using the INEPT pulse
sequence with empirically optimized parameters for polariza-
tion transfer from the tBu substituents.

Synthesis of (tBuzSiONa), (2a). N,O (25.0 mmol) was
passed through a cooled (—78 °C) solution of tBusSiNa in
tetrahydrofuran (10 mL, 0.5 M, 2.5 mmol). The reaction
mixture became colorless. After heating to room temperature
the solvent was removed in vacuo. The solid reaction product
was extracted into 10 mL of heptane. X-ray quality crystals
of 2a were grown from this heptane solution at —25 °C. Yield:
95%. Selected data for 2a: thermal decomposition of 2a: 107
°C; NMR data are listed in Table 1. Anal. Calcd for Cio.H7-
SiONa (238.42): C, 60.45; H, 11.42. Found: C, 60.54; H, 11.23.

Synthesis of (tBu,PhSiONa), (2b). 2b was prepared
similary to 2a from tBu,PhSiNa (1.6 mmol) and N,O (16.0
mmol). Yield: 93%. Selected data for 2b: thermal decomposi-
tion of 2b: 95 °C; NMR data are listed in Table 1. Anal. Calcd
for C14H23SiONa (258.41): C, 65.07; H, 8.97. Found: C, 65.59;
H, 9.04.

Synthesis of tBuzSiOH (1a). To a solution of 2a (0.097 g,
0.41 mmol) in 10 mL of CH,Cl, was added 10 mL of a saturated
aqueous solution of (NH,4).SO,. This reation mixture was well-
shaken in a separation funnel. From the organic layer all
volatile compounds were removed in vacuo, leaving a colorless
oil behind. Yield: 92%. NMR data for 1a are listed in Table 1.

Synthesis of tBu,PhSiOH (1b). 1b was prepared similary
to 1a from tBu,PhSiONa (0.071 g, 0.28 mmol) and H,O (16.0
mmol). Yield: 94%. NMR data for 1b are listed in Table 1.

Reaction of tBusSiNa with Oxygen. Through a solution
of tBusSiNa(THF), (1.0 mmol) in 5 mL of benzene a stream of
oxygen gas was passed at ambient temperature. After 30 min

Notes

2a and as minor products superdisilane, tBusSiSitBus,*® and
supersilane, tBusSiH,*® were formed (*H, #C, 2°Si NMR
spectroscopical control molar ratio: 4:2:1). X-ray quality
crystals of 2a(tBusSiSitBus)os were grown by storing this
benzene solution at room temperature. tBusSiSitBus: *H NMR
(CsDs, internal TMS): 6 1.363 (s; 6 tBu). 3C{*H} NMR (C¢Ds,
internal TMS): 6 27.3 (s; CMe3), 6 34.6 (s; CMes). 2°Si{*H}-
NMR (C¢Ds, external TMS): 6 35.4 (s; 2 SitBus). tBusSiH: H
NMR (C¢Ds, internal TMS): 6 1.118 (s; 3 tBu), 60 3.504 (s; 1
SiH). BC{*H} NMR (CgDg, internal TMS): 6 21.0 (s; CMe3), 6
30.8 (s; CMez). 2°Si{*H}NMR (CgDs, external TMS): 6 17.8 (s;
SitBus).

X-ray Structure Determination. Data Collection: Stoe-
IPDS-11 and Siemens CCD three-circle diffractometer, graphite-
monochromated Mo Ka radiation; T = 173 K, empirical
absorption correction using SADABS,'* structure solution by
direct methods,*> structure refinement by full-matrix least-
squares on F? with SHELXL-97.1% Hydrogen atoms were placed
on ideal positions and refined with fixed isotropic displacement
parameters using a riding model.
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