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PROCESS FOR THE PRODUCTI ON OF ESTERS FROM EPOXI DES
Field of the Invention The present invention rel ates

wo eoopassesses for the production vicinal di estBCBUS2004/021058

Background of the Invention Various silicone
containing MONONET S have found uti | ¥ as startigg
mat er i alP§ %t A&® pFrEdEfRoh" OF Oﬁe%ﬁ’féﬁ A8V TSP ¥ch
as ophthal m c devices and particularly, soft contact
Ienses haV|ng i nproved perneability to oxygen. One

thagr bl e nononers includes tris and
b' S ( t’fﬂe és@ﬁ‘tl i biOYaEith Plosdskas!rar M@%@Qﬁctlﬂﬁt&/féﬁﬁ[ dikdd:es

. During the synthesis of AGVA certain
dlester acrylate impurties are al so generated. The
gl &stohd 8efhY IAkRsnor free radical reactive
ditfunctional groups act as crosslinkers during the
pol yméarionasiliesnespnipinmgSioncivess have feued Wity poitarhag materials in
'Y

PR EGFUPRRRRN &ictl B DR IcAE PR ARRLAY «Oh
tdngect lehses heahgimipreved peopebiliiyes onfgen hOne elgss afiswigeble monomers

T

Dheng the sitrtiessis oﬁﬂlmMAdJeﬂhls dwstehacadatd 1m1bllrt)¢S| adfedscogenerated.

hy.dr |
it ey < ot e SRR P hiRelBRlen R B o
Slﬁ‘ﬁ'%itllé p(ﬁyrﬁ@zﬁtmhof&hmsﬁlAGMRSwﬁm dthaciﬁﬂlﬁmﬁlféﬂmmg components.

uri on is required.to obt i.n th desir

PO B k—w ?%c?ﬂtﬁﬁg?)&{tg? 91est et‘s%ltf %(fon{;rﬂﬁed to ensure that
he Q@Uﬁnﬁ@ﬂﬁlﬁﬁerﬁés(ﬁf 53 reﬁllltﬁfgtr@erd&:aﬂﬁdiqo@ o aB1 vi@y foQn unacceptable
catal yze the nucl eophilic opening of the epoxide in
f4#&¢pr esence of an anhydride and nethacrylic acid to

f or m @af@ht mahbds @ pﬁyrkﬁdlﬁg 1ML didedr €in0b1vE MERRARRSL of 1,2-diols
contai ning a vicina acryl ate. The di functi ona

with acif skipadas or ApyAridgsda ihe gasenge ef e Haveysg fpppdional groups

%ifegg %%ﬁl\?‘ééfthy@ﬁ?ﬂé{ﬁé@ Bre SERiVR RPIMA €4ddRPAL add £RitoAMIpaRtication is
required to obtain the desired product(s) in high purity. One method for the production

of vicinal diesters use an amine to catalyze the nucleophilic opening of the epoxide in the
presence of an anhydride and methacrylic acid to form a partially acylated mixture of
compounds containing a vicinal methacrylate. The difunctional free radical impurities
that are made during the course of producing the monofunctional free radical reactive
monomer have to be controlled using either a different synthetic pathway or the use of
various purification steps. The free radical reactive functional groups in the monomeric
materials are made and then rely heavily on various modes of post synthesis purification
methodology.

Accordingly, there remains a need in the art for a process which can produce

vicinal diesters in high yield and purity.

Summary of the Invention
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synthetic pathway or the use of various purification

wer@pmos3dhe free radical reactive functional grOLYPS20041021058

the nononelic materials are made and then rely heavily

on vari ous mades .of synt hesi s icati

ot ho RSB Rt TR° & PGS PR TS RS e in the

glrebenf:@bf @epkide 6fenintVatalyst; @ ButiRtiREidePoMie; bitBprefbrdBt £4iBcone

in hig eld and purjty. Summary of the InventionThe

Eﬁﬂé@é@ﬁs Sl%’hﬁwr?@ CERRideeY it ddeastons C#B’S’é@ S GRHF 18AhePet he

ﬁ&%@ﬁnglafgeﬁﬁa %ﬂﬂwvmlhil didliey] &g AGRiRl diBiaRMX. More

openi ng catal y a_ substituted epoxide, and

meélﬁéaﬂgzb the paasgrrt IHFV@B‘P\@ 1el3t66 10 HPIREPSS %@ir}smtﬂ@’dst% Gk regeting a

Wikftu @l e BARIwiIATR 168 RRXYAi% Fehif é‘aﬁﬂy at Ilcﬁﬁsbtne e&H6oxylic

protecting agent to forma V|C|na% ester or "a

Yiidiahlghst gheproiertingsagent and/pfleast mnhlbktfalat ytentphr@hm thoap pbout
, st eps of

LD 0! Bl o BB R R AL P

Bpowilad€él openi ng catal yst, at |east one carboxylic

acid, at |east one protecting agent and at | east one

inhibitor at a tenperatyse above about 600C for at

| east about 4 hours to fjprm a conpound of Fornmula Vi

or VII: Formula VI R5 O ORe Formula VII wherein R

is any group which re re slowy with an oxygen

cont ai ni ng nuclueoth e as ¥onpared to said epoxide,

R5 is a straight or branched al kyl and al kenyl groups

having 1 to 10 carbon ato nd RS a residue of

said protecting group whfth is

ORS®
Formula VII

ORS

OR?

wherein R?is any group which reacts more slowly with an oxygen containing
nuclueophile as compared to said epoxide, R’ is a straight or branched alkyl and alkenyl
groups having 1 to 10 carbon atoms and R® is a residue of said protecting group which is
capable of forming an ester or ether linkage. The vicinal dialkyl ester or a vicinal disilyl
ester which are formed by the process of the present invention are useful as
polymerization components for biomedical devices, and particularly for ophthalmic

devices such as contact lenses.
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capable of forming an ester or ether |inkage. The
vicinal dialkyl ester or a vicinal disilyl ester which

wae@shaisned by the process of the present i nvePtT/0R2084/@21058

useful as polynerization conponents for bionmedica

devi ces, and particularly for ophthal m c devices such
as contact |enses.Description of the Invention
Buickiphbreof3hbBivédiidhed epoxi des i ncl ude those of Fornul a

I, below, O.L R1 Wherein, | S, any _substituent which

r eact ¥1iBle SRS FPOF TS u%s%ss Rt ﬁwﬁwiﬁ Inpsig:

nucl ueophil e as conpared to the epoxi de noiety.
Preferred substituted epoxides include those shown in
Formula Il Werein R2 is group which reacts nore
slowmy with an oxygen contlai ntRY nucl ueophil e as
conpared to the epoxide noiety. Exanples of suitable R
groups include esters, am des, substituted and
WARKRSRI & uhPdhostidtot ShichidR%INGS slo®lN\GiSarARS édk%n{aml?%
Specific, non-lIimting exanples include d fo 3 al kyl's
vughieophiletas gompared tgtthq epgxide meeetiS Prefsaedisubstigted epoxides mclude

ﬁ@%%%b&g%gﬁmﬂm preferably at |east one silicone

age. Specitic exanples of suitable substituted
epoxi des include those of formula Ill: ( > O
(CH2) n- Si ( CSi R33) xRVx wggrein R3 and R4 are

i ndependent |y sel ect ed ganthy? groups having 1 to 3
carbon atons, nis 1 to and”x is 0 to 3. Even nore
specifically, the substituted epoxide may be

Cl ypropyl h anet hyl trisil axane. Epoxi des may
Bl B B, B ¥R s s B Py S e
hiciicbplellctad compdrethioiteepokida hiotsne SExniriples pe sy &F @eoups include
formati.on b n jntrangl ecul a reaction i I.ch
esrar i b el SR SRR Al B Fiom et eB g e e
SpreifRORIH-lithRin® ¥k AhpdésBe 1 @@AT to BGSMUEMs substituted with at least one Si

containing substituent and preferably at least one silicone linkage. Specific examples of

suitable substituted epoxides include those of formula III:

0 _ _Qi(OgiRs.y Bt
[}\/0 (CHz), - Si(OSIR 3){R 3«

Wherein R® and R* are independently selected from alkyl groups having 1 to 3 carbon
atoms, nis 1 to 3 and x is 0 to 3. Even more specifically, the substituted epoxide may be
glycidoxypropyl heptamethyltrisiloxane.

Epoxides may be formed in a number of ways including, but not limited to,
oxidation of alkenes with peroxyacids, formation by an intramolecular Sy2 reaction in
which there is a trans halohydrin moiety, addition of a nucleophilic oxidizing agent (such
as a basic solution of hydrogen peroxide) to an o,-unsaturated carbonyl compound, and

the reaction of a sulfonium ylide with a carbonyl compound. Alternatively, epoxides
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as a basic solution of hydrogen peroxide) to an
a, b-unsaturated carbonyl conpound, and the reaction of

W@ 2@sl0b368 um ylide with a carbonyl conpound. PCT/US2004/021058

Al ternatively, epOXI dessubst ituted with a Si

Dl b 4 SR oo Blahabed B 1 B sy iqailyltion ofan

ﬂ%&}afdﬂh&ge@ﬁld@ lobdthindn! E@ﬁ il i ctibyalitySUBiah FRtHAAS Sre M8 known
wel | known to those s in the art and thjis |]jst

torthesg skiHed indhe gt andhis é}st@é éXE}ﬂéFé‘é THiE te FRsRidge and epoxides
sbghied Wid S\M:&rhalﬁm ?ro‘ﬁﬁ Nhab Wa? Gk BeRcoperbE ABs MRdhtion to
limts the scope of this invention to these
@P@pﬁ?@f&”ﬂ@flﬁs According to the process of the present

' nve”Adcgf&ﬁgWGt Sdebd tﬁe&)r%%h%tlb§ﬂk%ﬁ§shﬁged\@pgﬂd@fs

| east one sol I"e car | ate salt | east
wadedwithabledst @neaselualemswwa aalt, BfC<Déé§t lepst oneesrhonglic acid

ﬁgﬁﬂtﬂ M'aﬂ%aﬁ ﬁ)té?:ltlﬂg Egeﬁ?\ﬁﬁ'é (gckfréa%ﬁoﬁ gldfr hc}iceal reactive

reactive spec es W oxy group.
wpeotewith agydigengspupn Stuga(b@ rapthgtohgiagews include anhydrides,

R R N

@ehﬁﬁd Sumse anh;adnddmnt:hdsémkedwwmg thehferrfuda RIC@RFCOROGRS be

ﬁﬁP SHY ?r ﬁffgﬁliﬁ %@ I%aiyar? (EF] gf fremsfralglg F}Ea ﬁel ﬁ(iy an@ aﬁ%nyl
frawpsitgvihgtl ao 1@caemﬂmmnatmﬁrabméﬁe seddaked alkelgfegteﬁﬂssed

from.al ke ha , .an r
LB S0 el R Al S L P ol Bre Rt fre
Sad¥En ke cﬁfb@xﬁ@té lamg ¥4rab:6/1i6 aditl anC@bRRetiy dgentaci d and

pr ot ect| n ents. The protectin ent
the i § P Af gk J’lﬂi‘?ehyé’é’i"%]o&%‘fpaﬁf@r S eEORE sat has
&féﬁé@ﬁe Bﬁ@an@ ¥ing R6pihg he mde? 8RbAGe £ ﬁ’@ﬁl&ilspﬂﬁclﬁ%)éhed&rboxy

roug from di spI aci ng the. carboxy %r oup fromt
garm B theccaghoylic agih and nitssthe Q& tepstion xeth ofier iaaetiyeperdss
ﬁl_r@&‘ﬁf 1'n‘fﬁ‘e RR8%h Sxifee SN theist bEa ﬁr@t%gﬁﬂgloi%e@aﬁ&% for the

use of a proteécting agent al for the
m@m@@v pf)the g¢sined producyjin puitiss W@QSS PH8Qemirior iwgny gurification.
exce t
opont s 2poidy el Sealyt AL inlH dd e prckilt NG Py e
any\pgﬁtysbwhin]a'ys kpewn in the art to open the epoxide ring. Suitable epoxide

opening catalysts include Lewis acids, Lewis bases, Bronsted acids and porphyrin
complexes, combinations thereof and the like. A preferred class of epoxide opening
catalysts include carboxylate salts. For the carboxylate salt, suitable cations include
alkali metals, such as Li, Na, K and ammonium. Preferably said cation is Li or Na, and
preferred carboxylate salts include Li methacrylate and Na methacrylate. The epoxide
opening catalyst should be soluble in the selected reaction solvent and at that the selected
reaction temperature. The epoxide opening catalyst is added in an amount sufficient to
catalyze the reaction, and preferably in an amount up to about 0.5 equivalents, based upon

the epoxide.
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any catalyst which is known in the art to open the
epoxi de ring. Suitable epoxide opening catal ysts

wo pabres3etewi s aci ds, Lewi s bases, Bronsted acPciEU004/021058

por phyri n conpl exes, conbi nations thereof and the

like. e : i N cat al .

el ulie BEPBEL e el et BB R RIS lhtecting

Sgiédt ﬁbilnanh)}&itnldé) asd prﬁfbfablienethdcajl'llc apidtaahglrids ehthe spdziide opening
ium F;ngerably said cation is Li or

R%ltalyﬁﬁﬂa’b‘?lgﬁqgg BPEIRILS | ate salts incl ude Li

met hla%e}/daﬂir?ﬁylmgil\hum&mﬁwmduaﬂem&h eboapmm dﬁl abput10i2golar
cat.al yst sho e solu [ c
St IS sty s b P OR d FopR B bR A b s ount
bheyoefaexi de opening catalyst is added in an armunt
sufficient to catalyze the reaction, Qd pr ef er abl ¥ n

a

an anbbfRroGgnegewn ssens ShEPRFaTs M Fably 4 BB

6P 98 1.9 R 1P E§hiRIdnRAnE PRRAILIERwdeh Sbdufl Rrdbbhtd . 1aGblek
I's methacrylic acid, the protecti ng agent is an

antny@fmtsd@s@nm%ﬂ@ﬁ@mﬁ|0§/em§1dhacr ylic acid anhydride
and thg, 9(91)6{1 tﬁ’[@%ﬁl o %fuﬁé Xﬁ%lbﬁo@%?%é{aﬂlcﬂqﬁlﬁ&tor may

nmet hacry ate e cafboxylic acid in used in an anmount
beuwd@nd silitalle n@n -linhiting exeartpbag inchrdo MABTQ Bl phenathéasing, and

fer ok%lleél HF W& fldre a%H eQIkQS'ﬂ?lgm%?Pfﬂ%yrQe used f30Hknts

e anoun ot ecti ng agent
|bstmmeabou1nl adsbouy hOOO@pue 8151 more pfefraty fetweenahoud ﬂmmh&bout 750
bet ween about 1 and 1.5 nol ar equival ents and
erably between about 1 and about 1.1 nolar
equi vaheatimxplisaed ngdfe uséein asiighnexceds agthe xsci)lulcmt ofl'ehug non-reactive

reaction mxu al so fg
rrae i pE s R RsF ey <ae Hece® Dt Wi b canB¥e o
rietiack ﬁﬂﬁl&hd’lﬁmﬁ-)ﬂaéﬁph@ﬁat tHa Gtleudkal rddcticd cddtfions, and include, but are not
hen t hi azi hg dro i none xture ereo
ik oo e enniieop s M Rl THE R ey Baol 2 the
qig@ut 1 and about 1000 ppm and nore preferably
bet ween about /1 and about 750

The reaction is conducted at elevated temperatures, preferably greater than about
60°C and more preferably between about 80°C and about 120°C.

Suitable reaction times include at least about 4 hours, preferably at least about six
hours and more preferably between about 6 and about 15 hours. It will be appreciated by
those of skill in the art the temperature and reaction time are inversely proportional, and that
higher reaction temperatures may allow for decreased reaction times and vice versa. Also,
other reaction conditions, which effect the reaction, such as catalyst concentration, may also
be varied to vary the reaction time and temperature of the process of the present invention.

The product of the reaction is a compound of Formula VI or VII, below:

Formula VI
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ppm The carboxylic acid may be used in a slight
excess as the solvent or any non-reactive solvent may

wheoodsesdss Sui t abl e non-reacti ve sol vents are tPOFES1008021058

do not contribute or detract fromthe desired reaction
at the selected reactionaconditions, and include, but
are not limted to non-nycl eophilic solvents such as
DMF5benzene, THF, nixt;;E;thereof and the like. The
reaction is conducted . evat ed t enper at ures,
preferably greater t#in abo® 600C and nore preferably
bet ween about 800C and about} 1200C. Suitable reaction
times include at |east abo 4 houR? preferably at

| east about six hours ang nore ef erably between
about 6 and about 15 houns. It will be appreciated by
those of skill in the arpgshe tenperature and reaction
time are inversely proportional, and that higher
reaction tenperatures nmay all ow for decreased reaction
tHofREa ®nd vi ce versa. Al so, other reaction conditions,
whi ch. effect the reaction, such as catal yst
concentration, may al so be varied to vary the reaction
time and tenperature of the pppsess of the present

i nvention. The product of the|reaction is a conmpound
of Formula VI or VII, below FKornula E@Fornula VTI
wherein R2, R5 are as defin V. 9 d R6 is a
residue of the protecting group which is capabl e of
form ng an ester or Aan et her |inkage. In one

enbodi ment the protR%ting-@gent is an anhydri de and
t he product of the p?BﬁEg; of the present invention is

a di ester which cont ai si | oxane noieties and has a
purity of at |east aboy 80% The purity of the
diester is further increased by treating a solution in
hexanes with flash grade silica gel. The silica ge
siierdiyRl, R® aghd @ifaed {dové ndaRC°edh) refi@ie of the protecting group which is

capable of forming an ester or an ether linkage.

In one embodiment the protecting agent is an anhydride and the product of the
process of the present invention is a diester which contains siloxane moieties and has a
purity of at least about 80%. The purity of the diester is further increased by treating a
solution in hexanes with flash grade silica gel. The silica gel slurry is agitated (trituated) for
a few hours and filtered to remove significant quantities of impurities that are more polar
than the desired product. Alternatively, the purity of the vicinal diester may be increased by
other purification such as supercritical fluid extraction.

Thus, the process of the present invention provides a one-pot tandem chemical
transformation where an epoxide is first opened by reaction with a carboxylate and the
resulting alcohol is rapidly trapped by the anhydride to form the desired vicinal diester.
Many of the side reactions that occur due to the presence of hydroxyl groups and silicone
moieties in the reaction mixture are avoided because the hydroxyl groups in the reaction

mixture are short lived.
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a few hours and filtered to renove significant
guantities of inpurities that are nore polar than the

waleasesdopr oduct . Alternatively, the purity of P€ES2004/021058

vi cinal diester may be increased by other purification
such as supercritical. fluid. extraction. Thus,. th

or ocedL R Bl i evartoR e Rl e Srinele HR dnciig, These
texaaiplas dheotiliadl the insamionr Maty a8 msheoalyao segestiadeethadl of
first. opened reactjon with a. carboxyl ate and the
st R ot TR ki S RRRCsF & iy it
t Dedifltien hilefirieghdr @abthods bNahctiding Siecihvenbin YHOR evel @hdst @Rthods
reactions that .occur due to, the presence of hydroxyl
S glegﬁ‘?jbes‘i‘”lﬂ?lﬂ3}‘?e°‘°?ﬁ?i°ztﬂ}l%’§v‘?nr?0 he reaction mxture
are avoi ded because the hydroxyl groups in the

reaction mxture are short lived.In order to

isapwlerlat e the invention the fol l owing exanpl es are

i ncl udgd H1IbRESSeRUARNRhHZedRk dryf 190IL B Bedk R ERLOAS flask
They are nmeant only to suggest a nethod of practicing

tdquippes et 4 pagnetiisier, kisangcedde apd edrying dubs imibe ordeiand gmounts
AfeWelibwds other specialties may find other nethods of
practicing the invention. However, those nethods are
deenmed to be within the scope of this invention.

Exanpl The f@all ow re charged to a
dry 16' 7 , 3 nec@hlﬁlg}%{j‘g&gg{feﬁ%&wﬁ%QWequi pped with a
mﬁgnetlwmgti (rjr ebqtylitthcbhydwml ohlerg I and a dryi Ing Lube in
the or and a nts. L w.1.47g lithium
net haég;‘?‘%\te (Omng&fjaé; lcla‘é%}d%g? @re}lgg l?%e | at ed

hydr oXx§20¢ uene rh&hdrgicreillidz mple) c anhydri de (0. 105

ol vl dokr opy: SramTamEEATR FrRT G lRe N @ g o)

The mixture was stirred vigorously, and heated to 100° C for 7.5 hours. Once the
reaction was complete, it was allowed to cool to ambient conditions, and transferred to a
500 mL separatory funnel.

The organics were diluted with 100mL of hexanes, washed with 3x200mL of 0.5N
aqueous NaOH, followed with 3x100mL of 2.5% aqueous NaCl. The organics were dried
with 5.0g of sodium sulfate, and the material was filtered over a fritted glass funnel.

The filtrate was treated with 15g of silica gel, and the system was trituated for 3
hours. The organics were filtered over a fritted glass funnel, and the trituation was repeated
using an additional 15g of silica gel for another 3 hours. The desired product was isolated
after filtration over a fritted glass funnel, followed by evaporation of volatile components at
55°C under a vacuum pf <10mbar. The purity of vicinal diester before and after trituation is

shown in Table 1, below.



The m xture was stirred vigorously, and heated to 100C

for 7.5 hours. Once the reaction was conplete, it was
w@bdosimesses o cool to ambient conditions, and treeEUs200€021058

to a 500 nL separatory funnel. The organics were

i luted, with 100rLof hexanes, washed wi th 3x200nL of

gﬁ‘éﬁ%&%&us NaOH, followed with 3xl00nL of 2.5% ,

aqg 3 €0Uhe Ni’i]glon &Ebéhbgﬂ @ﬁ]ﬂia@@le\l\lew& ﬁﬁda&ﬂf Mllltttﬁé c@g@i@oﬁﬁ were varied

sodj um su and .t mat er | iltered. over . a

o PRBR P gen FTHRRGIY OFHE ATl e g & et BHRAfop s s

lsﬁgwﬁ){n'ﬁdblld ca gel, and the systemwas trituated for 3

hours. The organics were filtered over a fritted gl ass

funnel, and the trituation was repeated using an

addi tional 15g of silica getppfeqr another 3 hours. The

esired pr dlmt was | qnl at pa f er filtration ni\é/pr a

bt Q! BSRafHANED DY RYAPOR ALY g - -
E ethac c urltyo uri Tty - oxide Epoxide
ol at ?eg co m% t $ Caie E uucnﬁie riiat6RC U biRlafbhs< 1 Qi BfMation | seale (¢)

'he purity ofepoweCI halkeertli St er before and aft er

rituation is showh in Tahle 1 bel ow Exanples 2-6 ThJ

edct i ol® desctfhed iﬁ3'2Exar[me 1/vasg9|9ep(=at ed: but %*he 33.6

ﬁﬁr—r_l(—h

ordi ti ens| wek85 vari @2 ag shown|i m9pable 1. The p4fity 336

ey cinmat jdiestggs Defore & afdgr {Trituation g5 336

| so-shown-in -Tabl Si-l4-ca Ex # T
-S-0—SHOW SH1-Ga

: 1 Table 1 - enp-
I‘/Et‘ha:r?/q ilc PEIP% tylof Puri tY\?A- 1 Fﬁﬁf’i t -gf‘ZPur i t\f)'z-5 4
gely epod de Epoxi de €0C) | anhydr| de§7.8Cr bide tri fuatt4bn 1000
tTi(;u TigpN[S trituations per trifugkspon|scal € (J) o045 500
poxi-de—Material—11100-1.05 832 899 0-45 33.62-90

105822896045336
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0.25 590 1.05 81.1 87.8 0.45 1000 6 100 88.60 0.45

WOOONMBOBEAI M 1. A process conprising the stepsPOf/US2004/021058

reacting a substituted epoxide with at | east one
%ﬁgghgﬁ%opening catalyst, at least one carboxylic
acid, at | east one protecting agent and at | east one
inhibitor at a tenperature above about 6Q0C for at

| east ;about 4 hour.s tg forma c ound..of .Formyl a. VI

or w1 1 RBA R PR AP GER SR oGSy T

whe edoxide apéringmatadyss lablshsy olid daliboamliacyd) @tleasn tieaproiectihg agent
nucl yeophil.e .as conpared to said e ide, RBis a

axg %ﬁ@ﬁ% ong intiiion a%rr‘gmaﬁwre Ul 0&@%?%&% E%sgt aﬁ%‘*ﬁ@urf fo

Emld e dafpoRRiofoaiBla 8N4, 9. i s a residue of said
%rotecting group which is capable of formng an ester
prgtlh¥F i nkage. 2. The process of claim 1 wherein
said substituted epoxide is a conpound of Fornula I

O1> ORwherein R2 is selegted fromthe group consisting
of esters, am des, subst]jtuted and unsubstituted

al kyl's, sil oxanes and angié' 3. The process of claim

2 wherein R2 is seIeF$ d the group consisting of

A to 3 alkyls substltuted th at |east one S
containing substitutent. 4. |The process of claim1l

wherein said substituted de QR4 conpound of
formula I11:
OR®
Formula VII
ORS
OR?
R5\[(O
©)

wherein R?is any group which reacts more slowly with an oxygen containing
nuclueophile as compared to said epoxide, R’isa straight or branched alkyl and alkenyl
groups having 1 to 10 carbon atoms and RS is a residue of said protecting group which is
capable of forming an ester or ether linkage.

2. The process of claim 1 wherein said substituted epoxide is a compound of

Formula II
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W@ 2005005368 oNn's,

> O (CH2)n-Si (CSi R33)cR43-c wherein R3 and R4 are

i ndependently selected from al kyl groups having 1 to 3
nis 1lto3and x is 0 to 3. 5.PdNES2004/021058
process of claim1l wherein said protecting agent is
selected fromthe group consisting of anhydri des,
trinmethylsilylchloride and allyl halide. 6. The

prieessR’ Biscledtad fiorh theheog donsisting of eaéecihiideg, sbstitbted sndan
anhydrid aving the formul a RSCOa0OCR5, wherein R5 nay
B‘é‘s'%gﬁ%tu?gﬁﬁ‘ygrS‘%?‘?nfeé?‘é‘ﬁ‘?tgg%md is selected fromthe

g :r Eu P 3CTASp1Btdsh ﬁf €Hhinsl Whdrgi R oy se&gaﬂ Glogcthapioyp c@iﬁdting of C1
al ke roups. having 1 tq.10 carbon atons. 7. The

3 S B Grs0hss wilte et i SR RRaBHERE - om al keny!

gr oups. ey pidgesd obclsigh PRReraih Q4 sultituldd@pPidE B 9 obound of
claimb wherein R5 is selected fromvinyl, styryl and

dpmplally - The process of claim 1 wherein said
carboxylic acid RSCO H, wherein R5 is selected from
the group consisting of straight or branched al kyl and

al kenyl groups ia/ygi ng é&t‘ﬁ:%égn%%r((gg é,g)txﬁns. 10. The

process of clai ed™f rom al kenyl
groups having 1-5 carbon atonms. 11. The process of
claim9 wherein R5 is selected fromvinyl, styryl and
atHeygin RY4nd Rf aee indepondsantly felested fram aliglegraips hevingl] épbsarkha

%?O%E%H% £a iaa(l?é?(tiib?oﬁel ected fromthe group consisting

WS ac ew’s bases, Bronsted aci ds and
por phyr iChe proegsk ekadsm 18herdih eaip podesisg adentis a¢leatdd from the

ORI PR BN ERLAIR RIS,
sai d &l Kad proest af clsial I whaeipriis psotating £geat is@nanhydride having
the formula R°CO,0CR’, wherein R® may be the same or different, and is selected from
the group consisting of straight or branched alkyl and alkenyl groups having 1 to 10
carbon atoms.

7. The process of claim 5 wherein R’ is selected from alkenyl groups having 1-5
carbon atoms.

8. The process of claim 5 wherein R’ is selected from vinyl, styryl and allyl.

9. The process of claim 1 wherein said carboxylic acid R°CO,H, wherein R’ is
selected from the group consisting of straight or branched alkyl and alkenyl groups
having 1 to 10 carbon atoms.

10. The process of claim 9 wherein R’ is selected from alkenyl groups having 1-5
carbon atoms.

11. The process of claim 9 wherein R’ is selected from vinyl, styryl and allyl.

12. The process of claim 1 wherein said epoxide opening catalyst is selected from
the group consisting of Lewis acids, Lewis bases, Bronsted acids and porphyrin complexes.

13. The process of claim 1 wherein said epoxide opening catalyst comprises an

alkali metal salt.
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15

cation selected fromthe group consisting of Li, Na, K
and amoni um 15. The process of claim 13 wherein said

wa@bdoalopssaet al salt conprises Li nethacryl at e oPCINES2004/021058

nmet hacryl ate. 16. The process of claim 1l wherein said

epoxi de opening catalyst is added in an anount up to

about 0.5 equival ents, based upon the epoxide. 17. The

p rocess Bie mwo@bnoftlavhdB evharegndad adlealionotsllsalt camproses at least one

ount be nd about 0.2

O%rsefé%t%?@g Tent s ha ngtm ag%(it"he 5??6’8 o epboxi de.

18 The T&req:.rm affclaghdB mhiarewﬂmrcbalkalﬁmtd spllt cdremisenDi

agent is u a am)unt bet ween about 1 and 1.5

H%Iﬁﬁffykgmﬁ’f ?{Fascrﬂgged upon the anount of epoxi de.

19. The IlfeQﬁc&ﬁ&s dlclatrth aivihedeindagd @ioﬁlds apchingatalist ©added in an

selected fro nsi s of NMEHQ, BHT,

ﬁﬁ‘@%f‘ﬂf‘hﬁ}’f’ﬂg} H’?% q%ﬂi?ﬁélgf’%\ h Weures t hereof. 20.

The pmcn&qor&fess@f gl 1whbieinehit c&Bo:glit Aid indk&d in bS aM&GeE

in amounts between about 1 and about 1000 ppm 21. A

B?W@MOW rand Fﬂ?ﬂj‘t 9.4 &olar g@l@len};sé)a@fl VAR the axgount of epoxide.
gl yci goXpRpRRYs oA Rhdvh t4id ﬁoke@eﬁﬁgrh%eﬁ%stlﬁe@& ah 8A8tnt

one car boxyl ate salt, at |east one carboxylic acid, at
pehsen bR [ndd Sarglgauidents base! wen fhs 480U REenoRIdEbi t or
at a {eMRLAE:S! aQIWPwﬁQ&HEm@Q]%nBHE se@écteld%ﬁ{th abeH; 4

hours to form bi s(trinmethylsilyloxy)silylalkylglycerol
resistieg ¢fiMERQ, BHT, phenothiazine, hydroquinones and mixtures thereof.

20. The process of claim 1 wherein said initiator is used in amounts between about
1 and about 1000 ppm.

21. A process comprising the step of reacting glycidoxypropyl
heptamethyltrisiloxane with at least one carboxylate salt, at least one carboxylic acid, at
least one protecting agent and at least one inhibitor at a temperature above about 60°C for

at least about 4 hours to form bis(trimethylsilyloxy)silylalkylglycerol methacrylate.

11



