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This invention relates generally to a process for enhancing the properties of
functionalized POSS monomers for incorporation into polymeric and biological

products.

BACKGROUND OF THE INVENTION

Nanostructured chemicals are best exempilified by those based on low-cost
Polyhedral Oligomeric Silsesquioxanes (POSS) and Polyhedral Oligomeric Silipates
(POS). POSS systems contain hybrid (i.e. organic-inorganic) compositions in which
the internal cage like framework is primarily comprised of inorganic silicon-oxygen
bonds. The exterior of the nanostructure is covered by both reactive and
nonreactive organic functionalities (R), which ensure compatibility and tailorability of
the nanostructure with organic monomers and polymers. These and other
properties and features of nanostructured chemicals are discussed in detail in U.S.
Pat. Nos. 5,412,053 and U.S. Pat. No. 5,484,867, both of which are expressly

incorporated herein by reference in their entirety.

Current engineering practices produce functionalized POSS molecules in high
yield but certain microelectronic, medical, and biological applications require higher
purity or chemical functionalities that are not readily or economically produced using

the prior art. Prior art methods include the use of hydroxide base, anionic salts, and



purity or chem cal functionalities that are not readily or economcally
produced using the prior art. Prior art nethods include the use of hydroxide
base, anionic salts, and WD 2006/ 096775 PCT/ US2006/ 008262 2 1 protic acid
catal ysts i ép@ ﬁsssﬁ”bl y of POSS cages and their functionalization (see 2
US Pat ent Apr% 01 Nos. 09/631,892 and 10/ 186, 318, andCUISENEEE62N0s. 3
6, 770, 724; 6, 660, 823; 6,596, 821; and 3,2390, 163). Wiile these approaches are

4 known to be generally effective, they are limted in that both protic acids

and 5 hyd L de: b I f- i0ne_0ft.
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( 8  molecularly imprecise. Furthermore, the dispersion of the POSS molecules and their
| 9 compatibility with polymers is thermodynamically governed by the free energy of
10 mixing equation (AG = AH-TAS). The nature of the R group and ability of the
11  reactive groups on the POSS cage to react or interact with polymers and surfaces
12 greatly contributes to a favorable enthalpic (AH) term while the entropic term (AS) for

13 POSS is highly favorable when the cage size is monoscopic and the corresponding

14  distribution of oligomers is 1.0.

15 Consequently a need exists for improvement upon the prior art methods of
16 POSS cage assembly and functionalized monomers. An improved process yielding,

17  higher purity, and molecularly precise POSS systems is described.

18 SUMMARY OF THE INVENTION

19 The present invention provides an improved synthesis process for polyhedral
20 oligomeric silsesquioxanes which produces rapidly, in high yield, low resin content,
21 and solvent free, monomer products suitable for use in polymerization, grafting and
22 alloying applications. The synthesis process uses phosphazene superbases in
23 reaction with silane coupling agents of the formula R'SiXs to form POSS cages

24 functionalized with silanols of the formula types [(H1Si01_5)7(HOSiO1,5)1153,



19 The present invention provides an inproved synthesis process for

pol yhedral 20 oligoneric silsesqui oxanes which produces rapidly, in high
yield, lowresin content, 21 and solvent free, nononer products suitable for
use in polynerization, grafting and 22 alloying applicat] el nt hesi s
process usesWOQRWsHEFene superbases in _23 reaction mﬁth'gﬁﬂgﬁ%m@§3%¥ing
agents of the fornula R1SI X3 to f orm POBS cages 24 functionalized with
silanols of the formula types [(R1Si Ol.5) 7(HOSi 0155) 11Ea, WD 2006/ 096775

PCT/ US2006 1QRENER 5)s@R 'HASiB: )56 . [ EiB1LEE BDSID7]ss, [(R'SIO1 5)4(R'HOSIOaly7.
[(RSIOL5)2(R HOSi O1)4] Es, [(RLSIOL.5)4(R HOsi O1) 3] E7. 2 The synthesis

process ganThé sPnhBYi8! précddscedrearbiivbid tHehRarheT op Ehééétﬂﬁz@ﬁé S¥upbbas8s in
reaction with silane coupling agents of the type R2Si X3 to form
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[ (R2Si O1, 5) 12] E12and. | ar.ger si.zed,£ages. 6 Al ternately the ph e
super basés E%égsoef%pg%}agge% L P&S gﬁoPBﬁo|°£ Eh;e 0 'Efwﬁa f&pﬁ’gl E&Pgﬂs’-éﬁﬁ’
[(R SiOL,s)7(HOSIi OL, 5) e, [(R Si 5)e(R HOSi O1)21z8, . 8
[(R Si 0195) u(ﬂ%?ﬁ@@elm.)é%isﬁomlm [%2 ékéréglm angd @rgerRizeheAdesng agent of the
formula 9 R2ZR3R4SI X, R2R3Si X2, or R2Si X3 for sufficient tine in the presence
of a solvent and 10 superbase where the elimnation of HX occurs and renders
a nonof ufict i onal AlteiRately thenphesphazene sHeeRgpds can Peregrted Wity ARSS silanols
R3R4SI O1)]z9, [((R SiOL.5)8)2(R2 R3S O2)] E17, 12 ,
[ ((RLSI CL. 598) 3(ReSi 03pmas, [ ((R'SIDIINEORIGH Oilye ( R2 KRS QERHOSIO)Hss,
[ (R SiOL.5)5(R1Si 01) 2( R2R3Si 02) 1z9, [(R SiOl.s)s(R1HOSI O1) 1(R2R3Si O] E8, 14
[ (R Si 018 5) RRESICR2REFRH-RSICR)BY) NRPBIBES3ck%f a silane coupling agent of the formula
[(R'Si01.5)4(R (R2R3R4Si 0) Si 01) 3] Elo,

9 R2R°R'sIX, R2R3SiX,, or R%SiX, for sufficient time in the presence of a solvent and

A A

10  superbase where the elimination of HX occurs and renders a monofunctional POSS
11 monomer of the formula [(R'SIO15)s(R? R°R*SiO1)]se, [((R'SIO1.5)8)2(R% R*Si02)]517,
12 [((R'SiO15)e)a(R*SiOg)lgzs, [(R'SIO1 5)e(R'SIO)2(R*R°R*SI0)z5 10,
13 [(R'SiO; 5)s(R'SiO4)2(R?RSIOL)]5s, [(R'SiO1 5)s(R"HOSIO4), (R?R3SIO)]ye,
14 [(R'SIO;5)s(R'(R?RPR*SIO)SIO;)(R?RSi0)[5e, [(RSIO15)4(R'(RR®’R*SI0)SiON)als10,
15 [(R‘Si01_5)7(R28iO1_5)1];,;3, respectively. The resulting monomer is essentially free of
16 impurities and has controllable properties through selection of composition, R
(17 groups, and nanostructure size and topology. Highly purified nanostructured POSS
18 monomers are desirable as they exhibit improved filtration capability, reduced
19 contamination and viscosity, more reliable polymerization, lower cost and waste

20 reduction over impure systems.

21 A preferred process involves the reaction of POSS silanols of the formula
22 [(R'SiO15)7(HOSIO 5)1l5s, [(R'SIO;5)e(R'HOSIOzl5s,  [(R'SIO1 5)4(R'HOSION alsr
23 with a silane coupling agent of the formula, R°R°R*SiX, R®R’SiX,, R®SiXs in the

24  presence of a solvent and superbase.



15 [(RSiA.5)7(R2Si O18) ] E8, respectively. The resulting nononmer Is
essentially free of 16 inpurities and has controll abl e properties through
sel ection of conposition, R 17 groups, and nanostructure size and topol ogy.
H ghly purified nanostructured POSS 18 nononers are desirable as they
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viscosity, nore reliable polynerizationf | ower cost and waste 20 reduction
over inmpure systenms. 21 A preferred process involves the reaction of POSS
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[(R S Ol} 5) e( R HGSI O1) 21E?,HIF@EISgPI§|§( HC@B%%%@N% with a silane
coupling agent of the formula, R2ZR3R4SI X, R2R3Si X2, R2Si X3 in the 24
presence2of a soFi&nt skows agpmpadisen ofibeJ0®6 Ao IPOTRASENI06/P0EBs2 4 1
BRI EF DESCRI PTION OF THE DRAWNGS 2 FIG 1 shows a conparison of the prior
art and inproved silation process; 3 FIG 2 shows a variety of the preferred
phosphazgne supeFt@sEshowsd variely@f the ptedevsed peosahazene saperdbases angmpound

synt hesi zed in Exanple 5, 5 DEFIN TION OF FORMULA REPRESENTATI ONS FOR
NANOSTRUCTURES 6 For the purposes of understanding this invention's chem cal

conposi tions t heFi@, 3 shdwatHedstelgftiireidf ittencémpoiimd synthesized psExdmpledns of
Pol yhedral A igoneric 8 Silsesquioxane (POSS) and Pol yhedral digoneric
Silicate (POS) nanostructures is 9 nmade. 10 Pol ysil sesqui oxanes are

materi al § r ep PERNIMONOFIFERMULA REFHESENTATIONS FOR NANOSTRUCTURES

6 For the purposes of understanding this invention's chemical compositions the
7 following definition for formula representations of Polyhedral Oligomeric
8 Silsesquioxane (POSS) and Polyhedral Oligomeric Silicate (POS) nanostructures is

9 made.

10 Polysilsesquioxanes are materials represented by the formula [RSIO, gl
11  where « represents molar degree of polymerization and R = represents organic
12  substituent (H, siloxy, cyclic or linear aliphatic or aromatic groups that may
13 additionally contain reactive functionalities such as alcohols, esters, amines,
14  ketones, olefins, ethers or halides or which may contain fluorinated groups).
( 15 Polysilsesquioxanes may be either homoleptic or heteroleptic. Homolepiic systems

16 contain only one type of R group while heteroleptic systems contain more than one

17 type of R group.
18 POSS and POS nanostructure compositions are represented by the formula:

19 [(RSIOq s)nlxa for homoleptic compositions

20 [(RSIO4 5)n(R'SIO4 5)mlz4 for heteroleptic compositions (where R # R')



11 where - represents nolar degree of polynerization and R = represents
organic 12 substituent (Fi, siloxy, cyclic or linear aliphatic or aromatic
groups that nmay 13 additionally contain reactive functionalities such as

al cohol s, es fﬁ,g‘f /ﬁymgnes, 14 ketones, olefins, ethers or _halides or which
may contain MUBPPRR{Bd groups). 15 Polysil sesqui oxanes K&}/ US0PSR,

honol eptic or heterol eptic. Honol eptic s%/lstems 16 contain only one type of R
group while heteroleptic systens contain nore than one 17 type of R group.

18 PCSS @an n iBct I e, CRIFPRMid r Se a:

19 [ (RSi 101%[5%@&??%%&8@%& c corr%%%ﬁ“?%%sﬁe%&{g(%%i Qﬁ'ﬁgﬁ’%‘?ﬁg%ﬁ‘gﬁ%ﬁﬁn] E#
for heteroleptic conpositions (where Rt R ) WD 2006/ 096775 PCT/ US2006/ 008262
5 1 [ (RS 01groups Rxsbepqujvaiars of i equivadentdnal i zed heterol eptic conpositions
(where R 2 groups can be equivalent or in equivalent) 3 In all of the above
Ris the same as defined above and X includes but is not 4 limted to OH,

d, Br, 3, al koxdnddl qf@Re abbue fhiscthé GaH)e asdefinadal@EORN] Xadnaiudes HLOEDRDY
ester (OCOR), peroxide (OOR), am ne (NR2) isocyanate (NCO, and R 6 The

synbol s 4n ajiifited 16T ©H, tOI, tBe IS talkaXided OR)Y femdtd (O 0atdtaen (OTDR)s wetd! Y-
7 indicates that the conposition forns a nanostructure and the synbol #

refers to timcoR),nestBe{ochR)! | béBRide (OBR) dMiAt TRAMiddtyanatde(NTOR ndURL ur .
The val ue fég;m# |)'s 9 l(JsuaIFPi/ l!t)he sun(1 of )(r':mn, V\Eergwn drv(z{nges &ypi gal ly from1
to 24 and mranges typically 10 from1l to 12. It should be noted that E# Is

not to be cbhg s¥@bolssmandinirefarite thg stoichiometry of the composition. The symbol b
7 indicates that the composition forms a nanostructure and the symbol # refers to the
8 number of silicon atoms contained within the nanostructure. The value for # is
9 usually the sum of m+n, where n ranges typically from 1 to 24 and m ranges typically
10  from 1 to 12. It should be noted that ¥ # is not to be confused as a multiplier for
11  determining stoichiometry, as it merely describes the overall nanostructural

12 characteristics of the system (aka cage size).

13 DETAILED DESCRIPTION OF THE INVENTION
14 The present invention teaches an improved method of synthesis for POSS
15 nanostructured chemicals yielding a higher purity and lower cost product than

16  previously described.

17 The key feature of the invention is the use of phosphazene superbases to
18 catalyze the assembly of POSS cages. A range of phosphazenes are applicable and
19 include polyphosphazenes which vary in molecular weight and composition.
20 Phosphazene oligomers and molecules are preferentially utilized and in particular P
21 1 type P(NiBu)(NHz)s, P2 type (HoN)sP=N-P(NH.)s, P3 type (H:N)sP=N-P(NH,)-
22 N=P(NHp)s, P4 type (HzN)sP=N-P(NHz)s5=N-P(NH.)s-N=P(NH);. The basicity of
23 phosphazene superbases increase with increasing number of phosphorous atoms

24 and this provides a valuable tool in the utility of this reagent. The preferred



11 determ ning stoichionetry, as it nerely describes the overall
nanostructural 12 characteristics of the system (aka cage size). 13 DETAI LED
DESCRI PTI ON OF THE | NVENTI ON 14 The present invention teaches an inproved

met hod of sy%\,\Q%iﬁ for POSS 15 nanostructured chem cals yielding a higher
purity and | o O 5product than 16 previously descri bd&T/US2006{488262y
feature of the invention is the use of p‘ﬁosphazene superbases to 18 catalyze
the assenbly of POSS cages. A range of phosphazenes are appli cabl e and 19
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superbases | _ohOSohorous atons 24 and this
provi de o Y Y-k : 7t . The preferred WO
2006/ 096775 PCTI U82006/ 008262 6 1 concent ration of super base relative to
trisilanpl is 2 A9 t%l@é!tw% bﬁéﬂﬁlébl ﬁr@ﬂg@esahel%@@ﬁurﬂbér aPjarfdbles thet cat % 3

General Process Variables Applicable To All Processes 4 As is typical with

chem oel3 PrERRRASIS BEARORI PuPKTRlodiln) e Beee midiHankin or%aRP phtiigs! ©

control the pur ect vl chanismo any proc
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conposi t
7 the nanostructured chemical, separation and isolation methods, and use of catalyst

8 or cocatalysts, solvents and cosolvents. Additionally, kinetic and thermodynamic
9 means of controlling the synthesis mechanism, rate, and product distribution are

10 also known tools of the trade that can impact product quality and economics.
11 Example 1.

12 Synthesis of [(isobutylSiO1_s5)7(methacrylpropylSiO1.0)11ss:

13 [(isobutylSiO1.5)4(isobutyl(OH)SIO1.0)3ls7 (688 g, 0.87 mole) was dissolved in THF

14 followed by addition of methacrylpropyltrimethoxysilane (204 g, 0.87 mole) and the
15 solution was cooled to 5°C. Phosphazene superbase (FW 234.32, 15.72 mmol) was
16 then added and the mixture stirred at room temperature for 3 days. The solution was
17  then quenched with acetic acid (1.5g). Then 1 liter of methanol was added and the
18  mixture was stirred and filtered. The solid was dried to render pure white product in

19  75% vyield.
20 Example 2.

21  Synthesls of [(EtSiO1,5)7(glycidalSiO{.0)q]ze:

22 [(EtSiO1.5)4(E{(OH)SIO1,0)3lsy (50 g, 84 mmole) was dissolved in methanol



7 the nanostructured chem cal, separation and isolation nethods, and use of
catalyst 8 or cocatal ysts, solvents and cosolvents. Additionally, kinetic
and thernodynamic 9 neans of controlling the synthesis nechanism rate, and
product distribution are 10 also known tools of the trade npact
product qualW@yoaMs’econonmi cs. 11 Exanple 1. 12 Synt hesi §’C5§”r§%06}6&%£

[ (i sobutyl Si OL.5) 7(met hacryl propyl Si OL b)l |, e: 13

[ (i sobutyl Si OL.5)4(isobutyl (OH) Si G . o) 3] 17 (688 g, 0.87 nole) was dissol ved

in THE 114 thdveyBy daditRmdbf 3@|ycﬁoxppﬁob?mméﬂhbﬁmbhél(rrstelsogys4 IfrAslef 294 9.

0.87 mole) and the 15 sol ution was cooled to 5C. Phosphazene superbase (FW
234. 32, 415. Q[ﬂ.&j d 48t
t enper atzur eﬁ%og@bﬁ ?gﬁsﬁé@%ﬁ%ﬁg}%ggﬁgﬁggaﬁ { hgggrelﬁﬁ]c@)am d
1.5 Th t t h ] d
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ld. 20 EX 2..21 t he t Si dagl S 0).1lhh
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2006/ 096775 PCTI US2006/ 008262 7 1 followed by addition o
3- gl yci doxysdisy the selichway washee withgnetbagol (840W) and Qﬁad o ranger 44P @ 9fon was
cooled to 5C. Phosphazene superbase (FW234.32, 15.72 mml) 3 was then added

and t he 6mi xpure evhiteiproduttfimB7% ylelds at 5C. The solution was then 4 guenched
with acetic acid (87ng) filtered, and volatiles renoved and dried to render

7 Exampie 3.

8 Synthesis of [(EtSiO1 5)7(ethylnorborneneSiO1,0)1]5e:
9 [(EtSiO15)4(Et{(OH)SiO1.0)3lz7 (12 g, 20 mmole) was dissolved in methanol

10 followed by addition of exo-norbornenylethylitrimethoxysilane (4.84 g, 20 mmole) and
11 the solution was cooled to 5°C. Phosphazene superbase was then added and the
12 mixture stirred for 2 days at 5°C. The solution was then quenched with acetic acid
13  (87mg) filtered, and volatiles removed, washed with additional methanol and dried to

14 render a white product.
15 Example 4.

16  Synthesis of [(CyclohexylSiO1,5)7(aminoethylaminpropylSiO1_0)1]ss:
17 [{CyclohexylSiO1 5)4(Cyclohexyl(OH)SiO1,0)3lsy (10 g, 10.3 mmole) was dissolved

18 in THF followed by addition of 3-(N-aminoethyl)aminopropyitrimethoxysilane {2.32 g,
19 10.27 mmole) and phosphazene superbase (FW 234.32, 15.72 mmo!) was then
20 added and the mixture stirred at room temperature. The solution was then quenched
21 with acetic acid methanol was added. The volatiles were removed and product

22  dried to render a pure white solid in 62% yield.



5 a solid. The solid was washed with nethanol (1400 m) and dried to render
415 g of 6 pure white product in 87%yield. 7 Exanple 3. 8 Synthesis of
[(EtSiO.5)7(ethyl norborneneSlol,0)1]EB: 9 [(EtSi01,5)4(Et(OH) Si OL,0)3]g7 (12
g, 20 mml e) was dissolved in nethanol 10 followed by addition of

exo- nor bor neX¥ BOHYT™Si net hoxysi | ane (4.84 g, 20 nmmol e) aRET/US06/M82630] ut i on
was cool ed to 5C. Phosphazene superbase ®aas then added and the 12 nixture
stirred for 2 days at 5C. The solution was then quenched with acetic acid 13
(87mg) fil tg&gg.l ggad volatiles renmoved, washed with additional nethanol and
dried to 1 r?éer'a white product. 15 Exanple 4. 16 Synthesis of

[ (Cycl ohexyl Si A .5)7(am noet hyl am npropyl Si A .0) 1lha: 17

i ssol ved  Snitesi &t ¥Ry ralairbproapiSiot by 102 1) ves

3- (N-am noet hyl ) am nopropyl tri met hoxysilane (2.32 g, 19 10.27 mmvol e) and
phosphazéne [Rienyii€e &) f{iRHeI(CR)SICH. FRlymibl.99, ve.8mdflewas 2dissalved] imnoluehe

m xture stirred at roomtenperature. The solution was then quenched 21 with

EREI e Ll G
[P?;/héﬁilz ?glfgrg?sé%i@%g:otte%%u% _?Qf) ﬁ %ﬂ%sh%c'e%on?{rile was added and the solution

6 was filtered and product dried to render a pure white solid in 40% vyield.

( 7 While certain representative embodiments and details have been shown for
8 purposes of illustrating the invention, it will be apparent to those skilled in the art that
9 various changes in the methods and apparatus disclosed herein may be made
10  without departing from the scope of the invention which is defined in the appended

11 claims.

12  Whatis claimed is:



3 ((Phenyl Si g .5)4(Phenyl (OH) Si OL. 0) 3177 (5.99, 6.3nmol) was dissolved in
toluene 4 followed by addition of (2.0g, 11nmol)

3-am nopropyl trimet hoxysilane and was then 5 stirred at roomtenperature for
12 hours. Acetonitrile was added and the solution 6 was filtered and product
dried to render a pure white solid in 40%yield. 7 Wile certain
representative enbodi nents and details have been shown for 8 purposes of
illustrating the invention, it will be apparent to those skilled in the art
that 9 various changes in the nethods and apparatus disclosed herein may be
made 10 without departing fromthe scope of the invention which is defined
in the a IM8d 11 claims. 12 Wat is claimed is: 9 CLAIMS 1. A nethod for
preparing functionalized POSS nononers conprising the step of reacting a
silane coupling agent having the fornula RSi X3 in the presence of a solvent
and a phosph per base, wher.ei Ris selected fromthe group consisting
of hydr ogen, ¥ q@ﬂ;“p&ﬁﬂ“ﬁﬁWﬁﬂﬂﬁpﬁﬁqgﬁéHEPWB”Sand ol efi ni ¢ groups, wherein

said groups nmay contain reactive functionalit sel om  the group
consi sting of° r§8ﬁ8P§w98 F@ngaﬁkFﬁ%§p“E@@ﬁﬁ&?“mﬁﬁ%gﬁﬁ aRé@%EﬁE and hal i des
and may contain fl orlnate% é#%% tuents is selected fromthe group

consi sting of P& aS%Yem ?“ qza'lfst“lﬁfsase POFffdt e, acetate (OCOR), acid

gﬁﬁc}b ester R 1(5 seiectgd fro?n the group cogmst]rpg of ﬁydrogen,glloxy, and alslp % lc?'g%En%tic, grll\clico) , and R

olefinic groups, wherein said groups may contain reactive functionalities selected from
the group consisting of alcohols, esters, amines, ketones, olefins, ethers and halides and
may contain fluorinated subtituents;
X is selected from the group consisting of OH, CI, Br, I, alkoxide (OR), formate, acetate
(OCOR), acid (OCOH), ester (OCOR), peroxide (OOR), amine (NR.), isocyanate
(NCO), and R; and
each R and each X may be the same or different.
2. The method of claim 1, wherein the superbase is selected from the group
consisting of P1, P2, P3, and P4 type phosphazenes.
3. The method of claim 1, wherein a mixture of different silane coupling agents
are reacted are utilized to prepare functionalized POSS monomers.
4, The method of claim 1, wherein a mixture of different superbases are utilized
as homogeneous catalysts or coreagents.
5. The method of claim | wherein a mix of different solvents or reaction media

are utilized.



each R and each X may be the same or different. 2. The method of claiml,
wherein the superbase is selected fromthe group consisting of Pl1, P2, P3,
and P4 type phosphazenes. 3. The method of claim1l, wherein a m xture of
different silane coupling agents are;yeacted are utilized to prepare
functionalized PGCSS nononers. 4. The nethod of claim 1, wherein a m xture of
different superbases are utilized as honbgeneous catal ysts or coreagents. 5.
The met hod of claim| wherein a mx of different solvents or reaction nedia
are utilized. 10 6. The nethod of claimI| wherein a continuous process

rendering funct ipngly g&&cﬁ%?wﬁ@&f?%&n%n&o?s Hﬁ&ég@e %ﬁ%&h?@?\c%ﬁ%e& he superhase as

a het erogéneous catal yst or coreagent. preparing
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with a silane c I ng agent having the ornmul a sel ecte the group
consisting of RgiX3.,R1SI X2, and R SiX in the presence of a solvent and a

phosphazene superbase, wherein: Ris selected fromthe group consisting of

hydrogen, 7 si | oxyy @06 @l hehaht Gmc@hABY PEss ARbmeR! €f i ni ¢ groups, wherein said
groups may contain reactive tunctionalities selected from the group

consi sting of alGaRRlis hEFdptrSitatitgh PESs sifshdi FRAS silk BhpR Sy ageht&lifg mand

hal i des,and may contain fluorinated substituents; X iI's selected fromthe
group consi sti ngoQfu1QElecttd frodPlhe ghoup ARt d8 REGR) R, shAr BREsixaf gk at e

presence of a solvent and a phosphazene superbase, wherein:
R is selected from the group consisting of hydrogen, siloxy, and aliphatic, aromatic, and
olefinic groups, wherein said groups may contain reactive functionalities selected from
the group consisting of alcohols, esters, amines, ketones, olefins, ethers, and halides,and
may contain fluorinated substituents;
X is selected from the group consisting of OH, CI, Br, |, alkoxide (OR), formate, acetate
(OCOR), acid (OCOH), ester (OCOR), peroxide (OOR), amine (NR; ), isocyanate
(NCO), and R; and
each R and each X may be the same or different.

8. The method of claim 7, wherein the superbase is selected from the group
consisting of Pl, P2, P3, and P4 type phosphazenes.

9. The method of claim 7, wherein a mixture of different, POSS silanols and
silane coupling agents are silated.

10. The method of claim 7, wherein a mixture of different superbases are utilized

as homogeneous catalysts or coreagents.



(OCOR), acid (OCOH), ester (OCOR), peroxide (OOR), amne (NR2 ), isocyanate
(NCO, and R, and each R and each X may be the sane or different. 8. The

met hod of claim 7, wherein the superbase is selected fromthe group
consisting of PI, P2, P3, and P4 type phosphazenes. 9. The nethod of claim7,
wherein a mxture of different, POSS silanols and silane coupling agents are
silated. 10. The nethod of claim7, wherein a m xture of different superbases
are utilized as honpbgeneous catal ysts or coreagents. 1 1. The nethod of
claim7, wherein a mx of different solvents or reaction nedia are utilized,
12. The method of claim7. wherein a continuous silation process is utilized
that uses the superbase as a heterogeneous catal yst or coreagent.

11. The method of claim 7, wherein a mix of different solvents or reaction media
are utilized,
12. The method of claim 7, wherein a continuous silation process is utilized that

uses the superbase as a heterogeneous catalyst or coreagent.



