SI LOXANE - POLYETHER COPCOLYMERS WTH UNSATURATED
FUCTI ONALI TI ES,
5« . * The present:
gonpositions with un !
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pol ysi | oxane gels, el astoners and coati ngs. 10 BACKGROUND OF THE

| NVENTI ON Si | oxane - pol yether copolyners may be |inear,
br anched, LB THFINVENTIONMONnhydr ol yzabl e structures. U. S. Patent
Nos. 4,657,959 and 4, 752, 633 di scl ose their use as sem per nanent

hydr ophi | isc addi t"l‘ﬂ@ﬁede& lﬂ%héﬂrela'i@ﬁﬁkﬂﬁsggl ether com osiﬁonsalilﬁmte%on

Pol ydi or ganosi | oxane having term nal or pendant unsaturate

gz)f);glsrr:'[ ﬁyl giﬁ;xanes %a%‘/?éngﬁég s%g%ﬁgﬂ&gﬂug H@gh gc(%%gbk"ﬂﬁf‘gt he silicon
t t hyt th h t hyl si |
o on o g, e ngions e By oS B oo e

chai ns. Pol ysil gxane - pal yether copol yners bear| ng term nal
met hacr y| at e Pejyeioxancgelscslastomaryandsostings.ophi licity to the contact | ens
conpositions of U S. Patent Nos. 4,259,467 and 4, 260, 725. Aoki, et al., 20

Macr onol ecul es, Rapi d Communi cations. 18 (1997) 31- 36, synt hesi zed
hydr ol yzabl e
10 BACKGROUND OF THE INVENTION
Sﬁmmne - polyether copolymers may be linear, branched, hydrolyzable or
nonhydrolyzable structures. U.S, Patent Nos. 4,657,959 and 4,752,633 disclose their use as
semipermanent hydrophilic additives in dental impressions.
Polydiorganosiloxane having terminal or pendant unsaturated hydrocarbon groups are

15 known. Typical examples are the linear polydimethylsiloxanes having a vinyl group attached
1o the silicon atom at each terminus of the chains, and the linear polydimethylsiloxanes with
vinyl groups randomly distributed on silicon atoms in the chains, Polysiloxane - polyether
copolymers bearing terminal methacrylate groups impart durable hydrophilicity to the contact
lens compositions of U.S. Patent Nos. 4,259,467 and 4,260,725. Aoki, etal.,

20 Macromolecules, Rapid Communications, 18 (1997) 31 - 36, synthesized hydrolyzabie
siloxane - polyether copolymers of general formula, [(R’;Si0)~(C,H O)5)20.35, Wherein R’ =
vinyl. While all of these functionalized polysiloxane - polyether copolymers can be reacted
into polymer matrices or onto surfaces to improve hydrophilicity, water absorption, lubricity

and/or adhesion, the reactions do not result in the formation of Si-C bonds between the matrix
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si | oxane - onether copol ynmers of general fornula,

[(R[err]SiOyf &sm! V, Wi | e
al |l of these func |on§{d| ze%9 H%o n‘le’*“-“@hﬁ‘f'gé%ers‘}é‘;%o df/%rdsca}(/:alab]r? be
react ed i nt o pol r to surfaces to inprove

hydr ophi | icit %%% déﬂqnﬁgdgquag{; and/ or adhesion, the
reactions do not result in the formation: of Si - C bonds bet ween the mat ri x

or substrate and tH&. PafentNooha$l. %d disslosssstorage-siable polysiloxare rompositions whighd s

are desirable because they are strong and nonhydrol yzabl e.

U. S. Patent Nimpat peffare@hydiophiliciges additioroaee denabingpressiby serhpooadse Permanent
conposi tions which | npart permanent hydrophilicity to addition cure

dent al Inpsesaympmmﬂ Y ReEded i poBiRdMane - 1yemefié<%ahhietsavm¢hmemomded by
pol ysi | oxane - pol yet her copol yners whi ch have silicon atons

per nol ecul e, |fn9ﬂﬁ%£e9 (;dag%es free
of nobl eﬁ@dnCJ&T cat alo%ggg%illﬁaﬁggglo yImer s corre ound to t ﬁ%%f .
o 25 oo MO B e &%ﬁsﬂa%n?%w@gf;'nz -
ol yether co followed b S h drglysis, condensation and

oqui | i bratiomﬂ*wéﬁwngﬁ Sis of b bwnméﬁs@qmna%
greater than 10 and are SCIb|e with the [err], [err]-

di vi nyl pol ysi mmwﬂmmmm followedrbyrivrhydrolysinsondensagion aad ur e

facilitates storage stability of the two part formnul ati ons and avoi ds the

need to uge t éepilibration vithpiienylailoxanesa The papohineer cliafrplengthy are glestenthan 10t dnd are
copol ymers of |ong siloxane chain | ength do not afford the nost rapid

spreadi ng of icide VREth¥B] bl didinPolySiRxas Bekd BP4ddRioh QURTSRHIbAL CFhis fidture
facilitates storage stability of the two part formulations and avoids the need to use the
copolymer as a separate component. However, the copolymers of long siloxane chain length
do not afford the most rapid spreading of water and wetting of the cured polysiloxane surface.
15
BRIEF SUMMARY OF THE INVENTION
Accordingly, the instant invention discloses noble metal-containing, unsaturated
siloxane - polyether copolymer compositions synthesized by the base-catalyzed equilibration
. of unsaturated silanes and siloxanes with saturated siloxane - polyether copolymers or ring
20  opening of cyclic siloxane polyether copolymers with unsaturated siloxanes. Base-catalyzed
equilibration of an alkenyl silane or siloxane with siloxane - polyether copolymer products
affords unsaturated siloxane - polyether copolymers which impart permanent hydrophilicity

to addition cure polysiloxane compositions, as well as to polyethylene, polypropylene and
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BRI EF SUMVARY OF THE | NVENTI ON | Accordingly, the i nst ant

i nvention di qﬁlm@ﬁmm@segggaél hng%éﬂ%; %E@ﬂ% ion re cn N e -

pdl yet her copol yner conpositions syn I ze ase-ca yze
equilibratio | apes ang si | oxanes with saturated
si | oxane - pghllsyecto tglrn%d,éﬂ’?étang‘?g&bgérim?@n y3rest ‘B’&nr ng of cyclic sil oxane
pol yet her copolyners with unsaturated sil oxanes. Base-catal yzed

equi libration of an al kenyl silane or siloxane with siloxane - polyether
copol yner products affords unsaturated si | oxane - polyether

copol yners b DISERS : 1 s . to addition cure
pol ysi | oxane conpositions, as well as to polyethylene pol ypropyl ene and

pol yest er smat ri cedtis Beshjebesf thiinstantdnvention to providdiuhéatirfted, bbshya@lyzhbiOr at i on
reaction m xtures al so contain polyethers and nobl e netal catalyst

residues.  siloxane - p¥lycther Ebpolrthit bt DipstTe ditrmlihMatidSlc bo'i_’tds via It

Is an object of the instant I nvention to provi de unsat ur at ed

nonhydr ol yza @msﬂylmogon bih af'ectofw Xﬁﬁlﬁﬁ{ve %@g{o sik %- ge%pabl e of

form ng further ros Ject of
the instant i t he, provi si pn of u ur.at ed srloxane -

pol yet her copo?’%ﬁ% é)orf%egzerc?po %‘Bﬁq YArop W@F?’?WIWP ¥ oxane,

pol yet hyl ene, @0&; ropyI ene, polyester and other thernopl astic substrates.

A still furt melye PYF% ?ebimddﬂhﬁﬂ@f@ﬂlﬂﬂ%iwﬁatﬁnéatﬁﬂm gr oups

In the hydrophilic nDdrfrer so that both desirabl e hydrophilicity and
opt i mum clat alobjectds ¢antrobofitheontentbimosakirated growps)in the bydreptilizmadifier so that both

desirable hydrophilicity and optimum catalysis (cure time and working time) are realized in
addition cure polysiloxane compositions. Another aspect of the invention is products of the
reactions set forth below, particularly those products in which there are up to five silicon
atoms present. In nonhydrolyzable siloxane - polyether copolymers, the polyether and

15  siloxane segments are linked by Si-C bonds, which are resistant to cleavage under aqueous

acidic and alkaline conditions.

PROCESS
A method for the synthesis of the said unsaturated polysiloxane - polyether
20  copolymers of controlied unsaturation content includes the following steps:
(@) combining polysiloxane - polyether copolymers and an alkeny! or alkynyl silane or
siloxane, capable of undergoing addition or redistribution reactions with the copolymers in an
amount sufficient to achieve the desirable degree of alkenyl or alkyny! substitution to form a

first mixture,
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addi tion cure pol ysi | oxane conpositions. Another aspect of the invention is

products of the Pﬂ%wgeé%éﬁmx&% oﬁrwgg.lhf Qatawcaﬂﬁéftéctw dihduit 4RSI

products in which are up to rive I con atons present. In

nonhydr ol yzablcgiag;shg)f € Ixﬁ’%prg,r opol yners, the polyether and 15
feaop fiugieent

si | oxane segnen are T onds, which are resistant to cl eavage
under aqueous aci dic and al kal i ne conditions. PROCESS

A method for tfe shrrtRediedesstion fatiee; 4 ynsat urated pol ysil oxane - pol yet her
20 copolyners of controlled unsaturation content includes the follow ng

st eps: (Pasferably dhens isialsg 2 puiifjcstionstepte remqye by-pradusts ansiibe basicregtalysld an

al kenyl or al kynyl silane or si | oxane, capabl e of undergoing addition
or redistrisbuti on Theapdlysilosanei-pblyétha coprbyrhermeaybe iohtaimed, for exampiabynt
sufficient to achieve the desirable degree of al kenyl or al kynyl

substitution thyddoSilylatdn as descritfed ibU.STPatedt NRs. 3,299,112, 4,847,398, 4,857,56%)5,191ad3li ng
to the first mxture of reagents a catalytically effective anount of a '

Do o SESTAH Mo SRR Bt o o il | 1

the reaction m xture. a purification step

Lo L ETEYe b B Rttiind 0 LS o5 iy it porethr il | 0xane

hydrosilylati gn as described jn U S. Patent s. 3,299, 112,.4, 847,398
4?/857, 58%, 5. %UE‘:"%(‘P? suchasax:eta]lsandpropanal. e copolymer may be cyclic, linear, or branched

10 (inecither T or Q configuration). The exact structure of the copolymers for use herein will
depend on the desired end structures, exaﬁlplw of which are set forth below.
The copolymer may be represented by the formula
[R;Si0,,}[ZR,Si0y], [04Si(R;)04 )[04 SIRZ0,,),[Si05,R] [Si10,4],
wherein
15 Risa C, - Cyg, preferably C, - C,,, saturated, monovalent organic group. Illustrative
of the saturated monovalent groups represented by R are the alkyl groups (for example,
methyl, ethyl, isopropyl, octyl and dodecyl groups), the aryl groups (for example, the phenyl
and naphthy! groups), the alkaryl groups (for example, tolyl and nony!phenyl groups), the
aralkyl groups (for example, benzyl and phenethyl groups) anci the cycloalkyl groups (for
20 example, cyclopentyl and cyclohexyl groups). R may also be a functionalized organic group
such as the chloropropyl, heptafluoroisopropyl, and cyanoethyl groups. Most preferably R is
methyl.
Z is a polycther-containing group that is linked to the polysiloxane block by a silicon-

carbon bond. Z has general formulae of the type, -C,H,,O(CH,,0),R’’ and -
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or 5,159,096, all of which are I ncorporated herein by reference, or from

comrerci al soELBLOG(C HZ,O),,RT]"%G:@EQJ nwanwgannmr}a@en -Round ispefefabBe - 8.
pl ati num unreac cted pol'yether and reaction yproducts such as
ofa 10

acetal s and p*mp%@co guragpeg%e{?ﬁ%mu? &X%A&orebwﬁ?i

(in either T or e exatt structure of t%e copolynmers for

h | | d op.th d d I f
whi ch are set g b HsEetive oFthe oXyalent GRuBgh 4 PR FORIP D o B ccont ed
by the formul a
[Rlerr]Si O er Fanolvemer pre i cxvethrlens the oxy- raeqmytope ony-$i2tpdene) W?e?wdﬂqﬂm! err]'s
IRZ err]][err][Sierr]R[err][Sierr]][err] wher ei n
is a (err} -1Gfreopylene pmepsamdMqlllq'ﬁmmplyeﬁ:a[mqn,ofdmwmmd,mmow ent
organic group. Illustrative of the saturated nonoval ent groups

represent ed byxyli@lete whits of hioyd the sk pype( For optimatiitydrophilicity, it is@dsiible thagdoy | |,
I sopropyl, octyl and dodecyl groups), the aryl groups (for exanple, the

phenyl WAt Mmg &ﬂiiﬂ-éﬁrabfyf&?leﬁﬁt ke WéighOertis oﬁtﬁeaxﬁn@tmé roups0! V!

and nonylphenyl groups) ral kyl groups (for exanplée, benzyl and

Qﬂﬁ”ﬁtyi‘ﬂhgiﬁﬁmﬁoﬁ%ﬂ#@'ﬁ néiﬁ*éiﬁlso ¥ SRt .z‘hﬁ%ﬂg‘%‘a@a Gt

such as the chl or(}propy hept af | uor oi sopropyl, and cyanoet hyl groups. Most
preferably R PR nmet hyl . Z is a polyether-containing
group that is linked to_the polysiloxane_ bl ock by a _silicon- car bon
bond. Z hd8 gener & isanalhydwxygropp eapable af being alkoxylated. The subscript, r, represents
C[err] HerrJOQderr]l]Herr]OJferr]R" and -

e anmbeeof alkp3B(te] heydroxi] groups CEkampidsioRG) qrealk:]!ewmoelsnalkynes an
|nteger in the range 1 - 20, and is preferably 2 - 8.

glycols, glycerol, pentaerythritol, hydroquinone, mmethylolpropane, sorbitol, glucose and

sucrose.
R”is hydrugen or a polyether capping group such as an alkyl group of 1 - 8 carbon

15 atoms, or an acyl group of 1 - 8 carbon atoms, or a vinyl ether or an organosilyl group. Alkyl
groups exemplifying R’ are methyl, tertiary butyl and 2-ethylhexyl. Examples of acy!
capping groups are acetoxy, acetoacetoxy, acryloxy, methacryloxy and benzoyl. Organosilyl
capping groups comprise the saturated trialkylsilyl groups such as trimethylsilyl, triethyl,
ethylisopropyl, thexyldimethyl, t-butyidimethyl, t-butyldiphenyl, the unsaturated capping

20  groups such as the vinyldimethyl, divinyloctyl, ethynyldimethyl and propynyldimethyl.
Examples of vinyl ether end groups comprise dihydropyranyl and vinyloxyethoxy (H,C=CH-
0-CH,CH;0-). Owing to the variable efficiency of polyether capping reactions, uncapped

polyether molecules are likely to be present during the hydrosilylation synthesis of the
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The subscript, a, is an integer having a value greater than or equal to 2.

Pr ef d valgy !
vval kyl ene. @?j‘é@&’u'ﬁ goflw po ?ﬁﬁrsﬁmn gtﬁ&?)lf A'cédn‘&hﬁl? Aokfindy %}ﬁdr are the

oxyal kyl ene gr por copo

2X§GLPXL§Pgne ﬁﬁgﬁéﬁm%%éigﬁgps%EQI ﬁﬁxﬁéﬁfe L por |on %g'coggy;ner °
yerophi i ci ty, | T8V eetmst ka0 fetr%?y2%%[‘-e&”\?e§1@ﬁf?ms@p° Bl and

preferably at |east 70 wei ght percent, of the oxyalkylene roups be
oxyet hyl ene grodiies30; msterabli tori0pa = 0o 4irs= Qito2o df p = Pethen, fifns0, then p=0.
preferably greater than 3 up to 12. 10 G is a pol yhydroxy
group capdabl en oh+oet+ pg @t ko8 Hileprefefdbly Stolddcmogp prefargbly 2prsents . t he
nunber of al koxyl ated hydroxyl groups. Exanples of G are al kyl ene gl ycol s,
al kyne gl Y Th¢ Sopolyée R rédkted WRR RSN folethe IOk Gopslytfier and silanes
trlnethylolpropane sorbltol gl ucose and sucrose.

i's hydrogen Qparfhphid .&F&A&ﬁam&?&%{%&f gu&cﬁw%x%na{}mgg?mls;@%u@s@&ml -

carbon 15 atons, or an acyl gr - 8 carbon or a vinyl et her

?ér?Pa?;gﬁﬂﬁﬁ%aa&&&é%vﬁ%w%gﬁ%@%seréé?-{%};o'cébmy ! ”ﬂlogyp.saénﬁﬁsopé:s
Cappi Ny gféﬁm‘)“w S s Hetpmt oot i B b e“”b@e@a&ﬁﬁ‘“' ’
trimethylsilyl, triethy ethyllsog@!pyl t hexyl di nmet

t - but yl di Wet mlysrqxamﬂnmlmﬂmmnybrmetsh&f@w mﬁumnwppmgﬁzéu efteups such
as the vinyldinethyl, divinyloctyl, ethynyldi nethyl- and propynyl di et hyl .
Exanpl es of \ujmyltraﬁlmlisaacetybdicgit mapbeimamul'tcsthe ohshiychtedsybstitught. hel silanes may

vi nyl oxyet hoxy (Herr] C=CH OCH[err] CHerr]O). Omng to the .

vari abl e ef f ibg repreginted byt foeintle R R'GSITORY, | Wicd=1363, b6 3@RES+ b < =3. The

pol yet her nol ecules are likely to be present during the hydrosilylation
synthesi s of gfifi@nes may be of the structure of the siloxane above, excpet that Z is replaced with R*. R! 6
is a C; - Cy, preferably C, - C,,, unsaturated monovalent organic group that can be
1s  hydrosilylated to yield silicon - carbon bonds. Iilustrative of the unsaturated groups
represented by R’ are the alkenyl groups (for example, vinyl, allyl, methallyl,
vinylcyclohexanyl), and, the alkynyl groups (for example, acetylenic and propargyl).
Specific examples of the siloxane/silane are [H2C=CHSi(CH3)z]2O or [H,C=CHSi{CH;)Cl1.55

, or (,C=CH), Si[0Si(CHy)s)s ., (H,C=CH),Si(OC,H,OCH,), », x =1, 2, or 3).

20 Equations (1 - 3) exemplify the chemical transformations expected.
[
{H,C=CHSi{(CH,),},0 + (CH,;),;SiOSiOSi(CH;), -
25 (ICH2)3(0C2H4)70CH3
_ o,

I

6
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pol ysi | oxane - pol yether copolyner starting material. Accordingly,

noni nal I'y capﬂ@ﬁ%HS:ﬁ?P?gbsﬁenz)pmduc@aggmgbgmggmm uncapped

pol ysi | oxane - pol yet copol yners td 5, preferably 0

to 2, n=01to 3; preferably O; o-OtolO Oto p=20
to 30; pref erably 0 to 10; g =01to 4; r @“tl’g’@&%ww t(ﬁgn n>0 and

i f n=0, (}n p >0. 5 mtn+o+p+g+r= 3 to 100 preferably 3 to 50, nost
preferabl y3t o5 The saturated p 3yet her - si | oxane copol ynmer is
reacted with silanes or siloxanes bear i non-aromati ¢ unsat urat ed

gr oups bonded mwc"sq:*ﬂ&&%)@hrbdﬂﬁ(@nﬁ&)u(@{@@ﬁﬂoﬁl(ﬂlﬁ%mis—) either a

redi stribution of saturated and unsaturated} groups occurs, or siloxane

segnent s bearing unsaturated groups beatHge i ncor porat ed into the
pol ysi | oxame bl ocks of the 10 polysiloxane - pol yether copolynmers. If
ethylenic, the unsaturatloncfga[err] while if the unsaturation is

acetylenic, it may be i nternga " to the unsaturated substituent. The sil anes

™y oS ;ﬁﬁ“‘é@“‘s@fﬁ%ﬁ)@f? UGBSy he of @he ot 1 ucture

of the ngxane above, exce that Z is replaced with Rerr], Rerr]

is a C[errl] - (Jerr], prefe ly Cerr] - (Jerr], unsaturated nonoval ent
organi c group that can be 15 hydrosilylated to yield silicon - carbon
bonds. Illustrative of the unsaturated groups represented by R err]

are the al ken{{CHy),81Qi{CH;8iO] e Hig=CHSI(CHY),),0a++ yI , net hal | yI,
vi nyl cycl ohexanyl ), and, |}he alkynyl groups (for exanple, acetylenic and

propar gyl )20 Speci fIfCH; &y si t oxane/ sil ane are
[H err] C=CHSi (CH err])[err] or I—%‘err C=CHSi (CH err])Qerr], or

C=
gn%g;}og—b-b%erzdr%%ﬁ err?g%%’?%ﬁaﬁoﬁlf CH_CH’ 1, 2, or 9)? 20

Equat 1- 3 lify th h t ed.
forrl o et Cocisi (O err) fer ??%ﬁ)%'%biﬂ o> SHPEEE
(CHerr])[err]SICsiCSi (CHerr])[err] 25

CH err err err err] OCH err]
(CH DI 1(oq Ig Jtrﬂ:utxon ls)a[ccomp]hshed n the presence of basic catalysts such as KOH, CsOH,

Ca(OH),, (CH,),N" "OSi(CHj); , (CH3),N* TOSI(CH;),].0” "N(CH,), (s = 4 - 100) and
K’ "0Si(CH,), at temperatures up to about 200°C, preferably up to about 150°C. Catalysts
containing the tetramethyl ammonium cation, or another tetra alkyl ammonium cation, are

30  preferred because they are readily destroyed by heat at the end of the reaction. The reaction |
mixture may be stripped in vacuo to remove unreacted alkenyl siloxane and volatile by-
products of the thermal decomposition such as trimethylamine and redistribution by-products
such as (CH3);SiOH, (CH;);Si0Si(CH;), and H,C=CHSi(CH;),08i(CH,),. Neutralization
with (CH3);SiCl or with strong acid (for example, HCI) is preferred when catalysts containing

35  the alkali or alkaline earth metals are used. Thereafter, the reaction mixture is subjected to
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. CI—B o
{ ;]r rC]:)C'[_' eSIr E %ﬁ&‘?’l&??%%%?ﬁ J&&x&{ g’ere:’?ase sbguld be present at a catalytically
Lerr]) % H 1 _%Qﬁ@ﬁM%%ﬁ%ﬁi&l %10 5 wt % preferably 0.1 wt % to 1 wt %.

AerrlHerrlolgri(@lert) e S leras (aterleralen) -
] 5

r] H erdurip thereqpilitrafien erjringeperdis dovers theGrda taigh,4)05] - 20gbut fGirferably[ H er
(CHerr])Q[err] (2) CcH3
@5 - 4 &t ersl & lic polysiloxane - i
] CSE:Ir—?Sl) E CHF gﬁﬁ%’ﬁé F’feﬁffﬂel* ' O} 5 Wherta cyclic polysiloxane - polyether copolymer is

r

B et O R TTS

CHs .
)51y s o o e
o R RS e,

(CHerr])[err]NLerr] -JOSi (CH err])[err]][err]Jerr]N(CHerr])[err] (s = 4
- 100) and 30 PO&EEFS(‘EH% @P&tp)}lgléfrs\a!}sn&tedtseﬂvémx baceme hppnddo ﬁﬁm@rﬁx or
200[err] C, preferably up to about 150[err]C Catal ysts cont ai ning the
t et r amet hyl0 arsubstiaterequiiigpermanenthydtophilicitye t Thas, sheledtitiomreactiondepieted im, ar e
preferred because they are readily destroyed by heat at the end of.the
reaction. The eqeativhi(3)tan be dongiwithuhi®turss vf [{EHs);Sil,0RAE [H,C-CHSICH, }3],0850htrol
unreacted al kenyl siloxane and volatile by- products .of the thernal

deconposi ti on theilylasnteshtiof e byddast m&sa?ﬂkdn&tﬁﬂéssaﬁééau&ﬂt&i@ oPVsRiAHNE LR lead T
such as (CHerr])[err]SiOH, (CHerr])[err]Si OG5 (CH err])[err] and

H err] C=CHSi ( %ﬁi%‘iiﬁi o &H%ﬁitﬁ%&ﬁfaleé E?]?gxlmmue-%{yg{hhﬁ%%@tﬂgr is Psecfi\m th

(CHerr])[err]SIA or wth strong aci or exa p erred when
catal ysts Conta%iﬁbggn'e polysiloxane formulations. That the reaction product contains hydrosilylatable

[

2558297

e

de
=CHSi

[}

=== @—

D

15 unsaturated groups bound to silicon can be established and quantified by spectroscopic
measurements, particularly B¢ and ®Si nuclear magnetic resonance. These unsaturated
groups are distinguishable from others such as allyl and propenyl, which are associated with
unreacted polyether.

A preferred process is one wherein the starting siloxane-polyether copolymer is cyclic

20 {m,n, q, and r are all 0] which is ring opened with a disiloxane of the structure

R'R,SiOSIR,R' or R;SiOSiR,R! (preferably, the former) with R and R' as above.
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t‘he alkali or alkaline earth netals are used. Thereafter, the reaction

m xture i s subj ect(ﬁgi . ) pgﬂchi( % :
stripping of volat] e‘sslgteq‘ﬁﬂox%%s@o}syﬁth c(?p% prese‘ﬁ%érg{& a ca d&}sy?l ca step
effective armu ch 0.05 Wt %to refer 0.1 wt
oot o1 v op Syhihesis thE rertEAEE S elrerion Kiiucaas ?38“6‘1"{ Siloane,:paD: sﬁg

siloxane to ponS|onane - polyether copol yne uring the

equi | i br at i orfoPHymersgnessetad PRl ybpmyi éﬂ%}é‘“ﬂ@"’é}ﬁl and prppasgyk |
preferably 5 0.5 - 4 and m)st preferably 0.75 - 3. Wen a cyclic

pol ysi | oxane polypthesscand dree aupdfarl cheraicallysbound platinugs diithe sempdsision is prepampdawition 3
above), the stoichionetric ratio is desirably 1 - 2. It is not

necessary st hahcspped poiyetens; binfe affthe tdpolimen atdipalydimrsamight beflinkydEbihaetab opol ymer
be at | east doubly substituted with hydrosilylatable al kenyl or

al kynyl grouﬁogg r%ﬁééo?@&%ﬁ@h&de&ﬁemalmthupéfdﬁﬁdn@é@fkﬁzm%&'ﬁctbe at

| east singly substit ted so that they becone bound to the matrix or
Sooet 24, Wb SRR ARG AR by THRY, THERABA ontle S 0"
the vinyl conmE PetiSloRss aebehempralifisa e PafRstde s 1| QL Rh: of

unsaturation can lead to i nhi bition of cure when the unsaturated
pol ysi | oxane t¥Pigalyyet her copol ymer is used in addition cure

pol ysi | oxane fornul ati ons. That the reaction product contains
hydr osi | ytoat #bl15@ ppt5  unsat ur at ed groups bound to silicon can be

establ i shed and quantified by spectroscopic measur enent s,
particul arly [ err I'he eontpoki€ions]comprisealnairaied goigsilogant e polyethercopolinaée having
unsat ur at ed groups are distinguishable fromothers such as allyl and

propenyl, Whigetlerd iSmfbR Ahd fo1Ferrdntectures set forth hereinbelow.

LINEAR
(A) R'-SiR,0(SiR,-0),(SiR?Z-0),-SiR,R

15 (B) R-SiR,0(SiR,-0),«(SiR*Z-0),,-SiR,
(C) R;SiO(SiR;-0),~(SiR’Z-0),,~(SiR’R'-0),-SiR,
(D) R'-R,SiO(SiR,-0),-(SiR’Z-0),,(SiR’R'-0),-SiR,
(E) R'-R,SiO(SiR,-0),~(SiR’Z-0),~(SiR’R'-0),-SiRR'
(F) Z-8iR,0(SiR;-0),-(SiR’R'-0),-SiR,R'

20 (G) [Z-SiR,0(SiRy-0),],-(SiR,-O)-(SiR’R'-0),-SiR,R'
CYCLIC
(H) (R,Si-0),~(SiR?Z-0),-(SiR’R'-0),
BRANCHED
@ R'Sil(O-SiRy),- 2}

e e,

R R e |
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unr eact ed pol yet her . A preferred process is one wherein the
starting siloxan tLher ¢ is cyclic 20 (m n, q, and r are
al-l 0] which ?‘@ ﬁﬁﬂ@‘éﬁ%ﬁgdﬁﬁk dl sil oxane of the structure
]I:Qgre;r;]r?[smr{]hsh%ﬂgg R}(err ((e)_rr %I)O(%l_ err]R[UglrEr] (preferably, the
P

Unsaturated sil oxane - polyether copolyners are the principal products of
the two step R, R'sand Zrarssassabovih dhe groaps Riamayde thdvameas Rior asiR i Rius,rfor
conprises saturated sil oxane - polyether copol yners, unreacted

pol yet hers sugxanile, Bely provide ToRWresendBrf AftHyY hnd vistyD ¥foupd h RS mrsﬂi@on atom,

pol yet hers, and free and/or chem cal l y bound pl ati num If the conposition

IS prepar eg %ﬁﬁrg‘ggfm%%@g%ng%wlwsﬁmggne of the copol yners and
|

pol yet hers m ght y acet groups. The presence of

e hydr ophi | Setatﬁ-ﬁvs el ot °r?€¢§§qé’r@@%’ﬂﬁéﬁﬁ3§“ B e

pl ati num cont e of th unsat ur at ed po] ysi | oxane - pol yet her
pr oduct can bﬁ“ H%‘?E'ﬁﬁ%"wm’ﬁﬁéesbﬂm‘sgﬁ‘?d‘ﬁﬁfefmbly1mltzybi"@%Il}‘e 10
5-50ppm The conpositions conprise unsaturated polysil oxane
- pol yet her c&hstriptans hasipaplug 9f 0 to 25 and ispweferably 1fto 6.nTThesubsonigit, gois | wprto about
architectures set forth hereinbel ow LI NEAR (A
Rl err] - Si R er 1§0G@8iisPreferablyQfte 50.] THeSubcept; ¥,2a)dhesofo i err] Rl err]
10 One preferred embodiment of the invention is compounds of any of the foregoing

formulas (A) through (X), and particularly (A) through {(G), wherein the total number of

silicon atoms in the molecule is 3 to 5, i.e., R’R;SiO(SiR,0),(SiR’Z0),(SIR’R'0),SiR,R?

wherein +m+p =0 to 3, each n. m, and p are 0 to 3, with the proviso that there is at least one

Z and at least one R? per molecule and R%isR, R! or Z. Even more preferably, this a vinyl
15 endblocked siloxane, with p=0 and R is methyl.

Specific examples of the inventive structures are in the following figures.

CH3
]
H2C=CH(CH3)28i-0-Si-0 - Si(CH3)3
I
(CH2)30(C2H40)7 5CH3
CH3
)
H2C=CH(CH3)28i-0-S8i—-0 - Si{CH3)2CH =CH2
i
{CH2)30(C2H40)7 5CH3
20
10
Th o .
i e
l l ,", g.,f.__-_..a.,?.‘___f{:i‘:’_fh,f_ o hi




1é (B) Rerr]-SiRerr]QSiRerr]-Oferr](SiRerr]z-Oferr]-SiRerr]
C
(R[)err]S|O(S|R[err] Olerr]-(SiRerr]z- &13:3”] S R err]Rerr]-Oferr]-SiRer

r] (D H2C=CH{(CH3 f 28—-0-S8i-0 - Si CH 3)3
Rlerr]-Rerr]SSQSiRerr]-Oferr|-(Si err]Z ) [ err(] S Rerr]Rerr]-Oferr
1-SiRerr] (E) {CH2)30(C2H40)5(C3HE0)2.5H

Rlerr]-Rlerr]SiQSiRerr]-Oferr]-(SiRerr]zZ-Oferr](SiRerr]Rerr]-Oferr]
-SiRerr]R err] (F) ZSiR[err]%ﬁiR[err]-O)[err]-(SiR[err]R[err]
-Oferr]-SiRerr]Rerr] 20 (G

[ SiRerr] O[S/ Rler ) ng_cmm)?g@é{eeus.@agﬁcﬁ[—.eanw err]Qferr]-SiR
err err
(Rlerr]Si-Oferr]- (SIR[err]Z O)[err] ((SHﬁlsﬂ(C]zﬂka)s(bsﬂ)sD?st
BRANCHED (J)
)[err] -Z][err]
rrj-

[(OSIRerr]Rerr])[err]- (OSlR[err] (K
[Rlerr]SiRerrJ]OSi Rerr]-Oferr]][e (chi_%err])((OSlR[err]R[err])[err](

OSiRerr]Z)[err]][err] err] and Z are as above. The
groups R err] may be t&&_s_ . AS e | Ega for exanpl e,
they provide for the Fh%@ﬁﬁ@gw@—a |'n§'( élﬁJs on the sane
silicon atom 5 or for the existence cgh Y4 substitution.
The subscript, n, has a value of 0 to 106,“&%@0& e‘f%#f?mb to 50

i nclusive. The subscript; m is greater than zero, but |ess than 50
and is preferably 1 to 12 in value. The CH3 subscript, p, has a value of

Oto 25 and is preferﬁgk’y jCH?CIQB) ge_dtlsgrl t, SO(C )‘,‘_’lCﬁp=b?-i2abOUt
(CH2)30(C2H40)3CH3

CH3
!
H2C=CH(CH3)2Si-O-Si—-0 - Si{CH3)3
|
(CH2)30(C2H40)3 23H

CHs
|
H2C=CH(CH3)28i~0~S8i-0~ Si(CH3)2CH=CH2
|
5 (CH2)30(C2H40)3 23H

CH3a
]
H2C=CH(CH3)28r0~-S8i—0- Si(CH3)3
j
(CH2)30(C2H40)12(C3HgO)3H

CHs
|
H2C=CH(CH3)28~0 - Si- 0 - Si(CH3)2CH=CH2
|
(CH2)30(C2H40)12(C3HgO)3H
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100 and is preferably 10 to 50. The subscript; v, has values of 0 to 3.

10 One preferred enbodi nent of the invention is conpounds of any of
t he foregoing formulas (A) through (K), and particularly (A) through
(G, wherein the total nunber of silicon atons in the nolecule is 3
to 5, i.e.,
R[err]R[err]S|O(S|R[err]O)[err](SlR[errb!@[erml}lg&R[err]R[err]O)[err]SlR[e
rr]Rerr] wherein n+m+£),0to , E'areOtoS W th
the proviso that there HRCsC 835!3)28!1'@(3!"0)8 %‘Qﬁisﬁg Bhst one Rlerr]

pernol ecule and Rerr] is R Rerr] or é '5* .this a

vinyl 15 endbl ocked sil oxane, with p= Hé”nd i 39\4@% 6f3a£)4'¥

Speci fic exanples of the inventive ﬁ%ﬂctu gs are in the follow ng figures.
(

CH3 H err] r])[err]Si - S -0-

Si (CH —-O)p—

5 b MRS Q-0 -0- SiCazcnecr

[err] H{ er r B3 CH(WBO@IH@@H&HO- Si - O-

Si(CHerr])[err]CH = CH2
CH H O CH
(CH[Ea(ra;]r])LF(LH?SS—IEB%%?H})%E&?H%[Oeé‘[‘l?»o %"F&!['%rr])[err]

E:S[*[ere: ]r I)[err]Cerr]Herr] C»(bﬁ35§§,_%(:% r_ldjgerg.]_@l 8icli5)a
CH3 (CH2)30(02H40)3.23H

CH-CHZ CH3 CH3
(CH3)3Si- O—Sl—O (Su—O)a S! O -Si(CH3)3
|
CH3 CH3 (CH2)30(02H40)3 23H

CH3 CHs
HzC-CH(CH:;)gS:—O(Su O)a—Sa -0-Si(CH3)3
CHs (CH2)30(02H40)12(03H60)3H
CH3 CH3
HzC—CH(CHs)zS:—O(SI-O)a s- O - Si(CH3)2CH=CH2
CHs (CH2)30(02H40)12(03H60)3H
CH3 CH—CH2
(CH3)3S|—0(S|—0)8 s; O- Si(CH3)3
CH3 (CH2)30(02H40)12(03H30)3H
CH CH2 CH3 CH3
(CH3)3Si~ O—SI—O (S| O)g - Sl O-Si(CH3)3
s CHs <'3H3 (CH2)30(CzH40)12(03H60)3H
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Herr]C= CH(CH err])[.err]Si-O .Si -O- Si(CHerr])[err]CH =CH2
(CHerr])[err]OCerr]Herr]O[err](Cerr]Herr]OJ[err]H

CH3 Herr]C= CH(CH err])[err]Si-O Si- - O- Si(CHerr])[err]
(6H2) 30( C2H40) 3CH3 CH err] Herr]C=
CH(CH err])[err]SiO- S - O- s|(cql-é3r])[e$H3m= CH err]
(CHerr])[err]OCerr]Herr]OJferr]CH err]

CH3  Herr]C= CH GipG=CH{CHN fﬁrO(Sl 0)126I$€Qe8100ﬂ$)3r]
(CHerr])[err]OCerr]Herr]Olerr]Hl CH3
Herr]C=CH(CH err])[err]Si-O-Si-0 - Gﬂﬁ[ermﬂz)eﬂ(p@#ﬁ)eﬁ[l'%rr]
(CHerr])[err]OCerr]Herr]Oferr]H

CHerr] Herr]C CH(CI—I[err])[err]SlCUBS| OCBB(CH[err])[err]

IR P st Tr g Ere ok VR

(CH[e_rr])[err]O(C[err]H[err]O)[err]él%err]t—é|«;:'|5&6@;-{{26}:5‘{&HCH3

CH3 CH3 Herr] C
CH(CH err])[err]Si-QSi -O)[err]-Si(-:|9|3Si (CH%err]&[err]
(CH3)3S|-O(S|-O)1 2- SI O -Si(CH3)3
CH3 (CH2)30(02H40)3CH3
CH CH2 CH3 CH3
(CH3)3Si- O—St—O (S| O)1- Sl O -Si(CH3)3
CH3 CH3 (CH2)30(02H40)3CH3

13
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Ie I CH err]

(CHerr])[err]OCerr]Herr]Oferr] H CH3 CH3 CH3
CH3
H[err]CI—CH(CH[err])[erl_r“]zcs_l_(;(H(Scl:H3 [Se‘Olélgl O—SI Gge%r(]d'ieirr]u—hu—l[err]

&isﬂ[ err ]Cl)_l[:(cajr_lr] O derr]Herr]OJferr}H CH3 (CH2)30(C2H40)3.23H

(CH[err])[err]Sl ASi-Oferr]-Si- O%As(:l—l[eréw[err]
o err) (@ err (VAL GHCAESHIE O -O-SigrancH=Crp  OFO2

CH3  CH3

CH Si-OSi-O(Si-Oferr (@ H
g]—l[Eare;]r])[erg-l[iarr] - (C:I(-l[iarrig[er]ri("fc"‘ﬁ(‘:t:[er;f??‘.H?"g F&[er %#
CH3 CH3 Herr]C

CH(CH[err])[err]Sl AQSi-Oferr]- SleE!38|(CI-pH|=FP}'[23rr]

cH[ err] (CH[ err])[err] qwuabsslreOro)Pm?b[@r JilGHsl3 o[ err]H

CH3 CH3 H C= CH(CH err])[err}Si-QSi
Si(CHerr]) % :; H CH:CHE er E] (C%k%(ézﬁomwr]

(CHerr])[err]Oerr]Herr]OJerr](err]Herr]OJferr]H
CH3 CH=CH2 (CHerr])[err]SIi-Q(Si-Oferr]-Si-OSi(CHerr])[err]

CH err] (CH[err])[err]O(C[eOl-]:H[@IrIz]CHberr](@-Isrr]H[err]O)[err]H
CH=CH2 CH3 CH3 (CH err])[erlr] Si
-0 Si-0O(Si- O)[err](mamrwaampfé&-]ohs-sl O-Si(CH3)3cH err]

Gerr]  (Oerr])[err] A C2HEIZ(CERIN by 1 0iCoHAON 23H

o o
HoC=CH(CH3)2Si—O( ?i— OMe- ?i-o - Si(CH3)3
CH3  (CH2)30(C2H40)12(C3HgO)3H
?Hs ?Ha
Hzc=CH(CH3)ZSi-0(§i- 0)16—?i—0—Si(CH3)20H=CH2
CH3  (CH2)30(C2H40)12(C3He0)3H
CH3 CH— CH2
(CH3)38|-O(S|~ OM6~ S| O-Si{CH3)3
CH3 (CH2)30(02H40)1 2(C3HgO)3H
CH"CHZ CH3 CH3
(CH3)3Si— 0—81——0 (S:— 0)15—S| O-Si{CH3)3
CH3 CH3 (CH2)30(02H40)12(03H60)3H

i4

———
——
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CI:B 'CHS H[err]C:CI-l(CI-l[err])[err]Si-O(Si-O)[err]-
Si-OSi(CHerr])[err] ’ 1O [err] Gl err] CH err] o

rr
g:lc:ljB_I[erH{]eH]eE:r:]g—l(qcﬁl{re]rr][)e[err]Si-Q&EQ[]err]-Si-OSi(CH[err])[err]CH=
CH err
(CI[—|F<ra£]r])[err]O(ClC_I:%err}H[err]O)[err]CH[%H% CHa

CH= err
(CHert)lerr]si oS nbbe_xch(épgwdgéﬁmmnsm)s 5~ Si(CHg)a
I I
H Olerr]CH (CH2)30(02H40)11 BH=CH err]

(C:I?[{e(ra;]r])[e%qq?&:][egf]r;][eagfrsi-OSl-'FOls(Sl Oferr]-
Si(CHerr])[err] y ]O)[err](:l?td[esre;]r] Ic|..|3CI—I[err]

rr _
( CH[ ereljterritd ers-zzlc::[-ecn(cm)ero(&— O)zz-(StH@)s 5-@ifCH3)2CH=CH2
:—I[err]C—ICI-I(CI—I[err])[err]Sl Qs - O)[érHar] Si - (CH2 Clé[zﬁ;‘r )[err]

@

(C:I?[-lgaﬂ]r])[eg%]gﬂerr]l-l[e” )[er l@-l[err])[err]& CHs=CH2

l
Qgerr] ?oi'[i%%%lﬁ( o@%%?eﬁ)p@qe” r— Si-0- Si(CHas

H
?gl[f;]r] )[erﬂ_gcl_lo((a rS|r oS si- @?’@8&%%?}]}; (CH2)30(C2140)11.2
| |

CH err] _
(CH[err])[err]O(qerr]H[err]O)Eim]H CHa CH Hecp o3

o (CBS '_8( 3 #‘S (% Q)bé—l[ err])] errF" O- Si(CHa)3
S r I
(C:IC—J;'[_|[e(ra; ]r] JLer H—I[Sler?] | (?CIS—I§[ er rE}.{Ser r C{(ﬁlfkd(dbﬁhd)ﬂ bqr &Hﬂ

15
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Cli|3 CH3 H[erf]C:
CH(CH[err])[err]Sl AQsSi-Oferr]-Si- OSl(CH[err])[err]

MR o
C:-IEerEfrr])ECH[err] Yerr]O(Cerr] I—?g'?r] @) [(gm%%%%éﬁ%?gr 'Tq—i

CH3 CH=CH2 (CHerr])[err]Si- QS| O)[err] Si-OSi(CHerr])[err]
I I CRferr]

H O rr O [er _
Grofett] o r{?ﬁﬁﬁ!];e!];%iroﬂ -6} —&. Sk {6 or=cr
err
SPARSREPIY r]Sl(c:Hz) 3o(c(2|-1|40) 12(C3 3H Mz%‘?bzhb? b3H6°)SCH3

CH3 CH3
: CH3
S[Err]C:CI-I(CH[err])[err]Sl Si - err]-(Si- O)[err] Si(CHerr])[err]
CH err] (CH[err])[err]O( 6H3))[err¢|-|3
CH3

81?04[ err])lerr]s @t{a?é&rvr@ﬁﬁ@“@rgm - (S OY:5 ™ B(CHON CH=C{ e 1)
( CHerr]) [ err](ferr]Her r] Igl[l%r r] HCH3 %536(62549)12(03}{%0“3

?glj[ai(ra]r;][err]& QS - O)[err] (Si- O)[err] Si-O Sl(CH[err])[err]
CH3 cH3 CI>H=CH2
(CH3)38I- O(Si— Op2- (s.— Op 5- s:-o- Si(CHa)3
CH3 (CH2)3 (CH2)3

0(02H40)1 2(C3HgO)3CH3 0(02H40)1 2(C3Hs0)3CH3

16
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CH err] (CHerr])[err]OCerr]Herr]OJferr]H

(CH[err])[err]O(C[err]H[err]O)[er CH | CH err]
CH err] err] % 3 (CHerr])[err]Si- O Si-

e Qo %ﬂﬁ‘%ﬁ SO el

CH err] CH err]
H[err]C'=CH(CI—I[err])[err]S| Oferr]- ?SI C))ferr)]aoé{?H4 e)?zrﬁc Hear? H

ﬁ%g”} (CH[Ge_lr;]rz[err]qqerr]I—&err]O)[err](C[err]H[err]O)[err]CH[err]

o o ggéﬁ@%m%@%[ SiaFE SRR T
I (CH[err] )[err] Si-OSi- ‘o &*3 ())[«5‘912)%%(0%5'10?'12]( %Hg%err] Y[err]

I CH err] CH err]
(CH[err])[err]O(C[err]H[err]O)[err]( errl]Herr]Oferr]CH err]
CH[err] CH err] =CH2 CH3 CH-CH4f err] (CH[err])[err]Sl

O Si
E y yLerrl- (S et o—s;—q (Sl'%MZ‘(SI“8m[ Sidroe]
err])|[
o E:[ err] H g: H Oferr](derr ]q—H%r r] O)#%&H Eﬁl{@ﬂ?@?@%’#?ﬂ%‘pﬁﬁéﬂ)éﬁr] (derr

JHerr]OJferr]CH err]

. CHs CH3 CH—CH2
(CH3)33|—0(Sl-O)43 (s:-O)s s| 0- Si(CHa)3.
CHs (CHz)s (CH2)3

0(02H40)1 2(C3HgO)3H 0(C2H40)1 2(C3HgO)3H

CH— CH2 CH3 CH3
H(OC2H4)11 20(CH2)3—SI —0- (Sl- O)1g- S!-(CH2)30(02H40)1 1.2H
CH3 CH3 CH3

?H=CH2 CH3 CHs3
) i
H(002H4)7.50(CH2)3-‘Si —0- (?i— 0)13- ?i —-(CH2)30(C2H40)7 sH
CH3 CH3 CH3

17
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1% | CH[err] "CH err] Herr]C=

CH(CH err])[err]Si-Si-Oferr]-(9S- -Si (CH E{ar])[err]

CH err] (CH[err])[err]O(C[err?ﬁ r]( r]H[err]O)[err}H

CH3 I

CH(CHerr])[ errfﬁp%h 1)?9&???’?%’ O)([)er(ﬁ'_étﬁ-ier(r:i h)%O ?%%%[16 r]
err

(CH[err])[err]O(C[err]H[err]O)[errc]PPC[err]ﬁrr]())[err]H
CH=CH err] CH err]
(CHerr])[err]SIi-OSi- O—(SI Olerr]-(Si-Oferr]-Si(CHerr])[err]

CHerr] CHerr] ( CH2) 30( CYMICH4 @#@0) "CHs CHerr]
CH err] CH=CH[jer r ] '
(CHerr])[err]Si- H(@‘zsﬂhiﬁﬂ(BHQ%—Si»-E-e&-] (Si—0)1$r SG(W‘P@'&"]&HBH]

CH err] (CHerr])[err] (CCH2)3 i

| | CH3 CH3
OQderr]Herr]Oferr](Cderr]Herr]OJferr]H
AQderr]Herr]Oferr](Cerr]Herr]OJferr]H

CH=CH2 CH3 CH3 HOerr]Herr])[err]OQCHerr])[err]-Si-
O(Si-Oferr]-Si-(CHerr])[err]OCerr]Herr]Oferr]H

CH err] CH err] CH err] CH=CH err]

CH err] CH3 I I I

H OC[err]H err])[err](CHerr])[err]Si-O(Si-Oferr]-Si-(CHerr])[err]O(C er
rfHerr]OJferr]H I

CH err] CH err] CH err]

18
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CH=CH err]” CH e cH3

rrl] - _
H Herr])[err]O(CHerr])[err]-Si-O(Si-Oferr]-Si-(CHerr])[err] O
eguﬁz[HFre;]r] [O;a[err] H éHS - CH3 | I I

‘ ') »
GG or 1] m&&?{-—%mmmgjfgﬁi%L0)43—<s.-0)7-s«cum | |

HEOH (Herr])[errTa g

:-I(OC[err]H[err])[err]qm[err])?lg?r]-SiJOSSi -H
err]Herr]OJferr]H (CH2)30 CH err] ~
CH err] _ CH err] [err] Herr]C=
CH(CH err])[err]Si-Q(Si-Oferr]-(Si-Oferr]-Si(CH err]) [(€HAeDHr ]

CH3 CH3

CH3 CH3

I i . _
H2C=CH(CH2)2Si-0O(Si- 0)43~( Si— 0)7-Si(CH3)2CH=CH2

|

CH3 l HO HoOH
(CH2)30 N 0

(CH2)60OH

CH=CH2 {I:‘.Hg CH3
' |
(CH3)335-0—§i—~0 - (?i—0)42— (Si- 0)7- SI(CH3)3

CHa CH3 l H CH20H
(CH2)30 N 0

(CH2)gOH
CH3 CH3 ' cl:H=CH2
| | _ :
(CH3)38i- O(Si-0)43 - (Si-O)g Si-0- Si{CH3)3
1
cHs - | |
(CH2)3 (CH2)3
l H CH2OH , H CH20H
o) ' 0 o
(CH2)gOH (CH2)6OH
16
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H[érr]C:CI-l(Cl-l[err])[err]Si-O(Si-O)[err]-(Si -Oferr]- Sl((]-l[err])[err]Cl-l

O o1 1] OH{ e r | Hydrophilicigy e Yo detetmined by meaL&rEx{g]me contact angle of a watef drop on

(CH[err])[err]Sl-OS|-O (Si- {‘Lerr] (Si-Oferr]- Si(CH3)3

CH err] Cithecsupfpce of interest (see W. Noll, Chemigiry pnd Technology of Silicones, ¢ygademic 3
CH=CH2 (CH err])[err]Si- Si- Oferr]- (Si-Oferr] Si - O-

Si (CH[ err]) [ eiPrdss, NY, 1968, pp 4674852). A value less than about 60°( &Blef 2 ¢ B Inifnesetting time
(CH[err])[err] [err]

denotes a HyAFSPRIRE kirfaé. tﬂszwbﬁx tHEAEME BRG] PEIFSlokhiRGuifites

cont act angle of a water drop on he surface of interest (see W

968! S;ez“zizaw%ﬁ%ueif iflh et ﬁsleﬁ%?%?%&abg 0. Coidecill):

f h
Llngdl fied poI W%ﬁ@%ﬁ‘?&gﬁgm@%{macmP’V@Vﬁ"%%ﬁg&aﬁg §¢ elt ga\t/vat er
contact angl e?—lo%rese%,t tﬁese&?c%ophl (? wl'J ues ?n[r.:rea.%w.J to mc%ngr%phobmegefollowmg washing

and/or disinfection of the dental impression. The unsaturated polysiloxane - polyether
copolymers of the instant invention confer permanent hydrophilicity characterized by water
10 contact angles that are less than about 50° before and after washing and/or disinfection.
| The contact angle is a MMMic quantity and should have a unique value for a
particular system under special conditions. However, hysteresis is often found in contact
angle measurements depending on the direction of movement of the interface relative to its
interacting surface. When an interface advances along a fresh surface, the advancing contact
15  angle (typically designated 0,) is larger than the receding contact angle (typically designated
6z). In general 6,2 © 2 8. Advancing and receding angles may differ by as much as 60°.
0, for water in contact with silicones is greater than 120°. For measurements made on fresh

surfaces under dynamic conditions, hydrophilicity is indicated by 8, less than about 100°.

20 EXAMPLES
The following illustrative examples describe the instant invention in more detail,
They are not intended to limit the scope of the specification and the claims., Abbreviations

used in the description of the illustrative examples are defined in the following table.

20
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avai | abl e hydrophilic dental

I npression materials yield values in the

range, 40 - @O=————— OB -6 WWM
hyd?ophob| ¢ tandtPatlrowi N 2 ABBREVY i ne o VK the '
dental inpre$sion. Mhe ungat ur(6HelSiPet ysi [[oxandCP pol yetinduetively coupled

copol ynmers of _the instant jinvention conferf pernmanent hyplsphspettoistopy |
characterize§f by wder 10 cqoHRLSiOenal e thalgpare | gss gelpermrbont 5( 5C[err]
bef ore and a ter was hi ng and/ or di si nfectijon. chmm-EWt adqt
angle is at YOORTa (VY v~»ﬁ.‘$h01|a*na§e a U Qe VR ahgle |
particular s e T pecT Q r oy T |y tlen
found in congact angl e -. ' nent s |dep I’ ng op Jﬁ?bﬂﬁo&@hﬁ qf
novenent of $he—i-hieriace fn'tL Lpterpotd ipggtp’ \When
an interfaceladvans al of HeliPrade, twcadvahm H&’&E’Sﬁfﬁﬂ‘c 18
angle (typic@lly designated [err]) is larder than the A YIRYS -3 O¥ANES

angl e (typichlly dE@i gnat ¢d ethylendaxide] ). |I n gd@Rr al eunquctlve ednd and
recedi ng angles may diffef by as nuch as §O[err]. plhm:]peétmscomtér in
contact with[siTicpPOes 15|0r gaéplent babe 12(. FOrgdreasuf €giythtomBisieaphy 1|r esh
surfaces undkE;Ezggggﬁ‘fﬁmﬁTrggﬁgfjgﬂgrop FTTTITy 15 [ ndicated by [erf]

| ess than ab i 20 Fre—fott+owrg
illustrative exanples describe the instant invention in nore detail.

They are not intended to limt the scope of the specification and the
clainms. Abbre used in the description of the illustrative

exanpl es are

21 .
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Mn the follow ng table.

Trimethylsiloxy terminated polysiloxane - polyether copolymers shown in Table 1

were prepared by hydrosilylation using the procedures of the patents cited in the table.

TABLE 1: POLYSILOXANE - POLYETHER COPOLYMERS USED AS

STARTING MATERIALS
10 .
PRODUCT SILOXANE POLYETHER SYNTHESIS
BACKBONE METHOD
A MD'M H,C=CHCH,(E0),;OCH; | U.S. 3,299,112
B MD’'M H,C=CHCH,(EO); 5(P0),sOH | U.S. 5,191,103
C MD,D’'M H,C=CHCH,(EO), ,OCH, | U.S.4,847,3%8
D MD,D'M H,C=CHCH,(EO); ,,OH U.S. 5,191,103
E MD,D’M H,C=CHCH,(E0),0CH, U.S. 3,507,815
F MD,D'M H,C=CHCH,(EO),,(P0),0H | U.S. 5,191,103
G MD,,D’M H,C=CHCH,(EO), ,,OH U.S. 4,847,398
H MD,,D'M H,C=CHCH,{(E0),0CH, U.S. 3,507,815
i MD,,D'M H,C=CHCH,(EO),,(PO),0H | U.S.5,191,103
] "MD,,D'M H,C=CHCH,(EO), »,OH U.S. 5,191,103
K MD,,D'M H,C=CHCH,(E0),0CH, U.S. 3,507,815
L MD,,D’'M H,C=CHCH,(EO),,(PO)»0H | U.S. 5,191,103
M DD’ H,C=CHCH,(EO),,OCH, | U.S.3,507,815
N DD’ H,C=CHCH,(EO), (PO}, OH | U.S. 5,191,103
21
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ABBREV. NVEANI NG ABBREV. : VEAN NG

M CHerr])]| S coupl ed
pl'asm a spectlsoé%w& e]thyld:sdoxane(M \d)waspurchmedfroxtlg%#%é ﬁ\é err] Sigerr]

o er rreat i on
o i eychosilioRa mixture, mzc=CH(CH,)s1q]er?T"J "EI%AY 2 %’?é“
contact angle gc/ s (CH errL)({mrr]Sl HJ err]
gc/ s 9a%), @ EJ(Iﬁtﬁngt%)hy* 6 (1.4 wit%) was pnepared by lysis of
/[ mass spectronetry Herr]C=CH(CH err])[err]Sigerr]
MWC H,E=CHECH)SICYC |0y610(dunethylsﬂoxane—co—methylhydmyndn;lbxanm) of the bypr anes
EO et hyl ene oxi de | CP I nducti vely coupl ed

pl asma spegtr gpponY, =15 m=1- 4,n§1559<s) werepreparethH@é@i@&@lﬁéﬂé@nhbmuonof gc

gas chromat ogr apHy bat yl ene oxl de

copol yor s shdSiPRpApIARE b polyH iy ol AR iR Rt 9 hang BRUERCTCH

t he procedures gof the_patent | t.e e table. TABLE 1

POLYSI LOXANE m M”@RQGLSED AS STARTI NG MATERI ALS 10
PRODUCT SI LOXANE POLYETHER

SYNTHESI S SILWET® L-77is2 s:loxangpm{m copolymer with terminal trimethylsiloxy groups.
METHOD A

H[ er r] C=CHCH[ e:-zmm)@m-dx]vm@ypbduqemylsﬂbxaee havigo®221wt¥s vinyl and a visppsity of 2000
MD M Herr] C=CHCH err] (EO [err] (PO [err]OH U S. 5,191,103

C 10 M@[ﬁqsc}@'M H[err]C-CI—|CI—|[err](EO)[err]OCI—|[err] uU. S
4,847, 398 M) err]D M

H er r] C=CHCH[ [ nyl and a visdsity of 200 ¢St at
MY err]D M V- ﬁdNH&EQI)(-,[![E Jr}' ] inem?ﬁ%é?%g‘}}?é"m; ry] yU S.

3,507, 815 M) err]D M
H[err]C—CHCH[&Srﬁ'(EO)[err](PO)[err]C]—I US 5 191,103 G

err]DM U S 4,847,398
xD[ ] ‘FfE’;"Rﬁh“J‘e"w‘Cﬁ%FE‘Eﬁ]‘“& [err](EO)[err]OCl—l[err]
u S 3,507, 815 . . I\/I% lg;
H[ er r ] C=CHCH] YGAT&D)ip épiap{nmqr@l%] ), 3-divipyRetramethyldisilopane dissolved in 500 cSt
M) err]D="MH err]C=CHCH err] (EO) [ err] CH U S 5,191, 103
K 15 Iéidjcone ¢iD I Pt content is ~ Hpthr | C=CHCH[ err] (EQ)[err] OCH err]
U S. 3,507, 815 L M) err] D M

H[ er r ] C=CHCH esTLWWEI@ La7) VLROV[200) V-BH and VECAT-RT afeditoduidf of Witco Corp. M
Derr]D Herr] CCCHCH err] (EQ [err] OCH err] U S. 3.507, 815

2'1 191 103 BAKIEDERD a glutaraldbyhas-bised Gletlibing dikinfehbtandnl(abiadedas Phéd Co.U. S.
Inc., was used as the disinfecting medium in accordance with the manufacturer’s instructions.
Diginfection time was overnight (~ 16 hr) in most cases and in others as long as 64 hr.
20 Commercial dental impression formulations were mixed and cured as directed in the
manufacturer’s product literature.
(CH;)N" ~ OSH(CH; ), [OSi(CH;),]5¢Si(CH;),0” * N(CH;), (N-CAT) was prepared by
charging 216 g [(CH,),Si0},, 18.1 g (CH;),NOH.5H,0 and 250 g toluene to three-necked 1 L

round bottom flask fitted with a temperature-controlled heating mantle, mechanical stirrer,

22

This Sheet Has Been Rep

T




1, 3- Di‘vi nyl tetrarret hyI di siloxane (Merr]Merr]) was purchased from Cel est,

I nc. vi nyl c cI05| xture

[H err ] C=CH( xge%}/ ?thCOB ea)ls c? ﬁmgow%et t}bennoraetfr?gldSvXcuum take-oi\‘;fw %,

= 0,

H[ 2 ﬁ] 2_884( % fl’eg?la(%l-eemheatex\a 65pr7% 1(30 bXO(p %xgrrtg re%lsolves th%fwater toluene

Cycl o(di net hyl si | oxane- co- et hyl hydr ogenosi | oxanes) of the type

D err] D [ er r | ageatrepe] Whes porgdditionalazeqtrope dlﬁﬁﬂlﬂ)ovqﬁh%mr@éiﬂé@nﬁy\'eﬂﬁépmed

acid-catal yzed equilibration of pol ydi net hyl si | oxanes and

pol yret hyl hy dagthe seightsfiter ¢S 8 gprcoridde Thb yactinhvms pedehsdd,) g eemperature was)

Pol ymer Preprints, 33 (1992) 160 - 161. SIL WET L-77 is a siloxane -

pol yether gop Wﬁnw'a{i&}aér‘?ﬁ fibdent BAJSE i Wik BhdkOFIhallf of residual wierZK1i S an
po

[err], [err]-diviny yI si [ 'oxane having 0.22 w%vinyl and a

vi scosity of [

[err]-divinyl ég&gc?‘ ljogpﬁ Q""\%éi?g%%m %e%b%heatnby Vi ns./? cfaﬂ S‘liés%:rggllm% l?ﬂof 200
cSt at 25[ err V-XL is a crosslinker W|th SiH content 40 cc
Herr]/g ‘{M’P&Wf" pic Biguid ot i num conpl ex of 1

, 3-divinyltetranet hyl di sil oxane dissolved in 500 ¢St 15 silicone oil. Its
Pt content is ~ 2 W% SI LMET L-77, V-2K, V-200, V-XL and VCAT-RT
are products of Wtco Corp BANI CI DE , a gl utaral deyhde- based,
sterilizing JdGHENERAILS ERIY PROCERURE Y Pascal Co. Inc., was used
as the disinfecting medi um i n accordance wi th the manufacturer’ s

instructi ggs. Equilibrationlaad ki Openingeedotichs oxeed perfoitied(in a ilffedauiccked500mslL
cases and in others as long as 64 hr. 20 Commerci al dental inpression

fornul ations Wamg vBiters HadkThes Witk tépettinir&eoiitdIledhdatify mantle, medhBilodl 364kvét] €F ' S

product literature.
Claisen connection, water cooled Friedrich condenser, thermometer, and nitrogen sparge line.

Weighed quantities of polysiloxane - polyether copolymer, vinylsiloxane and N-CAT were
charged to the flask and the stirring contents heated to 90°C for 4 hours. The temperature
15 was then increased to 140°C for 1 hour to decompose N-CAT and the reaction mixture was
later stripped in vacuo at 100°C/4 torr for 4 hours. Condensate was collected, weighed and
analyzed by gc and ge/ms. The stripped product was weighed and analyzed by B¢ and Psi

nmyr, gpe and ICP. It was used as a hydrophilic additive and as a silicone surfactant.

20 EVALUATION OF HYDROPHILICITY
Hydrophilicity was evaluated by measuring the water contact angle, as a function of
time, on the surfaces of cured polysiloxane discs containing the unsaturated polysiloxane -
polyether copolyrhers of this invention. Contact angles were also measured on control discs

made without the inventive hydrophilic additives and on samples made from commercial

23
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(CHerr])[err]N+ CSi (CH err])[err][CSi(CHerr])][err]Si(CHerr])[err]derr]
N( CH . i . ,
N e Lot bR AR, Al el ok vt e
Chorst e, IR ARRER b D SRR B e s e

23 Cl ai sen_connection, water cooled Friedrich condenser, .

ther nonet er, and vEYBRIBICcantact angle measurements were made with,aGaha DicAs3 Iedypamict o 65
- 70[err]C at 100 - 200 torr to renove the water - toluene

azeot rope. Whenntat angld anslymn| The two parbfpemulatixni was euxashand appiied wethe glasaplate of

t ol uene were separated and the weight of water (- 8 g) recorded. The

vacuum was sr eltheg@lizer] Meahibéentsavett taksbsvhile the fobritRionCvas R Grirgp) alvlatid Of e
toluene added to the flask. Final stripping of residual water (~ 1

g) and_ all of at-l%cﬁ:g'ahlfﬁﬁedﬁﬁscoﬂﬁ&%ﬂgleé %&@%a@é’a&ﬂ&ﬂﬁdcﬁ!ﬁrﬁﬂﬁ@%&éﬂs@ﬁ@&w5o

torr. The product iS a vi scous, hygroscopic |1°quid. GENERAL
SYNTHESI S PROCEDURE 10 Equi l i bration and ring opening reactions
were perforned in a three-necked 500 niL round bottom flask fitted
with a terrperg% ﬂre‘-ﬁggt rol l ed heating mantl e, nechanical stirer,

Cl ai sen conne : r4=cool ed Friedrich condenser, thernoneter, and

ni trogen sparge line. Wi ghed quantities of polysiloxane - polyether
copol yner, vinyl si Essmaples bt ilustiate thesyathesis of vinylrge g polysiloxdrica prliygiher t he
stirring contents heated to 90[err]C for 4 hours. The tenperature 15 was
t hen i ncr eid@s e dopalyriet® py the jgéhekal protedunz destribed evapResetidn Eiidhiomelryt Wwas vadeatdsi on
m xture was | ater stripped in vacuo at 100[err]C/ 4 torr for 4 hours.
Condensat e Washewd incFablr@, usingitlgd yReintitieslof saturated polysiloxane - polyether copolymers of

Table 1 and 1,3-divinyltetramethyldisiloxane (M 'M"). All reactions were run at 85 - $0°C/4hr

prior to catalyst decomposition and separation of volatiles.

1s  TABLE 2: SYNTHESIS OF VINYL-CONTAINING POLYSILOXANE -

POLYETHER COPOLYMERS
EXAMPLE | Copolymer, g MM,g N-CAT, g STRIPPED
(see Table 1) PRODUCT, g |
1 A, 1209 36 0.5 112
2 B, 1326 36 0.5 124
3 C,67.7 17.5 : 0.1 64.2
4 D, 82 15 0.1 83.5
5 E, 85 15 0.1 83.2
6 F, 53 10 0.1 55.1
7 G, 53 12 0.1 55.4
8 H, 55 12 0.1 57.2
9 1,63 10 0.1 , 68.4
10 1,86.5 10 0.1 92.1
11 K,51.2 6 0.1 522
12 L, 50 43 0.1 52.5
13 M, 98.4 24 0.4 96.5
i4 N, 98.6 21 0.4 100.2
24
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anal yzed by gc and gc/ns. The stripped product was wei ghed and anal yzed by
[err]C and [err]Si pc and ICP. It was used as hydr ophi lic
additive and as a s@?&?@%‘g‘&@ﬂmm“h@@mM@ﬂPW@WW datkdmoy LI CI TY
Hydrophilicity was eval uated by nmeasuring the water contact angle, as a
function of time, on the surfaces of cured polysil oxane discs

cont ai ni ng t he EXAMPLEd6ed pol ysi |l oxane - pol yet her copol yners of
this inventison. Contact angles were al so neasured on control discs

made wi t hout the i nlekatfple W@ thd &n%ﬁt;&ddﬁﬁeﬁ@ﬁu@ﬁd%@l?ﬁkﬂﬁnd%@eﬁx&pm

commer ci al

Smf ?E:Z' Rane. a%ﬁ&%é'@“f%ﬁﬂ?%%%?’é%%ﬁ 2 =83 ﬁf‘ﬁ*‘“gﬁﬁa ey Bk
measuremont s Wt MR GF sl b 13- Loy sttt BABNS 00 P00 TR F

anal yzer. The two part fornulation was m xed and applied to the glass plate

of 5 the anal yzer. Measurenents were t ile the fornul ati on was
curing. Calculation of tEXAMPLEadvanci ng and recedi nBl.@MBact angl es were
made automatically by the anhl yzer software. EXAMPLES 1- 14

Exanples | - 14 illustrate the synthesis of vinyl-contai od ng pol ysil oxane -
pol yet her 10 copolyners kg the general procedure descgybed above.
Reaction stoichionmetry was yaried as shown in Tabl gg2 using the
gquantities gf saturated polysiloxane - pol yether copol yners of Tabl e

2 e SOy oY) LSRR Y bl S G e feMiBh ol SeBamfled 1 BRPEBERAROMEE S

on a BRUKER ACP-300 spectrometer. The molar ratio of vinyldimethylsilyl endgroups
(M*) to trimethylsilyl endgroups (M) in the product of Example 1 was 0.32 and in Example 2
was 0.24. 1t is clear from these analytical data that not all of the (CH;),Si endgroups of the
15  starting copolymer were converted to H,C=CHSi(CHj;), endgroups. For example in
Copolymer M, the ratio of silicon bound methyls to SiCH, groups was 11.24, as compared to
'a theoretical value of 9.0. However, it will be illustrated below that the level of conversion
réalized was sufficient to impart permanent hydrophilicity to addition cure polysiloxane
compositions.
20 EXAMPLES 16-24
This example illustrates the permanent hydrophilicity of selected unsaturated
polysiloxane - polyether copolymers when they were incorporated into addition cure
polysiloxane compositions. The unsaturated polysiloxane - polyether copolymers were tested

25  in commercial two part dental formulations and in an unfilied formulation suitable for

25
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prior to catal yst deconposition and separation of volatiles. 15 TABLE 2:

SYNTHESI S C]: VI NYL- Al NI NG POLYSI LOXANE - OLYNERS
EXAMPLE ectromc COMPONGAIR,Pr ﬁ)atmg textiles apd g%ical'zl evxcescg:) N&;@S
(see Table 1 PRODUCT, . g 1
A 120.9 1he formulatigns and the quantities qf hydrophilic additives used gre given in Tables 4 6.

B, 132.6 36 0.5 : 124 3

C, 67.7 17.5 0.1 64. 2 4

[E), gg TABLE%: LIST OF COMMERCIAL DENTAEBIMPRESSION g

F: 53 5 MATE%%ALS TESTED 0 1 55 1 7

G 53 12 O U —.- L . 8

H, SS DENTAL> MANUFACTURER | DESCRIPTION 9

1, 63 FORMUGATION 0.1 68. 4 10

J, 86.5 3M EXPRESS™ 3M Defitall Products Type I $fpréssion putty 11

K, 51.2 6 0.1 material. S%erd high 12

L, 50 4.3 0.1 viscosityd2. © 13

M 98.4 Bisico STZ/31b Bisico O 4 "| 72 ShoreR jmipression 14

N, 98.6 0.4 putty m ‘

25 Hre—eaet-orpradaets—ra A—Ser-or—kformfcol orl ess to

yel low to dafRIUgYIeNse ' %‘Eﬁti 3| Thixowopic & IMPERRRIQN o) anpl e
illustrates Lhe caomposition . pf the unsaturat atﬂ?ﬂlv':l |l oxane - pol yet her

copol yners J/%%wéwm i n| fenerie@/Rentron®,  HEypahhighxiscas® pl 4ti num cont ent

of the product was tvzed by | CP dﬂwmm@ﬂ@e 10}- 40 ppm as
shown bel ow. J/_P CORRECT™ VPS | Jeneric®/Pentron®, Type IM Light Extra, TABLE 3
EXAMPLE Inc. Pt . [iripht Viscosity
COMPARATIVE
Bisico S4i hydrophil Bisico Type I low viscosity,
light body
IMPREGUM® F Espe Type I polyether
impression material

TABLE 5: COMPOSITION OF UNFILLED FORMULATION
10

INGREDIENT PART A, wt% PART B, wt%
V-2K 86.8 91.53
V-200 - 8.18
V-XL 132

VCAT-RT - 0.12
MVC - 0.17

The unfilled formulation of Table 5 was cured by mixing either equal weights of the
two parts, or by mixing in the weight ratio 1.5 PART A to 1.0 PART B, pouring the mixture
15  in a cylindrical mold and heating in an oven at 120°C for 15 - 30 min. Water contact angles

of the cured formulations with and without the hydrophilic, unsaturated polysiloxane -

26
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16 15 2
10 13 . . di
14 polyether copolymers were measured before andggerfbsmfectmn of the cure(f S and

[err]C nnr spectra of the reactlon prqducts of Exa | es Rg
recor ded Comperisomrwsgmadecritiepmmgseialhy diophili dental Waﬁ?m Ff%@’f

vi nyl di met hyl si | yl endgroups (M) to trinethylsilyl endgroups (M in
the product ofiydfophitahe IMPRBGUBI@E). and i n Exanple 2 was 0.24. It is
clear fromthese analytical data that not all of the (CHerr])[err]Si
endgroups of the 15 starting copolynmer were converted to
Herr]C=CHSIi (CH err])[err] endgroups. For exanple in Copol ynmer M the
ratio of silicon bound nethyls to SiCH3 groups was 11.24, as conpared to

a theoretical value of 9.0. However, it will be illustrated bel ow that the
| evel of conversion realized was sufficient to inpart permanent
hydrophilicity to addition cure polysiloxane conpositions. 20
EXAMPLES 16- 24 This exanple illustrates the pernanent
hydrophilicity of selected unsaturated pol ysi | oxane - pol yet her

copol ynmers when they were incorporated into addition cure

pol ysi | oxane conpositions. The unsaturated pol ysil oxane - pol yet her
copolymers were tested 25 in comercial tw part dental formulations and

37

in an unfilled fornulation suitable for encapsul ati ng
el ectroni c conponents or coating textiles and nedi cal devices. Descriptions
of the formul ations and the quantities of hydrophilic additives used

are given in Tables 4 - 6.
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TABLE 4: LI ST OF COVMERCI AL DENTAL | MPRESSI ON 5 MATERI ALS TESTED

DENTAL VANUEACTURER  DESCRI PT| _FORMULATI ON 3N
EXPRESS] er ] @ 3M Dehthl | Productls Type |l i fpfes$si oh putt
material. Very hig g} - vi sfcosity
Bi si co Sla/Slb 2 Bi gﬂﬁﬁna?ﬁgﬂ 3§§33I@388%n ¢
putty materi al Elu e S Har kdl I| @i dmat ¢r{al s Thi xotfr opi c
| mpressi on o &8s matjeri I JIP Qerr] | Unijversal
i]eneric[err]/PentEcm_[e' v ypeg T Righ Vi icgl y n vk
nc S &Ei pnl natlerfi a CTlerr
Jeneri c/ Pentron, E ETy = , I nc.
Li ght Viscosity C B B RIBIN  [Bsi @
Type | |ow vi scosgt$§, | NPREGUV@) F L Esp1e
Type | pol yet her | npr¢ss$i oninpt eri a TABLE 5:
COVPCSI TI ON OF Uil : EDLE PART A,
w % PART &3, 86. B
91. 53 - B. 18]
v-X mg I S S I
The unfill ed forglh [ cur ¢d | by Xi pg|ei tper eQUaI
WEIghtS of the ,{: ;“I‘[\d +—ta g|t1 £+ —S5—RART A
to 1.0 PART B, p in a ¢ykihdtica rmdalnd hedti ng
I n an oven at 12 r | \Watled ¢o t%g anglgg q‘of t he
cured formul atlo@H &/drggﬁiﬂigmﬁ t uffat @ |8
pol ysi | oxane - @
o=
&=
Z3
ﬁh ] 'Q I.IQ*N I=' 1 L] L} ?9.
ned
o
7]
3=
S5 g gllzlEln |18 |.].
;5 : ElgaEdieE |8
g9
< LTle! [Glen] ln n 3l -
<] aitle e~ i lon i
Eg 5 ;‘g‘ma:\%'"@m 3%3;%5; e B =6
m -]
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pol yet her copol yners were neasured before and after disinfection of the

cured 0 o0s. P S ERE G SR LR s b

[err]

Tabl e 6 showdvaiersontagiRagiesare#% 1 52 beforenad aReraisinforting. qHowserthe ’%‘%“?ﬁ%& its 3

m nut e . wat er contact angles are 48 - 52[err] before and after
di si nf ect i on.hytivphilie wash ind JI GORREGI™ Type IIl LightExtra sarplecatlahowedistdeasy 16°
CORREC[ err] Type 111 Light Extra sanples all showed at |east 10

post - i nf ect i Qpaf-fcchstSiAEredsts 1 @bAtaE ingdtdhdicating lhsCofthydphilisisy. (ontact angles
hydrophilicity. Contact angles 5 increased to > 60. Al of the control

it e vathr BaRRaEle B A e O e oo e e 1111
yielded 3 or 10 minute water contact angles that were greater than 75° . There was little
change in the values following disinfection.

Addition of 1.2 wt% of the unsaturated copolymer of Example 2 to the 3M dental
' putty in Example 16 effected a lowering of contact angles to < 20° before disinfection and to
10 <25° afterwards. This dramatic and durable contact angle lowering compared to the control
| (~ 80°) was effected by unsaturated copolymer produc;t containing 10 ppm Pt and the
functional groups idenified by nmr spectroscopy in Table 3. The data confirm that the
unsaturated polysiloxane - polyether copolymers in the product of Example 2 were
permanently bonded to the cured matrix. Similar evidence for permanent hydrophilic
15 modification with this product is seen in the data for J/P Q3 Universal (Ex. 18), for Bisico
Sta/S1b (Ex. 20) and for the unfilled formulation (Ex. 21). The effective quantity of
unsaturated polysiloxane - polyether copolymer employed in these Examples was 0.1 - 0.3
wt% .
0.5 - 2.0 wt% of the unsaturated polysiloxane - polyether copolymer product of
20 Example 1 also imparted durable hydrophilicity to the commercial dental formulations in
Examples 17, 19 and 24 and the unfilled formulation of Example 22. The effective quantity
of unsaturated copoiymer in these experiments was only 0.05 - 0.35 wt%. Thus, both the
high efficacy and effectiveness of the inventive compositions in affording permanent

hydrophilicity to polysiloxane compositions are established.
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change in the values follow ng disinfection. Addi tion of 1.2

wt % of the unsaturated copol yner of Exanple 2 to the 3M dental putty
i n Exanpl e 16WV\BH ng of contact angles to < 20[err] before
di sinfection an 0 err] 25[err] afterwards. This dramatic and

durabl e contact an d t . [ - r])
was effected by un?@?ﬁ%%ﬁ%m%%gwggkg’ S@Fﬁ%@ﬁ{l{&lp%&ﬁ&fﬂt%gﬁy%@%d t he
Lo v eaBpotas by b o o Ao s P o
copolynmers in the product of Exanple 2 were permanent|ly bonded to the
cured matrix. Sini [Fbeundilied fompulation of Tabladrveas usadyn the weight ratio 15 PARBAfpd& i on
with this product is seen in the data for J/JP err] Universal (Ex. 18),

for Bisico PARTBaUsd levél&ut theBydraphilicf wisathiaed sogalyrhersioff Exaniplea 13 amd (4Bvere
21). The effective quantity of unsat ur ated pol ysi |l oxane - pol yet her

copol ynmer enplyayarhsishovid i@ Table72 Wight pekednt Paldes shdvmdare based on the total weighPofd> -

2.0 wt% of the unsaturated polysiloxane - polyether copolymer product of
20 xanpl o 1pAsePAl PRETIPACHEYRG JIARIL hiciheho ColfoSORFRS Bl e o
Chese expa?; minSREAEiS VErgudiar s mppuret B 8RBT e “°* Thign |
R N WAL R

est abl i shed. 30
after disinfection. Above 1.5 wt% use level of the hydrophilic additive of Example 13, there
was no change in the contact angles after disinfection. For 0.6 wt% use level, the cured
polysiloxane was still hydrophilic after disinfection, but the contact angle had increased from

15 13° 10 49°, The hydrophilic additive of Example 14 gave similar results, except that no

changes in contact angie were now observed above ~ 2 wt% use level.
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EXAMPLES 25
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EXAMPLES 13 AND 14. EXAMPLE ADDI TI VE USE [err], BEFORE

[err], AFTER CLAIMS: LEVEL, DI SI NFECTI ON DI SI NFECTI ON
W% 25 Exanple 13 0.6 13 49[err] 26

1.5 12[err] 1. A akthedak o 2.0 12[ err]
12[err] 28 process for m §.%o°°p°lym‘?'f1°[‘"é’ﬁ’?i‘“g 12[err] CONTROL
NONE . errl . ' golerr 9 LExanple 14
0.5 32[err] (a) addm%%apoll'%@r%qe -?ol%her copogymean al%enyl or ttlk:;rﬂyllﬁgfl< or 15
48[ err] 31 15£er r]

28 12] g}opn]me capable of undergolnq @qd]ixtwnmmbunqmum wit thcpolys;loxane-

84[ err] 85[err]

32 CLAI Nshlyether, in an amoyht pufficient ¢o fchieverticidesired degressoftalkenyl @dalpminy si | oxane
- pol yet her copol ymer product conpri si ng: (a) adding to a

sat ur at ed pol substitoticron saidpolygidxany - pobyediey copolyier;al kenyl or al kynyl 5
silane or siloxane capabl e of undergoing an addition or redistribution

reaction with the
sufficient to achi

(b) addimnlto iR nARuRTbMREd P %E@) 2 cmwc%tttt@ft ctilvd aridtnfoRHHakic

eve a desired degree of al kenyl™ or al kynyl

substitution # ﬁopol ymer product said saturated pol ysil oxane-

pol yet her copo

[Rlerr]Siderr]]]|
[Jerr]Si Rz err] \F

aving the formula:

e ot Hs g S S B, . .

err err| r ef er abl err Jerr] saturated nonoval ent organic
derr]- C[l ﬁ'ecPreaqﬁ:gnp Yo Ghsaturd J

group
4 r =0to 2 and

snsahmedtpomﬂ@tan@ - polygthes copplymeg product30; = 0 to
if p =0, thenn>0 and if n= 0,then p> 0 and m

+n+o+p+q+% A:prgcqsgmﬁ@@rdmn@wmx tlgim I wherein sa1d basic catalyst is selected from
-Cerr]Herr]Oerr]Herr]O[err] R -15

- err] H er r | teg(oap esnsistihpofi i AH[ EsOH, ROy, CH,),N" ‘051(CH3), ,wherein x is an
integer in the range 1 - 20, Gis a pol yhydroxy group capabl e of

bei ng al koxy! @EHN* qos&cﬁs);]fom(dm,ﬂ»aletém#4 0! shd i ORI Er a pol yet her
oup,

cappi ng

r represents the number of alF oxyl at ed

hydr OxyI groups ory t g‘oquf acwrdlqglto clalfr? B'em%ge &g&l?'mengg nc(i’icgt(x)'uctnprg wlfincﬁt ure

formed in step (a) a

Ive ano

Cemer at ul Jﬁﬂfl@éﬂ&%ﬁ?ﬂ%?ﬁﬂ? tfipgtc “ritf*’a%ﬁ%ﬁ&ﬁf’%ﬁ??%ﬂ R isa

unsat ur at ed p8I yél

| oxane pol yet her copol yner pyoduct
saturated monov%tﬁmt organ?c goupythat can hydrosxlylated to yield silicon -

carbon bonds R is a C, - C,g saturated, monovalent organic group.

4. A process according to claim 3 wherein R' is a vinyl group.

5. A process accoring to claim 1 wherein the copolymer is of the

20 formula[RsSiOy],[ZR,Si0,], [04Si(R)0 1, [04SIRZO 1, [8i05,R1 S04,

wherein

Risa C, - Cy, preferably C, - C,,, saturated, monovalent organic group, Z is a

polyether-containing group that is linked to the polysiloxane block by a silicon-carbon bond,

m=0to5,n=0t03;0=0t0100,p=01030;q=0to4;r=01t02 and if p =0, thenn>0

and ifn=

O,thenp=0andm+n+o+p+q+r=31to100,
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25 2. A process in accordance with claim11 wherein said basic catalyst

(&g ) For] e A R 0 LGSRy P AR’ i

[ %: E %% g; H g:% ey [Oer 3 gcl?;lrllx,Nag\gI;[aEerOrt]o)S[ &'Iﬂrllh(e\i\:?oev{sglﬂxatalere is at e&on%%dm Lerr]

33 3. A process according to cl al m 1 wherein the unsaturated

pol ysi | oxane at least one R ger moleculeamgd whyrwerR [is @ €y €€ Wrsathmated anapovaient pregetfact  of
a cyclic saturated pol ysil oxane - pol yet her copol ymer whi ch has been
ring opened Wprolip thatliafi bt Bydiiwitylafed tdifield silid6n Lgatbon bonds, R is a C, - Cy saturated,
RRerr]SSICSiRerr]R 5 or Rlerr]SSCSiR err]R err]

where Rer ] hindvalchrinic gy Zd a potfitfih kil BRAP YA REnKAT @R C_oroup

that can be hydrosilylate to yield silicon™- carbon bonds and Ris a
Cerr] - (er [ \E:! i Qgess
according to %41%13?1%(%' &Lere ma&?%gﬁqgérzég&%fmm%%émp%r@f%ane of
the structure; _,
R[err]R[err]Mﬁn%rr]O)[err](SiR[err]ZO)[err](SiR[err]RO)[err]SiR[err]R[
err| wherein n +m+p = 0 to 3, each n. and are 0 to 3, with the
provi so that theréd. |&31mm!®0¢@ésgmml5wlailﬁ 106 FH.BhRY 10T - per

nol ecul e and wherein Rerr] is a CJerr] - ([err], unsaturated

nmonoval ent or GihiQGHCHOXR'A], wharinixds fryidtegaiih ;Heatngd 1t-30,yG islagpotyhlyédromn -

carbon bonds, Ris a Clerr] - (err] saturated, nonoval ent organic :
group; R @N]gxbﬁp Sephisie bEwkirfe slitxIaRd,QH i9 0 fo 4, ®3 ot 120" is hydiogenur afgolether and Z
wherein Z is -Cerr]Herr]Q err]Herr]Oferr] R 20
or :@,ﬁéﬂe HJQ@E:( 14tk | &oldsBnlthe s
wherein x is a nﬁtg‘ég‘i‘granla t F%ggee - gfﬂé a)r po %bdﬂsoxy f}?glt?g

capabl e of being kox 2. 12, R'" is hydrogen
or a polyether capsp ‘%5'% d% mc;iam%vg}l’cé%?gs ﬁ'fngl%%é'_ounber of

al koxyl at ed hydr ox S on the ro . A sil oxane
according to clai #?%P‘%WW‘&? F‘i"%’g‘ &/WUEFW“%?B Rd’iﬁ.eﬂ‘yl' 7. A

sil oxane according to claim6 wherein each Ris nethyl.
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