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Practical alternative procedures are described for the syntheses of octavinylsilsesquioxane 1,
octaphenylsilesquioxane and octabenzylsilsesquioxane. The hydrolytic polycondensation of RSiX;

(R = CH,=CH-, C{H;- or C¢gH;CH,—; X = Cl, OCHj, or OC,Hj) in the presence of solid acid

or base Amberlite ion-exchange resin gave improved yields of the corresponding octameric
oligosilsesquioxanes. Repetitive usage of the Amberlite resin as the hydrolysis reagent was tested
during synthesis of 1. The results indicate that it could be used many times in the same solvent making

the procedure a more economically viable technique.

Introduction

Polyhedral oligosilsesquioxanes (POSS) (i.e., [RSiO;;],) are an
interesting class of three-dimensional spherosiloxanes derived
from hydrolytic polycondensation of trifunctional organosili-
con monomers (i.e., RSiX;, X = ClI, OMe or OEt)." The
name “spherosiloxanes” is sometimes used to describe these
compounds,”* since they have polyhedral structures that are
topologically equivalent to a sphere. Much attention has been
paid to the investigation of these clusters as nanoscopic organic—
inorganic hybrids which are amorphous, crystalline or exhibit
bicontinuous, columnar or lamella morphologies.>** Most of
the practical and industrial interest in POSS is focused on
octavinylsilsesquioxanes, which have attracted interest as dielectric
films for integrated circuits,® and also as resist for the electron
lithographic manufacture of semiconductor microreliefs.! More-
over, there has also been interest in phenylsilsesquioxane, which
exhibits remarkable thermal stability and have found application
as binders for ceramics,” and liquid crystal display elements.®
Recently, hydridosilsesquioxanes have been focused to serve as
photoresist® and precursors to spherosilicates.'’ Despite the great
industrial utilities of the aforementioned octameric clusters, their
chemistry still remained underdeveloped due to a lack of efficient
and high yielding synthetic procedures. A large percentage of
reported procedures for octasilsesquioxanes utilized mineral acid,
which was either part of the reacting species or generated from
the reacting trichlorosilanes for hydrolysis. Agaskar’s procedure!
utilized large amount of Brensted acid HCI (aq) and Lewis acid
FeCl; (aq) to synthesize hydridosilsesquioxanes, and the results
suggested that further modifications of the procedure may lead
to efficient and convenient synthesis of other POSS. Therefore,
we report a modified procedure wherein both Brensted acid
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HCI (aq) and Lewis acid FeCl; (aq) were replaced with solid
acid or base (Amberlite ion-exchange resin) in the hydrolysis
of organomonosilanes to produce some octasilsesquioxanes in a
relatively shorter reaction time with significantly higher yields.

Results and discussion

A pioneering report of the synthesis of 1 in 1958 by Olsson™
did not include adequate experimental and analytical informa-
tion. Reinvestigation into the synthetic procedure in 1978 by
Andrianov and associates® using hydrolytic polycondensation
of vinyltrichlorosilane yielded 6% of 1. Voronkov et al' also
synthesized 1 with 10% HCI for hydrolysis. The recent effort'
utilized vinyltriethoxysilane as substrate and took several days
reaction time to produce a few percent of 1.

Our recently attempted work on the synthesis of hydridosil-
sesquioxane'® using Amberlite cation exchange resin (RSO; H*,
medium porosity IR-120 PLUS) induced us to examine the solid
acid or solid base in the hydrolytic polycondensation of some
organosilanes, RSiX; (R = vinyl, phenyl or benzyl; X = Cl,
OMe, or OEt). Compound 1 was synthesized by the hydrolytic
condensation of RSiXj; in an excess of methanol containing acid
Amberlite for hydrolysis. The synthetic procedure adopted, as
compared with the literature methods, is shown in Scheme 1.

Within 13 h of reaction in the presence of vinyltrichlorosilane,
there was spontaneous precipitation of 1 from the reaction mixture
to give a yield of 23.90% in the first cycle. Repetitive usage of the
solid acid was tested by recycling the reactions with the same
Amberlite and methanol after regeneration with HCl and then
washed with methanol.

From the graphical plot of the yield against daily entries using
vinyltrichlorosilane as substrate (Fig. 1), a maximum yield (41%)
was reached at the third cycle, which was almost constant between
cycles 2 and 4 in an Amberlite regenerated condition. However,
there was a gross exponential decrease in the conversion under
unregenerated conditions. The results indicate that Amberlite
could be used many times in the same methanolic solution making
the procedure a more economically viable system. In addition
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Table 1 Representation of vinyl-Ty yield under regenerated/
unregenerated conditions with vinyltrichlorosilane or vinytriethoxysilane
as substrate
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Scheme 1 Comparative synthetic procedures for octavinylsilses-

quioxane 1.
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Fig. 1 Plots of yield against daily entries in regenerated and unregener-

ated conditions using vinyltrichlorosilane as substrate.

to the deposited microcrystals of 1 in the fifth cycle, derived gel
(xerogel) was also obtained, thus lowering conversion from 40
to 35.12%. The xerogel formation continues to the eighth cycle
(Table 1). The derived xerogel was reported™® to find application
as major ceramic precursor. Bonhomme et al. also reported"
acidic hydrolysis of triethoxyvinylsilane, which led to 1 (small
% yield) and derived gel. Therefore, it could be noted in this
report that the formation of microcrystals of 1 from a media,
which led to a xerogel, may also be of interest for the selective
preparation of ceramic ingredients. The gel formation is an
indication that in these cycles, the rate of hydrolysis is greater
than condensation. In the fifth cycle, while recycling the same
methanolic solution, the acidity of the media was substantially
higher since vinyltrichlorosilane continuously releases HCI on its
own upon hydrolysis. The result provides a basis for pH control
and which eventually determine the types of vinysilsesquioxanes
formed."”

Under the same experimental conditions, the reaction was
conducted with H,C=CHSi(OCH,;); or H,C=CHSi(OC,H5); re-
placing H,C=CHSICl, as substrate. At the third cycle, the yield
of 1 was 26 and 23% (Table 1) using vinyltrimethoxysilane and
vinyltriethoxysilane, respectively. In both cases, no gelation occurs,
despite decreases in yields thereafter. The steric effects of the

Cycle no. Days Volume*/mL  Yield® (%) Yield® (%)
1 First 4.0 23.907/12.10°/12.6%" 24.88

2 Second 4.0 40.00/21.11¢/20.49 23.41

3 Third 4.0 41.009/26.12¢/22.93 15.12

4 Fourth 4.0 40.007/25.0°/20.4% 8.77

5 Fifth 4.0 35.129/26.0°/12.20" 1.23

6 Sixth 4.0 25.369/18.22¢/11.22 nd¢

7 Seventh 4.0 24.871/14.35°/10.73 nd

8 Eighth 4.0 23.419/14.0¢/9.78" nd

“The volumes are the same for all substrates. ®* Regenerated condition.
¢ Unregenerated condition with vinyltrichlorosilane. Percentage yield
from vinytrichlorosilane. ¢ Percentage yield from vinyltrimethoxysilane.
fPercentage yield from vinyltriethoxysilane. Volume of the reaction
solvent (methanol) remains constant at 150 mL for all experiments. # Not
determined (nd).

R-group on the monoorganosilanes determine, to a significant
extent, the level of hydrolysis and condensation. As expected, the
hydrolysis trend increases in the order C,H;O < CH;0 < CL
Sprung and Guenther' observed the same pattern while studying
the hydrolytic polycondensation of some monosilanes.

Efforts were made to prepare octaallylsilsesquioxane from
allyltrichlorosilane using acid or base Amberlite and following
the same experimental procedure. The yield obtained fell below
expectation as only a few percent of allyl-T (Ts = [Si;O,,]*) was
obtained. Therefore, it was not possible to improve on the yield
(7%) reported earlier.?

Octaphenylsilsesquioxane (phenyl-Ty) has been synthesized in
high yield (74%) using a solid base Amberlite (IR 400). The
reaction failed in the presence of an acid Amberlite. It was
synthesized according to eqn (1).

Q

| N
|

NGO

Phsicl, Base amberiite (IRA-400) N ?/
/\
Ethanol S /o k + ethanol-phenyl-Tg

@/Si Sora solvated
\ ( ﬁ 16%
0—/S|

74%

Reports?® of this reaction indicated that organosilanes

undergo hydrolysis by both acid and base-catalyzed mechanisms.
The report® stated that when an alkaline solution of
phenyltrichlorosilane was allowed to stand at 30 °C, precipitation
of some solvated solid phase was observed. With different
solvents, the products could be phenyl-Ty or phenyl-T),.
Therefore, we carried out hydrolysis of phenyltrichlorosilane
with base Amberlite. The reaction conducted in ethanol gave
phenyl-T; quantitatively (eqn (1)). It is noteworthy that ethanol
does not only serve as reaction solvent, but also stabilized
the formation of a large percentage of completely condensed
octaphenylsilsesquioxane. The remaining CH,Cl,-soluble product
isolated (16%) is presumed to be phenyl-T; solvated with ethanol.
The peak at 1079 (18%, M*) and other fragmented pattern
revealed the presence of an ethanol-solvated product. Phenyl-T;
solvated with acetone was reported previously.?
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Base amberlite (IRA-400)

Ethanol C\

PhCH,SICl,

Q=S
68% b

Following reaction (2), octabenzylsilsesquioxane was synthe-
sized in ethanol using the solid base Amberlite for hydrolysis.
The quantitative product of benzyl-Ty (68%) was obtained after
trituration of the resinous semi-liquid.

For all the products in this report, analytical data obtained using
various spectroscopic techniques and elemental analysis conforms
with the literature data.”'” IR spectrometric data of the xerogel is
close to that of 1.

The preparation and regeneration process of the Amberlite ion-
exchange resin for acid- and base-type are indicated in eqn (3) and

(4) respectively.
SO3Na HQl SO; H

CH;0H, H,0 3)

a

a = regenerated acid amberlite

0.1M NaOH N
®—((O)—craive, —OIMNOT__ &—{(0)—onse
cr G

OH
b

b = regenerated base amberlite

They are chemically modified gel-type polystyrene beads, which
have been stored in Na* form (acid Amberlite) and Cl- form
(base Amberlite). When required, presumably the Na* form of
the acid resin, and CI- form of the basic resin are converted to
the active H* and OH™ versions respectively by treatment with ho-
mogeneous acid and base. Consequently, hydrolysis/condensation
of the RSiXj; took place giving completely condensed octavinyl-
silsesquioxane.

The chemistry of the synthesis of 1 has been established in
the literature.”** A sol-gel process, which involves hydrolytic

condensation of organotrichloro- (or methoxy- or ethoxy-) silane
remain the main route of synthesis (Scheme 2).

The chloro or alkoxide groups on the silicon atoms are hy-
drolyzed to silanols and subsequently condensed with each other
to give rise to siloxane bonds through a series of transformations.

Conclusion

An alternative method has been developed for the synthesis of
some known polyhedral oligomeric silsesquioxanes. The sol-gel
procedure, which utilized ion-exchange solid acid or base Amber-
lite for hydrolysis gave improved yields of octavinylsilsesquioxane,
octaphenylsilsesquioxane and octabenzylsilsesquioxane in a much
shorter time. Therefore, literature pathways, which requires high
inorganic acid concentration, long reaction times and tedious
extraction processes have been avoided, which makes the pro-
cedure an economically advantageous process by virtue of the
possible repetitive usage of the Amberlite and solvent. The
requisite improved yields in the case of octaallylsilsesquioxane
and hydridosilsesquioxane® leaves much to be desired as it was
not possible to improve on the 7% and 17.5%", respectively,
reported in the literature. These results strongly suggest that
further modification of this procedure may create possibilities for
the future synthesis of other POSS.

Experimental
General

All reactions were carried out in an inert atmosphere unless
otherwise noted. Reagents used were obtained from commercial
sources (e.g., Aldrich and Fluka Chemicals Co.) and were used
without further purification. Benzyltrichlorosilane was prepared
according to a literature procedure.®* IR spectra were recorded in
CH,Cl, unless otherwise stated, using a CaF, optic on a Perkin-
Elmer 882 spectrophotometer. The '"H NMR, *C NMR and #Si
NMR were obtained on a Bruker AC 300 spectrometer. Chemical
shifts are reported in J values relative to the residual solvent
resonance of CDCl, ("H, ¢ 7.24; “C, ¢ 77.0), CsD¢ ('H, 6 7.15).
Low-resolution mass spectra were recorded on a VG 70-250s mass

Hydrolysis
Cl OH
/ aor b — /
R—Si<—Cl ~— R—Si<—OH )
\CI alcohol \OH + HA
OR ; OH
RS OR D e R—SiE-OH  + ROH
\OR alcohol \OH
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O—Si/ P
/O Z
/OH HO /O /Si—()\2
R—Si<OH + HO—2Si—R  —————— R—Si<0 \R
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)
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R

Scheme 2 Hydrolytic polycondensation of RSiX; in the presence of Amberlite ion-exchange resins a or b.
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spectrometer using the FAB technique. Microanalytical data were
obtained with the use of a Perkin-Elmer 240C elemental analyzer.

Acid Amberlite (RSO;"H*, IR-120 PLUS) was regenerated
after use by washing with concentrated hydrochloric acid, water
and methanol, while basic Amberlite (IRA-400) was regenerated
after use by washing with 0.1 M NaOH solution.

Synthesis of octavinylsilsesquioxane (H,C=CH),Si; O, 1

Acid Amberlite of medium porosity (40 g) was washed with
concentrated hydrochloric acid, water and methanol before
charging it into a 500 mL flask, which was equipped with a
magnetic stirrer. Methanol (150 mL) was added and stirred at
30 °C. Vinyltrichlorosilane (4.0 mL, 0.04 mol) was added slowly
with stirring to the Amberlite methanolic solution. The stirring
continued at room temperature for 10 h during which white
microcrystals were deposited on the wall of the flask. Methanol
was decanted into a pre-prepared 500 mL flask (to be reused in
the next experiment). Dichloromethane was added to dissolve
the microcrystals and the Amberlite was filtered out for reuse
in subsequent experiments. The solvent was evaporated and the
vinyl-Ts microcrystals washed several times with methanol. The
recycled Amberlite was used 8 times, and xerogel was isolated in
addition to the microcrystals from the fifth experiment onward.
'H NMR (CDCl): 6 5.69-6.15 ppm (m, H,C=CH-, 24H); *C
NMR (CDCL): 6 128.70 ppm (Cl1), 136.95 ppm (C2); ¥Si-
NMR (CDCL): 6 —79.8 ppm, —80.6 ppm (-SiCH=CH,); IR
(CaF,, cm™): 3067.8 (C-H), 1604.6 (C=C), 1408 (C-H) 1118.1
(Si-O-Si) 784 (Si-C); MS (FAB) : 633.2 (M*, parent ion). Elem.
anal. Calcd for C,;H,,Si;O,,: C, 30.36; H, 3.79%; Found: C, 30.31;
H, 3.70%.

IR data for Xerogel: IR (CaF,, cm™): 3064.3, 1603.6, 1126,
1410, 785.

The same procedure as described above was followed when
vinylmethoxysilane or vinylethoxysilane was used as a substitute
for vinyltrichlorosilane.

Synthesis of octaphenylsilsesquioxane (C¢Hjs);Sis O,

Base Amberlite (IRA 400, 20 g) was placed into a flask equipped
with magnetic stirrer. Ethanol (95%, 100 mL) was added and
stirred. While stirring, phenyltrichlorosilane (12.69 g, 0.06 mol)
was slowly added to the reaction mixture, and stirring was
maintained overnight. The deposited white microcrystals were
harvested and washed with small amount of dichloromethane to
give white microcrystals. Yield 5.74 g (74%).

"HNMR (C,Dy): 6 7.33 ppm (t, CsHs), 7.72 ppm (m, C,Hs); *C
NMR (C¢Dy): § 127.74, 130.66, 133.66, 134.08 ppm; IR (C,Hs,
CaF,, cm™'): 3083.0 (C-H), 2924.5 (C-H), 1610 (C=C), 1588.7
(C=0), 1141.5 (Si-O-Si); MS (FAB): 1033.0 (M*, parent ion).
Elem. anal. Calcd for C,sH,,SisO,,: C, 55.80; H, 3.87%; Found: C,
55.23; H, 3.34%.

Synthesis of octabenzylsilsesquioxane (CsHsCH,)sSi50,,

Base Amberlite (IRA 400, 30 g) was placed into a flask equipped
with magnetic stirrer. Ethanol (95%, 100 mL) was added and

stirred. While stirring, benzyltrichlorosilane (10 g, 0.044 mol) was
slowly added to the reaction mixture, stirring was maintained
overnight and a cloudy white liquid was observed. 80% of the
solvent was evaporated resulting in a white semi-liquid, which was
triturated® to give white powder yielding 4.33 g (68%).

"H NMR (CDCl): d 7.33 (t, C¢Hs), 7.72 ppm (m, CHs); *C
NMR (CDCl,): § 127.74, 130.66, 133.66, 134.08 ppm; *Si NMR
(CDCL): 6 —71.44 ppm (-SiCH,Ph); IR (CHCI;, CaF,, cm™):
3083.0 (C-H), 2924.5 (C-H), 1610 (C=C), 1588.7 (C=C), 1141.5
(Si-O-Si); MS (FAB): 1033.0 (M*, parent ion). Elem. anal.
Calcd for C,H,Si50,,: C, 55.80; H, 3.87%; Found: C, 55.23; H,
3.34%.
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