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More recently metal-containing silsesquioxaneé have also gained increasing significance in
terms of their possible use as catalysts (Chem. Eur. J. 2000, 6, 25-32). Feher et al. (J. Am.
20 Chem. Soc. 1989, 111, 1741-8) describe the synthesis of variously functionalized oligomeric
silsesquioxanes of structurel (X = functional group or functionalized radical, R=
hydrocarbon radical) by so-called comner capping of the oligomeric silsesciuioxane-tﬁsilanols
of structure 2 with functionalized trichlorosilanes XSiCl; in the presence of an amine.
Unfortunately this produces the triply stoichiometric amount of ammonium chlorides as a
25  byproduct of the condensation reaction of the trisilanol 2 with the trichlorosilanes XSiCls.
Additionally, because of the sensitivity of the trichlorosilanes to hydrolysis, it is necessary to
work in the strict absence of moisture. The use of trichlofosilanes is also a disadvantage on
account of the fact that these compounds are in many cases relatively expensive. The
analogous trialkoxysilanes XSi(OR‘); are often available at more favorable cost than the

30 trichlorosilanes.
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Lichtenhan et al. (US 5484867; Comments Inorg. Chem. 1995, 17, 115-30; Macromolecules
1996, 29, 7302-4; Macromolecules 1995, 28, 8435-7) also describe the synthesis of
functionalized oligomeric silsesquioxanes of structure 1 by comer capping of the respective
5 trisilanol precursors 2 with the trichlorosilane building blocks XSiCl; using an amine base, as
a result of which it is possible introduce silanol, silane, acrylic, olefin, epoxy, halogen,
alcobol, amine, and isocyanate functions into the oligomeric silsesquioxane molecule by way

- of the functional group X.

10  The methods known from the literature to date require the unfavorable use of the expensive
trichlorosilane building blocks XSiCl; using an amine base (dppl. Organomer. Chem. 1999,
13, 213-26) and are necessarily followed by the inconvenient separation of the ammonium
chloride salt which is formed. Working with trichlorosilanes, moreover, requires the strict
exclusion of moisture and is therefore likewise very inconvenient.

15 _
It was an object of the invention, therefore, to provide an efficient process for preparing
functionalized oligomeric  silsesquioxanes by reacting incompletely condensed
silsesquioxanes with alkoxysilanes which is suitable for general use. A particular object of the
present process was to provide a simple and efficient process for preparing functionalized

20 oligomeric silsesquioxanes of structure 1 by corner capping the trisilanols of structure 2 (X =
functional group or functionalized radical, R = hydrocarbon radical) which is accomplished

without chlorosilanes in the reaction.
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The present invention accordingly provides a process for preparing functionalized oligomeric
silsesquioxanes which comprises reacting incompletely condensed oligomeric silsesquioxanes

with alkoxysilanes.

20
Likewise provided by the present invention is the use of the functionalized oligomeric
silsesquioxanes prepared as claimed in claims 1 to 20 for further derivatizations, for the
synthesis of catalysts and their starting compounds, and for the synthesis and/or modification
of polymers.

25

As compared with the known literature methods which involve chlorosilane reagents the
present invention has the advantage that, with alkoxysilanes, inexpensive reagents are
employed, thereby increasing the economics of the synthesis process for functionalized
oligomeric silsesquioxanes. Also unnecessary is both working under strict moisture exclusion
30 and the separation and disposal of the stoichiometric amounts of ammonium chloride salts

formed in the hitherto customary reaction of silanols with chlorosilanes, especially
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process shbpbigmbees.restricted thereto. The process of the invention for
preparing functionalized oligoneric silsesquioxanes conprises reacting
i nconpl etely condensed ol i goneric silsesqui oxanes with al koxysil anes.

The process of the invention is described by way of example below, without any intention that

15 the process should be restricted thereto.

The process of the invention for preparing functionalized oligomeric silsesquioxanes
comprises reacting incompletely condensed oligomeric silsesquioxanes with alkoxysilanes.
The reaction of the incompletely condensed oligomeric silsesquioxanes with alkoxysilanes
20  takes place preferably under base catalysis. As alkoxysilanes it is preferred to use compounds.
of the formula XSi(OR"),, where X is a hydrogen, oxy, hydroxyl, alkoxy, carboxyl, silyi,
silyloxy, halogen, epoxy, ester, fluorcalkyl, isocyanate, acrylate, methacrylate, nitrile, amino,
phosphine group, where - where possible - these radicals X can in turn be further
functionalized, and/or a substituted or unsubstituted alkyl, cycloalkyl; alkenyl, cycloalkenyl,
25 alkynyl, cycloalkynyl, aryl, heteroaryl radical which is ﬁinctionalized with oxy, hydroxyl,
alkoxy, carboxyl, silyl, silyloxy, halogen, epoxy, ester, fluoroalkyl, isocyanate, acrylate,
methacrylate, nitrile, amino, phosphine groups, R* can be a hydrogen atom, a substituted or
unsubstituted alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl, cycloalkynyl, aryl, heteroaryl
radical, it being possible for the radicals R® to be identical or different and for m and n to
30 adopt values of 1 to 3, with the proviso that the sum of m and n is 4. Particular preference is

given to using alkoxysilanes of the formula XSi(OR‘)s, especially those in which X is not a
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with alkoxysilanes X,Si(OR )y, preferably XSi(OR‘)s, under base catalysis,
where X is a hydrogen, oxy, hydroxyl, alkoxy, carboxyl, silyl, silyloxy, halogen, epoxy, ester,
fluoroalkyl, isocyanate, acrylate, methacrylate, nitrile, amino or phosphine group, and - where

15 possible - these radicals X may in turn be further functionalized, and/or a substituted or
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nmet hacrylate, nitrile, amno or phosphinesgroup, and - where possible -

~these radicals X may in turn be further functionalized, and/or a
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and R® is a hydrogen atom, a substituted or unsubstituted alkyl, cycloalkyl, alkenyl,

cycloalkenyl, alkynyl, cycloalkynyl, aryl, heteroaryl radical.

The process of the invention for functionalizing incompletely condensed oligomeric

10 silsesquioxanes is not restricted to substrates of structure 2, however, but instead can be
employed generally for reacting and hence for derivatizing all incompletely condensed
oligomeric silsesquioxanes with any of a very wide variety of alkoxysilanes, it being possible

for the alkoxysilanes to possess one, two, three or four alkoxy groups on the Si atom. The

. functionalized oligomeric silsesquioxanes formed by the reaction of the invention are not
15 required to have the structurel, but instead can be either monofunctionalized or
polyfunctionalized; they may possess identical or different functional groups X; they may be
either completely or incompletely condensed; and they may contain further, free hydroxyl
groups. As incompletely condensed silsesquioxanes having a structure differing from the
structure 2 it is possible, for example, to use disilanols, tetrasilanols, various incompletely

20 condensed silsesquioxanes having cage structures which differ from cubic T8 building blocks,
or incompletely condensed silsesquioxanes which are already finctionalized, all of which can
now be functionalized by means of the process of the invention, allowing, in turn, any of a

very wide variety of structures to form.

25 For controlling and/or accelerating the reaction it is advantageous to carry out the reaction in

the presence of a basic catalyst.

Basic catalysts used are preferably at least those from the group OH, RO", RCOO", RNH,,
RCONR,, R, CO5%, PO,*, SO, NOs, F, NRs, RaNO, it being possible for R to be a
30 hydrogen atom, a substituted or unsubstituted alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl,
cycloalkynyl, aryl or heteroaryl radical. Particular preference is given to using KOH, NaOH,
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20 The concentration of the incompletely condensed oligomeric silsesquioxanes, especially the
incompletely condensed silsesquioxanes of structure 2, in the reaction solution in the process
of the invention is, at the beginning of the reaction, preferably from 0.01 mol/1 to 10 mol/l,
more preferably from 0.1 moV/1 to 2 mol/l, and very preferably from 0.2 to 1 mol/l.

25 It can be advantageous if the concentration of the alkoxysilane X,Si(OR%), in the process of .
| the invention at the beginning of the reaction exceeds the concentration of the ilncompletelyﬁ
condensed oligomeric silsesquioxane. It is sufficient if the alkoxysilane excess is kept low,
although the use of a marked excess of alkoxysilane X,Si(OR®), is also possible. At the
beginning of the reaction the reaction solution preferably has a molar excess of alkoxysilane,
30 in comparison to the incompletely condensed oligomeric silsesquioxane, of up to 100%,

preferably from 0.02 to 20%, more preferably ﬁofn 0.1 to 5%.
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si | sesqui oa&ne to the base that is used is from 1000:1 to 2BNOVEMBER 2004
preferably of43¥91 to 2:1, and very preferably from 20:1 to 5:1. 10 It
can be advantageous to carry out the reaction according to the invention of
i nconpl etely condensed oligoneric silsesguioxanes with al koxysilanes in
solution. As solvent it is possible to use both a polar solvent and an
apol ar solvent. Preference is given to using alcohols, ketones, aldehydes,
: ethers, acids, esters, anhydrides, al kanes, aromatics, and nitriles,
_particular 15 preference being given to using al cohols, ethers, acetone,
-acet oni t r i Weien llenprecess aftle iiptenteisdingSabietus it HEbY aﬁ’%&dg@bﬁﬁf whfeP{slad

is given to the use of THF, acetone, nethanol, and ethandl, in particu ar
of THF, astodBf irapiion mixte| in semegssesebowevsy, the existiigdranee f whier hethe ssivbnteind S

can al so h 0 tration o et.el y_condensed

ol i goreri CS%sfl ?Qiglgsa ﬁ?%ggﬁéogl &Ctggggl?va?ﬁlvl ?Wgrgj?gl{f’otﬁf) E&ﬂgﬁl@n é&ﬁ%@ﬁ%“eﬁl thout the

i | sesasil qarpse Off Whieh ke Bogirning et SRR, SR/l Lkl BF WPHACES She ©f
the invention is, at the beginning of the reaction, preferably fr

mol I/ to 1190crmlplletely aerdsngade dligadnc fslﬂmqlmommltlthe tlmgﬁmmgl bf ﬂamdom%fsxon is
preferablyf 0.2t 25 1t ¢ adv ta eogus if th

concent r ath* 8 Y R gquoﬂ))) élla}nén%ﬁfﬁr? g’nﬁ‘i’rﬁ 1R B Beds yern prefeﬁ:g)ly from

i nvention @] ¢hei1begi nning of the reacti on exceeds the concentration of the

i nconpl etely condensed oligoneric silsesquioxane. It is sufficient if the
al koxysi | ane excess is kept low, although the use of a marked excess of

PSRV T e TR bbb b3l S s it o 010
al koxysi | &p6eC,3Rith B t&AFRANISH TR 0'th 90041? B&Pk g&&%ﬁl c?g%ﬂ?g%@&l%r@%%ce the

si I'sesqui oxane, of up to 100% prefer
pr ef er abl )Teﬁfctlgmlrﬂ) carried oBhat OteInpebBTng- dﬁ(ﬁ(&n IBCNONMERBER: 29 Brtir¥fyebstibR: fof @Ress

of the in entlon i s.being,carried out it can he advantageous if water is
added to\{ erpILE OBy aﬁigg(ﬁ ﬁ‘l*’r‘?"%‘f‘fﬁ‘”&é%"é’ lng &g g dnventipe. Ehssior ﬁWﬂlaces

of water ime Icl%rﬁ@'dﬁﬁé t&ﬁﬁeratﬁfg fdl ﬁb &Rk oFF é p&cﬁﬁgcfé} %Hr?: e@.[rﬂct:!%eofc 254 Shjgt

according to the I'nvention takes pl ace mnt ce of

t he betfi niprottictds Qomlﬂda(asposslblé;henbahdwantagbm& of water to the

i nconpl etely condensed oligoneric sil sesquioxane at the beginning of the
conversion is

The functionalized oligomeric silsesquioxanes prepared in accordance with the invention, and

particularly the functionalized oligomeric silsesquioxanes of structure 1 prepared in
accordance with the invention, can be used, for example, for further derivatizations, for the -
20  synthesis of catalysts and their starting compounds, and for the synthesis and/or modification

of polymers. In other words there is a broad field of application for these silsesquioxanes.

The functionalized oligomeric silsesquioxanes of the formula 1 prepared in accordance with
the invention can additionally be used for improving the adhesion and bonding properties, the
25 rheological properties and/or the barrier effect for gases and liquids in polyolefins, in
amorphous polyalphaolefins, in polyamides, in copolyamides, in polyamide compounds, in
polyesters, in copolyesters, in polyacrylates, in polymethacrylates, in polycarbonates, in
polyurethanes, in phenolic resins, in epoxy resins, in polysiloxanes, in polysilanes, in rubber,
in rubber compounds, in polyvinyl chloride, in vinyl chloride copolymers, in polystyrene, in

30  copolymers of styrene, in ABS polymers and olefin copolymers and terpolymers.



preferably from1000:1 to 0.1:1, nore preferably from100:1 to 0.5:1, very
pr ef erably from 10:1 to 1:1. 10 The process of the invent |23rNOMEM>IER 2004
carried oulf-Z P8F4-&Qrpl e, at tenperatures from-50 to 300C, with a
tenperature of fromO to 200C being preferred. Wth particul ar preference
the reaction is carried out at a tenperagure of fromOC to 100C. It is
entirely possible for the tenperature to be varied during the conversion
according to the invention. Thus, for exarrpl e, the lowering of the

- tenperatur tion se of J.solatin
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i nvention, and particul arlg/ the functionalized oligonerrc si sesqw oxanes
~of struct Wrepertien disasetiling he moﬂaaambcwmmpmws;mmheomfacaprmeﬁ thd or
~ exanpl e, for furt her d vat | zations, for the 20 synthesis of catal ysts and
their stamffH B%Qﬁj‘ﬂg and for the synthesis and/or nodification of
pol yners. In ot her words there is a broad field of application for these
si | sesqui oxanes. The functionalized oligoneric silsesquioxanes of the
formula 1 S@maﬂm pllysical sbarecteaittbe wiltehquibkenek ou dind drihamd)viadbé Ri @oa, layd e

used for v e esjon and bondi erties, the 25 Theol ogi cal
properti e§ FJOFC%? %&dtp? siisesqigxanes gp t@%@@& Mﬂcfhﬁ danctigng) grgu Xi cavs,
i n anorpheusiRalwak | ¥

pol yam de conpounds, Er?ltoisg%dsgg?t%r?% ,e?l nﬁgloﬁ“%égﬁr farf 8£ the

pol ymet hacppwlmesby fhe ﬁmbtymmihbﬁha)ﬂlgsmenm sﬂpce:shmumiebaﬂ@ﬁ talteN mhemazl bI‘endmg,

re5|ns oxy S|ns O| Si | oxanes, ol ysilanes, 1n rubber, 1In
F ubber 1% oS R addior, PpRmiRz AR o AR copplycondepsationy B itkis s andions

pol yst yre Yl{galé and ,ol e

copol ymer s%?o élndjat%@gigeepng* el ggé%gﬁ%e@ ﬂ@b fﬁg@t%ﬁr@% rﬂ’lﬁ%l anc Omlg of
funct i onalhe @tligmlnmg@rmlsesqumths;qwuimaesbpfgraﬂnﬁg,f additiba dop@gﬂm@ﬁbﬂ MNand

- accordance wi.th the.invention can also be used in paints and printing inks
for i rrproﬁ??f&y‘f%gmfsﬁ%?ﬂ ogical properties, the settling behavior, the
application properties, and the surface properties of the paint or
printing ink film 5 Since the physical character of the silsesqui oxanes on

the ons hBydirtwé af thhenddifiatiop withnabitable olighmeiic silscs@pdiangd f ¥s @ssibl'beto exert a

si | sesqui ?xanﬁ ?1 the other hand, via the functional group can
avorable influence on the theological properties, the adhesion and bonding properties, and the

barrier effect for gases and liquids in a multiplicity of polymers. Such organic polymers as, for
example, polyolefins, polyethers, polyesters, polycarbonates, polyamides, polyurethanes,
polyacrylates, polymethacrylates, polysiloxanes, polysilanes, phenolic resins, epoxy resins,

20 polyvinyl chloride and vinyl chloride copolymers, polystyrene and copolymers of styrene,
ABS polymers, and rubbers can be modified by blending, grafting, addition copolymerization,
and copolycondensation with the functionalized oligomeric silsesquioxanes. The
functionalized oligomeric silsesquioxanes can also be used for modifying polymer surfaces on
which they are anchored physically or else via the functional groups X chemically. The

25 resultant polymers can find application in the form, for example, of coatings, varnishes,
injection moldings or extruded moldings, calendered films, lubricants, adhesives, cosmetics,
pharmaceuticals, fibers, including glass fibers, or packaging materials. In addition they can be
used as bioactive and fungicidal products, for electronic materials, in aerospace, and for
producing medical prostheses.

30

The use of the functionalized oligomeric silsesquioxanes prepared in accordance with the




be varied wdely, it is possible to nodify all common pol yners. The

modi ftcation of the polynmers by the functionalized ol i gom23iNOVEMBER 2004
si | sesqui &x&nEF4nW t ake pl ace by bl ending, 10 grafting, addition

copol yneri zati on, and copol ycondensation. In this case the functional

group X introduced by the present procesg of the invention allow the

chem cal anchoring of the oligoneric silsesquioxane to polyners by

- grafting, addition copolynerization, and copolycondensation. 15 By virtue

of the nodifigation with suj.tabl e.oligoneric silsesqui oxanes it is_possible
© to exert Hwe?ﬁ% 05@0&?%@@’%@2108,15 Phgg‘faﬁﬁ’ﬁPéﬁF‘ééﬁ ﬁ%r’S fap§ RRlymersdheeh#ssi on
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can al so Hebuiseand the comasiey stabilibs sty srcessing authrestrist eontiaplign proeessesc hor ed
physically or else via the functional groups X chemcally. The 25 resultant
polyners can find application in the form for exanple, of coatings,
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coefficient, and the 5 diel ectric constant and the vi scosity, alter the
surface t@4t-on and adhesion, |ower the

The examples which follow are intended to illustrate the invention without restricting the
.scope of its protection:
20
Example 1: Reaction of (isobutyl);Si;Oo(OH); with 3-chloropropylirimethoxysilane
2.4 ml (13.2 mmol) of 3-chloropropyltrimethoxysilane are added at 20°C to a solution of
10.0 g (12.6 mmol) of (isobutyl);Si;Oo(OH); in 20 ml of THF. Following the addition of
0.5 ml of Et4NOH (35% selution in H;O, 1.2 mmol of base, 18 mmol of H,0) the mixture is
25 stired overnight. The resulting white suspension is admixed with 100ml of MeOH.
Following filtration the residue is washed with two times 50 ml of acetone. This gives 6.0 g
(60% yield) of 3 as a white powder. .



fl ammabi lity, combustibility and devel opment of heat, raise the 02
pérmeability, the oxidation stability, and the corrosi on 23BNOMENBER 2004
sinplify pPded84-WQ and restrict contraction processes. The functional i zed
ol i goneric sil sesqui oxanes obtai nable by the process of the invention can
10 be derivatized further by comon nethaqs and nay al so serve as starting
conpounds for catalysts. In that context they can form by reaction with

. metal conpounds, honbgeneous and heterogeneous catal ysts, which in turn

- can be enployed for oxidations, nmetathesis, CC coupling reactions,

- ol igomerization, 'pol yneri zation,/ adegiti ons, reductions, elimnations,

rearrangenents. Piefgrenc€ is~given in this context to reaction with netal
- conpounds of 15 al ''the transition groups, including the |anthanoids
i and actinoids, / Snﬁl 0 groups 3 and 4. The exanples which follow are

i nt ended tR"T‘I’$'usU at invention without restricting the scope of its

protection: dEx ﬁgactlon of (isobutyl)7Si 709(0OH)3 with

SChIoropropy Silane 2.4 m (13.2 mmol) of

3-chl or opr opyl r@netg‘gi@y | ane are added at 20C.to a sol ution of 10.0 g

(12.6 ol ) ofS{Tsot

_ 1) 7Si O%(g?@ll n 20 mM of THF. Follow ng the
. addition of RO 5m of rEt4NCH (35% solution in H20, 1.2 mol of base, 18
- mmol of H20) the mxture is 25 stirred overnight. The resulting white
- suspension is adm xed with 100 mM of McOH Followng filtration the
residue is washedqith two tines 50 ml of acetone. This gives 6.0 g (60%
yield) of 3 as a ite powder. . O Z 5874-W 11 R~ O\ 1 f OS-R R
,SI-01 - /S _O0Si1 RR3C
Example 2: Reaction of (isobutyl);Si;04(OH); with vinyltrimethoxysilane
2.0ml (13.1 mmol) of vinyltrimethoxysilane are added at 20°C to a solution of 10.0 g
5 (12.6 mmol) of (isobutyl);Si;Os(OH); in 20 ml of THF. Following the addition of 0.5 ml of
Et:NOH (35% solution in H;O, 1.2 mmol of base, 18 mmol of H,0) the mixture is stirred
overnight. The resulting cloudy solution is admixed with 200 ml of MeOH. Following

filtration the residue is washed with 30 ml of acetone. This gives 6.1 g (60% yield) of 4 as a

white powder.
10
R
\S_O____S_/%
Ofl ol
Or\
{-O—gR
e N 7
[ O_Si—R
R-8i—07¢"
9 3;1’6
Sl‘-—-.o-’ .
Ve \ R = i-Butyl
R R
4

Example 3: Reaction of (isobutyl),Si;0(0OH); with 3-aminopropyltrimethoxysilane

3.0 ml (12.8 mmol) of 3-aminopropylirimethoxysilane are added at 20°C to a solution of
15 10.0 g (12.6 mmol) of (isobutyl);Si;Os(OH); in 20 ml of THF. Following the addition of

0.5 ml of EtsNOH (35% solution in H,0, 1.2 mmol of base, 18 mmol of H,0) the mixture is




R =1is-B utyi 23 NOVEMBER 2004 Exanple 2: Reaction of (isobutyl)7Si 709(0OH) 3
with vinyltrinmethoxysilane 2.0 m (13.1 mmol) of vinyltri m@hNOMENBER 2004
added at 2@@-55“&“5@ ution of 10.0 g 5 (12.6 mmol) of

(isobutyl)7Si 709(OH)3 in 20 M of THF. Followi ng the addition of 0.5 m of

Et ANCH (35% sol ution in H20, 1.2 nmol of ibase, 18 mmol of H20) the m xture

is stirred overnight. The resulting cloudy solution is adm xed with 200 m
of MeOH. Following filtration the residue is washed with 30 m of acetone.
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Exanpl e 3:gi@aCt g 030% fyield)oABlk YIWmSiptdRieH) 3 with
- 3-am nopropyl trinmet hoxysilane 3.0 ni" (12.8 nmol) of

3-am nopropyl tri met hoxysil ane are added at 20C to a solution of 15 10.0 g
(12.6 mol ) of (isobutyl)7Si7(0OH)3 in 20 mM of THE Fol |l owi ng the addition

of 0.5 m of Etﬁ\l(]—( (SSWNH H20O, 1.2 mmol of base, 18 mmol of
H20) the m xture S.S.—OS” SI<0 SO R O Z. 5874-WO 12 23 NOVEMBER 2004
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Example 4: Reaction of (isobutyl);Si;04(OH); with N-[3-(trimethoxysilyDpropyl]-
ethylenediamine _
2.8 ml (12.8 mmol) of N-[3-(trimethoxysilyl)propyl]ethylenediamine are added at 20°C to a
solution of 10.0 g (12.6 mmol) of (isobutyl);Si;Os(OH); in 20 ml of THF. Following the
10 addition of 0.5 ml of Et,NOH (35% solution in H,O, 1.2 mmol of base, 18 mmol of H,O) the
mixture is stirred overnight. The clear solution is subsequently admixed with 200 ml of
MeOH. Subsequently the slightly cloudy solution is admixed with 100 ml of acetonitrile.
Filtration gives 0.7 g (7% yield) of 6 as a white powder. |
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stirred overnight. The clear solution is subsequently adm xed with 200 ni

of MeOH. Filjratij ives 3.1 g (30%yield) of 5 as a whit23 NOMEMBER 2004
-Si ' O-Si Cd)é’tjgg‘g!%goglolj OS-R 0RS-Of~.0S1 RR5 N2 R=
i -Butyl Exanple 4: Reaction of (isobutyl)7Si709(OH)3 with ‘
N-[3-(trinethoxysilyl)propyl]- ethylenedilamne 2.8 m (12.8 mvl) of

N-[ 3-(trinmethoxysilyl)propyl]ethyl enediam ne are added at 20C to a

solution of 10.0 g (12.6 nml) of (isobutyl)7Si709(OH)3 in 20 nm of THF
Following the 10 addition of 0.5 m of Et4NOH (35% solution in HO 1.2

mol of base, 18 mmol of H20) the mixture is stirred overnight. The clear

sol ution iExmqjﬂssquenéiqtioadmoxed(iw'bhtyl)?,QQOJ%OIﬂg, MafH.  SubmRIhGRSI) eyl
slightly cloudy solution is adm xed with 10 | of acetomtrllle. _
Filtratiormgtheedlaer g (7% vyield) of 6 as a white powder. RO'S. O-Si OH

OR 0 Ridgy 912.6 mmol) of 3-(trimethoxysilyl)propyl methacrylate are added at 20°C to a solution
5 of 10.0 g (12.6 mmol) of (isobutyl)78i709(OH)3 in 20 ml of THF. Following the addition of
0.5 ml of Et;NOH (35% solution in H,0, 1.2 mmol of base, 18 mmol of H;0) the mixture is
stirred overnight. The clear solution is subsequently admixed with 200ml of MeOL.
- Following filtration the solid which remains is washed with 30 ml of acetone. This gives 4.0 g
(70% yield) of 7 as a white powder.
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Example 6: Reaction of (isobutyl);Si;O9(OH); with isobutyltrimethoxysilane

2.5 ml of isobutyltrimethoxysilane are added at 20°C to a solution of 10.0 g (12.6 mmol) of
15 (isobutyl};Si;09(OH); in 20 ml of THF. Following the addition of 0.5 ml of Et;NOH (35%

solution in H0, 1.2 mmol of base, 18 mmol of H,O) the mixture is stirred overnight, The

resulting, slightly cloudy solution is subsequently admixed with 200 m1 of MeOQH. Following

filtration the solid which remains is washed with 30 ml of acetone. This gives 4.0 g (40%

yield) of 8 as a white powder.
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3-(trimet H3y 8814 W®ropyl nethacrylate 3.0 m (12.6 mmol) of
3-(trinmethoxysilyl)propyl nethacrylate are added at 20C to a solution of
10.0 g (12.6 mmol ) of (isobutyl)7Si 709(Oty3 in 20 mM of THF. Foll ow ng the
addition of 0.5 m of Et4NCH (35% solution in H2O 1.2 mmol of base, 18
mol of H2O) the mixture is stirred overnight. The clear solution is
subsequent |y adm ed with 200 Ml of MeOH Following filtration the solid
which remains is shed with 30 ml of acetone. This gives 4.0 g (70%
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1 .pO0OS RR7R=1-Butyl Exanple 6: Reaction of (isobutyl)7Si 70(0H)3
with isobutyltrimethoxysilane 2.5 m of isobutyltrinmethoxysdd NO&EMBERI2E0H

at 20Cto ' of 10.0 g (12.6 nmmol) of 15 (isobutyl)7Si 709(CH)3 in
20 m of Tﬁj%&%&;@@n ng the addition of 0.5 m of Et4NOH (35% solution in

H2O, 1.2 mmol of base, 18 mmol of H20 the m xture is stirred overnight.
The resulting, slightly cloudy solution i1§ subsequent |y adm xed wth 200
m of MeOH Following filtration the solid which renmains is washed with 30
m of acetone. This gives 4.0 g (40% vyield) of 8 as a white powder. O Z

- 5874- WD 1l4CRiRs: O 1Si~O-Si L O RCS/ICO _Sr.Rp OO0j) 0S -R RS-0.0
~si-O~-si\ R RR = i-Butyl 23 NOVEMBER 2004 8 23 NOVEMBER 2004 O. Z.
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1. A process for preparing functionalized oligomeric silsesquioxanes, which comprises
reacting incompletely condensed oligomeric silsesquioxanes with alkoxysilanes under
5 base catalysis and the molar ratio of the incompletely condensed oligomeric

silsesquioxane to the basic catalyst is from 1000:1 to 1:1.

2. The process as claimed in claim 1, wherein the compounds of the formula XuSH(OR ),

are used as alkoxysilanes, where X is a hydrogen, oxy, hydroxyl, alkoxy, carboxyl, silyl,

10 silyloxy, halogen, epoxy, ester, fluoroalkyl, isocyanate, acrylate, methacrylate, nitrile,
amino, phosphine group, where - where possible - these radicals X can in turn be further
functionalized, and/or a substituted or unsubstitutéd alkyl, cycloalkyl, alkenyl,
cycloalkenyl, alkynyl, cycloalkynyl, aryl, heteroaryl radical which is functionalized with

oxy, hydroxyl, alkoxy, carboxyl, silyl, silyloxy, halogen, epoxy, ester, fluoroalkyl,

15 isocyanate, acrylate, methacrylate, nitrile, amino, phosphine groups, R* is a hydrogen
atom, a substituted or unsubstituted alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl,
cycloalkynyl, aryl, heteroaryl radical, and m and n can adopt values from 1 to 3, with the

proviso that the sum of m and n is 4.

20 3. The process as claimed in claiml or 2, wherein functionalized oligomeric

silsesquioxanes of structure 1
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Clainms: 1. A process for preparing functionalized oligoneric

si | sesqui oxanes, which conprises reacting inconpletely corgcNOMEMBER 2004
oIigoneric0 '%%%i%y'oxanes wi t h al koxysi | anes under 5 base catal ysis and
the nolar ratio of The inconpletely condensed oligoneric silsesquioxane to
the basic catalyst is from1000:1 to 1:1. 2. The process as clained in
claim 1, wherein the conpounds of the forldfula Xn§ (OR )" are used as

al koxysi |l anes, where X is a hydrogen, oxy, hydroxyl, al koxy, carboxyl,
silyl, 10 silyl oxy, halogen, epoxy, ester, fluoroal kyl, isocyanate,
acrylate, nethacrylate, nitrile, amno, phosphine group, where - where
possible - these radicals X can in turn be further functionalized, and/or
a substituted &€ prepaiedt by urcedtingl feydompdstelyoedridghsedablignydric silyestydokdeenyéf,

al kynyl , cyclo%%g ng&, aryl, heteroaryl radical which is functionalized

w th oxy, hyd§ §F, al koxy, carboxyl, silyl, silyloxy, hal ogen, epoxy,
ester, fluoroal kyl, 15 isocyanate, acrylate, nethacrylate, nitrile, am no,
phosphi ne groups, R is a hydrogen atom a substituted or unsubstituted

al kyl, cycl oal kylR al kenyl, cycl oal kenyl, al kynyl, cycloal kynyl, aryl,
het er oaryl radicah, Sgd in and n can adopt values from1l to 3, with the
provi so that th%% im’°of opp and n is 4. 20 3. The process as clainmed in claim
1 or 2, whereiry cthgﬁalized oligoneric silsesquioxanes of structure | R
O Si -01Si RSL—QISiﬁ'OO ] ?HI x OSi-R RS--O!/ U/SI OOS RR1

| o.si—R
O\ R-Si—07 g '
81'9._0/5i’
d \
R

2

5
with alkoxysilanes XSi(OR‘); under base catalysis,
where X is a hydrogen, oxy, hydroxyl, alkoxy, carboxyl, silyl, silyloxy, halogen, epoxy,
ester, fluoroalkyl, isocyanate, acrylate, methacrylate, nitrile, amino, phosphine group,
10 and - where possible - these radicals X may in turn be further functionalized, and/or a

substituted or unsubstituted alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl,
cycloalkynyl, aryl, heteroaryl radical which is functionalized with oxy, hydroxyl, alkoxy,
| carboxyl, silyl, silyloxy, halogen, epoxy, ester, fluoroalkyl, isocyanate, acrylate,
methacrylate, nitrile, amino, phosphine groups, R is a hydrogen atom, a substituted or

15 unsubstituted alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl, cycloalkynyl, aryl,
heteroaryl radical or in all or some cases a group X, and R is a hydrogen atom, a
substituted or unsubstituted alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl,
cycloalkynyl, aryl, heteroaryl radical.

20 4. The process as claimed in at least one of claims 1 to 3, wherein as basic catalyst at least
one from the group consisting of O, RO, RCOO", RNH', RCONR’, R’, CO;%, PO,
SO4%, NO5', F,, NRs, and R3NO is used, it being possible for R to be a hydrogen atom, a
substituted or unsubstituted alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl, cyclo-




23 NOVEMBER 2004 O Z. 5874-WD 16 are prepared by reacting inconpletely
condensed ol i goneric silsesquioxanes of structure 2 0l 5i - @33ROVENMBER32004

RS 0 OH Si- R RS-Gg, SfoSit o RR5 z with alkoxysilanes
XSi(OR )3 éﬁgéﬁmggéé catal ysis, where X is a hydrogen, oxy, hydroxyl,

al koxy, carboxyl, silyl, silyloxy, halogen, epoxy, ester, fluoroalkyl,

| socyanate, acrylate, nethacrylate, nitrite, am no, phosphine group, 10
-and - where possible - these radicals X may in turn be further
functionalized, and/or a substituted or unsubstituted al kyl, cycl oal kyl,

. al kenyl , cycl Oﬁk}l&ﬁ;ﬂ)&y} o@hgtgm}ylra(ﬁéﬁ@‘l oal kynyl , aryl, heteroaryl radical
which is functionalizZed with oxy, hydroxyl, al koxy, carboxyl, silyl,

silyl oxy, hal ogen, epoxy, ester, fluoroalkyl, isocyanate, acrylate,
“methacrylate, pitrile, amno .phgsphin?_groups, R is a hydrogen ato a
" substitutett or PSS s 3t (tadted| iy claimd, oatherain QR NaO yc(%sﬂt&@i,, |

“al kynyl, cycl H80 ; r [ ' |.l..qr nme cases a
group X, and y&?ﬁ%t%yﬂ?%%gh(%%ﬁ% a}ﬂgjg Eg(?ﬁ%?fp elg h%érd%ﬁ%sa%} Bg%tlar[%ﬁt ed al kyl,
cycl oal kyl, al kenyl, cycl oal kenyl, al kynyl, cycloal kynyl, aryl, heteroaryl
radical. 20 4. The process as clained in at |east one of clains 1 to 3,
wher ei n asd-baliePresssans duimed ip elagn 5, whereh (G0N is usedas besis catalystof  OF f
RO RCOO-, RNH, RCONR-, R C032-, POM43-,
7. The process as claimed in any one of claims 1 to 6, wherein the reaction of incompletely
condensed oligomeric silsesquioxanes with alkoxysilanes takes place in solution.
10
8.  The process as claimed in claim 7, wherein halogen-free systems selected from alcohols,
ketones, aldehydes, ethers, acids, esters, anhydrides, alkanes, aromatics, and nitriles or

mixtures thereof are used as solvents.

15 9. The process as claimed in claim 8, wherein THF, acetone, methanol, and ethanol or

mixtures of these solvents are used as solvents.
10. The process as claimed in claim 9, wherein THF is used as solvent.

20 11. The process as claimed in at least one of claims 7 to 10, wherein the concentration of the
incompletely condensed oligomeric silsesquioxane in the reaction solution at the

beginning of the reaction is from 0.01 mol/1 to 10 mol/L.

12. The process as claimed in claim 11, wherein the concentration of the incompletely
25 condensed oligomeric silsesquioxane in the reaction solution at the beginning of the

reaction is from 0.2‘m01/1 to 1 mol/l.

13. The process as claimed in at least one of claims 1 to 12, wherein the molar ratio of the
incompletely condensed oligomeric silsesquioxane to the basic catalyst is from 20:1 to

30 5:1.




5042-, NO3 F, NR3, and RBNO is used, it being possible for Rto be a
hydrogen atom a substituted or unsubstituted al kyl, cycl &8 NOVEMBEE2004
cycl oal kenyl , al kynyl, cyclo 23 NOVEMBER 2004 O Z. 5874-WD 17 al kynyl, aryl
or het eroaﬁ#-ﬁgaﬂlﬁ’gél. 5. The process as claimed in claim4, wherein KOH,
NaOH, (C2H5)4NCOH, C6H5CH2( CH3) 3NOH, (CH3) 4NOH and/or (C2H5)3N is used as
basic catalyst. 5 6. The process as claimgl in claim5, wherein (C2H5)4NOH
is used as basic catalyst. 7. The process as clained in any one of clains 1
to 6, wherein the reaction of inconpletely condensed oligoneric

" si | sesqui oxan i i4 S ace .in solution, 10 8 The .
procesg as)f%:i'l :&ﬁéﬂég%ﬁgg g.lléié]’? ,ﬁ\r/.én?Z?ée?éf? %f%%‘gﬁ-]f‘ipe ’%{emeggche’?éﬁj‘:@?ﬂn
_al cohol s, ketown@sthe ptdefiyd€satept hers, acids, esters, anhydrides, alkanes,

caromatics, and nitriles or mxtures thereof are used as solvents. 15 9.
" The process as clainmed in claima8, wherein THF, acetone, nethanol, and

-ethanol or.,-.m-xtures of these.solvents are used as solvents. 10.. The
process as 2l a]ﬁﬁl ﬁé’éoﬁeﬁs (o] %{Pmeg,mmg%nw%ﬁgni € frolay raflo ofgy Rerie theigcampletplys
~ processsas cl Qﬂoﬂ&éﬂlséd‘oﬁéorﬁ&ﬁssﬁls%ﬁioﬂﬁné’iﬁhgge%.l'u?jg%1)9thev\daggtﬂ%hrk Bl 1000:1 10

concentration of the inconpletely condens meric silsesquioxané In
the reaction $bl:lition at the beginning of the reaction is fromO0.01 noUl
to 10 noll. 12. The process as clainmed in claim11l, wherein the
concentration of the inconpletely 25 condensed oligoneric silsesquioxane
in the reagd.li i Bl I 1S LromQ..2

1ol 1 10 L i T B 18 chAG I3 WSl (e ¥ipial 26 b Qe T Pl e
12, wherein t hecompleielycandensat olidomeric sisspliatae)s fromdersed :pl | gomeri c

si | sesqgi oxane to the basic catalyst is from20:1 to 30 5:1. 23 NOVEMBER
2004 O°Z. 5874-WD 18

17. The process as claimed in at least one of claims 1 to 16, wherein the preparation of the

functionalized oligomeric silsesquioxanes is carried out at a temperature of from -50°C
to 300°C.

15 18. The process as claimed in claim 17, wherein the preparation of the functionalized

oligomeric silsesquioxanes is carried out at a temperature of from 0°C to 100°C.




14. The process as clained in at |east one of clains 1 to 13, wherein the
reaction is carried out in the presence of water. 15. The 23rNONVEMVBER 2004
claimed i D& 88™M-B4) wherein the nolar ratio of water to the inconmpletely

5 condensed ol i goneric silsesqui oxane at the beginning of the reaction is
from1000:1 to O0.1:1. 16. The process as clainmed in claim15, wherein the
molar ratio of water that is used to tdhe inconpletely condensed oligoneric
- silsesquioxane is from10:1 to 1:1. 10 17. The process as clainmed in at

| east one of clainms | to 16, wherein the preparation of the functionalized
“oligoneri t *'squi oxanes is carried out at a tenperature of from-50C to
300C. 15 18. The process as clained in claim17, wherein the preparation of
the functionalized oligoneric silsesquioxanes is carried out at a

t enper at urkhedhvdntiomrélatel o 2 YpleesFof: fpr@ﬁﬁﬂg YW ckiSnArel bfig 6me1?0331l\§@6§?@§53

The invention relates to a process preparing functronalized |goner|c
si | sesqui GRASHES wmnletabft ¢angensed cﬂhgp@@et ysﬂmsquenmd vatli gilioeysilenes and also to
si | sesqui anes i lLane o to. 5 e for, further

deri va'?§|J zatT ons fmff%lfrﬂl{; Véﬁﬁ?@&f 3016 eé&f gejaqica ?&Xftst‘ﬁ’él elgsténtlpg f@mpounds,
conpounds ,andacﬁdhé HntRRIR 5 HidMSeatioR R psRiefd cation of polyners.



