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CONDENSATI ON REACTI ON The present invention relates to
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formati on of siloxane bond and rel ease of hydrocarbons
as a by- product. BACKGROUND OF THE | NVENTI ON Two
general processes can be applied for synthesis of
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organosi lanols, =Si-X + HOSi- - -Si-0OSi- + HX
elimination of a low molecular byproduct. The polycondensation of low
molecular weight siloxanol oils is the most common method synthesis of
polyorganosiloxanes and has been practiced for several years. The byproduct
of this process is water. Unfortunately this method cannot be used for the
synthesis of well-defined block organosiloxane copolymers. In that case the

non-hydrolytic condensation processes can be employed. Many of such

reactions are known and are frequently used:

1) the reaction of an organohalosilane with an organoalkoxysilane,
=5i-X +R-O-5i= - =5i-O-Si= + RX ;

2) the reaction of organohalosilanes with organoacyloxysilanes,
=5i-X + RCOO-Si= = =5i-0O-5i= + RCOX;

3) the reaction of organohalosilanes with organosilanols,

=5i-X + HO-Si= - =5i-O-Si= + HX;
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or ganohal osil anes with netal silanolates, -Si-X +

wOR@I11€385i - - -Si-OSi- + Metal X; 5) the reacPComsefo4/015848
or gano- hydrosi |l anes with organosilanols, -Si-H +
HO-Si- - -Si-OSi=+ H2; 6) the self-reaction of
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) the reaction of organoal koxysilanes with
or ganoacyl oxysilanes, -Si-OR+ RCOOSi- 4 -Si-0OSi=
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10) the reaction of organoacyl oxysilanes with netal

Eﬁ@{g@%‘iﬁ st R g Metal -0S = 4 -S-OSi-

e Teacti’on of organoacyl oxysil anes

wi th organosilanols, -Si-COR+ HO-Si- - -Si-OSi=+
6 HOORthelglf-trtivaat iorganclkexgalaaeyi mesi | ane with
organosil anols, -Si gC]\I:CRZ + HOSi- - -Si-O0Si=+

HN=OR2;, 2 WO 2005/118682 PCT/ US2004/ 015848 13) the
=5ieQBt TRA-%iE D =GakbBrox SR ane wi th organosi |l anol s,
-Si-(CCH2)R + HO-Si- - -Si-OSi- + CH3COR Those

be . used.f or th&lformatiq

72 ielag Lon %ﬁﬁ?ﬁé}? :Qiganoalkoxysilanes with organoacy

SX}(f)sfilanes,
=5i-OR + R'COO-Si= - =5i-O-Si= + R'COOR

8) the reaction of organoalkoxysilanes with organosilanols,
=5i-OR + HO-Si= - =5i-O-5i= + ROH

9) the reaction of organoaminosilanes with organosilanols,
=5i-NR2 + HO-SE - =5i-O-5i= + NR:H;

10)  the reaction of organoacyloxysilanes with metal silanolates,
=5i-OOR + Metal-O-Si= - =5i-O-5i= + Metal OOR;

11)  the reaction of organoacyloxysilanes with organosilanols,
=5i-OOR + HO-Si= > =5i-O-Si= + HOOR;

12)  the reaction of organooximesilane with organosilanols,

=5i-ON=0R2 + HO-Si= > =5i-O-5i= + HN=0R;



via a crosslinking process. Many of the above

processes require the presence of catalyst such as
wonaisiiasaei ds, Lewi s aci ds, organi ¢ and i nor gaRCT/US2004/015848

bases, netal salts and organonetalic conpl exes. (See,

for exanple, (a) "The Siloxane Bond" Ed. Voronkov, M

19 Mhd RSbEEMIf %rg%oé?xdxgyﬂ%{lﬂvﬁlﬁ chnostthnofs,
nsul tant Bureau, New York and London, 1978; and (b)

Noll, W "Chemistry and Technology of Silicones",
Ac adefi-Q(Cr€sh)R NeldOxBisk> =Bd6BPpi= + CHx@Rso wel | known
in silicon chem stry that the organosilanol noiety
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Chi chest er, i nheim = Brisbane, gapore, Toronto,
nA88l05alts Antdhangghotrfetalimamhplexzs d(See Aol iegampile, | (a) e Gitoxane
el evated tenperatures, it is w delﬁy known that this
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such as a tin conmpound, etc. Recently it has been
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Al). Unfortunately, the by-product of this process is

hgtdnosilanesto piaghice arleatioger niyldcdgeamd the sfiidneoxyf gerhisond,
foregoi ng devel opnents, there is a_continuing search
(Fesr “SHisandBneganici Orsanapetabisand Belymmen Cherpisive” Michael

ARSI S e T Rl weichei,
BRSBANS SAUHIke SAS-onto, 2000). Although the uncatalyzed reaction will
run at elevated temperatures, it is widely known that this reaction will run
more readily in the presence of a transition metal catalyst especially noble
metal catalysts such as those comprising platinum, palladium, etc., a basic
catalyst such as an alkali metal hydroxide, amine, etc., or a Lewis acid catalyst
such as a tin compound, etc. Recently it has been reported that organo-boror;
compounds are extremely efficient catalysts for the reaction between an
organo-hydrosilanes and organosilanols (WO 01/74938 A1). Unfortunately,
the by-product of this process is dangerous, highly reactive hydrogen.

In spite of the foregoing developments, there is a continuing search for
new condensation reactions that will improve reaction’s selectivity and safety

of the polycbndensation process.



SUMVARY OF THE | NVENTI ON The present invention

provi des for a new condensation process to formng a
wei2biscesssoxygen bond conprising reacting an PCT/US2004/015848

organosi | ane or sil oxane conpounds bearing at | east

one hydrosilane functional group with an

SUNMIAMNARNKORTHE AINYENTRDNOXane conpounds cont ai ni ng at
| east one al koxysilane functional group and rel ease

of hydrocarbon as a byproduct, in the presence of a
Lewi Sheqgirdserdtinygstion Phevides émrd newcentlensatidrsprocess to
rovides_for the formation of silicon-oxygen hond by
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the priesent invention provides for a”process
aflaxysilgnefiridtionahgrdup any geleadeosithyechopaibinig a bgproduct, in
reacting a first silicon containing conpound said
the prasesce pfd hewdnacid sptrdy sto ihwuprresesinvertiony also provides for
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nisietysarad rélegsrt dlydsdcdrbeneby Byprotaet ia theigresiteld? a Lewis
oxygen bond. The present invention also provides for a

a yst.or formng an silicon to oxygen bond
conprising: (a) selecting a conpound conprising both
at |l east pne hydrogen atomdirectly bonded to a .
211 a8 e Aok R BaoFobdS T dmesrs apbis psdedlicon
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thereby formng a silicon to oxygen bon
bpnded és e siligontatempwithe(ly) aisacand sitinoh vontasningrampeuridsaid

s?nﬁ?)g@f %l&%ﬁgqr;fg%giggpgg oScitfr{docnoslflpﬁgiln%xa%naelkgg}e rg]s:(')up bonded to a
silicon atom, in the presence of (c) a Lewis acid catalyst thereby forming a
silicon to oxygen bond. The present invention also provides for a process for
forming an silicon to oxygen bond comprising: (a) selecting a compound
comprising both at least one hydrogen atom directly bonded to a silicon atom
and at least one an alkoxy group bonded to a silicon atom in said compound
and (b) reacting the hydrosilane functional group with the alkoxysilane
group, in the presence of (c) a Lewis acid catalyst thereby forming a silicon to
oxygen bond. The processes of the present invention further provide for
‘means to produce compositions: siloxane foams, hyperbranched silicone
polymers, cross-linked siloxane networks and gels therefrom as well as other

silicone and siloxane molecules exemplified herein.



pol yners, cross-linked sil oxane networks and gels

therefromas well as other silicone and sil oxane
wounbeausas exenplified herein. 4 WO 2005/ 11868RCT/US2004/015848

PCT/ US2004/ 015848 DETAI LED DESCRI PTI ON OF THE

I NVENTI ON The present invention represents the
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condensation reaction for silicon bearing nol ecul es.
Generally, the reaction may be characterized as a
conddheqresentrinventiomrdpreseds thndiscoeery dfycnas ity peef non-
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The other molecular components have standard definitions as follows:
M = ROR7R85i01 /2 ;
D = RRW0SiO,>;
T =RUSi0Os/7 ; and
Q =5iOy/2

or drawn as structures (without any implied limitations of stereochemistry):



RBMER7I1i O Il 1/2 R RO D=01/2ii 01/2 RlL R11
T=01/2 ii 01/2 01/2 01/2 Q= 0112 ii 0112 01/2 The

welkomuhsdset uent i s hydrogen or is independent!| PCT/US2004/015848
selected fromthe group of one to sixty carbon atom
nonoval ent hydrocarbon radicals that may or may not
be substituted with hgd ogens (hal ogen being F, 4, Br
and 1), e.g. non limting exanples being fluoroal kyl
substituted or choroalkyl substituted, substituents
R2, R4, RMTR7, R R02 and R11 are independently
sel ected fromthe grolp of one to sixty carbon atom
monoval ent hydrocarbor® radicals that may or may not
be substituted with hal ogens (hal ogen being F, d, Br
and 1), e.g. non limting exanples being fluoroal kyl
substituted or choroal kyl substituted and R3 and R5
are i ndependently seli®cted fromthe group consisting
of hydrogen, one to s|xty carbon atom nonoval ent

al koxy 6 W9-2008/, 2—B61J US2004/ 015848
R10
R

T=  Oqp——S8Si—O0qp

Q= Oyp—Si—0qp

O

The R? substituent is hydrogen or is independently selected from the
group of one to sixty carbon atom monovalent hydrocarbon radicals that may
or may not be substituted with halogens (halogen being F, Cl, Br and I), e.g.
non limiting examples being fluoroalkyl substituted or chloroalkyl
substituted, substituents R?, R%, RS, R7, R8, R% R0, and R are independently
selected from the group of one to sixty carbon atom monovalent hydrocarbon
radicals that may or may not be substituted with halogens (halogen being F,
Cl, Br and I), e.g. non limiting examples being fluoroalkyl substituted or
chloroalkyl substituted and R® and RS are independently selected from the

group consisting of hydrogen, one to sixty carbon atom monovalent alkoxy



radi cal s, one to sixty carbon atom nonoval ent aryl oxy
radi cals, one to sixty carbon atom nonoval ent
wabhb@rysasxy radi cal s and hal ogen. Condensat i onPOT/US2004/015848
nol ecul es that bear both functionalities, one
(=St OCH2R1) and one (HSi-), on the sane nol ecul ar
rB@ekRO b & oh! ' ' 0
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condensati on products would be expected. Mol ecul es
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nidledé that bear one (=SiOCH:R?) and more than one (H-Si=)

functionalities on the same molecular backbone are examples of ABx
molecular structures. The condensation of these ABx compounds will lead to
a formation of complex hyperbranched condensation polymers. The

examples of such ABx molecular structures include but are not limited to:
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PCT/ US2004/ 015848 Condensati on of sil oxane oligoners
wanaspesegeer s t hat bear nore than one (=Si OCH2RLY/US2004/015848

functional group with the sil oxane ol i goners and

pol ymers having nore than one (HSi=) functionality

i's alCghdRsstibh 6f silekatld éhé(ﬁﬁ&sta%cp?olgfﬁ{é}?%&rbe%% b d}e than

cross-1linked network. A preferred s cture of
Opel(yﬁﬂ@HzW)tfbn(taﬁneﬂ@rﬁRﬂz)w@hmhwmlMetdi%ofméﬂs@Wdrpplymers
formula: R2 PR RMR2r QOQR2PG S O1-11, Si
heymg oz tign ope (H:§i=) fupchonalitst i Jé a@d Bomllg Rlld will lepd to a
f%RrAfEQ asng ¥ def I ﬁng g%fﬁ%8@< A grq:fe:geg@ sﬁrqﬂq@: of the polymers
| | oxane and p+o
V\hﬂg‘tf or ezrﬁn?g{é?dps %s%gﬁggll}%wgh%ﬁl&%f erred structure

of the polyrrer with ( Sl-H) groups has the follow ng
formﬁZgI: ngt 3%2 p I
| \A

G,—Si s; Si—G,
O/ O/ O/

m n

where

G is OCH2RY; R, R?, R% has been defined before, m =0, 1, 2... 5000; n =
0,1,2....1000;0=1,2,3; p=0,1, 2,3, r =0, 1, 2 with limitation that r+o = 2 for

internal siloxane and p+o = 3 for terminal siloxane units.

A preferred structure of the polymer with (=Si-H) groups has the

following formula:

Hs—Si Si Si Si—Hg
O/ O/ O/
m n
where

R?, R?, R4 has been defined before, m=0,1,2... 1000;n=0, 1,2.... 100; t
=0,1,2,3s=0,1, 2, 3 with the limitation that t+s = 2 for internal siloxane

units and t+s = 3 for terminal siloxane units.

Other preferred compounds with (s5i-H) groups are:



Hs-Si Si Si 1-11 Si-Hs M1 where RlI, R2, R4 has been
defi ned before, m=0, 1, 2... 1000; n =0, 1,2....
waQtys/msesr 0, 1, 2, 3 s =0, 1, 2, 3 with the PCT/US2004/015848

l[imtation that t+s = 2 for internal siloxane wunits

and t+s = 3 for term nal siloxane units. O her
(g}rcgt:gﬂbg&é‘spnpounds wth (=Si-H) groups are: 9 WO

005/ 118682 PCT/ US2004/ 015848 Cyclic sil oxanes: H

--, RS -O0Sm \-f 4R HI R2 where R2 has

been fdefi ned before and u =1, 2,3..... 8; or branched

siloxpne: R2 1 (R2) Si OSI H | W where R2 has been

Rdé‘H}rg,@.d_b@f\ore and v = 0,1, w= 3,4
0 5 —"

where R2 has been defined before andv=0,1,w=3,4

Condensation of siloxane oligomers and polymers that bear more than
one (=5iOCH2R') moiety and more than one (H-Si=) functionality is also

possible and will lead to formation of a cross-linked network.

The above reaction is generally accomplished in the presence of an
appropriate catalyst. The catalyst for this reaction is preferably a Lewis acid
catalyst. For the purposes herein, a "Lewis acid" is any substance that will
take up an electron pair to form a covalent bond (i.e., "electron- pair
acceptor"). This concept of acidity also includes the "proton donor" concept of
the Lowry- Bronsted definition of acids. Thus boron trifluoride (BFs) is a
typical Lewis acid, as it contains only six electrons in its outermost electron
orbital shell. BFs tends to accept a free electron pair to complete its eight-
electron orbital. Preferred Lewis acid catalysts include such catalysts as FeCls,
AlCls, ZnClz, ZnBr, BFs. The ability of any particular Lewis acid to catalyze

10



Condensation of siloxane oligoners and pol yners that

bear nore than one (=Si OCH2R1) noi ety and nore than
wones(iiBe8e-) functionality is also possible ardTmiskdo4/015848

lead to formation of a cross-linked network. The above

reaction is generally acconplished in the presence of
tiidnewRRACHSH 8f theGitedéiShverditien SAllHYSturd bntd%'a%i,g strength,

reaction is preferably a Lewis acid catalyst. For t
steuicjusdeariverafiboth the ddidiandabieduibbatrghd sdlabiliteof theLewis

will _take up an, eI ectron pair_ to forma coval ent bond
aqid and thee‘%‘@égfla heireactigrtmgdgam) Gapsirally dmecﬁﬂlowxhg Lewis

iy R AR PR AnlHR <iF oBf ey sobirn
sildsiane ¥Rl s Elﬁ&%hs'ﬁmﬁsolﬁ%ﬁ’ﬂtf #lnd<ay 1ﬁt£‘férg ’v¥1 1 ec?bﬂlﬁy of

contai ns onIy six electrons1n its outer

thesbipnaticidhe Lewiskddicatdpstt e astaBile theldesRe@ k84N Lewis
pair to conplete its eight- electron orbital.

a@fléfﬁ'éﬂf yed hezinga geeatersalubilgy én sﬁwmwansd:ammanetweeerred

Cl2. ZnBr2, BF abilit of
i prifarable sRAT S WAude T i Acd calues obfaipnula ()
2005/ 118682 PCT/ US2004/ 015848 the new reaction of the
present invention Wyfibg a functi oq of acid strength,
steric hindrance of both i’he acid ah the substrate
and solubility of the Lewis acid and the substrate in
wiheeein@dds BpAlGailnror TeaghRRYs ihdepald \ﬂ%}"lﬁelsﬁi'ﬂes
acids: FeC 3, A Cl13, ZnCl2, ZnBr2, and BF3 are only
(lé@mqaﬂamrydléfﬂr@m and represeng ramenevileshammatic hidsochrvon

2\I|lt teng terfere Wlththe a{)lllt of
ragfial o 12 ghbonatameap ity Ry 816k pEtatic he
hﬁﬁ%’céﬂ%r{ Pﬂ?ﬁ%&{lgprefﬁeﬁﬂlg ha?? gqjatcigé :%1%;(-:?% Q?%-'} quthdrawmg

gr eat er

elpinehe o gﬁou;a@@cmaﬁi@w bNe)zQﬁL@N Sélssdﬂéﬁln&'t‘éa WhRia$ 1&%{ o
catal ysts of fornula (1) MRLI2XXy (I) wherein Mis B,

halpgereatoms; Xois aThaloge htdvt2x lssl |2n defemuibytis 9, T be2sarith the

proviso that x + y =3 , more preferably a Lewis acid of Formula (II)

BR1%,X (1)

wherein each R'3 are independently the same (identical) or different and
represent a monovalent aromatic hydrocarbon radical having from 6 to 14
carbon atoms, such monovalent aromatic hydrocarbon radicals preferably
having at least one electron-withdrawing element or group such as —-CFs, -
NO:; or -CN, or substituted with at least two halogen atoms; X is a halogen
atom; xis 1,2, or 3; and y is 0, 1 or 2; with the proviso that x + y =3, and is

most preferably B(CeFs)s.

The condensation reaction between the (=Si-H) moiety and the (=SiOR)
moiety has some limitations, it appears that when three electron withdrawing
substituents are on the silicon containing (=5i-H) bond such as for example -

11



(identical) or different and represent a nonoval ent

aromati ¢ hydrocarbon radical having from6 to 14
woanizansat ons, such nonoval ent aronatic hydr oeariszo4/015848

radical s preferably having at |east one

el ectron-wi thdrawi ng el enent or group such as -CF3,

ORYRFoRine SibstRleddRI X'qual&\gérg thb re£@%n kiRt A5 Wed,
atons; X is a halogen atom Xx“i1s 1, 2, or 3; and y Is

sOmefinas t8;theipointtdfdnhibition 86 thdwacton. Wis@thad@iRlensation
preferably a Lewis acid of Fornula (II{ BRI3XXy (Il)

roqesion; appeachtoeguitear alifexe sere of therfellonring structure (=5i-O-
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BB PLE CPU| SHOTEAE ST e

helogpehhed, Yot dnapedu6HAMRH o RONEHIAYRICTBEL RS s&FiPas Crx
or -CN, or substituted with at | east two hal ogen

flavowadkylX The prefiedred etkoxat gnoupxis nsethpxp andretBoxyagebup.i s
0,1 or 2; with the proviso that x + y =3, and is nost
pr ef 3. The, condensatj on reaction, bet ween

t he ﬁ" %%%e% g‘?‘%%%&n% hwentienatlizesg;leawisiagid atatyst

L 171 d ' n £ | ectr
bR o L 8RR SEbRS PBSe BABRALARA o about 10
1pertae (basid i tp@f&apwe%@%f 506x B BRIRG teatied]O
2005/118682 PCT/ US2004/ 0158 OR, sil oxane
psefestbly fremh about 0 pxrtpdrahitlien py theighe Geppai) teiabetit &s
are slowed, sonetines to the point of inhibition of

wieightReaeentd0, V) serpmp reerrieieserabbhiropeakenic?) wppentasabout
1800 PSRk Onanerky Spr o fadees i W ppm.

al koxy, C2-60 al kenyl, C6-60 aryl, and C6-60
al ky1|l‘h§ HBﬁ&éﬁé&%ﬂb&b&’ﬂ%@n atbOBohe vkl @ dorbetRBif thde

al kyl groups may be al ogenat ed, for exanple,
pfdsance ofdoddernts. Tlmpredsenéd ofsalearit ansy bebbneficiflld?eto an
increased ability to control viscosity, rate of the reaction and exothermicity of
the process. The preferred solvents include aliphatic hydrocarbons, aromatic
hydrocarbons, halogenated hydrocarbons, as well as oligomeric cyclic

diorganosiloxanes.

The condensation reaction between the (=Si-H) moiety and the
(=SiOCH2R?) moiety can be conducted at an ambient or at an elevated
temperature depending on the chemical structures of reagents and catalysts,

concentration of catalyst and used solvent.

In some cases it is desirable to blend siloxane oligomers or polymers
that bear at least one (=SiOCH2R?!) moiety with the siloxane oligomers or
polymers having at least one (H-Si=) functional group and Lewis acid

catalyst. Subsequently the condensation reaction may be activated by heat. To
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fluoroal kyl. The preferred al koxy group is nmethoxy and

et hoxy group. The process of the present invention
wabhdsiiags2a Lewi s acid catal yst concentrati onPCAS2004/015848

ranges from about 1 part per mllion by weight to

about 10 weight percent (based on the total weight of

eﬁtelnmegﬁ Ded BPsH@RE HAR) fomm&teﬁmtm%&ﬁ%ge idn aga
part per mllion by wei‘ght (wppn) to about wel ght
stabilizing agBAY, 8 @6comprandenin The ptadiikziagladdirioes taokte &fective
pmto about 10,000 wppm and nost preferably from
b\égmt%be Sppip pbnagleaphdeptmt app ablethdorradenaplexorith

LERRCKITE. TRCobitis o s cainlGRbh Rusloerhilic cayramuind,
REAES Ot Sle LTI Rp ATy abE DRy By b ek BAE) appines

tdrtiarpaeiess orghimphospAiHes dnsioplv dgncl ude aliphatic

hydrocar bons, aromatic hydrocar bons, hal ogenat ed

hydrocarbons, as well as oligonmeric cyclic .
di or dhasempesitinns proYeiced adearding tmtheametliashobpravessof this

. (=S - . =Si R1) npi b

Ao oA O, S B bt G

irfi6l Rt&hIs Qﬁd%B&%ﬁ%@&ﬁ F'Fﬁ@?or?&ed'[sgﬁgg%g 1 f (=Si-
Catal ysts, concentrationrtof catalyst and tsed Soivent

H) meﬁﬁﬁﬁt&ﬁéﬁﬁeﬂqﬁzléiﬁxqﬁé bnigehﬁer& Wit SRSxFitbANAREed
ol i goners or polymers hat bear at |eaSt one

e pligemersientsttba feimatian ef eédidarbloekailoxane
ol.ymers havj ng at | east one (H Si =) functi onal rou
bRl et v barericial thamo e esinab ptopetiee. The crossiined

T TR 1 R
ol R O O B St A
pelytinédris \hesirgdmioratiearedhe (fFSiL) functional group will lead to a
formation of novel siloxane coatings and siloxane foams. A low cross-link
density network frequently has the ability to be swollen by lower molecular
weight siloxanes or hydrocarbons thereby forming a gel. Such gels have
found utility as silicone structurants for cosmetic compositions.
Hyperbranched siloxane polymers may be prepared by reacting the self-

condensation of molecule that bears more than one (=SiOCH2R?) and one (H-

Si=) functionalities in the presence of Lewis acid.

It is to be noted that silicon is a tetravalent element and for purposes of
descriptive convenience herein, not all four bonds of the silicon atom have
been described in some of the abbreviated chemical reaction scenarios used to
explain the reaction chemistry involved in the formation of non-hydrolytic
silicon oxygen bonds. Where silicon is hypovalent or hypervalent in terms of

its customary stereochemistry, the full structure has been indicated.
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bel ong to the group of nucleophiles that are able to
forma conplex with Lew s acids. These stabilizing
wadadistiisess, preferably nucl eophilic conpounds, PCrmskawde15848
but are not limted to anmonia, prinmary am nes,

secondary am nes, tertiary am nes, organophosphines
EXrERngsRiiAes. The conpositions produced according to
the nethod or process of this invention are useful in
the field of siloxane el astoners, siloxane coati ngs,
1i_Reactipnof MterDaM withl MesSie®ER..pr oducts. The

condensat i on reaction of (=Si- H term nated

ai phéngo R °'ﬁa%§%§ Gt gk &f’ra‘%b%%"@é‘%%%m of Si-H)
Q%MMQ%‘%@ ¢ pr op rti eslle\é{m{ﬂc‘%tm 8%3?“&?3 ghomogenous

f1d OFdsealbs DEHOBTE £k N8, ONiﬁfé‘é@ﬁbﬁ vl ol R "Phis example
ol i goners and pol'yners that bear nore than one

dengins@apiRithahtheategctidn hequieessipmropriatotdtglysist s and
pol ymers having nore than one (H Si=) functional group
il lead 3 _farmation ot novel siloxane coati ngs

: s eSi(2K he preseneg ofB(

frequent I y has t he. abi | |tytobe swol | en by | over

nmol equ

For n oot a4l cHar 8Vt 750,06 KARDRNE (0.08/R8of simy
afit |3g<‘dereSf(®Et3)§ . @mhﬁolf OThé ﬁﬁ@h@w‘éﬁé@ﬁ%d tPR¥m a low

Hyper branched 'si | oxane pol ymers may be prepared by
vrsea@ty hgmdgenem; fluict d00BpRmt mﬁiﬁ(C@Fs)mm al 101 wt% Batutimairs

tha (=Si Rl) a ne (H Si=
HF-‘G qrf 9e§"%5rﬁ 21?@@ bpe E%#@&Eﬂ&tﬂr?twasss’fable

etyraval en
R b o A AT TR B
rédlctioh@etuRRAISItR fraﬁﬂeev%lﬁhéﬁ Bf g 8 nTH@Y@ach@ﬁ%ﬂlxture turned
descri bed in sonme of the abbrevViated chem cal reaction
irdodoami infewssedonds. Ehipleaamptléshowathatar]ditienio$ trsyiitable
involved in _the formation of non- hydrolytlc silicon

beapgciatalpsiad(Coliry Branptes o iapidhyerstigndietween Si-H and SiOR.
Co}/lge%{f\a{gfyet?us slyrg‘.tetrrel ot1d Le used to make a siloxane foam.

3. Self condensation of (CH3)»Si(H)(OC>Hs)

A 50 ml flask was charged with 10g of dry toluene and 5 .0 x 10-6 moles
of B(CsFs)s. The resulting mixture was heated to 50 °C. Next 5.2g (0.05 moles)
of (CHs)2Si(H)(OEt) was added dropwise over a period of 30 minutes. The
exothermic reaction with gas evolution stared after addition of first few drops
of alkoxy silane. The rate of addition was adjusted to keep the reaction
mixture temperature below 90 °C. After addition was completed, the
resulting mixture was heated at 50 °C for an additional 60 minutes. The
proton NMR showed 100% conversion of Si-H and 90% conversion of Si-OFEt.

Si? NMR indicated the formation of linear alkoxy-stopped siloxane oligomers
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its customary stereochem stry, the full structure has
been indi cated. 13 WD 2005/118682 PCT/ US2004/ 015848
WEARERNSMBNTAL 1. Reaction of NMDH25D25M wi t h MePSI(USk0N/A15848
A 50 m flask was charged with 7.5g of NMDH25D25M
(0.057mo1 of Si-H) and 3g of Me2Si (CEt)2 (0.02 nol).

R WA Rl i OO PRGBSIl B D
(etaimetiey] cyelmeashsiRixane). NEtis 16w teepetat@ie Pestiss @y also be
appropriate catalysis. 2. Reaction of 5D25M wi t h
canBid OFt j Bom tempepatssence of B(C6F5)3 A 50 m fl ask
was charged with 7.5g of MDH25D25M (0. 057npl of Si-H)
0 The reagents were
ettt O T OF o OW F>AonMDgenous
fluid 1000ppm of B(C6F5)3 as a 1.0 wt% solution in
met W sovel FHsR W &echatBsd e\qqﬁﬂogdef Hg}?télhéﬁé‘anc_f B® x 106 moles
resulting mxture was“stable "at roomtenperature for
of B{E&4Ta)s. Theirasulithg etixhaatwashdated o 5EoG. WNxt 5182000605 moles)

reaction occurred with rapid evolution of gas. The
of lde)SH<Hmzvasndded dropwidesureriapdriad e62dminutes. The

RIS A i WA
R s

nfifidp 28inpel 4tk BBow 9B C MA fdrasidities vdsadongsletdd, ihd 09
of dry toluene and 5 .0 x 10-6 noles of B(C6F5)3. The
resudting nmigturewas keated ahbd rEdor an sddimmnaliéRimBiudes. (Thes

PR PSS SR R LR et

R e e
f%ﬁ%iz“ﬁ PcieRte Pl Rondl e aBicnc SR B
A€8i-O031S &L btQps.

5. Self condensation of HSi(OC>Hs)3

A 50 ml flask was charged with 10g of dry toluene and 5.0 x 10-6 moles
of B(CsFs)s. The resulting mixture was heated to 50 °C. Next 7.9g (0.05 moles)
of HSi(OC2Hs)s was added drop wise over a period of 30 minutes. The
reaction temperature did not change, any gas evolution was observed. After
addition of alkoxysilane was completed the resulting mixture was heated at
50 oC for an additional 60 minutes. The proton NMR showed 0% conversion

of Si-H.

6. Condensation of (CH30)»Si(C¢Hs)2 with H-Si(CH3)2-O-Si(CHj3)>-H

A 50 ml flask was charge with 10g of dry toluene and 5.0 x 10-6 moles
of B(CsFs)s.
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m xture tenperature below 90 oC. After addition was

conpleted, the resulting mxture was heated at 50 oC
woéanosansaeldi t i onal 60 mi nutes. The proton NVRPemsem4/015848

100% conversion of Si-H and 90% conversi on of Si-CEt.

Si 29 NI\/R [ ndi cated the formation of |inear

al koxy, )Jtﬁi‘@ﬁr%s ?i'eh&ﬂrf%rﬁ) °tl4 W2 Qgﬁ%%&%&% 88g

PCT/ U82004/ 01 848 along wth small anount
(@ ﬂ%nmiﬁ)hﬁl(@?h@i&(@a}[?)@mtb)z .688¢0.02 mdles) IS Hs)o-O-

cycl otetrasil oxane) This | ow tenperature process nay
h‘@ bHE wesedded dnep wWiseswier ammdawﬂﬁ(bnumlte&"fhe exothermic

*GRERBdahieeh e% (A tinye Hercifnn o tb° frstoPty e Aftr

ali t%%?éé@éﬁ%%d (B8 lfla%dlﬂgg %@85@?@%%?? agggtog B an

additishall 60 Piin®@esd The profst NOAR @hoddmongs @@nveYBﬁm of Si-H and
exotherm c reaction with gas evolution started after

1006 cadversiamobFi-ORE LS. i Fi¥tNMRindicatpd fofmatiknxy cgiliane.
The rate_of s adj usted to keep a _mxture
C?‘@Pﬁgpgt(ﬁﬂg{’ﬁgﬁmg: U e dal-Aeh oS iEomneted,

the resulting mxture was heated at 50 OC for an

72€8hiL AN orPGr [ERYOHS 2 WA d_100%
CONVEer st om of - - OCH3.

Si 29 NWR indicated formati on of hyperbranched sil oxane
ol i gars0 sl flask hvasi eith Woohdry oludd, 2.93¢ (0.03 moles)

condensation of HSE] H5)3 A om fl ask wascarge
oflHEHCity-61 andyp.q 1l émolaﬁ of B(GsFx)s ndsconied sdowh to 20 °C.

F T ted to 50,0
N%%tfﬁ n’r&ég (fg%@s@f{ﬂ? S)o<Ptx (&@‘ﬁ;@a@? 2 3Rd 348 of t@ue@e
W%%ﬁdga%frog VQf‘s[a 'o%{ g e%%d%%r%ﬁmtgg eTh% S?Sghe%quc reaction

tenper at ur e, gas evolutrton was

watbsgiseRbluhbh efared after addltlon of the first drop. After addition was
completed the resulting mixture was heated at 50 °C and low boiling
components were stripped by application of a partial vacuum. The proton
NMR showed 100% conversion of Si-H and formation of chloro-stopped
siloxane (CISi(CHs)2-O-S(CeHs)2-O-Si(CHs)2Cl). Si2® NMR confirmed

formation of this compound.

8. Condensation of ((CH3),CHO)2SiC-H3 with H-Si(CHs)2-O-Si(CH3).-H

A 50 ml flask was charged with 10g of dry toluene and 5.0 x 10-6 moles
of B(CsFs)s. The resulting mixture was heated to 50 °C. Next a mixture of
4.64g (0.02 moles) of (iPrO)sSiVi and 1.34g (0.01 mol) of H-Si(CHzs)>-O-
Si(CHs)>-H was added drop wise over a period of 5 minutes. The reaction
temperature did not change, and no gas evolution was observed. After
addition of regents was completed the resulting mixture was heated at 50 °C

for additional 60 min. The GC analysis did not show formation of siloxane
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addi ti on of al koxysilane was conpleted the resulting
m xture was heated at 50 OC for an additional 60
wai2onst1es:82 The prot on NVMR showed 0% conver si on POT/USRO0HI015848
6. Condensation of (CH30)2Si (C6H5)2 with
HS (CH3)2-0Si (CH3) -HAS50 nm flask vvas charge with
of gouRis CRkah ISR s Hckicdfly iRt - reﬁpggég&has
1smp::bp01eys1\h&e lee atharty loxySllamddo Nex keat ﬁmﬂi Si-EI iof thé p%aﬁance of
26 02 nol es) of (CH30) 2Si (C6H5) 2 and 2.68g (0.02
Bfesliss) The cem ep@#@mre@msne:em;@s theypresentead -D-6F11Rs e
verd erl o?—;ﬁc{n %(;c) nut%i The exotherm c reaction
qx|1| 9 6l 'QSUICOR &PTer addition of the first
few drops. After addition was con‘pl eted the resulting

9NRE4dHdh &Pmbﬁgiﬁavﬂv-

pT :
and 100% converS| on of Si- OCHS S| 29 NI\/R [ nd| cat ed
f or mét 1oml dlask yeds dhargedmdtind. 25 Siof AABBLEDEM (0. 01 moles of Si-
I (CH3)2-O-Si(CH3)2-O - and |inear oligomers.
apprspristte pmepuit pEN e%i(BMe)uni The mage(ltawyzze mlxefd to

£ GlonEetThoHg it o My Yoofbn SOBUSRh s pefled.
ThRé @ﬁf@i%fﬁﬁ% loféﬂ%' v%%égnges%?&g%su?wgy %hjgéféhﬂﬁ? s&frmjng

czﬂohlmmEy (D8G: B@i@;ﬁdEﬁh@ﬁ The ebsateed HReite, qibaﬂtfteﬁﬂ)erature and
m nutes. The exothermi c reaction wth gas evol ution

Deltadé areyprasenteddint thedoldewingtable:st drop. After

addltlon vvas corrpl eted the resulting m xture was

IICCll JU Ub att oW+ I\d \..unpun IILQ We+6
ESjp.#i Eﬁﬂﬁuﬂy appl i cat iSIH/SiOR  [Pakk tethp V uwm{ J/4Bot life/ min
prot-gn—NMR-showed 100% convet sion—of =H an
09106 NE8S4066-DleSROMYD- $t ofpps3d 53.4 561 >360
091-d 884466-MeSi(OMe)3 1.8 61.5 174 45
091-e  [884466-MeSi(OMe)3 1 57.4 310 >360

10. Reaction of MDHy5:D2sM with OctylSi(OMe)s; in the presence of B(CsFs)3

A 10 ml flask was charged with 1.25g of MD"5D2sM (0.01 moles of Si-
H) and appropriate amount of (CsHi7)Si(OMe)s. The reagents were mixed to
form a low viscosity homogenous fluid. Next 160ppm of B(C¢Fs)s was added.
The cure kinetics of the above mixture was evaluated by differential scanning
calorimetry (DSC: Perkin Elmer). The observed pot life, peak temperature
and Delta H are presented in the following table:
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sil oxane (A Si (CH3)2-O0 S(C6H5)2-0-Si (CH3)2A ). Si 29
NVR confirmed formation of this conpound. 8.

wQandansaei on of ((CH3) 2CHO) 2Si C2H3 wit h PCT/US2004/015848
HS (CH3)2-O-Si (CH3)2-H A 50 mM flask was charged with
10g of dry toluene and 5.0 x 10-6 noles of B(C6F5) 3.
The resulting mxture was heated to 50 oC. Next a

tuge of 4. 649 (0, 1 (| PriQ)3SI Vi gnd )
E’iP 4# & nol) of é/%%hg)a’ tapp Qs HillgaRotdifgemin
er a perjod of 5 M nutes. |The Teactiom
Oﬁé‘ﬁ‘p ggéi%rédﬁ @M chande, ahd A65gas| evdtuti gn we2d
—obsedved After addition of fegents was conpleted the
ulldsiy gk 5 h ed pt 58, OC ddijti o
O%l? min. The %Ig anzﬁvaﬂs di'd npt s owforrra?(?aon of "

- 1009 DOAT/I1ICONNAIINT1E04Q
sTToxane— 16— WO 2005+ t18682PEHUS2600440645848

09H gfidd4a-OaSHOM3 8| shawies t hat 86.2ri clal | yodhi nder edip
al koxysi |l anes such ag i sopropoxysilane or
t-butyl oxysilane do not react with Sr-H1n the
pr esExaplds 9 &{dCBE5how thaea ﬁﬁ&ﬁlﬁ@ﬁﬁt&% sil with
reqU| res the presence of -O CH2-Rl al koxi de nol ety
alkoxyailaee indhs présence ef awataly ticemotinb ?gtcm) i %51{:‘; at room
with MeSi (Owe)3 in the esence of B(C6F5
temr%fg&%égm peyed r\%ﬁgwgg ety L QGmintppsmeshan 6 fonrao e

Bl By DRI RUN RN e
ﬁq;@seﬁew%&@é verliithis RARAME Hat ARk MRDP il bles 9

The cure kineti he above m xture was ev

ar@l(ﬂcédldrlmrﬂsemﬂ toqm@dmae ghincsiloxthh8ebatingd @ 10ve tdthPerature
The observed pot life, peak tenperature and
(beja Queh peeperties wioult befusefd dbnlpw sthperaEup: paper
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The foregoing examples are merely illustrative of the invention,

serving to illustrate only some of the features of the present invention. The
appended claims are intended to claim the invention as broadly as it has been
conceived and the examples herein presented are illustrative of selected
embodiments from a manifold of all possible embodiments. Accordingly it is
Applicants' intention that the appended claims are not to be limited by the
choice of examples utilized to illustrate features of the present invention. As
used in the claims, the word "comprises" and its grammatical variants
logically also subtend and include phrases of varying and differing extent
such as for example, but not limited thereto, "consisting essentially of" and
"consisting of." Where necessary, ranges have been supplied, those ranges are
inclusive of all sub-ranges there between. It is to be expected that variations
in these ranges will suggest themselves to a practitioner having ordinary skill

in the art and where not already dedicated to the public, those variations
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091-d 884466-MeSi (OV)3 1.8 61.5 174 45 091-e
884466- MeSi (OMe)3 1 57.4 310 >360 10. Reaction of
wORHEEDRBEM Wi th Octyl Si (OWe)3 in the presence 8ET/US2004/015848
B(C6F5)3 A 10 m flask was charged with 1.25g of
VDH25D25M (0. 01 noles of Si- H) and appropriate anmount
shbuldGaterd possible)be coierie8aded SoRES bg‘th@‘l g)%ndgg cfRifhs. It
| ow vi scosity honpbgenous fluid. Next 1 Oppnp f
isg(absF5yBicipated dthet. adTmecesuire dciereri andotechhelayoweill make
' re was. eval yated by differential scanning

eénfa’ig $THet 39 EBSetitubiong; Rossier thatTate Bet @ovesoptamplated by
o B R Bk R S BASSET St b

CHERELSE R3O 0848 0 et UL R 01 i

Stiited Faltbn0 re€SéncedB et QueSiHeEMp)tB Qb 162eBP6 sp&ifically
.091-h 884466-CctSi (Ove)3 1.25 36.7 490 10 Exanples 9
ingeyPeRted Y refesence. ni xt ure of Si-H sil oxane with
al koxysilane in the presence of a catalytic anmount of
B(C6F5)3 is stable at room tenperature for a period
ranging from10 mn to nore than 6 hours. The room
tenperature stable m xture can be quickly reacted at
slightly elevated tenperature. These experinents
indicate that the m xtures fromexanples 9 and 10
coul d be used to produce thin siloxane coatings at a
| ow tenperature (below 80 C). Such properties would
be useful for |ow tenperature paper release coatings
and applications thereof. The foregoi ng exanples are
nmerely illustrative of the invention, serving to
illustrate only sone of the features of the present
i nvention. The
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appended clains are intended to claimthe invention as

broadly as it has been conceived and the exanpl es
woaenwsimsgseesented are illustrative of sel ect edPCT/US2004/015848

enbodi nents froma manifold of all possible

enbodi nents. Accordingly it is Applicants' intention
HaVahg dRScrihRE fidehvehAbABhAt &/HIEH isl Qaidged {sm ted by the

choi ce of exanples utilized to illustrate features of

the present invention. As wused in the clains, the
lwor d A poegess sesformming a sicgnaomelyigenbondrdommpsing:

| ogically al so subtend and i ncl ude phrases of varying

and differing. extent _such as for exanple, but not .

li mi 8&d t K8R ,afle%ﬁéi% qﬁ’@’f@@%??mnéfsaliﬁast silicon

c%ﬁ%%'lﬁlhggfo : Qlnd cgﬁgﬁ'gixgeg ﬁ??ﬁ(@%’e&ls %@@9 g?regﬁr/ %03883 toa

ose range
sBiebn dswesithhere between. It is to be expected that
variations in these ranges will suggest thenselves to
a practitioner having ordinary skill in the art and

wher &) not asleresad yilidod icontadulingocanmeoyod saicl, secbnd ailicon
variations 18 2005/ 118682 PCT/ US2Q04/ 015848 .
CQNGIMAS IREIRO WL SPHPEISHIE aih Yeroup homdegiteractliggn atom,

: ed clainms. It 1is also anticipated that
o4 1. ARERA:

S'in'science and technology wi Il make
equi val ents and substitutions possible that are not

now @pnteme@piggcﬁycatm%gon of the inprecision of
| anguage and these variations should al so be

construed where possible to be covered by the appended
therebyrformaing dsiliten to Sxpgersbead.ent s ref erenced herein
are herewith and hereby specifically incorporated by
o eference. 1 \fD 2005/ l}8682 PCT/ US%OOé/,015848 Haa/i ng
descf BEFeshioriaTRmg B Alicon ie oxksembpaddn gicesepeund 1

s for formng a silicon to oxygen bond
PP ng:

a) selecting a compound comprising both a hydrogen atom
directly bonded to a first silicon atom and an alkoxy group bonded to a

second silicon atom in said compound and

b) reacting the hydrosilane moiety with the silicon-alkoxy group,

in the presence of
c) a Lewis acid catalyst

thereby forming a silicon to oxygen bond.
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a) reacting a first silicon containing conpound said
first silicon containing conpound conprising a
waypdsages2z at om directly bonded to a silicon aPOmMUSREON/015848
b) a second silicon containing conpound said second
silicon containing conpound conprising an al koxy
391 ouThe@rdeshstof chifii 1 WiRReiAlRBTLewis aEﬂ&Pcd%l?r%?&B}ﬁ fAbestd
a Lewis acid catalyst thereby formng a s Ilcon to
coxpgandogritie f@rmulapr ocess for formng a silicon to
oxygen bond in a conpound conprising: a) selecting a
conpound conpri sing ho qu hydrogen atom directly
bonded to a first sil r~at om and an al koxy group
bonded to a second silicon atomin said conpound and
[ Lf. .
werHE00L BleL 00 AR o805 cBRLUSLNE UK B A1 6o To qn Tl each
chls find@pedidesit] gel&vc@pﬁohofr%ﬁ)@ & hbhievaleht SXOHESHC
bond. 20 WD 2005/118682 PCI/ US2004/ 015848 3. The
hpdomaslsor faChtds rhalznvgwferom hto he cammtamsd Xaahdiaj!@gen atom

npr,i_ses npound of the formula wherei n
eﬁﬁtgdég;@é e 8TPH ﬁ?l@fﬂ%tn@ﬁ eLp €bRsi and I@ oL B B o andyy is 0, 1

. i ndependently sel ected from
O%?(e g %tptbgﬁg%% %’i“&ﬂfﬂ‘ﬁ.fén*g i ¢ hydr ocar bon radi cal s
having from6 to 14 carbon atons; X is a hal ogen atom

4. The process of claim 3 where M is boron.
5. The process claim 4 wherein each R!2 is C¢Fs and x = 3.
6. The process of claim 1 wherein the concentration of the Lewis acid

catalyst ranges from about 10 wppm to about 50,000 wppm.

7. The process of claim 1 wherein said process is stabilized by the
addition of a compound selected from the group consisting of ammonia,

primary amines, secondary amines, tertiary amine and organophosphines.
8. The process of claim 1 wherein said process is activated by heat.

9. The process of claim 2 wherein the Lewis acid catalyst comprises a

compound of the formula:
MR%Xy

wherein M is selected from the group consisting of B, Al, Ga, In and TI; each
R12 is independently selected from the group of monovalent aromatic
hydrocarbon radicals having from 6 to 14 carbon atoms; X is a halogen atom
selected from the group consisting of F, CL, Br,and I; xis 1,2, or 3; and y is 0, 1

or 2; subject to the requirement that x + y =3.
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selected fromthe group consisting of F, d, Br, and

l; xis 1l 2, or 3; andy is O, 1 or 2; subject to
woOheosriegpser enent that x + y =3. 4. The processPOT/USk@un15848

3 where Mis boron. 5. The process claim4 wherein

each R12 is C6F5 and x = 3. 6. The process of claim1l

1her gihR 4rBBes VIR dbiiRRe M id BSroreW S acid catal yst
ranges from about 10 wopmto about 50,000 wppm 7. The

process of claim1l wherein said process is stabilized
1by t Adre prddessichainet 1whengineach 8t iscIsfd ahdom 3.he group
consi sting of ammonia, primary am nes, secondary

187 o0 e REpCe i oAt A HETHICHE §OPPOREAROR of tha ousteid
b . e | A rein the Lew s

o dapast g LB p i IR SOUB TR o7 ot o
MR12XXy wherein Mis selected fromthe group

180NS ITHei p1Bc&s dB.cladn 2 Gherbih AN pFbcess a-dtabiikdiby the

I ndependent|ly selected fromthe group of nonoval ent
additimt ofa coyghoondrdetertedflionatle grupnoprisistingfoftamfnbnia,
carbon atons; X i.s a hal ogen atom _selected fromthe
PEHBRIY BHHESs$9CcRgdary pmings, testiaryapines, prganophosphyiesand
nd y.is 0, 1 or 2; subject to the requirenent that x
PHOGPULCSH1 WO 2005/ 118682 PCT/ US2004/ 015848 10. The
process of claim9 where Mis boron. 11. The process

14! ai MhelBoWARIFichifPE vHRkin s%i&??éce@@% a‘cﬁv%-te&?y th-lggﬁ

process of claim2 wherein the toncentration o

Lewi s acid catalyst ranges from about 10 wopmto
1aboutA piy@esdfoathmpréparatioe qithypesisrantched ailoxghapelyeiars

sai d process i tapilized by the
utilizingpthe method of claim 2 whereirt saig compound comprises:

a) more than one hydrogen atom directly bonded to more than one
first silicon atom and only one alkoxy group bonded to one second silicon

atom; or alternatively said compound comprises

b) one hydrogen atom directly bonded to a first silicon atom and

more than one alkoxy group bonded to more than one second silicon atom.

16. A process of for the preparation of a cross-linked siloxane network
utilizing the method of claim 1 wherein said first silicon containing molecule
comprises more than one hydrogen atom directly bonded to more than one
silicon atom and said second silicon containing molecule comprises more than

one alkoxy group bonded to more than one silicon atom.
17. A siloxane foam composition prepared by the method of claim 16.
18. A siloxane coating composition prepared by the method of claim 16.

19. A cross-linked siloxane network prepared by the method of claim 16.
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addi tion of a conpound sel ected fromthe group

consisting of ammonia, primary am nes, secondary
waresassesterti ary am nes, or ganophosphi nes andPCT/US2004/015848

phosphi nes. 14. The process of claim2 wherein said

process is activated by heat. 15. A process for the

2 PSS LA SN RELALETSN L RRPRIEEIS i

sil®ick 92 iy dapcdtbbfis thasbp ferniivnglogeln atom directly
bonded to nore than one first silicon atomand only
one al koxy group bonded to one second silicon atom

2br allhecompositign eb¢lainadRswmitendaniaweramolsculareveight

hydrogen.atom direct.l onded. to a . first silicon atom
silghaneRoR LT RAHRES tateRy o b8ded t o mor 6 t han
one second silicon atom 16. A process of for the
repar . : ]
2B AP R Brhiea piicB 0 of kX BORd eidine:
silicon containing nolecule conprises nore than one

hydr apen satleoting aeotﬂ(})mhmwctﬁdpﬁeingbc&hta‘hydmgen atom
silicon atom and said second silicon containing

dirertdy bpaded tp risiliconaspm and an adrexyagrasp bepdashithesame
iiig nore than, pne siligon atom 17. A siloxane foam
§ %angaﬁa}ff%%tapsan #he method of claim16. 18. A

sil oxane coating conposition prepared by the nethod of

cl ai i 16. : .Sy [ g‘l@ﬁ% k

pr epaf ed g?/ﬂtt eg&nlgéﬁégldﬂ@g?%hli . ZSQSV%AGZ%OS/ 118682
PCT/ US2004/ 015848 20. The conposition of claim 19
swol ken by Ilewisaciibtatalysar wei ght  si |l oxanes or

hydr ocar bons thereby formng a gel. 21. The
conposition of _claim219 swollen by [ ower nolecul ar
thespln formingoxsilieen & oxygrmbeAR®bons t hereby forning a

gel .
23.  The process of claim 22 wherein the Lewis acid catalyst comprises a

compound of the formula:
MR12,Xy

wherein M is selected from the group consisting of B, Al, Ga, In and TI; each
R22 js independently selected from the group of monovalent aromatic
hydrocarbon radicals having from 6 to 14 carbon atoms; X is a halogen atom
selected from the group consisting of F, Cl, Br,and I; xis 1,2, 0r 3;and y is 0, 1

or 2; subject to the requirement that x +y =3.
24.  The process of claim 23 where M is boron.
25.  The process claims 24 wherein each R12 is C¢Fs and x=3.

26.  The process of claim 22 wherein the concentration of the Lewis acid

catalyst ranges from about 10 wppm to about 50,000 wppm.
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22. A process for formng a silicon to oxygen bond
conprising: a) selecting a conpound conprising both a
waypdsages2zat om directly bonded to a silicon apPomuazm4/015848
an al koxy group bonded to the sanme silicon atomin
said conmpound and b) self- reacting said conpound in
oyhe %%S;%@@ssqif clfim 20 Wik Sin@Gid pfeteds ¥dtabilieb8 By the
form ng ['icon to oxygen bond 23. The process of
addition aﬂa mhmpenmdt d’e&cﬂmﬂmm&mﬂgmmqmusmrgmamﬁmréa,
conpound_of the fornmula: MR12,eXy wherein Mis
pslnait AninesesRcORdaty aminesy krytigry AgNBes, Brgapophggphines and
nd Tl ; each R12 is independently selected fromthe
PS’P " nonoval ent aromatic hydrocarbon radicals
having from6 to 14 carbon atons; X is a hal ogen atom
239' e%%dprt)eggz@ IRt @yar}fé?éiﬁ' said pao&és s ac@vate%r by ﬁegt
[; xX1s 2, or 3 Is 0,1 2; subject to the
r equi remant that x + y —3 24. The process of claim 23
20her A proceshforthe piépardtienwfdygpesbanahed sléxaneepelymers
each R12 is C6F5 and x=3. 26. The process_of claim22
ufitiging the methashetelaim 22 svherein spid compound eomprises'y st
ranges from about 10 wppmto about 50,000 wopm 23 WO

clai fl 22 REGTA SR dTsbgee gyt irsklS RRER e than one
6t Hatim anam bR aﬁ?dﬁ‘r%%ﬁ Badd® (Q{é)é&ond silicon

consi sting of ry am nes, secondary

a&fmnéﬁaltéﬁffahivalyysa&nﬁtﬁﬁ@ou@dgaﬂﬁpﬁ@ésp hi nes and
phosphi nes.

b) one hydrogen atom directly bonded to a first silicon atom and

more than one alkoxy group bonded to more than one second silicon atom.

30. A process of for the preparation of a cross-linked siloxane network
utilizing the method of claim 1 wherein said first silicon containing molecule
comprises more than one hydrogen atom directly bonded to more than one
silicon atom and said second silicon containing molecule comprises more than

one alkoxy group bonded to more than one silicon atom.
31. A siloxane foam composition prepared by the method of claim 30.
32. A siloxane coating composition prepared by the method of claim 30.

33. A cross-linked siloxane network prepared by the method of claim 30.
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28. The process of claim 22 wherein said process is
activated by heat. 29. A process for the preparation

wohodsypgsbr anched sil oxane polynmers utili zi ngPCNAIS2004/015848
nmet hod of claim 22 wherein said conpound conprises: a)
nore than one hydrogen atomdirectly bonded to nore

3han Te&onhbbsition of e 38 %Héi@b%‘l‘é%e?ﬁ%l@&h%%e up
bonded to ohe second silicon ato or alternatively
sHakahesaoioudrdcadops itkeebl formingg gebgen atom direct |y
bonded to a first silicon atomand nore than one

al koxy group bonded to nore than one second silicon
3at omThexpmposition of slagn Hoswellen by dpwenmalecudar weight

ross-|inked siloxa network. utiljzing the nmethod of
s@P’é?I}ﬁslor:;\iﬂécﬁ‘é’F b&S‘F gﬁ?ﬁeﬁé’%%‘ﬁ%%ﬁe%om ai ni ng nol ecul e
conprises nore than one hydrogen atomdirectly bonded
to nore than one silicon atomand said second silicon
cont ai ni ng nol ecul e conpri ses nore than one al koxy
group bonded to nore than one silicon atom 31. A
si | oxane foam conposition prepared by the nethod of
claim30. 32. A siloxane coating conposition prepared
by the nethod of claim30. 33. A cross-I|inked
sil oxane network prepared by the nmethod of claim 30.
24 WD 2005/ 118682 PCT/ US2004/ 015848 34. The
conmposition of claim 33 swollen by |ower nolecul ar
wei ght sil oxanes or hydrocarbons thereby formng a
gel. 35. The conposition of claim 34 swollen by |ower
nmol ecul ar- wei ght sil oxanes or hydrocarbons thereby
formng a gel. 25
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