;e3ez~(z{$$%&@BN(6(T(S] 50.Z. 5874-WD Process for preparing
functlonaqugg%abwgonerlc si | sescrui oxanes and their use The invention
relates to a process for preparing functionalized oligoneri
si | sesqui oxanes and also to their use foy further der'Vat'%$NWWWE mlthe
synthesis of catalysts and their starting 5 conpounds,. and
synthesis and nodification of polyners. Aigoneric S|Isequ|oxanes can be
used for synthe5|2|ng or nDdlfylng polyners wth a broad field of
appl i cat i Brocessfer puépari pali 26 Siksesgu iy andd S
coatings and adhe5|ves in nDIdlngs of polyner in flbers or packaglng
materials. The ability to prepare 1o the silsesquioxanes in a great breadth
of vari att@inkBndd @htfto bpeddessior Bfép‘dﬁﬁg RBRASNAIREd ofifiindHARREGuRXalds dhiie
pol ymers whi ch can be prepared from silsesqui oxanes and/or can ‘be nodified
wi th t hemlsam dein wdel foe forbkralesivatzatiods fon thgesynthesisrafusatalysts aed thendstarting
mechani cal properti ners .can e enhanced by the bl endi ng,
graf ti Ag, CARRAYR %ﬁngg?fd{‘?g@t esigang mogiti ‘E?(S‘BBI‘)? ation of
si | sesqui oxanes: exanpl es of these properties here include the 15 various
nodul i, the tenperature stability, the adhesion properties for a
mul ti pl i cOligomériovsilsesquidxanes ¢un teexisdd tforosyntesiingi drymodi fyengspolgheds widsa btaadce,
and the tFnS|Ie strength. Mire recently mnetal -containing. silsesqui oxanes

havel al so aa.qf@aplmepeagh%@olxmeﬁ.rﬁsvétg}&@eftaﬁr%mﬁx figd vsgelr © FHPéoﬁ%Qa‘%Sas
ggf:? {gtSS ng%@gglsléA%T %%hdd’ég P 8@mcﬁgng§>)ﬁ{shd;?38£a§@ lg%tle %ﬂ% Fl;/lé?gl?rl]lc% io a zed

ol i gonmr i mesulhe;qmumwsaﬁes,gxeit readile ofl varidtionXin- tefmiof theiradtrugueeimeants that the
functionalized radical, R = hydrocarbon radlcalj%fHB so-cal | ed corner
cappi ng oPToperéies )| af gHePolymess| glémljupek Reclrepared | fEorp)| silseyquioxangs: gRdion cgh g

functi Ona{noﬁﬁ%{iwﬁlf&eg{ ga%'ﬂ al@ﬁﬁexié%h gvg’r Wl&é1ﬁngé q@lﬁﬂ&gughe alaaghqgechanlcal

Unf ortuna hi's produces stol c nmetric anoun anmonl um

chl orides @pemee of bypfeeiucin erihbﬂce@(lfydl(he Didndag, pediitd, @ddition tcopolyimesizdtipnol
2 wth the trichlorosilanes XSi d 3. Addltlonally, because of the
sensi ti vi ¥ cepolyseadenspion of cilsesaniozanes: igrampley ifsthese; propertise diesainelids thsr k

t he st f | s
i sadvint FEusnTRERECHR' (el ot 1HE Rinclioh B8 W uhiR) &
rel ati vel safaRNEe\\Ridafibe s@abidity) g keriteh fkisonys iahd dresentHe MR ar e of ten

in

avail able at nore favorable cost than the 30 trichlorosil anes. O Z.
5874V\05101520RX|O~S| O-Si /|01 SOROR—]~ ~I O~~Si-R
R-Si =

320 Ruore Qe e huffihnd sfbeSh Saper Dl sy SR oo B R
1995, 17, te%é'o@%eu’vgé‘s'sml@h&c&’sl Efal¥AO6Ched?, EA3022000, MBe5 30N Rl 5all 99 Hm.28,

8435-7) al so descr the synt hesis of functionali zed ol i goneric
si | sesui GhemeSomfl989,riidt L74-8) dssciils ﬂversyn@lpw S]] vmombefumtsq;@bmd/ehgomenc

trisilanol. recursors th t ric Iane buj | ks

using an 511 CREUHOES ‘?fz ﬁﬁu t&’éetjllt]t(% V\ﬁ\ FS“BoS fg'flé nﬁll%e% 3‘?%% I"anol ,

si | ane, aﬁy&be&borp{aeidan byeRPlled Q@h@geappueg 601! oligBieAl€ sil@RGuibLARHARNG]s

functions into the oligoneric silsesquioxane nol ecul e by way of the

f unct i onabf gtroctprex2 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 trichlorosilanes 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.

IURMAVAI

*G00002*



The nethods known fromthe literature to date require the unfavorable use
of tHe expensguewti chl orosilane building bl ocks XSid 3 using an anine base
(Appl. Organonmet. Chem 1999, 13, 213-26) and are necessarily foll owed by

t he i nconveni ent separation of the ammonjum chloride salt which is forned.
Wrking with trichlorosil anes, noreover, requires the strict exclusion of
noi sture and is therefore |ikew se very inconvenient. It was an object of
the invention, therefore, to provide an efficient process for preparing
functionalized d&igoneri i | sesqui oxanes by re ting i nconpl etely
condensed silseshui xane t h al koxysi | anes whi (% sui tabl e for general
use. A particub&ﬁro | it of the present processSiva toHprovide a sinple
and efficient Ay' es ,ﬁ prepari ng functronaVr on oneric

si | sesqui & Qure 1 by corner R rng th thﬁ | anol s of
structure 2 X fun naI group or functi ed cal R =

hydr ocar bon Oa | 2?m@’ﬁ— s acconpl i shed wmt@gg osrﬁanes in the
reaction. @O 3 Surprisingly it h clpeen L,Sund t hat
functronaI|%(@ ri c silsesqui oxanes ca Sbe{prg ared in a sinple way
by reactingzfnconpl etkly condensed ol i goneg’c sil sesdyi oxanes with

al koxysilanes. I n particular, functionalized sil sesquioxanes of structure 1
can be synthesized by corner capping inconpletely condensed oligoneric

si | sesqui oxanes of structure 2 with 5 al koxysilane nononmers XSi (OR )3 under
base catalysis, wifh X being a hydrogen, oxy, hydidxyl, alkoxy, carboxyl,
silyl, silyloxy, hal ogen, epoxy, ester, fluoroal kyl, isocyanate, acrylate,
met hacr y| BibRrenmint étidie(US 048486 7pOompienB dnoyig0 (heman@ds, MhetB3GoRachhmleculdese
radicals X may in turn be further functionalized, and/or a substituted or

unsubst i t 1R9%d Zaﬂ K{A02- ‘byMaémWFC“l%ﬂ |489r§/,| 280 paB ) kaleny |desqribey iy synthesis of

oy, hy ol apssiorlegd o nierR ke sch AkaRe) of Grflins § by Rihes SAfpg 3 e Resbibdve
f1 uor oal kyikilaro® gf?ééﬁﬁ@fsez wik thyd t%fbﬁ]zordgﬂhﬁ@sﬁlldlﬁé Blocky XSidl?usﬂgrhﬂil Qmuﬁhﬁ%@ hisne
groups. Ris a hydrogen atom a substituted or unsubstituted al kyl,

cycl oal kya ,rewltkeﬁyuthtchcycﬂsqmsmblwintmdhdw sijdnol,csitane.a iy oleﬁm,ytpoxuetlelroeen,yl
radi cal or, in.all or sane cas s .a_hydroge

Sabst |t utDePt HiaSred aanna Mol S digpniaf sl SSEhe Moty way
al kynyl,  emat aalckd leropr! heteroaryl 15 radi cal. The present invention
accordrngly provi des a process for preparing functionalized oligoneric

si | sesqui oxanes whi ch conprises reacting inconpletely condensed oligoneric

srlses ui gxane h i lanes. 20 .Li kewi.se, pro |de by t resent
ventiontbamemods kBt Koy e HERRER 16 (3l o T URaP YO BRIC el b8 BREGRIve
prepar ed ﬁ‘é fat@éu bhildif %toraés %61, 2RirleCh iernEhﬁEe @'?p’ﬂl ve %a%@inlep@%emf 9994, he
synt hesi s o catal ysts and their starting conpounds, or the synthesrs
and/ or nofi3,f218:26) amdadre pned:qssrml}s foliwedisby ﬁmpmrcem'emenh setmmtionavﬁrthe iatnameiume
met hods mhrch i nvol ye chl ros reagen resent i nventi.on as t
advant ageCl’t prade saff ppachy 18 a&gg‘mg ﬁ‘pgﬁg qpesi B%Fg@i‘ﬂrgovaff’ Te85tSo mcq

t hereby i ]g%% f heshvenRppcess for

functi ona%&Ii @g%gn@rf%ﬂg?%egﬁaﬁrlbﬁfgﬁsﬁp% o) unlnecessary i s both working

under 1strict noisture exclusion 30 and the separation and di sposal of the
storchronetrrc ampunt s _of ammoni um chlLoride salts foromed in the_ hitherto

cust ormar yltreakan gRiest of ithe; iyeatioq, (therelore  9spiexidesan igient prqagss f% pzepanng
5874-WO 4 Si Si oi e guaRhiddl es
of ammoni &fgln’ég&fﬁihg&?t Al?&%gé bglév@l?ﬁgnﬁgen B@gcelgés(ao t?lhecar rﬁJ\l/en | on to avoid
the need $isesquigansd with dllceppshhemhtch ésaiabletfor gmemﬁat;aaA parByulamaiysct of thehe
process of the invention, therefore, an efE crent ovative rpute f%ai

been openB@sSUl PIFEha as i@ PEpvide grsimpler gk effigieat P%HSSO oF JBPRFNg functiona
ol e AR PART AR S O! BF cofRP Bl e AR SR FIBR S

ol i gorferi ¢ guroxanes w Panes rovi sion o

ef fici ent funcAisial @rhigréd Mcﬁ@mawtadmm pR@crq&soéaﬁronf mﬂrctal)ovtabh ieaccotriplisivedr i ¢
si | sesqui oxanes is of great significance, since these conpounds can be used
not only withodtchjaresilaaes indhe tegetictat i ons, for the synthesis of catal ysts and
their starting conpounds, but also, by copolynerization, grafting, and

bl endi ng, for the synthesis and nodification of a nmultiplicity of polynmers.
The process of the invention is described by way of exanple bel ow, w thout
any intention that 15 the process should be restricted thereto. The process
of the invention for preparing functionalized oligoneric silsesqui oxanes
conprises reacting inconpletely condensed oligoneric silsesqui oxanes with
al koxysi | anes. The reaction of the inconpletely condensed oligoneric
srlsesquroxanes mnth alkoxysrlanes 20 takes place preferably under base

. Y o Y T T T



hal ogen or a hydroxyl, al koxy or silyloxy radical. The process of the

i nvent i ompizssppiiy@ul arly suitable for preparing functionalized oligoneric

si | sesqui oxanes of structure 1 ..0~ix O-Si ~Si L OR-S~~O-Si'Rp OO1I1 O

Si- RRS=0S ~ OS R R1byreactiopn of inconpletely condensed

ol i goneric silsesqui oxanes of structure as reactants R O-Si' O OOH R~-Si ~

O S  ROHOS - RORS-0S ~0OS R Riowth alkoxysilanes

XnSi (OR)~, preferably XSi (OR )3, under base catalysis, where Xis a

hydr ogen, Surpsysingly dir lisyheen &dundxthat fosetivoalyded odigbyleric silsegquiayanes arobeprepapdxy,

ester, fluoroal kyl, isocyanate, . rgél ate, netha rggate, .nitrite, amno. pr
be

|
phosphi ne‘ngi“oﬂE‘PY%l’f%Py- by HspEHNEs 1%% lgjply condgmsed plighmperics silsgsguioxapes (Wi

further f l.anal i : [ = ;
nsubst | (HRESHES Eifru e BincoRtipsh shidsillopines o sepera call posymthesized
cycl oal kysy korar yappite ioapiletélyrcndemsed whigometis silsesqtionasdsi afestruvitirh 2owith
hydroxyl, al koxy, carboxyl  silyl, silyloxy, halogen, epoxy, ester,

f1 uor o8l Kglkquisga;@yma@r@,erSaX&(DB{b, under thase wrtalvets, (it X BFm&n? ROArogER SR ne

groups. an be [0 0, a. Lyt e t} al;

cycl oal k?fy,%r%yi’eﬁlg%{’? ’5‘%26&3&}% én@lﬁ}f&g’ Igl;a%bﬁeg’ géloc%%?ﬁgfi &‘f‘#@g%‘r ,lé%&anate’
het er oar ydcrylad] @8thaérylatd) nitdifk, Brinir®)PRosphine gréupy iid!Pwiere poOskitle - ties@rddjdisdgen
atom a substituted or unsubstituted al kyl, cycloal kyl, al ken}/

|,
cycl oal kemgy in tirk payfurthes\funcsignrlaed) andier/a subssfusedoar yasubstitnted jalkyhacloalybs s

R S R L R D e
but inst egfih Qg‘?'it}@dﬁﬁpl,%lﬁ&)g%ﬂio%d,kif T il | igogeid epexs eesten) fluoroalkyl,

derivati zing inconpl etel'y condensed oligoneric silsesquioxanes with any
of a ver yisodydnate.cacrdate, methattyiats giitride @ming, tphioephine greups. IR & 4 bydrpgen atom, a
al koxysi | anes 0ssess..one, . thr of, faur_alkoxy.gr.ou on.the S
atom TheS El'illtl:lteﬁo aW%‘EﬁltB{éﬁgﬁ#ﬁﬂ? FX&%?‘fgleéﬁﬂﬁP@x 8@8&‘2}%&@@9@‘31 %l?aM’on
of the i néﬁﬁﬂthbt@fba?ﬂ?acﬁ%l of ! hIBBbdrRE cdses harR F)b.qzeifsraq?aw n hton®) W subgtithead
can be either nondfunctionalized or ponfuncPlonallze ; they may possess

i dent i cal oramsobstitwedatkyt, oyaloalbyl adlkepyhaysloxtkenyiealkynyy, dyeloelikyhds aryh hptierstartly
or inconplete]y condensed; and they nmay contain further, free hydroxyl
groupd’ Adicgkonpl etel y condensed si | sesqui oxanes having a structure
differing fromthe structure 2 it is possible, for exanple, to use
disilanols, tetrasilanols, various inconpletely 20 condensed

si | sesqui Thapresent awentjore agerdihglyqironidss avpriocess dorf preparingofunctidyiabizefitoligoimedicng
bl ocks, or_inconplete]y. condensed sjl sesqui oxanes whi ch.are al r.eadx.

f unct i onailssippioxgnes whichsprIprises Tearting preompleely spadensedioligpmgriefilsesatioganes
process of: L jon, allowing, in turn, any of a very wide variety of
struct ure%ltbgﬂﬁpg%?ﬂé% For controlling and/ or accelerating the reaction it
i s adwant ageous to carry out the reaction in the presence of a basic

t al t. Basi tal t d bl t | t tho: h 1
Cgi_ ? % , Liksewts oty %, gqqap(prqa e,g sms usgfes%gt?inmpr efio%,r ?SP S§e gg?{% ,ﬁnp%lgosga}lgzlrg_g ,r%ltmggle,e%rcou})

R3NO, it beipg.nassi . _ o
ansubst | SRR PeelEipfpdrgolint o ARRRChR pfylihada s o
cycl oal kysyithesiroficatatystedndrtheir wlartimcionglound®aand dorl the synthdsés andde medifcatien t o

usi ng KOH, NaOH, O Z. 5874-WO
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



7 (CZHS) 4NOH, C6HSCH2( CH3) 3NOH, (CH3) 4NCH and/ or (C2H5) 3N as basic
cat aI’ystsO.Z\_/gg'y Rapticular preference is given to the use of amoni um
hydr oxi des, such as (CZHS)4NOH, for exanple, as basic catal yst. The
enuneration of these exanples is not intfnded to restrict the invention in
any way, since any basic catalyst can be*used. 5 The process of the
invention is preferably carried out so that in the reaction solution at the
begi nning of the reaction the nolar ratio of inconpletely condensed
si | sesqui taxhlosostlanes 6Sifs eantl heahines Bis evoidingf laxgs uadttids 00 arhimbpiumpsalts it is
preferably from100:1 to 2:1, and very preferably from=20:1 to 5:1. .10 It
can be acRPéﬂE’?g‘@%éh‘t Bm&%ﬁsr‘I} tB‘?Jinvteﬂ%o‘{@a%‘fql‘g H‘ea’&‘}é rf{if FPLSVE I‘i]ésPPFﬂ]}é’ﬁtt Gf of
i nconpl et&kgascgﬁggnsed ol i goneric silsesqui oxanes with al koxysilanes in
sol uti on. vent it is possible to use both a polar solvent and an
apol ar solvent. Preference is given to using al cohols, ketones, al dehydes,
ethers, acids, esters, anhydrides, al kanes aron%éi_cs, .and nitrile

I

parti ciil aBY msans ef theahreeespof the Hiveation, dhereiorsy an| CHrigNts }W%Y%{OU%@%S&F@P
acetonitr] e . : -1 [ € e
is given éﬂgﬁ%gﬁgé E&O?I%ﬁ%&ﬁ&{aggpgﬁe?n%gﬁgﬁ%@?e%/ﬁ%fysg%{ﬁﬁlﬂgﬁ UA ?%bg%f{a?% gr
of THF, asradlcuppihg of incéinbletddy capiensdioligometibailsesguidxunes with allkoxysilaned. Thet s
can al so be used. 20 The concentration of the inconpletely condensed .

ol i gomer i ro¥isioneefyan eifciert, cesritectyq prapatationyaprsetier yundtionalized pligomeric

si | sesqui gxan f str [e.2. .d he. r 1.0 i } of
the 1 myerthaRciaShertts oS bighe signiiclndsy Sl ke iy B, b 0 Bl 86" By
mol / 1 150 fethBderivatiz@ios, FoLfhe siithysid 60dmtdlysts o thdir sartthgomipbunéy) Guvaise; by
preferably from0.2 to 1 nol/1. 25 It can be advantageoqus if the

h
concent r atdpolymstizetien, grafirgAndMendiagsiforahe synthesis prd Fedidicadonef ¢ pultiplicity
i nventi on%qat 1t he begi nning of the reaction exceeds the concentration of the
i nconpl et Y8 tensed ol | goneric silsesquioxane. It is sufficient if the
al koxysi | ane excess is kept |Iow, although the use of a marked excess of
al koxysilane XnSi (OR')~ is also possible. At the begii nning of the reaction
t he react Thmprootsaof the ipvestionapdsscribes by way af examplebelow, withet pay indentiondbati n
conparison to the.in | et.el y..condensed ol igoneric silsesqui oxane, of up
to 100% @F@f%%hﬁuﬁr%g}r)ﬁegr‘ﬁtfgtﬂbﬂ%ﬁ% nore preferably fromO0.1 to 5%
O Z. 5874-WD 8 When the process of the invention is being carried out it
can be advantageous if water is added to the reaction mixture. In sone
cases, holby arpcash eofe thes tinyantion afes prspanieg dhn¢tipnahizeds olligemeriarlsesgifoxanesnt

or the reaction or t.he .conversjon accordi.ng to. the invention.takes place
O thout "¢ REnESs SeachBg 16fOMEIFEl ndeed P e s hesoith IS | ar

ratio of vl factioh o dhd REBHPIALS! onBCRACHHIGMEHiE SRIEBANIEx et SARANIOXANENA!
t he begi nning of the conversion®is preferably from 1000:1 to O.1:1,” nore

pr ef erzabl takés plavelefetatily ufdes base cagalysiprisf dkantyisitaries s poeferredtolust compothids
process of .the_inventi an be cgrrieq qut, for ex | e, ,at tenperatures
Prom - 50 PhUSORER A OR Imohest o & BRIAgHR oo PRORYD SRS prBP eItV
Wth parti; I RARGHkANisbSyandte! A@Haftl nefiacA/ 146 TEN& LaMifo,0f
fromOC t%)lw{% C.hgllrog&?seﬁgﬁ?iérsgﬁyﬁ possliq@IleS ?%r t he grrper at ﬁf”e tto be varli %d
duri ng t hphasphiner gioap, adeos di mdreteo possible nv dheseoradicalsuX, chorineanpbe, further

| onering of the tenperature at the end of. th eaction or, th r pose, of
i sol at i ngiungonatized, aaglbé%tl’ﬂﬂﬁe‘{re‘mf“bo\sé“‘ﬁﬁg§[“I¥ﬁeﬁy°g’3pfy[aé"il?&\‘/gﬁg‘ga@gwl’
The fupct| [ i i ' k T=Ya Y ol
(he i risentiRamy’ ERGMRBE TRIL et REF RS, BY BRRUBMAIL0] BARPBRATRAII,

si | sesqui alkargSca@boxsl,r sityiLsiyldbxpar Rglagen époxpcesierd dhuneoalkyl ) idohpanatey eactylate,
can be used, for example, for further derivatizations, for the 2Q sért%ﬁesi S
of cat al yBethagrydpte.fatrile,camine; phpspling Sratps, Rasen bea hydeogsy slompsa substiwtest or

nodi fi cation.of I r t i i al f
appl i cat | yieipgituted of S?Y"sléaagkq’ﬁi g‘%‘r‘?@g&w&ﬂ%ﬁca?%ghf%@g%kg‘?’?’g%ﬁgrlIef:emaryl
si | sesqui xSt Bbink Hoséiblenel ahelradicaRaREE be idntioaldandiffetant tnd he trmdnt tcon

can addi ti onal Ig’abe used for inproving the adhesion_and bondi ng properties,
t he 2530r hadombyrlugs ol ¢pdr withsheprovise thatehe symef meppdads #otariearpraference 1s

liquids in. polyolefins, i.n amfphous pal olefin L N I 1 i
copol yari 43R § A BeI G0 b B e PE ae Sphetas st By YA aE s nde
pol yacryl ates, in polynethacrylates, in polycarbonates, in polyurethanes,
in phenolic resins, in epoxy resins, in polysiloxanes, in polysilanes, in
rubber, in rubber conpounds, in polyvinyl chloride, in vinyl chloride
copolymers, in polystyrene, in 30 copolyners of styrene, in ABS polyners
and ol efin copol ynmers and terpol yners. O Z. 5874-WO 9



The functionalized oligoneric silsesqui oxanes of the fornula 1 prepared in
accordangfzmkgq i nvention can also be used in paints and printing inks
for inmproving the Theol ogi cal 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 one
hand, via the R group, and the chemcal reactivity of the sil sesqui oxanes
on the other hand, via the functional group X, can be varied widely, it is
possi bl e halwgamadi 4 rydxdAdylcalkomyrorsdiylpmgradicalhe nodi ficati on of the pol yners by
the finctionalized oligoneric silsesqui oxanes may take place by blending, 1
o grafting, addition copolynerization, and copolycondensation. In this case
the fiznegj aéesg bP YR ﬁvb&wnoﬂ %ﬂsﬂcu%yt H8a Pl oL Bhe pRAAE e tiGhalizBe oliB¥askd on
al l ow t he c em cal anchoring of the ol'igonmeric Silsesquioxane to polyners
by gr af t isilggsqaidglaries ofisttupakyineri zat i on, and copol ycondensati on. 15 By
virtue of the nodification with suitable oligoneric silsesquioxanes it is
possible to exert a favorable influence on the Theol ogi cal properties, the
adhesi on and bondi ng properties, and the barrier effect for gases and
liquids in a nul ipIicit)@ﬁ pol ymers. Such organic polyners as, for

exanpl e, ponoIe yet hers, pol yesters, polycarbonates, polyam des,
pol yur et hane yacﬁ¥ ates, pol ynethacryl ates, polysil oxanes,

pol ysi | anes, $ﬁ%§kﬂﬂ ins, epoxy resins, 20 polyvinyl chloride and vinyl
chl ori de BOp nﬁk po”ystyrene and copolyners of styrene, ABS polyners,
and rubbers g rnml$+edey bl endi ng, grafting, addition

copol yner i zat\ BnSi—-a@d @opol ycondensation with the functionalized oligoneric
silsesquioxag%$3 Thesifunctional i zed ol i goneric silsesqui oxanes can al so be
used for nodrTyi ;xNyner surfaces on which they are anchored physically
or else vi®the functRonal groups X chemically. The 25 resultant polyners
can find application in the form for exanple, of coatings, varnishes,

i njection nol dings or extruded nol di ngs, cal endered filnms, |ubricants,
adhesi ves, cosnetits, pharmaceuticals, fibers, including glass fibers, or
packagi ng nateri al In addition they can be used as bioactive and
fungi ci dal products, for electronic materials, in aerospace, and for
produci ng medi cal prostheses. 30 The use of the functionalized oligoneric
si | sesqui Mﬁ)an FRINFIELLL) cBRERAE LA TR RilbRGuiox &Ae of SBIAurYD ak Pedctin@nt i ON
for poly nodi fication 15 of advantiage since in the resultant polyners

t hey raise the gl ass tenperature, the deconposition tenperature, and hence
al so the service tenperature, increase the tensile strength, inpact
strength, scrat resi stance, and nechani cal hardness, |ower the density,
reduce the heat Qnchtivity the thernmal expansion coefficient, and the 5

di el ectric congt’ @che viscosity, alter the surface tension and
adhesi on, | owet-@ bility, conmbustibility and devel opnent of heat,
raise theREZ‘ ermﬁabl Wﬁﬁ the oxidation stability, and the corrosion
stability, S|an|fy o§iessgng, and restrict contraction processes. The

functionaliz dRebpgg 1c S|Isequ|oxanes obt ai nabl e by the process of the
i nvention can 10 be erivatized further by conmmon nethods and may al so
serve as staptiTgoctonpounds for catalysts. In that context they can form
by reactiomRwi th neth{conpounds, honbogeneous and het er ogeneous cat al ysts,
which in turn can be enployed for oxidations, netathesis, C C coupling
reactions, oligonerization, polynerization, additions, reductions,

el i mnations, reargangenents. Preference is given in this context to
reactign mnth nmet conpounds of 15 netals of the transition groups,
|ncludlng t he | ant hanoi ds and actinoids, and of main groups 3 and 4. The
exanpl es which follow are intended to illustrate the invention w thout

t t ‘ ti f
(Fsobur yl TR GERRE Srol OB IR ERbIREIOR FIRR! astiealiBBE O © 15 »
mmol ) of éihsﬂalmsopnﬁwganr bmemlyemgrl Ianda@y,acraeooa@m@dylam;a@@ ﬂx@lo@em(elpuiy,(wtenf

10.0 g ( 12.6 mmol ) of (|sobutyl) ~Si ~09(OH)3 in 20 m_ of THF. Follow ng the
addl t | on ﬂﬁorcalsylrnsooyanztmwa(essr%f@érydate,dntrﬂﬁ anmo oqplxosnhw geuppark: Where

of H2 xture is.,25 stirre e e
sus per}él oPﬁosi)S‘é’5 ?FSCFa ?lﬁsﬁdﬁaynfn & I%feecﬁlr[ o&ﬁoﬁa 1zfe| 1 H (Q)ﬁs pﬂletﬁt(ragsqrdue
is washed with tmo times 50 m of acetone. ThIS gi ves 6. 0 g (60%yield) of
3 as a white powder. OZ 5874-W 11 RA OSI~0-S /i0l _SORORI, O
SS- RORSI-O0:0r S, OSi°" R R=i_B~ R 3 Exanple 2: Reaction of
(i sobutyl)~Si ~09(CH)3 with vinyltrimnmethoxysilane



2.0 mM (13.1 mol) of vinyltrinethoxysilane are added at 20C to a solution

of 10.0 i (gm)l) of (isobutyl)~Si~09(OH)3 in 20 m of THF. Fol | ow ng
t he addi ??'o%hgé%gf m of Et4NCH (35% solution in H20, 1.2 mmol of base, 18

mmol of H20) the m xture is stirred overgi ght. The resulting cloudy
solution is adm xed with 200 m of MeOH “Followi ng filtration the residue
Is washed with 30 ml of acetone. This gives 6.1 g (60%yvyield) of 4 as a
white powder. to ROGO-Si' ~Si /i0l _SOROR~ OS- RORSI-0OSi~~ OS~

R = i - Bu unsBbstifuted atkyExaywivatkyR: allReat tdyolvalienylj slipuyly tycl@ilkog, Gyl hefierdaryl
3-am nopropyl trinethoxysilane 3.0 2.8 mml ) of . .
3- ami noprBgiget Whichis icipnalized é{‘f‘g‘ %?ﬁ’dé 81‘3’12@]&0’6%) carhoxply silynsibioxys balgsen,

(12.6 Mo f . kd.S ~5 ' 1 Eols ' :
addi tion %%oxg’. ?—fgérﬁ ﬁg#gﬁ(%@c%é % SO f&%’ (?)I% tqgﬁ t%jl}]ﬂ%l% %%?’Vﬁé{fa g%lgﬁf,gmilgs'
mrol of HRO)an hige riydtdgen htom, & gubsbififet WD dasubttitutedd atkybr oydbdlkyllhekealybar

solution is subsequently adm xed with 200 ml of MeOH Filtration gives 3.1
g (30%yi ®ictprikenyls alkynyl, Gyaleadkymyluaeyl, heterepry] radisal oy ity al) prospmecgases FemRuUR X, o

O~ O SI-R Rl =0_S} ~1- S~ = 2 I : . t f

(i sobutyl 3“~‘-’siR~s!ob“( @?r\%%“h a@é?}( %?‘rb.stﬁr%‘%@gi’is‘fﬁ‘?s)t‘?;‘#g%y It SSQHRTE Ikt o

M (12. 8 gpdalkeadl, Mﬁylg%ycidﬁ??ggpéﬁ@ﬂ,lmte)w@mmbat hyl enedi am ne are added at
.0g .

20C to a solution of 10 nmol ) of (isobutyl)~Si~09(OH)3 in 20 m
of THF. Followi ng the 10 addition of 0.5 m of Et4NOH (35% solution in H20,

L2 T b 16 T 0RO e TS e S ERE MRS T
t he sljpghtils¥scrliciadys SOhsH Feditictedl ROBIbsREedftiGRird?, REwaRE! BiRti fnkteh® can be
Filtration gives 0.7 g (7%vyield) of 6 as a white powder. R NH O Si ~O-Si ~
O R~S~~O-@nplRygd @emrallyD for reackipg fmdSherpesfor~depvatizing 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 functionalized, 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, COs*, PO,*, SO.%, NOy, F, NRs, R;NO, 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,



R\ R= |-Butyl Rs 15 O Z. 5874-WD 13 Exanple 5: Reaction of

(i sobutylc% 3 with 3-(trinmethoxysilyl)propyl nethacrylate 3.0 m
(12.6 % o§ ri met hoxysilyl)propyl nethacrylate are added at 20C to a
solution 5 of 10 0 g (12.6 mml) of (isobutyl)~Si~09(0OH)3 in 20 m of THF.
Fol | owi ng the addition of 0.5 nl of Et4 (35% solution in HZO 1.2 mol

of base, 18 mmol of H20) the m xture is stirred overnight. The clear
solution is subsequently adm xed with 200 m of MeOH Following filtration
the soli ctGgHg)@NO&@silh@Hz@H\ﬁﬁ‘F@H (CHE),SOHrland/br £SO as Hasis qlalwsts. Nhyg

70% | d f 7 whi t, l ORS~~ ~ L=R.O.R ~
00 y'oesna)ch:":\l s Ersiey 5 EsTBO o e AL ARG FYROF S AER 5 ECTRANQ Yol of
(i sobutyl gy, % 9591? cHaly: HE %gg%k%glbig‘égﬁ%g SkdApIEs & rﬁ)tg%;tef?&ed to restnctzthg

I sobutyltri oxyS| ane-are a ution 10.0

ol ) of 1ﬁ5edtioﬁQbHﬁWWh5cSinc@9ﬁﬂ:bs’ic calalPé can beﬁse'ﬂHF. Fol | owi ng t he addl tion
of 0.5 mM of Et4NOH (35% solution in H20, 1.2 mmol of base, 18 mmpl of H20)
the m Xture is stirred overnight. The resulting, slightly cloudy solution

i s subseqguent | & 0 I L QR lid
which re é#esgdoqltﬁgg"&%{l% %O&rgr@mb?;' see ggr?élltzg ﬁ?%ﬂlg?}ﬁeiééa ﬁ(g{ gﬁ?%}jfﬁyl gl :j)
of 8 as abégﬂinlixﬁg PRNE edaction fBe fmol@Erétio WﬂnkémBldfél@céﬁideﬁke’ﬂl silsésiqfibxareQofhébdse Si
OO0OS RORSI-0-~0R-S ~O-S~~ R = i 5874-WD 15 d ai ns:

1. A procbeisisuesd ip fopnt 00! tmhé{mmaréfz@b}/mﬁmgdﬁ@rlute 21, |a§6§amp@@<fawéb/ fremi ch

conpri ses %Egcg |1ng I nconpl etely condensed ol i gonmeric sil sesquioxanes with
al koxysi I% o

10
It can be advantageous to carry out the reaction according to the invention of incompletely
condensed oligomeric silsesquioxanes with alkoxysilanes in solution. As solvent it is possible
to use both a polar solvent and an apolar solvent. Preference is given to using alcohols,
ketones, aldehydes, ethers, acids, esters, anhydrides, alkanes, aromatics, and nitriles, particular

15 preference being given to using alcohols, ethers, acetone, acetonitrile, benzene and toluene as
solvents. Very particular preference is given to the use of THF, acetone, methanol, and
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/l to 10 mol/l,

more preferably from 0.1 mol/1 to 2 mol/], and very preferably from 0.2 to 1 mol/l.

25 It can be advantageous if the concentration of the alkoxysilane XmSi(OR), in the process of
the invention at the beginning of the reaction exceeds the concentration of the incompletely
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 from 0.1 to 5%.



5 2. The process as clainmed in claim1l, wherein the reaction of the

i nconpl et gly sgengensed ol i gomeric sil sesqui oxanes with al koxysilanes is
carried out under base catalysis. 3. The process as clained in claim1l or
2, wherein the conpounds of the fornula %0 XnSi (OR)n are used as

al koxysi | anes, where X is a hydrogen, oxy, hydroxyl, alkoxy, carboxyl,
silyl, silyloxy, hal ogen, epoxy, ester, fluoroal kyl, isocyanate, acrylate,
nmet hacryl ate, nitrile, am no, phosphine group, where - where possible -
these radicals X can in turn be further functionalized, and/or a

substi t ut or. unsubst Ltut.ed al kyl.. .cycl oa] kyl., al kenyl ., cycl gal kenyl

i kynyl - heR o DGR of Py Rvenflar 5 ek Ferie et oy VandebSs (Al R agdese
Wi th oxy, (e Fadibn mMtERX th sdiid SRLY howsldrYthe eXistig BAdos JTHAGIR theXRWENt are
ester, fluoroalkyl, isocyanate, acrylate, nmethacrylate, nitrile, am no,
phosphi nesufficiaptsqr tRS rdastien bythe egeversiow arcoadiag s thetinvedion takes pldss twithonethe
al kyl, cycloal kyl, al kenyl_, cl oal kenyl , al kyny cyc) oal kynyl, aryl,

het er odr yPreFeRge cof] ,Waéﬁ’idatn?hﬁnggﬂn%‘aﬁ %ﬂﬁfft rqupé%sll‘}l? o‘ﬁ?lfr trﬁtlé,%m)”ta??rttﬁethe
provi so t i T ; i i

east “onel SRl s, A e e U SR anE D 8! TR
si | sesqui prefengtsly dfons 1 00@:1 uo &.1t 1 Rmirelprefesablp fiom 180:1do<I5:R verRR preférably~from
s~~-R R=s.-0~ s~~ o~s~' R R1 O Z. 5874-WD 16 are prepared by reacting

i nconpl et 897y e bddensed ol i goneric sil sesqui oxanes of structure 2 RO Si'O
OH~S~~0-SiI'ROHR~00~0Si- RRSI=OSi ~0O0S R R52wth

al koxysi |l anes XSi (OR )3 under base catalysis, where X is a hydrogen, oxy,
hydr oxigl , Thé lsfocgss efthedxyéntioni dayil be cdrtiyd oxy ,fohakaqysle, atepmpyratiesd fbm -50 to
fl uoroal k i socyanat e, acrglate net hacryl ate, nitrile, anino,@Phosphine

| . : .
group, 1 go@ﬁdwnhvm@meﬁ&ggio frem. 0 £, 2005 C beame preferted n¥ith RRrigilar nseferenee Hisr
functional] cTplel Yoy I I i -oal
alkenyl,a%?éﬁg%erny ,mgfﬁ%ﬁéﬁ#géﬁgg8gﬁﬁ§g§ﬁ?$%#9 ,'ﬁ%3£§%§?§ﬁ%%% |é§{hm
which is fedipetdteread be edrisd durin@alie chin@rsiony dccordik@roythe dravieRtidy, IThus, foy éxample,
silyl oxy, hal ogen, epoxy, ester, fluoroal kyl, isocyanate, acrylate,
net hacr y| Bedowgring iof éhe femnertuisia bt end of thaurpectia, danthsepwspespdiidsalating e, a
substituted .15 ar _un stitut | oal kyl, al kenyl, cycl oal kenyl,
al kyny', Bﬂ?g}l‘gaﬁs I??/W?fe?eq F‘%,P?Ss‘ﬁ’g% gl?rg%ér %/(}V%%{%élgocugl or in all or some cases a
group X, and R~ can be a hydrogen atom a substituted or unsubstituted
al kyl, cycloal kyl, al kenyl, cycloal kenyl, alkynyl, cycloal kynyl, aryl,
het er oar yThe fictenalized oigormeric pilsesquinxanes prepdreto dcpordandecuish theriavestion) andns

1 to 4, wher.ei,n,as ,basic cat.al yst..at | east,one.fromthe grqup ,onsistjng of
O RO PRpERANY b TuptigRalivell P oliSosmend Silsgspiuionadgs, of  sipciite I prepgiad '
R3NO i s ug@drdante RehNHe RSEntibh,CcahHe Bel Ofod @xampid fRdRAh&t Ritvatzatiols tof tHeed

or unsubstituted al kyl, cycloal kyl, al kenyl, cycioalken |, al kynyl, cyclo
O Z. 5®74synthesip 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.



al kynyl, aryl or heteroaryl radical. 6. The process as clained in claimS§5,
wher ei n KﬁﬂhS%ﬁ@kVO(C2H5)4NCH1 C6HSCHz ( CH3) 3NOH, ( CH3) 4NOH and/ or ( CZHS) 3N
is used as basic catalyst. 5 7. The process as claimed in claim®6, wherein
(CzHs)4NCH i s used as basic catal yst. The process as clained in any one
of claims 1 to 7, wherein the reaction o? I nconpl etely condensed ol i goneric
si | sesqui oxanes mnth al koxysi |l anes takes place in solution. 10 9. The
process as clainmed in claima8, wherein hal ogen-free systens selected from
al cohol s, Tkesﬁnneenallabdiehgmmgﬂc gilsesquioxancs d%theefgtmmlal prepared inlescordangawetd,
aromatics, and njtrile ures. therﬁof are u as sol ve

n
The pr oce@g lagelmoa. SBcAIR De| UsPihniB. PaHie A0 PIANRE 13Ke o EmPTRLDE thsﬁhe%iﬂ%}cal
et hanol o r Gvisk e cHfi6h HRS Erts lme%ff epropdiiles Bf eSS
as claine tﬁésagmtg\%eﬁr ern THI%BI?!S dse s sol a\?feaint % e Tor ocess
as cl ai nepbmtrbrqﬁ-mhﬂgaﬂcﬁine of clainms 8 to 11, wherein the concentration of
the inconpletely condensed oligoneric silsesquioxane in the reaction
solutién at the beginning of the reaction is from0.01 nol/1 to 10 nol /1.
13. The p I: r t 0
ncompl et Sce 3 s ARy BT Bl (oo HRDREUCR gfilyhnd 1R
sol ution eltenilbe& rbazmlvnwolﬁgleoshlseiqaioxeaest omthei athdrrtand Ovia theofuhttidmal frowpl X, cahd.
The process as cl ai ned i.n at | east og& of claims 1 to 13, wherein, the_ nolar

ratio of Phaane dadalniibiis pessiRle e ano a%r?emr%orspplyeem%earﬁe ifigatiqne o B ¢

cat al yst

cl ai nred %51%{“%‘%%5}299\%" értfé’)fl%l@zﬁli &lr%cimeqczs i@ o‘zué?mﬁ C(t)arrp aP{ $9§?)l§%‘gn§ed
ol i gon@r i gragirgs edaitioax édpolynerizatiomasid copdlgtondensation. r Bintido : chsé ahé filnctibfial
The process as clained in at |east one of clainms 1 to 15, wherein the

reacti on BWupa¥ Htwwduepddy therpreseat pﬁoeeserpfé efnmatler allaw therphenyeal gaghoring of
| d £ h t
Coptimeaoutes bAkAR stRSE LAk Toifert B SrsfindohElihe dHEARFORYE | Gl

from 10009c5|pot1}ecoﬁdehsa¢;o¢o 18. The process as cI aimed in claim17, wherein

the nolar ratio of water that is used to the inconpletely condensed
oligoneric silsesquioxane is from10:1 to 1: 1 19. The process as clai med

in at |eagt one &thglr&&dr%caﬁor? QithS 1tm§ ggm TiC s@se?c@%&xaanl o 18{)3%%1%?&) o exert a

funct i GnaPt sesqw 0X s carri
of from - ﬁﬂ@rable influence on the rheological 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



t.o 300C. 20. The process as clained in claim19, wherein the preparation of
t he f'unctd_zng%ﬁz% oligoneric silsesquioxanes is carried out at a

t enperature of fromOC to 100C. 20 21. The use of the functionalized

ol igoneric silsesqui oxanes prepared as ibained inclainms 1 to 20 for
further derivatizations, for the synthesfs of catalysts and their starting
conpounds, and for the synthesis and/or nodification of polyners. 25 22.
The use of the functionalized oligonmeric silsesquioxanes of the fornula 1
pr epar ed iseentibmiforegblymerciadification v dfGdvantagesindean the résulanit palyinesns they gaise he

t hesi f t al yst d .t hei tarti ds, f th t hesi
o or - il BeSsiemgtiabRe, Bt Jrrorposiien tEBETaRrG KOS PRRE TG ALY e TR o
si | S.esqu'if?&é&‘éstﬁmte € shreh g gn%agﬁglﬁn 1 O cBaict? PestdtBicBEshd thebhaid® hdrdn@ss20

for inproving the adhesion an properties, the Theol ogi cal

pr oper t i dswantheodensig rbducei the hebtf emtduétivitygdisethemmal ¢xpgusiors coeffipehty ahdfthes,
in O Z. 5874-WD 19 anor phous pol yal phaol efi ps, in, pol yam des, i

copol yanidiglectri¢ rropsipgta andi dhe Jassesing salter rrhﬁo%uyfggq dension ﬁmi &&gf%%t lgw@,r the,

pol yacryl i : i Y/ ,

o Dheno ittt AHRELIATEA B Ropnidh: BRUEHRONR G pennBathy i ShlBRGE,
rubber, isfabilithluid thecartosivisstabilitypsiiplifynyrocesking) arderesttict contrydtiontpirosessts.
copolynmers, in 5 polystyrene, in copolynmers of styrene, in ABS pol yners and
ol efin copolyners and terpolyners. 24. The use of the functionalized

ol i gomer i-g Sj ' f I : ! PN I 4
fo 20 1 n s R FANER Sl di9Ral ks SbbiRREPRY 7 30 B HEni Abh Bhi™
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surface properties of the paint or printing ink film
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20

Example 1: Reaction of (isobutyl);Si;Oy(OH)3 with 3-chloropropyltrimethoxysilane
2.4ml (13.2 mmol) of 3-chloropropyltrimethoxysilane are added at 20°C to a solution of
10.0 g (12.6 mmol) of (isobutyl);Si;O9(OH); in 20 m! of THF. Following the addition of
0.5 ml of EtzNOH (35% solution in H,0, 1.2 mmol of base, 18 mmol of H,O) the mixture is
25 stirred overnight. The resulting white suspension is admixed with 100 ml 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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Example 2: Reaction of (isobutyl);Si;O¢(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);Si7Og(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,O) 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.
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Example 3: Reaction of (isobutyl);Si;O9(OH); with 3-aminopropyltrimethoxysilane

3.0 ml (12.8 mmol) of 3-aminopropyltrimethoxysilane are added at 20°C to a solution of
15 10.0 g (12.6 mmol) of (isobutyl);Si;O9(OH); 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
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stirred overnight. The clear solution is subsequently admixed with 200 ml of MeOH. Filtration
gives 3.1 g (30% yield) of 5 as a white powder.
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Example 4: Reaction of (isobutyl);Si7O9(OH); with N-[3-(trimethoxysilyl)propyl}-
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;09(OH); in 20 ml of THF. Following the
10 addition of 0.5 ml of Et4NOH (35% solution in H>O, 1.2 mmol of base, 18 mmol of H,0) 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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Example 5: Reaction of (isobutyl);Si;Oo(OH); with 3-(trimethoxysilyl)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);Si;O9(OH); in 20 ml of THF. Following the addition of

0.5 ml of Et4NOH (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.

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;Oq(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;O9(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,O) the mixture is stirred overnight. The

resulting, slightly cloudy solution is subsequently admixed with 200 ml of MeOH. 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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1. A process for preparing functionalized oligomeric silsesquioxanes, which comprises

reacting incompletely condensed oligomeric silsesquioxanes with alkoxysilanes.

2. The process as claimed in claim 1, wherein the reaction of the incompletely condensed

oligomeric silsesquioxanes with alkoxysilanes is carried out under base catalysis.

3.  The process as claimed in claim 1 or 2, wherein the compounds of the formula
10 XmSi(OR ), are used as alkoxysilanes, where X is a hydrogen, oxy, hydroxyl, alkoxy,
carboxyl, silyl, 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 unsubstituted alkyl,
cycloalkyl, alkenyl, cycloalkenyl, alkynyl, cycloalkynyl, aryl, heteroaryl radical which is
15 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 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
4, The process as claimed in at least one of claims1 to 3, wherein functionalized

oligomeric silsesquioxanes of structure 1
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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 can be a hydrogen atom, a substituted
15 or unsubstituted alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl, cycloalkynyl, aryl,
heteroaryl radical or in all or some cases a group X, and R® can be a hydrogen atom, a
substituted or unsubstituted alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl,
cycloalkynyl, aryl, heteroaryl radical.

20 5. The process as claimed in at least one of claims 1 to 4, wherein as basic catalyst at least
one from the group consisting of OH', RO, RCOO", RNH', RCONR', R, CO;*, PO,
SO42', NOs, F,, NR3, and R3NO is used, it being possible for R to be a hydrogen atom, a
substituted or unsubstituted alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl, cyclo-
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C¢HsCH,(CH3);NOH, (CH;3)4NOH and/or (C;Hs);N is used as basic catalyst.
5
7. The process as claimed in claim 6, wherein (C;Hs)sNOH is used as basic catalyst.
8. The process as claimed in any one of claims 1 to 7, wherein the reaction of incompletely
condensed oligomeric silsesquioxanes with alkoxysilanes takes place in solution.
10

9. The process as claimed in claim 8, 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 10. The process as claimed in claim 9, wherein THF, acetone, methanol, and ethanol or

mixtures of these solvents are used as solvents.

11. The process as claimed in claim 10, wherein THF is used as solvent.

20 12. The process as claimed in at least one of claims 8 to 11, 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.

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

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

14. The process as claimed in at least one of claims 1 to 13, wherein the molar ratio of the
incompletely condensed oligomeric silsesquioxane to the basic catalyst is from 1000:1 to

30 1:1.
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16. The process as claimed in at least one of claims 1 to 15, wherein the reaction is carried

5 out in the presence of water.

17. The process as claimed in claim 16, wherein the molar ratio of water to the incompletely
condensed oligomeric silsesquioxane at the beginning of the reaction is from 1000:1 to
0.1:1.
10
18. The process as claimed in claim 17, wherein the molar ratio of water that is used to the

incompletely condensed oligomeric silsesquioxane is from 10:1 to 1:1.

19. The process as claimed in at least one of claims 1 to 18, wherein the preparation of the
15 functionalized oligomeric silsesquioxanes is carried out at a temperature of from -50°C

to 300°C.

20. The process as claimed in claim 19, wherein the preparation of the functionalized
oligomeric silsesquioxanes is carried out at a temperature of from 0°C to 100°C.
20
21. 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 22. The use of the functionalized oligomeric silsesquioxanes of the formula 1 prepared as
claimed in claims 4 to 20 for further derivatizations, for the synthesis of catalysts and

their starting compounds, and for the synthesis and/or modification of polymers.

23. Use of the functionalized oligomeric silsesquioxanes of the formulal prepared as
30 claimed in claims 4 to 20 for improving the adhesion and bonding properties, the

rheological properties and/or the barrier effect for gases and liquids in polyolefins, in
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24. The use of the functionalized oligomeric silsesquioxanes of the formula 1 prepared as
claimed in claims 4 to 20 in paints and printing inks for improving the rheological
10 properties, the settling behavior, the application properties, and the surface properties of

the paint or printing ink film.



