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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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with the trichlorosilane building blocks XSiCl3 using an amne base, as a
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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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I nventisonrddical.ne use of the functionalized oligonmeric silsesquioxanes
prepared as clained in clains | to 20 for further derivatizations, for the
synthesis of catalysts and their starting conpounds, and for the synthesis

and/ or m)lf'h;: b?e%éﬁtqﬂven%fon egé&ﬁ?léﬁ'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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al kyl, cycl oal kyl, al kenyl, cycl oal kenyl, 25 al kynyl, ‘cycl oal kynyl, aryl,

heteroaryl radical which is functionalized with oxy, hydroxyl, alkoxy,
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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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al kynyl , ©yEIs8aky0Oyl , aryl, heteroaryl radical, it being possible for the
radicals R to be identical or different and for mand n to 30 adopt val ues
of 1 to 3, with the proviso that the sumyof mand n is 4. Particular
preference is given to using al koxysilanes of the formula XSi (OR) 3,
especially those in which Xis not a O Z 5874-W 5 hal ogen or a hydroxyl,
al koxy or_silyloxy radical. 23 NOVEMBER 2004 The process of the invention
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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



RS-Co, 0~s S ~\ ~ORR2 with al koxysilanes X,r,Si(OR),,, preferably
XS (OR )3, under base catalysis, where X is a hydrogen, oxg3 NMOVEMBER 2004
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i socyanate, acrylate, nethacrylate, nitrile, amino or phosphine group, and
- where possible - these radicals X may én turn be further functionalized,
~and/or a substituted or O Z. 5874-W 6 23 NOVEMBER 2004 unsubstituted
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rr&maﬁkoxysﬂanes 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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ethanol, in particular of THF, as solvent. It will be appreciated that mixtures of these solvents

can also be used.

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%.



of the invention is, at the beginning of the reaction, preferably fromO0.01
nmol |/ «to 1Q .nol | nmore preferably fromO0.1 moll/ to 2 nol 23 NOVYEMBER 2004
preferably Zo%HWOto 1 nol /1. 25 It can be advant ageous if the
concentration of the al koxysilane XnSi (OR' )n in the process of the
invention at the beginning of the reacti o8 exceeds the concentration of the
i nconpletely condensed ol igoneric silsesquioxane. It is sufficient if the
al koxysi | ane excess is kept low, although the use of a nmarked excess of

: al koxysilane X, ,,Si(OR )" is also possible. At the beginning of the
_reaction the reaction solution preferably has a nol ar excess of -

al koxysi | aWeen 8k proceso opihe imentidwistieing AeRIE RN bE AFRRDESuAF WIRPRY ddfed

si | sesqui oxane, of up.to 100% preferably fromO0.02 to 20% nore

pr ef er abl ytofthgFragtion micte, Ingome 3ess hawewr,aBe VENBER2 00Watdh antht lselvpartaces s

of the iny i I I caryied out it c be advantageous if water is
added to eélgrgadg?]? ‘%ﬁea%ﬂ)x %rtéé c?%"%%%“&ﬁ ,torltgw&??g‘% expiacy Wﬁb"‘%t.rﬂéfc es
of wates ipredeiCe Il WaRt aBrfe Baphrnied I the! rehBtfon’ CAR HYTarCfaoN§f GRR%E S iR
according to the invention takes place wthout the 5 presence of water a

t he begi nrinegnpietelyh eondsagadi oligonTére siddeaquioxene cat othe imgmmineo of lige conversion is

i nconpl et el y. condense | i gogeric silse [ oxane, at the beginning of the
conver si or?rgffm%& ﬁf’@r g%%yf g}%hd’&fﬁe Prqur%gi_yl_ qm 10rlatayP-8tle MR I}Iegeﬁ% foor 1
to 0.5:1, nery pyeferably from 10:1 to 1:1. 10 The process of the

i nvention can be carried out, for exanple, at tenperatures from-50 to
300C, with a tenperature of fromO to 200C being preferred. Wth particular

preferwce‘g{the reactj on is.carri%d ouf ,at a_tenperature of fromOC to
T00C. 4 EiedippesE o) the SaveBion Fat B¢ 8ol ciibeton @ P ioo b mpsratiaes dior rt) tohe
conver si or308eC ok BYerhsbratiR dfYER 0 182 1 i 1.ng of
the tenperature at t_hel%énd of the reag??iggéngkfgf%rﬁ%ﬁ%&lgg%rg&g?r#rgiéé?{&cia

the 15 preattion insardodphiettel femergussifbiren ICErtoHO02C VNS agaelySposTibBR for the
functionalized meri.c,sil.sesqui oxanes prepared _in accordance with the

ol i ]
i nvent i on, RGP AeERS] ﬁw&@gfcﬁw&%l%a&% g & ths dventien.sThus cfor examalpes
of struct ykel, i AGRO jt 1 NV, 1.0 n used., for
exanpl e, for %@t’n Feb?r tggrtéi:ﬂ\?%%ri zat ?ﬂ%g%ﬁ? \(I)Mrf t?%g&%bgytﬁ{]wgs&rp%% %fg%%lfiy fsljeand
t hei r &t aprodvgt soepuleteds as postitlgreat be adwantdgesiss and/ or nodi fication of

polynmers. In other words there is a broad field of application for these
si | sesqui oxanes. The functionalized oligoneric sil sesqui oxanes of the
formul a 17pkeRaBHaRd 3G ik ' ti addi.ti.onally b
used for inproving the agﬂgg?%%gg%&éﬁ%gﬁ%ﬂﬁsb %‘?‘ggleérc? &ggl?cr%twgh 1RYAGP al
properti epadicdlady tlive fhactionelizedf fotigbmbne gRepickated iAUsASctR IPQPr¥Rk&S 118S.
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.



anor phous pol yal phaol efins, in polyam des, in copolyanides, in polyanide
conpounds, _in olv}/est ers, in copol yesters, in pol yacryl at @3 NOVEMBER 2004
pol ynet hac@yﬁ-égg‘b, ®n pol ycarbonates, in polyurethanes, in phenolic
resins, in epoxy resins, in polysiloxanes, in polysilanes, in rubber, in
rubber conpounds, in polyvinyl chloride, $n vinyl chloride copolyners, in
pol ystyrene, in 30 copolyners of styrene, in ABS polyners and ol efin
copolynmers and terpolynmers. O Z. 5874-WD 9 23 NOVEMBER 2004 The

- functional4ze : | € sill|se |.oxanes the forprula | prepared in .

accor danc e%vh ﬁﬁ%éﬂg%\é@ﬁ 45% szlggsqﬁ}ogan%e&{}@% EOW??JEE’H?I’@I&Q&H %P‘?r % GVifhk s
- for i nprovhegdnidntion han! 0@ BalsediPpaintd 85d phififn® i fﬂ@%@ﬂ% e rHeBfogical
application properties, and the surface properties of t paf nt or
. printing ipiRparti¢syithessediling éeh&mrpﬂgcsap@libatidm@rapd:rfies, ahd tlheesisfacs ]ipsc:pﬁmaﬂelse on
- the one hand. via the. roup, and the chemcal reactivity o e

si | sesqui M@Ep]aﬂmf%ﬁﬁlﬂer hand, via the functional group X, can be
varied smdely, it is possible to nodify all comon pol yners. The
nodi fication of the polymers by the functionalized oligoneric
si | sesqui Siugeetbe physitah kbarpitercef thy sildesquibrumes dA ﬁl@;raiethailg, ‘r;i&dfﬁé Ri ?ﬁup, alnd the
copol yneri zatio nd, copol ycondensation. In thjis case the functiona
gr gupyx i ﬁfZ’FIBH:&Eiéﬁ&&Wt% ?ﬁﬁ%@?@%‘f“”ﬁ“&% gu dhe,pther Bandy yiarthe @HTC&IDF@\&T@%X, can
chemi cal- ChRTU NG ; 100 loBifS 1 S &l I @//
grafting, Q)gddi teiﬂgﬂldglfgbglt% drg%;ﬂz)%t ilgg{l\j?aﬁcflu copoplg?g%%e_trr\és)'a |eo%gs]1fs‘§? n\?f |ﬂ_}eue
of the nogolymeas ibgnthei filncSenaliadd @Hgb:ingﬂmilb@qﬁibkal&s Oh P X EIRL plack t‘dﬁrs b]@gﬁiﬁgpl e
to exert a_ Javoraple influence on the rheol ogjcal_ properties, e adhesion
and bohdi & P%p%‘f@?% copolymeizatiop, apd ccopalveendensagion g i dhis apage :thq Jfimetiongl a
mul tiplici ; | . r anpl.e .
pol yoloefi r%g?ﬁpgglleg%dﬁggg,ﬁy pol esse?%?g(?&%so ycgg%{)e?lné egl,l&go. ?gﬁgngfggl, anchoring of
pol yur et héire oligometiy silsgsqaioaane pol poigphbEchy | gifiag, ra&diﬁamlwﬁanm_ ization, and
pol ysi | anes henoli ¢ resins, epoxy resins, 20 polyvinyl chloride and vinyl
chl ori de 88%? PRsationy| ystyrene and copol ymers of styrene, ABS pol yners,
and rubbers can be nodified by blending, grafting, addition
copol yneri zation, and copol ycondensation with the functionalized
ol i gonsr i Bysiittsesfitht exaiiftstion lndth suitableiotiganbAe silsebdui®nmed & iSpoSBEISIR¥ARES
can al so he used. for rmdifg/i ng, pol I\g&\;r surfaces on which they are anchored

physi cal | {#VgFabls wilugnes onyhe thgplogicahpmopertisy: ske adhetiemmrdbandingmreparties; esditheant

o e et 0 D AP B BB
| ubri cant exanzglbe polyelefing,0poltthess, 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




~ constant an

pharmaceuticals, fibers, including glass fibers, or packaging materials. In
additton they can be wused as bioactive and fungicidal pro@3OVEMBER 2004
el ectroni ©.Z=18diWI5, in aerospace, and for produci ng nedi cal prostheses.
30 The use of the functionalized oligoneric silsesquioxanes prepared in
accordance with the O Z. 5874-WO 10 23 NQVEMBER 2004 invention for polyner
nodi fication is of advantage since in the resultant polyners they raise

- the glass tenperature, the deconposition tenperature, and hence al so the

- service ter{p i ncr e the t act stren

scratch r g’siegﬁ%igog,ep’o' T ?e,‘ﬁﬁ?ﬁtlé’ﬁlls Hg? 4 Eag,gtsfq%‘g%téaietfiﬁgﬁ@%g? W?"S&é%ﬁ@'@et he

heat condygt dg s tt¥mpdrBird, %ﬁbmﬁm{eﬂﬁfﬁgﬁf Aol iRite al@@gqe;sgﬁ/é% tgfrl?ﬁérﬁﬁﬁ

Lic
: the viscosity, alter the s tension an OWEr
the fl ammebdasé the tensibd stserighi, limpactasitbngthy stiatrhemetisaficeh @all ,méchrsiealt edidgs,

perneabiljty, éh oxi datj on , st abi Im and the corrosion stability,
sinplify lﬁ%‘%“&é Qi ,1tyaﬁ‘?ii“f’%§ller A ceBHchNitY. bR theraad sxpansionroetligient, athezed
ol i goneri g;.%d i Su@bt.al I y ath C f, theqi ntion gan
10' b der PisRelriZ SohA NS LOVRLARY, S ule SurbleR RS0 et Sare YR NP B

conpoundsflimmabiity|cpsbastibilitytahd deedopmetit of hest, a8 oD Derhitabiifg tHekidiibh
met al conpounds, hqonogeneous and heterogeneous catal ysts, which in turn
can be enPRrbNiEH apdthesRrTasion shabilityysknplify srosessmerand rsatpict enntraetien proprsses.

ol i goneri zation, polymerization, additions, reductions, elimnations,
rearrangenents. Preference is given in this context to reaction with netal

conpoundsThé fillbtio®iliabs oliforhdrie difsadmidxanes dhtalbitte bl A& pobag of bR hddiidanah ds
and- actinoi ds, and_ of main groups 3 and 4. The exanpl es which follow are

i nt end@d ©%deriyatizeqd Suther hy ¢omyaen mathadstandumay elsprservel asgstamtiog comppandsf for t s

protectiog. e .o td .sohu H i 700 W th

3-chl or op%%é%’r%ﬁ%%?ﬁg%%g tPgﬁ%ﬁzé Oﬁﬂ’rﬁ r(e%fm? ‘?ﬂi% e?ai]comp u%a‘)s’ehom(’geneous and
3- chl or ophigaykédeon®ichialys] hih &f eurads@dbatenpiyell Ofop ox@latibh®) meththedis- 8-©
(12.6 mol ) of (isobutyl)7Si709(OH)3 in 20 mM of THF. Follow ng the

addi ti on HUPlipg srepgtions, plignieerization, polymerigatiom additions, aedubionsf clhminationss

| of i i 5 ir. . i ght.. Th | ti whi t
Cuspensi e ratddnelflel iCiEreh® Baibh ih Wi AR I rseclidf Vi dhcist Shtitnals of
resi dus i metatisdfable whitditidn\grotpsy B elnglihe UntRGRIRHRAA alhdids) M@ Bf frath FroupEHYo
yi el d) ofan?éuas a white powder. .

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. .
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I $-B utyi 23 NOVEMBER 2004 Exanple 2: Reaction of (isobutyl237/BOVEMBER32004
with vinyl O a8 d¥%Ysil ane 2.0 nl (13.1 nml) of vinyltrimethoxysilane are
added at 20C to a solution of 10.0.g 5 (12.6 nmol) of

(isobutyl)7Si 709(OH)3 in 20 mM of THF. Fagljl owing the addition of 0.5 m of
Et 4ANOH (35% solution in H2O, 1.2 nmmol of base, 18 mmol of H2O) the m xture
.is stirred overnight. The resulting cloudy solution is adm xed with 200 nm
~of MeOH. Follow n filtration the residue is washed with 30 nl of acetone.
- This gives 6.1 g'§60%yiel of 4 |a white powder. 10 R OSi /'Ck \O0

RS 010! 10 R R Si= 1il /Si O0O-S/ RR4 Ri-Butyl
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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
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o-Si = Si
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{-O~grR
R0 N7
| O_Si—R
R-Si—0T¢o”
0 3;1’6
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Ve \ R = i-Butyl
R R
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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




Exampl e 3: Reaction of (isobutyl)7Si 709(0OH) 3 with

3:=am mopropyl tri net hoxysilane 3.0 m (12.8 mmol) of 23 NOVEMBER 2004
3-am nopro(gé 4¥@oxysil ane are added at 20C to a solution of 15 10.0 g
(12.6 mmol ) of (| sobutyl)7Si 7W(OH) 3 in 20 mM of THE Foll owi ng the addition
of 0.5 m of Et4NOH (35% solution in H2@2 1.2 mmol of base, 18 mmol of
H20) the m xture is -SirOSi /~0 _SO R O Z 5874-WD 12 23 NOVEMBER 2004
stirred overnight. The clear solution is subsequently adm xed with 200 m

f MeCOH. 0% I
O MO e Bk Sl O L e a8 SR
i - But vyl 3e1 4¢3 tij&,w 7Si 709 3 Wi th
: :\I-[S {tr?n%feﬁoxygflofﬁ?ﬁ?gls?gaglﬁ% enegl}am ne (ZOE;D m (12.8 nmol) of
N-[3-(trinmethoxysilyl)propyl]ethyl enediam ne are added at 20C to a

solution of 10.0 g (12.6 mmol) of (isobutyl)7Si70(0OH)3 in 20 mM of THF.
Fol | ow ng the 1@add|tlow H)f Et 4ANOH (35% solution in H2O 1.2

nmol of base, he mixture is stirred overnight. The clear

solution is subge Uen adm xed with 200 Ml of MeOH Subsequently the
slightly cloud |s adm xed with 100 ml of acetonitrile.
_FlltratlonR ( /oyleld) of 6 as a white powder.

R = i-Butyl

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. |

,Si"o‘(;-;s\i
R"""_S{ ° S‘rR O
[ ] \ NH,
O O ’Sl“"'_R
\ R-Si—07 o
; s’
/=077 R = i-Butyl
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RO'S. OS O+ OR ORjt1000S-R ,Si-0 O1. -0-Sr' RRNH
O Z. 5874-WD 13 23 NOVEMBER 2004 Exan#3eNOVHEMBER 2004

NH2 R = IS%%% %@g . . .
of (i sobutYyt 7 OH)3 with 3-(trinethoxysilyl)propyl methacrylate 3.0
mM (12.6 nmol) of 3-(trinethoxysilyl)propyl nethacrylate are added at 20C
to a solution of 10.0 g (12.6 mol) of (Bsobutyl)7Si 709(OH)3 in 20 m of
THF. Follow ng the addition of 0.5 m of Et4NCOH (35% solution in HO 1.2

mmol of base, 18 mmol of H2O) the mixture is stirred overnight. The clear
solution is subsequently adm xed with 200 M of MeOH  Following filtration
the solid which remains is washed with 30 ml of acetone. This gives 4.0 ¢

(70% yi el dixamhplé Sas Readtione POWI@obudfl)Bi,ONCHS ' Ritis! Rtriméthoxysilyl)propyl
methacrylate

3.0 ml (12.6 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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Bxanpl e 6: Reaction of (isobutyl)7Si 709(0OH)3 with isobutylt23 NOMEMBER 2004
2.5 nl of PLob8t4WMQi net hoxysilane are added at 20C to a solution of 10.0 g
(12.6 mol) of 15 (isobutyl)7Si709(0H)3 in 20 M of THF. Foll ow ng the
addition of 0.5 m of Et4NCH (35% solutijgn in H2O 1.2 mmol of base, 18
mml of H20) the m xture is stirred overnight. The resulting, slightly

cl oudy solution is subsequently adm xed with 200 mi of MeCH. Fol | owi ng
filtration the sgid which remains is washed with 30 ml of acetone. This
gives 4.0 g (40%y,yield) ofgr8 as a white powder. O Z 5874-WO 14 R R
~01Si~0-Ssi L O e &.Rp 0O0j 0Si -R RS-0.0 =~si-O-si\ RR
R =i-Butyl 23 OEI\/B@FE\; 004 8
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23 NOVEMBER 2004 O Z. 5874-WD 15 Clains: 1. A process for preparing
functionalized oligoneric silsesquioxanes, which conprises 2¥NOMEMBER 2004
i nconpl ete §§2&j§ﬁ(§ed ol i goneric silsesqui oxanes with al koxysil anes under
5 base cat al'ysi’§™ the nolar ratio of the inconpletely condensed
oligoneric silsesquioxane to the basic catalyst is from1000:1 to 1:1. 2.
The process as clainmed in claim1l, wherei N t he conpounds of the formul a

- X5 (OR')" are used as al koxysil anes, vvhe?e X is a hydrogen, oxy,

hydr oxyl , al koxy, carboxyl, silyl, 10 silyloxy, hal ogen, epoxy, ester,

- fluoroal kyClailnsocyanate, acrylate, nethacrylate, nitrile, amno, phosphine
group, where - where possible - these radicals X can in turn be further
~functionalized, and/or a substituted or unsubstituted al kyl, cycloal kyl,

.~ al kenyl ycl gal kenyl ., al kynyl ,. cycl Qal kynyl, aryl, heteroaryl radical
which is ffjnctﬁgc}?{él?‘isgéﬁr R{?ﬁngﬁnﬁy}c}/‘ﬂﬁ%i;ﬂh,gc"&%ﬁglﬁesq,lawaﬁg:|Wh1§h comprises
- silyloxy, hal ; e i e ryl ate
methacryi ate, g IRSOpIe@R) Ginded ol IBBEN, skl SRR W G BER Bier,
substitfit ed orbasescdtalysis uireld the kipblar ciaciboaf kit , bRy @YiaéRBd Kibmeric

~al kynyl, cyclqal kynyl, aryl, heteroaryl radical, and in and n can adopt

- val ues from 1 gesguiogppefoithebasiccaialysdis fem 10081 uklof mand n is 4. 20 3.
The process as clainmed in claim1 or 2, wherein functionalized oligoneric
si | sesqui oxanes of structure |l R O Si-01Si -SSOR"™ O11 |1 x OSi-R
R-Si--O! 1) / She(rokess as Halted in claim 1, wherein the compounds of the formula XSi(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

R
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1 23 NOVEMBER 2004 O Z. 5874-WD 16 are prepared by reacting inconpletely
condensed ol i goneric silsesqui oxanes of structure 2 0l 5i - 23SROVEMBER32004
RS 0 OH 625%7%'@& - R RS -G, SfoSit o RR5 z with al koxysil anes
XSi (OR )3 undér baseé catalysis, where X is a hydrogen, oxy, hydroxyl,

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

i socyanate, acrylate, nethacrylate, nitriltbe, 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 oal kenyl, al kynyl, cycloal kynyl, aryl, heteroaryl radical
which is functionalized with oxy, hydroxyl, alkoxy, carboxyl, silyl,

si |yl oxy, hal ofenprepgigstyby exseaiing fincoopettlyy bondensedy aligdmericailydsqiioxanes of
nmet hacryl at e, Q%%&%Ig, am no, phosphine groups, Ris a hydrogen atom a
substituted or® f&ubstituted al kyl, cycloal kyl, al kenyl, cycloal kenyl,

al kynyl , cycl oal kynyl, aryl, heteroaryl radical or in all or sonme cases a
group X, and R is a hydrogen atom a substituted or unsubstituted al kyl,
cycl oal kyl, al ker®¢l, cycl oal kenyl, al kynyl, cycloal kynyl, aryl, heteroaryl

radical. 20 4. Th péﬁcess as claimed in at |east one of clains 1 to 3,
wherein as basi ¢ -&iTdl'ygly at | east one fromthe group consisting of Of,

R /xR Q032-, PO43-, 5042-, NO3 F, NRS, and RBNO i s
i btle fod R to be a hydrogen atom a

used, it bﬁ'.ngSip/o

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-




substituted or unsubstituted al kyl, cycloal kyl, al kenyl, cycl oal kenyl,

al kynyl, cyclo 23 NOVEMBER 2004 O Z. 5874-WD 17 al kynyl, a2l NOVEMBERG2{0A
radical. 5 2ngp£%ﬁéess as claimed in claim4, wherein KOH, NaCH,
(C2H5)4NOH?" (CH3) 3NOH, (CH3) 4NOH and/or (C2H5)3N is used as basic
catalyst. 5 6. The process as clained in claim5, wherein (C2H5)4NCH is
used as basic catalyst. 7. The process asyclained in any one of clains 1 to
-6, wherein the reaction of inconpletely -condensed oligoneric

si | sesqui oxanes with al koxysil anes takes place in solution. 10 8. The

. process as cl aiieRf], iafyl ok BbiBodryl YEEEI N hal ogen-free systems selected from
al cohol s, ketones, al dehydes,” ethers, acids, esters, anhydrides, alkanes,

aromatics, and nitriles or mxtures thereof are used as solvents. 15 9.

- The process a claimed in clghnlg,,mherein THE, acetone, nethanol , and
" ethanol or ni XiUrBICEF (a5eLAmSH y divt Slaimd, | ydigrein  KSH.enNaOH; o(CzFh:NOH,

- | & i rreG h A i ' | vent..; 20 11. The
P ocese oo o) AeRBEHCEHHOUCHNN U I (G ARG 8% HaE Bhaty) ©

concentsation of the inconpletely condensed oligoneric silsesquioxane in
the reaction solution at the beginning of the reaction is fromO0.01 nmoU
to 10 nol 16 1Bhe progespacRlemedan clajm b nwherein (€Hs)NOH is werdrasibasic basalyst.
concentration of the inconpletely 25 condensed oligoneric silsesquioxane
in the reaction solution at the beginning of the reactionis fromO0.2

mol /1 to 17.noIThe plidess B3@14Mhed G5 snyesne@faiime 1ith 6 2khérRthe ARSI ofGh@niPletdiyt O
12, wherein the nolar ratio of the inconpletely condensed oligoneric

si | sesqui oxan&ondsnsedeligamprc silseadujerantswith alkozerilanesdakeg @lase in scPBidNOVENBER
2004 O,4. 5874-WD 18 14. The process as clainmed in at |east one of claims 1
to 13, wherein the reaction is carried out in the presence of water. 15.

The pr FC e$f|§ aghe pricoBtsichigbdineldith 7. Wikdréih halo3en-WRet 8¥stdnd deRecil L Slcokdls,t he
i nco ete
P y 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.




5 condensed ol i goneric silsesqui oxane at the beginning of the reaction is
from1000:1 to 0.1:1. 16. The process as clained in clai mZENOMEMBER 2064
nolar ratig of water that is used to the inconpletely condensed oligoneric
si | sesqui o¥ahe874¢WPom 10:1 to 1:1. 10 17. The process as claimed in at

| east one of clainms | to 16, wherein the preparation of the functionalized
ol igoneric silsesquioxanes is carried outist a tenperature of from-50C to
300C. 15 18. The process as clained in claim1l7, wherein the preparation of
the functionalized oligomeric silsesquioxanes is carried out at a

~ tenper at ur ¢4 ofyfer : . 7. 7 1 tract. 23 NOVEMBER 2004
The i nvent ?o’n rglﬁzg?%egg?%agﬁ%%ggea&éf%g&pﬁ %‘P}Sﬁg Of ng&ﬁ?ﬁh CTEW LN 1R ¢
_ si | sesqui oxanest hythe peaeidedg wiatkgonpl et el y condensed ol i goneric

: sil sesqui oxanes with al koxysilanes and also to 5 their use for further

“derivatizations, for the synthesis of catalysts and their starting
- conmpounds and for the synthesis.a dification o ol ymers,
np ' 15. nﬂlc process & Qithed §3 cRird qg, \Q'Rerexfn tﬁe molar ratIo c?f wgier to the incompletely
5 condensed oligomeric silsesquioxane at the beginning of the reaction is from 1000:1 to
0.1:1.

16. The process as claimed in claim 15, wherein the molar ratio of water that is used to the
incompletely condensed oligomeric silsesquioxane is from 10:1 to 1:1.
10
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.






