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Summary: The hexasilsesquioxanes (RSiO;5)s (1, R =
1,1,2-trimethylpropyl; 2, R = tert-butyl) were synthesized
by a new method: condensation of the corresponding
silanetriol, RSi(OH)s, or 1,1,3,3-tetrahydroxydisiloxane,
(HO)2RSIiOSIR(OH),, using dicyclohexylcarbodiimide
(DCC) as a dehydrating reagent in DMSO or DMF.

Introduction

As a continuing study on the synthesis and properties
of silicon polyhedral compounds,! we have been inter-
ested in the construction of a strained spherical silses-
quioxane bearing bulky substituents. Most of the
previous works on spherical silsesquioxanes have dealt
with the synthesis and structure determination of
octasilsesquioxanes (RSiO;5)g?®? and related com-
pounds.?® For the smaller compounds of the family,
hexasilsesquioxanes, no members other than hexakis-
(cyclohexylsilsesquioxane) and silicates® are, however,
known. Although the synthesis of hexakis(cyclohexyl-
silsesquioxane) was first reported in 1965,%2 its X-ray
structure was determined only in 1994 by Molloy and
et al.*¢ Their synthetic method was similar to that of
the previous reports.#2? Thus an acetone solution of
cyclohexyltrichlorosilane was treated with water for 4
months to give hexakis(cyclohexylsilsesquioxane) in 10%
yield. As in other cases,? synthesis of silsesquioxanes
by the hydrolysis of trichlorosilanes is straightforward
but requires a long reaction time. Here we report the
synthesis of the hexasilsesquioxanes (RSiO;15)s (1, R =
1,1,2-trimethylpropyl, denoted Thex or thexyl hereafter;
2, R = tert-butyl) with shorter reaction time and higher
yield. The following new method is presented: conden-
sation of the corresponding silanetriols or 1,1,3,3-
tetrahydroxydisiloxane using dicyclohexylcarbodiimide
(DCC) as a dehydration reagent.

Results and Discussion

Usually with bulky substituents, silanetriol and
1,1,3,3-tetrahydroxydisiloxane are stable to condensa-
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tion and can be isolated.5>~7 So far, the crystal struc-
tures of cyclohexylsilanetriol, % (Me3Si)3CSi(OH)3,%° (Mez-
Si)3SiSi(OH)3,%° t-BuSi(OH)3,% and (HO),(t-Bu)SiOSi(t-
Bu)(OH),” have been reported. In view of these preceding
results, we have attempted to prepare hexasilsesquiox-
anes by dehydrative condensation of the corresponding
silanetriol or tetrahydroxydisiloxane. Preparation of
ThexSi(OH)3 (3) was effected by following the procedure
previously reported by Takiguchi.® Thus, by reaction
of ThexSiCls with aniline and water, 3 was obtained in
64% vyield. Tetrahydroxydisiloxane (HO),ThexSiOSi-
Thex(OH), (4) was also prepared from ThexSiCl3 using
the method of Sommer and Tyler.? The reaction of
ThexSiCl; with KOH/SiO, in EtOH gave 4 in 47% yield.
The identification of 3 and 4 was made by spectroscopic
methods (*H, 13C, and 2°Si NMR, IR, and MS). Both 3
and 4 are remarkably stable and can be handled without
problems. They show good solubility in dimethyl sul-
foxide (DMSO) and dimethylformamide (DMF). Prepa-
ration and identification of t-BuSi(OH)3 (5) and (HO)(t-
Bu)SiOSi(t-Bu)(OH), (6) were accomplished by following
the methods of Roesky et al.® and Lickiss et al.”

For the synthesis of silsesquioxanes, dicyclohexylcar-
bodiimide (DCC) was used as a dehydrating reagent.
We used DMSO or DMF as solvent because of the good
solubility of the starting silanols. This procedure
required slightly forcing conditions, but the reaction was
complete in several days. Thus after 72 h at 120 °C, 3
reacted with DCC in DMSO to give hexakis(thexylsil-
sesquioxane) (ThexgSisOg, 1) in 41% yield. Purification
of 1 was easily effected by the workup as follows. The
reaction mixture was poured in hexane and water and
separated to remove DMSO, remaining DCC, and di-
cyclohexylurea. Then the organic phase was concen-
trated and triturated from acetone to give pure 1. The
other fractions of the workup process were carefully
analyzed, and only incompletely condensed silanols were
observed. In DMF, 1 was obtained in 34% yield. A
similar reaction occurred with 4, and 1 was obtained in
38% yield in DMSO and 38% yield in DMF. With tert-
butyl-substituted compounds, the reaction proceeded in
like manner and the desired hexakis(tert-butylsilses-
quioxane) (t-BugSigOg, 2) was obtained in 26% yield from
5 and 25% vyield from 6. As in the case of 1, no other
silsesquioxanes (Tg or T1o) were obtained. The reaction
pathway is shown in Scheme 1.
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The 2°Si NMR spectra of 1 and 2 show single peaks,
indicating a highly symmetrical structure. Chemical
shifts were —55.1 ppm for 1 and —54.3 ppm for 2; both
values are in agreement with that of hexakis(cyclohexyl-
silsesquioxane) (—56.2 ppm, ref 3b). In addition, sup-
porting the symmetrical structures, the 'H and 13C
NMR spectra show only one kind of substituent on Si
is present. Finally, the mass spectra indicate that these
compounds are hexasilsesquioxanes (see Experimental
Section). The framework of 1 was also confirmed by
X-ray crystallography.1°

In summary, a new synthetic method for the prepara-
tion of cage polysiloxanes utilizing dicyclohexylcarbo-
diimide was demonstrated. This method opens a new
route to more controlled synthesis of cage siloxanes.

Experimental Section

Fourier transform nuclear magnetic resonance spectra were
obtained by a JEOL Model a-500 (*H at 500.00 MHz, 3C at
125.65 MHz, and 2°Si at 99.25 MHz). Chemical shifts are
reported as & units (ppm) relative to SiMe4, and residual
solvents peaks were used for standards. For 2°Si NMR, SiMe,
was used as an external standard. El mass spectrometry was
performed with a JEOL JMS-D300. Infrared spectra were
measured with a JASCO A-102 spectrometer, and polystyrene
film was used for the standard.

Preparation of (1,1,2-Trimethylpropyl)silanetriol (3).
Thexyltrichlorosilane!! (12 g, 55 mmol) in ether (100 mL) was
added dropwise to a vigorously stirred emulsion of water (3.2
mL, 0.18 mol) and aniline (17 mL, 0.18 mol) in ether (200 mL)
at 0 °C. The mixture was then stirred for 12 h at room
temperature. Warm hexane (10 mL) was added, and the
mixture was filtered rapidly through a glass filter. The solid
obtained from concentration of the filtrate was recrystallized
from acetone to give 3 (5.8 g, 64%).

3: colorless crystals; mp 142 °C (sublimed), 165—168 °C
(sealed capillary); *H NMR (DMSO-dg) ¢ 0.81 (s, 6H), 0.84 (d,
6H, J = 6.7 Hz), 1.55 (sept, 1H, J = 6.7 Hz), 5.66 (s, 3H); 13C
NMR (DMSO-dg) ¢ 18.7, 21.2, 24.0, 33.8; 2°Si NMR (DMSO-
de) dsi —42.4; IR (KBr) 3100, 2950, 1470, 1370, 1100, 840 cm™%;
MS (70 eV) m/z 164 (M*, 15) 79 (100). Anal. Calcd for CeHae-
SiOs: C, 43.87; H, 9.82. Found: C, 43.56; H, 9.86%.

Preparation of 1,3-Bis(1,1,2-trimethylpropyl)-1,1,3,3-
tetrahydroxydisiloxane (4). Thexyltrichlorosilane (4.0 g,
18 mmol) was added dropwise to a mixture of ethanol (58 mL),
SiO; (8.3 g), KOH (50 mg, 0.9 mmol), and water (3 mL) over
45 min at room temperature. The reaction mixture was then
heated at reflux for 24 h. Ether was added to the mixture.
After filtration, the filtrate was washed with water and the
aqueous layer was extracted three times with ether. The
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Notes

combined organic phase was dried and evaporated to give a
white solid that was recrystallized from 2-butanone to give 4
(yield 1.3 g, 47%).

4: colorless crystals; mp 164 °C (sublimed), 193—197 °C
(sealed capillary); *H NMR (DMSO-dg) 6 0.83 (s, 12H), 0.85
(d, 3 = 6.9 Hz, 12H), 1.62 (sept, J = 6.9 Hz, 2H), 5.63 (s, 4H);
13C NMR (DMSO-dg) 6 18.6, 20.9, 23.9, 33.4; 2°Si NMR (DMSO-
ds) dsi —51.2; IR (KBr) v 3250, 2875, 1465, 1385, 1150, 840
cm~; MS (70 eV) mi/z 225 (M* — thexyl, 38), 155 (100). Anal.
Calcd for C1,H30Si»0s: C, 46.41; H, 9.76. Found: C, 46.08; H,
9.73%.

Synthesis of Hexakis((1,1,2-trimethylpropyl)silsesqui-
oxane) (1) (General Procedure). In a two-necked flask
were placed 3 (0.16 g, 1.0 mmol), DCC (0.69 g, 3.3 mmol), and
DMSO (5 mL), and the solution was heated to 120 °C for 72
h. Benzene (5 mL) was added to the mixture, and the resulting
dicyclohexylurea was removed by filtration. The filtrate was
washed with water (20 mL), and the aqueous phase was
extracted three times with hexane. The combined organic
phase was dried and evaporated. The resulting semisolid was
triturated with 5 mL of acetone to give 1 (yield 57 mg, 41%).
All the other fractions were concentrated and analyzed; MS
showed peaks in the range 0—280 and no molecular peaks
more than 300, and NMR and IR spectra indicated that Si—
OH groups were included. The structures of these compounds
were not further examined.

1: colorless crystals; mp 285—290 °C; 'H NMR (C¢Dg) 6 1.06
(d, 36H, J = 7.1 Hz), 1.14 (s, 36H), 1.82 (sept, 6H, J = 7.1
Hz); 13C NMR (CsDs) 0 18.8, 20.8, 24.9, 34.7; 2°Si NMR (CgDs)
0si —55.1; IR (KBr) v 2850, 1460, 1380, 1025 cm™*; MS (70 eV)
m/z 822 (M*, 6), 84 (100). Anal. Calcd for CzsH7sSigOs: C,
52.50; H, 9.56. Found: C, 52.23; H, 9.48%.

Syntheses from 3 in DMF, from 4 in DMSO, and from 4 in
DMF were carried out in a similar manner.

Synthesis of Hexakis(tert-butylsilsesquioxane) (2) (Gen-
eral Procedure). Into a two-necked flask was charged 6 (0.25
g, 1.0 mmol), DCC (0.62 g, 3.0 mmol), and DMSO (5 mL), and
the solution was heated to 130 °C for 72 h. The reaction
mixture was poured in hexane and water and separated. The
organic phase was washed three times with water to remove
the remained dicyclohexylurea and DMSO and then dried and
evaporated, and the resulting semisolid (0.17 g) was triturated
with 5 mL of acetone to give 2 (yield 54 mg, 25%). After
filtration of 2, the filtrate was concentrated. The aqueous layer
was extracted with CH,Cl, and concentrated. These fractions
were analyzed, and the results (MS, NMR, IR) were similar
as in the case of 1.

2: colorless prisms; mp >320 °C; 'H NMR (Cg¢Ds) 6 1.22 (s,
54H); 13C NMR (CsD¢) 6 16.3, 25.6; 2°Si NMR (C¢Ds) dsi —54.3;
IR (KBr) v 2950, 1470, 1390, 1025 cm™%; MS (70 eV) m/z 654
(M*,9), 599 (16), 543 (13), 487 (11) 73 (100). Anal. Calcd for
C2Hs4SigOg: C, 40.64; H, 8.54. Found: C, 39.86; H, 8.33%.

Synthesis from 5 was carried out in a similar manner.
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