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Bi s(trinmethylsilyloxv)silvlalkvlelvicerol Methacryl ates Related Patent
~Applications This patent application clains priority of a provisional
application, U S. Ser. No. 5 60/483,847 which was filed on June 30, 2003.
Field of tWe2iesdson The present invention rel ates tPEHREMIRE2or t he
production of silicone nononers and particularly

bis(trinet Pyl |I onyi)sHyI al kyl

t he | nvent 28R : tign of Bishirin S QXYY S : =2y as
starting materials in the productlon of rredl cal devi ces, such as opht hal m c
devices and particularly, soft contact |enses having |nproved pernmeability
to oxygenRe@?éP@teat;éPRiicaBQnSt abl e nonomers includes 15 tris and

bi s(trinmethyls )at I

process for h&‘%{h%é g{%&lul nc%h%éﬁoqggéﬁ%%ﬁmeggg%é i@%@ﬁg AGlVA with
met hacs yl 6@’4%;8d7whmhiwas fikdrontToee 3m @008 potassiumor lithiumsalt of

met hacrylic acid and an inhibitor, such as hydroqui none nononet hyl ether.
Reaction conditions include heating for about 15 hours, and yields Si AGVA
having a pild in@fnvBgioeen about 75 to 95% and a number of 20 byproducts,

i ncl udi ng dimet hacrylated byproducts. Wen included in the nononer m xes
used to make ophe rrawﬁ mvemtiongelgtes troprogesses dortthe proflegtiva of sifipenegnoromieacr y| at ed

bypr oduct gmﬁg%m 34 o Qﬁ)ﬁ%ﬁw‘amﬁ lg@c&gp&eﬁgﬁ?ngll guantities can

change th res Accor y, the concentration
of these di functional byproducts nust either be tightly controlled or

m nim zed enoval .af the difunctional byproducts is conventionally 25 done
by a CUWMMMOI umm chronat ogr aphy step. Thus, there remains
in the art foryafolsicoNEEbrRtifias SfonbRkbrsthaf: Puadieity Q¥ stafting materials in the
production of medical devices, such as ophthalmic devices and particularly, soft contact
lenses having improved permeability to oxygen. One class of suitable monomers includes
15  tris and bis(trimethylsilyloxy)silylalkylglycerol methacrylates (“SiAGMA™). One process
for making SIAGMA includes reacting the epoxide of the SiAGMA with methacrylic acid
and either the sodium, potassium or lithium salt of methacrylic acid and an inhibitor, such as
hydroquinone monomethyl ether. Reaction conditions include heating for about 15 hours,
and yields SIAGMA having a purity of between about 75 to 95% and a number of
20  byproducts, including dimethacrylated byproducts. When included in the monomer mixes
used to make ophthalmic devices such as contact lenses, the dimethacrylated byproducts can
act as crosslinkers, which even in small quantities can change the modulus of the resulting
device. Accordingly, the concentration of these difunctional byproducts must either be
tightly controlled or minimized. Removal of the difunctional byproducts is conventionally
25  done by a cumbersome silica gel column chromatography step.
Thus, there remains in the art for an improved process for the production of
SIAGMA type compounds, and particularly one which minimizes the formation of

difunctional byproducts.



Si AGVA type conpounds, and particularly one which mnimzes the formation of
di functional byproducts. 1 WO 2005/005445 PCT/ US2004/021072 Summary of the
I nvention The present invention relates to a process conprising the steps of

"'reacting a substituted epoxide, and preferably a silicone containing

substi t ut egoepiosias Wi th at | east one lithiumacrylic pcidsmeddiorat | east
one acrylic acid and optionally at |east one inhibitor at a 5 tenperature
above about 60C to form a substituted hydroxy acrylate. Specifically, the
present i Sumbtarpof thelvemtdort 0 a process conprising the step of reacting a
first reaction i xture, copprising substituted,epoxide wth at |east one
l'ithiumsalt, g[;ne 2% “Wﬁ%“[%c'fs%‘isgo %E€°a?%€°ﬁpn$%£%sﬁgpﬁ\f9@eawg about 60C
for up tos@&%&eﬁgﬁxﬁa,vagg%réfaﬁﬂm sHiBRAS Edntdififly BAtRXA cpokidt i at RAS said

substituted epoxide 10 DesScription of the |nvention Suitable substituted
epoxi des ionelithénm atrplieacd sato pintgashone achdicawid andjoptigally ptlegyt ope inkilitor pte2 any

substi tuent whi.ch ul d not...eagt W nuwel eophj lic, C .. Preferred
epoxi des ARy %\éeea%gﬁto%&ﬁ%%ﬁ%gtﬁﬁe#ﬁ%@?%crﬂ?@; %Q‘ﬁ%ly’ % Wherein
R2 is a Clordsent@2nfibiilatesud & prdodésedmphribig eHe st cdetifg Sifirst GeakBémmb@rs0i ety

and preferably at |east one silicone. Sujtable_ Si containing conmpounds
i ncl ude Céﬁﬁﬂﬂﬂ?ﬁs‘%pﬁmﬂlﬁé epoxide with at least one lithium salt, at least one acrylic acid ata

temperature above about 60°C for up to about one day to form a substituted hydroxy acrylate
and said substituted epoxide

10
; Description of the Invention
( Suitable substituted epoxides include those of Formula I, below:
O
l>\ R!
15
Wherein R' is any substituent which would not react with a nucleophilic compound.
Preferred epoxides include those shown in Formula II, below:
0
[~ OR’
20

| Wherein R? is a C1 to C12 alkyl substituted with at least one Si containing moiety and

preferably at least one silicone. Suitable Si containing compounds include compounds of the
formuta HI:

Al

|

—Si—B
A2
25  wherein A' and A? are the same or different and are selected from lower alkyl, alkyloxy and

B;



formula I'l1: A | -Si-B 12 A 25 wherein A and Az are the sane or
different and are selected fromlower alkyl, alkyloxy and B; 2 WO

2005/ 005445 PCTI US2004/ 021072 B is lower alkyl, alkoxy or a group of the
structure: 3 WD 2005/005445 PCT/ US2004/021072 Formula Ha Fornula Illb R3 8
3 -0 Si- RVOI208500#35 RS 95 wherein R3, R4, R5, Rs and R®CEAS2G046218Bne or
different and are selected fromthe group including |ower alkyl, phenyl,
benzyl , r k si | oxy subs uents and y is an integer 5 from1 to
25. As usgdsi?é‘f” ailfyilﬁgmf%l?’ tlh SFNAMIe; of ers to al kyl groups conpri sed
of 1 to 4 carbon atons. Speci fi c exanpl es of suitabl e epoxides include
those of formula IV: O/O(CH2),,-Si (0Si R63)xR7s-x 10



Wherein R6 and R7 are independently selected fromal kyl groups having 1 to 4
carbon atons, n is an integer between 1 and 12 and x is an integer between
0 and 3. Even nore specifically, the epoxide may be the epoxide of (3-

‘gl yci doxypropyl ) bis(trinethylsiloxy)nethylsilane. 15 Epoxi des nmay be forned
in a nunbewoaboswassss i ncl udi ng, but not limted to, oxi de@T/GIR004821052 kenes

W th peroxyacids, formation by an intranol ecul ar SN2 reaction of

hal ohydri ns, addition of a nucleophilic oxidizing agent (such as a basic
sol uti on BermwaHbgen peroxide) to an HoymulyHEnt urated carbonyl conpound,

and the reaction of a sul foni umpygli with a carbonyl conpound.

Al ternatively, Repoxi des substit with a Si containing group nay be 20

pr epar ed bgL@_héiJJRdrosi | yl at i.u_ﬂ%( a0 _fkready fornmed epoxide containing an
olefinic functlionality. Such t hods are well known to those skilled in the
art and this IRt of synthetic ROug®es to epoxi des and epoxi des substituted

with a Si contaiqi reup, n no way Iljmts the scope, of this invention to
t hese preHQFr&%q%ng{??%%gg%‘iﬁbgmf’éhqweﬁ%?@tﬁqdﬁrﬁé"'lﬁ‘#‘%ﬂs o thegFBYR i on t he

epoxi de i gl 18@eMiti, ﬁﬁc_n&l?ﬁé{zyl, gﬁiﬂpﬁkﬁ%ﬁb‘i}i SubSthht@ Rl Pis ah §R8ger ONE
lithiumsalt of said acrylic acid. Suitable acrylic acids ™ conprise between

| and & céoohtosdSe s used eéreindhe terma Slosven aliyl” irefersdo Rkt grovps couipdsedrfd t4 WO
2005/ 005445 PCT1 LUS2004/ 021072 reacti on between the epoxide and the acrylic
acid may BECFUPRBEar, however, it may be advantageous to add an excess of
acrylic aspetifideaaipéstdisiirabld eorideyintladethost sfefymida 8ed i n  armounts bet ween
about 1 and about 3 noles of acrylic acid per nole of the epoxide. The
lithiumsalts of the present invention conprise lithiumand at |east one
acrylic 5 acid conprising dgetween 1 and 4 carbon atons. Preferably said
lithiumsalt is the Li sal qu\m/@l_l'(@q;rzynum(wiqﬂs)xﬁ?@ lithiumsalt is added
in an anount sufficient to“catatyze the reaction, and preferably in an
anmountgup to about 0.5 equival ents, based upon the epoxide.

Wherein R® and R’ are independently selected from aikyl groups having 1 to 4 carbon atoms,
n is an integer between 1 and 12 and x is an integer between 0 and 3. Even more
specifically, the epoxide may be the epoxide of (3-
glycidoxypropyl)bis(trimethylsiloxy)methylsilane.

15 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 of halohydrins,
addition of a nucleophilic oxidizing agent (such as a basic solution of hydrogen peroxide) to
an o, 3-unsaturated carbonyl compound, and the reaction of a sulfonium ylide with a
carbonyl compound. Alternatively, epoxides substituted with a Si containing group may be

' 20 prepared by the hydrosilylation of an already formed epoxide containing an olefinic
functionality. Such methods are well known to those skilled in the art and this list of
synthetic routes to epoxides and epoxides substituted with a Si containing group, in no way
limits the scope of this invention to these preparations.

According to the process of the present invention the epoxide is reacted with at least

25  one acrylic acid and at least one lithium salt of said acrylic acid. Suitable acrylic acids

comprise between 1 and 4 carbon atoms. Preferably said acid is methacrylic acid. The



An inhibitor may al so be included with the reactants. Any inhibitor which is

capable of reducing the rate of polynerization may be used. Suitable

~inhibitors include sulfides, 10 thiols, quinines, phenothiazine, sulfur,
phenol and phenol derivatives, mxtures thereof and the like. Specific

exanpl es | WEl 298f0054§t are not |limted to hydroqui none nBEHESIA4/02162her

butyl at ed hydroxytol uene, m xtures thereof and the |like. The inhibitor may

be added in an, anmount up.to about 10,Q00 ppm and preferahly in an anount
bet ween als#ftion Petzicen e spexideand s agH a%gmmge Puimpkh HOVeVEdHIBER 0. af

el evat ed {RmAIBLHId PLEERIRMMICLRA SholibRl, ARAMYLERG ma)bo Rt
preferably between about 80C and” about 110C. "Suitable reaction tines include
up to abuuneunts between gbaft & nbibpubtmatse af andigtacid parmiolalobthe eporidour s, and nore
pref erably betygan 8] 4ubophs A0dy ARANoARNRI fipidd o hlAoRRERRT at ed by
t hose of skillin e ar e‘tenperature  and reactron tirne are - nversely
propori i osvid cormpriking tsetwendhed 4rcassohiatoing Srgpferablyusaidithingn saltliothe 20 salt dfor

decreased reactj.on.tines,.and vjce yersa. However.,.in th rocess, of the
o osont 1 meGAmylinaq. TRl sl fyagdedih R AmowE Svibient o FEtage RS frsioe B! ot i on

(for exan@%fémbwﬁ%%ohﬁt%g@%ﬂio.@é&@vm&y%&%n%e@éﬁﬁhitut ed epoxi de, and
preferably greater than about 98% conversion of substituted epoxide). It

has been foundAn indxbitey mayialsg be includgdvagh thewsagtants | Anyinhibitor whichas eapabless 25
impuritie . e . | 9n: | 11 Thus, the
present | S/EREAERE R el Bl Eag B} uth, RERENS ARFORIMANAER T o
hydr oky athiols, guisnes)pHehgthiazingsnlftsd, pheriohatd ghynolderivatives, arigturesshdrentand The

substitut ed hydpoxy, acryl ates y, be further ri.fied using super _critical
It d ext AR ospocti il St ore ok e (o damitogs EeROBE | e
silicone fafld HyBDx GoNHRA RSt th@edTuhd tHeQlke 2THe RAWROE ial b6 88dadGh M S bel ow
t he range ich would 5 WD 2005/005445 PCT/ US2004/ 021072 cause degradati on

of the siipewhapsomont 9,00 rrmsad preferably iptneameunt betweersghonb h aw] Bente,
1,000 ppm.

15 The reaction is conducted at elevated temperatures, preferably greater than about 60°C

and more preferably between about 80°C and about 110°C. Suitable reaction times include up
to about a day, preferably between about 4 and about 20 hours, and more preferably between
six hours and about 20 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

20 . for decreased reaction times and vice versa. However, in the process of the present invention it
is desirable to run the reaction to or near completion (for example, greater than about 95%
conversion of substituted epoxide, and preferably greater than about 98% conversion of

( substituted epoxide).
It has been found that by using lithium as the metal ion in the salt, less

25  impurities are generated at a given set of reaction conditions. Thus, the present invention
provides a process for the production of substituted hydroxy acrylates in higher purities than by
conventional methods. The substituted hydroxy acrylates may be further purified using super
critical fluid extraction. Suitable extraction fluids are non-reactive with the silicone

containing compounds to be purified and have critical points below the range which would



et hane, ethyl ene, propane, propylene, chlorotrifluoromethane, m xtures
thereof, and the |like. Carbon dioxide is a preferred supercritical fluid
.because it has a lowcritical point, is generally non-reactive with the

si | i cone-contai ni ng conpounds, non-flammuabl e and 5 environnental | y beni gn.
Sui t abl e cOHARE05BEM44S ncl ude one or nore separation zone{CTWW@""?%@
supercritical fluid in the first zone conprises a density between about 0.5

and 0.7 g/m apd densj of 0.1 gim to ab 0. / The desi.red

Gonsi i1 oo dhag Berafeouhd slconistraiihsgPaand edins todide SRR o

Wi t _hi nt heetﬁ@z%}?éthﬂ&lez ﬁfb%ax;e??ﬁbp?!éﬁ@%hloﬁfuiﬁ@&bﬁab&aﬁé, ﬁﬂﬂ?@@@i&t&ﬂ} daneslivgmy 10
be included. In _order to illustrate the_ invention the faollow ng _exanples are

i ncl uded. Gberdiogda inn wefemsd nenerqriticelilnidpecepspdhasariow PHEGRL #PBLMBaNt only to
suggest a %%mﬁgn -ré&E&@é%ﬁhﬂﬁsﬂchﬁédﬁYﬁﬂh B8k &;&a&,gmh. le in
contact | enses as well as other specialtie magl I n ot her net hods of

pract i i ngenvirenmentalhjt bemrgn. However, t hose net hods are deened to be within 15

t he scope of this. ipvention. T ol | ow abbrevi at i,ons used .in. 1 he
exarp o0 bel ow S UrRRKGMAR e hsraits PedRR AP WS Bl ERC b
met hacr yl ainehd £/t 20md @¥mprissdR defisi-betwies abdut 075Cind 0. 2g/ii tahy b density of 0.1

2- hydr oxy- 3- [ 3- 3-tetranet hyl -1, -

Yo et faAbeuil.3 el | eagiret deansise s sighievoskinx somrativg e pigure
mononet hyl arﬁ%@xﬁﬁer%ﬁﬁn%ﬂé&ﬁh@&ww} §f£ddit¥5%&fk%*aa§%ﬂiﬁ%%%e% | si | ane

Exanple 1 25 To a three-neck, 5000 niL bott om r eact ui pped
wi t h alageetnélodetir  bar, condenser with an attached drying tube, and a

(ner rocounle. vty 05 oty PRI oMl
MEHQ (4. 65exampls@3 honliinit the BotienuThal e heintwaly teddgtst Dmethed bEpeastchy f | ask.
the invention. Those knowledgeable in contact lenses as well as other specialties may find
other methods of practicing the invention. However, those methods are deemed to be within
15  the scope of this invention.

The following abbreviations are used in the examples below:

SiMAA2 bis(trimethylsilyloxy)methylsilylpropylglycerol methacrylate (CA Index
name is 2-propenoic acid, 2-methyl, 2-hydroxy-3-[3-[1,3,3,3-tetramethyl-1-
20 [(trimethylsilyl)oxy]disiloxanyl]propoxy]propyl)
MEHQ hydroquinone monomethyl ether
Epoxide (3-glycidoxypropyl)bis(trimethylsiloxy)methylsilane

Example 1
25 To a three-neclk, 5000 mL round bottom reaction flask equipped with a magnetic stir
bar, condenser with an attached drying tube, and a thermocouple, was added 92 g dry lithium
methacrylate (1 mol, 0.17 equivalents) and 1023 grams methacrylic acid (11.91 mol, 2
equivalents). MEHQ (4.65 g, 0.037 mol, 0.006 equivalents) was added to the reaction flask.



6 WD 2005/ 005445 PCT/ US2004/ 021072 The reaction was stirred. Wth stirring,
was added 2000 grans of Epoxide (obtained from Wight Corporation, 5.95
~mol). The reaction mxture was heated to 90 C. After about fifteen hours,
the reaction m xture was renoved fromheat, allowed to cool to about 50 C
and transf Q285805448 separatory funnel using =3200 niL h&<AAS0PYIRF ve a 1:1
5 ratio of reaction mxture to hexanes) for transfer and to dilute the
reaction m xture. The _hexanes | ayer vvas washed successive 4 x --3200

|
mL and 1 xIheGeAstinn was stimeds G srringvas addsd L09Q sxpmencofi pexrziesﬁgwpaﬂ?or% aqueous

NaCl . The and filtered. To
the fi Itra‘?ggl\%ﬁra&s&géﬁﬂﬁ{@%%&gf ﬁ%‘ﬁ%%ﬁﬁ“e‘e%?“gghgéﬁl’%% het er ogeneous

m xture 10 wadAfiegebat ﬁﬁeénirourshtheeeabtmmmmmte wooembesifemabeatallawet] thicbeler ed
over a fritted s unn The filtrate was t ncentrated on, t he
rotary evéﬁﬁ?‘&‘fgﬁl}gé Baps HCTIEP*’gﬁ"'Q@atSWI\f/ﬁH? Jﬁ@ﬁﬁ[‘ BRES b

anal yZ%d Ot d-F rRAR4BR i Bideitd uexaﬁéégro&&aﬁs?&%&@ AR th é&&ﬁnhﬁxﬁ%bﬁﬁe bel ow.

15 Exanple 2 To a three-neck round bottomreaction flask eqU| pped
Wi th a madwesaties layer was washed soresBYRlewithA k3200 mb and had00e iy’ Muagueovand a

caui val ont 9Ot 385580 il nEl AR N, Th SRR Bl F vl Bidlher ) )

MEHQ (4. 63250,gnIN&3D, a7 filtdled06 equi vaI ents) was added to the reaction flask.
20 The reaction

t|rred stlrrln dded, 2000 gr ans. of Epoxi de
(obt ai ned from@mﬁﬁﬁtfat@"@@ﬂ%% ﬁﬁa g &EFEG‘:WQSS %‘éf‘t“éﬁt“f% 100 C.

After gPpoUys 'gftit@@fbr hﬁw&mt&mohfz%be@mmmnatﬁ%@dw& ARV Asks fikRRD. est
allowed to cool to roomterTcPerature and transferred to a separatory funnel

usgng -- ZCﬂGatnMahéwanem:eﬂfmt orcthe fotary eveporaton atif3 e, éO give SINAAYr &he The hexanes

layer was washed.suceessi Vel Wedb o e o? AR kit redults are listed in Table 1,
below.
15 Example 2

To a three-neck, 5000 mL round bottom reaction flask equipped with a magnetic stir
bar, condenser with an attached drying tube, and a thermocouple, was added 59 g dry potassium
methacrylate {0.476 mol, 0.08 equivalents) and 1023 grams methacrylic acid (11.91 mol, 2
equivalents). MEHQ (4.65 g, 0.037 mol, 0.006 equivalents) was added to the reaction flask.

20  The reaction was stirred. With stirring, was added 2000 grams of Epoxide (obtained from Silar,
5.95 mol). The reaction mixture was heated to 100 °C.

After about fifteen hours, the reaction mixture was removed from heat, allowed to cool
to room temperature and transferred to a separatory funnel using 2000 mL hexanes for transfer
and to dilute the mixture. The hexanes layer was washed successively with 3 x ~5000 mL 0.5

25 M aqueous NaOH, and 3 x =3500 mlL. 2.5 weight % aqueous NaCl. The organic layer was then
dried over Na;SQO, and filtered. The filtrate was then concentrated on the rotary evaporator, at
55 °C, to give SiMAA2, The resulting SIMAA2 was analyzed by LC-MS for purity. Purity

results are listed in Table 1, below.



25 M aqueous NaOH, and 3 x X3500 nL 2.5 wei ght % aqueous NaCl . The organic
| ayer was then dried over Na2SO4 and filtered. The filtrate was then
concentrated on the rotary evaporator, at 55 C, to give SI MMAA2. The
resulting Si MMAA2 was anal yzed by LC-Ms for purity. Purity results are
listed i n TWBI280500544%| ow. 7 WD 2005/ 005445 PCT/ US2004/ 02ROI7US200%131892 1 Exam
le 1 Examle 2 Total Purity (0/6) 85.9 84 Difunctional 4.92 8.97 im
urities Ethyl Acetat % <0.02 0.43 Hexanes % <0.06 <0.6 E oxide % 0.59
<0.06 d col %0.49 0.76 DifunctionaTabkdurities include the follow ng

conpounds O O ~~Sf~ O O~=S=O1* KFT = O hhe O 00OOS >~0-0
O-m) H S . YRTT Bxwinpte 1 Y /Example2
Total Purity (%) 85.9 84
Difunctional 4.92 8.97
impurities(%)
Ethyl Acetate(%) <0.02 0.43
Hexanes(%) <0.06 <0.6
Epoxide(%) 0.59 <0.06
Glycol(%) 0.49 0.76

Difunctional impurities include the following compounds

0
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(l)Si(CH3)3
Ho/ﬁ/\o/\/\ Ti —_
OH ) )



5/ '\ dycol isi Si(CH)3 HOI O\ Si - OHI 10 CSi(CH3)3 8 WO

2005/ 005445 PCTI US2004/ 021072 Exanples 3 -8 To a three-neck, 125 nL round
‘bottomreaction flask equipped with a magnetic stir bar, condenser with an
attached drying tube, and a thernocouple, was added 6.88 gm nethacrylic
acid and nevOawsPeses acid salt listed in Table 2, in thecwznd®ziorsted in
Table 2. 5 The reaction was stirred. Wth stirring, was added 13.44 ¢
Epoxi de (obtained fromSilar, 40 mmol). The reaction m xture was heated to
90 T. After fourteen hours, the reaB¥#mplesd »& ure was renoved from heat,

al lowed to cooly Gy Aol 1500 ARt bo@MRIlI ShAP AR Pikaldiposl

using' -21.5 nL "hexanes r-iransrer ure:
| ayer was bagshmdbnsa evith as atvachyd dvying tdhes ad SRednotbufileSvad dided688gms NaOH, and

3x 33.3 nL 2.5 wei % agueoys . .The. nic layer .then_dried over
2504 andn{ PR P e iohg S RS T e AR BN TRRE Fur iy
Purity s remshbietioh Yab stiiedd with Jtﬁl%%, was a@@édona-.m;g?i?ﬂ)&d& (BhtatheddHom MM Al t ()
Tol uene (mL) Purity 3 Li 0.575 - 87.8 4 KO0.7/6 - 82.8 5 Na 0.676 - 86.2

mmol). The reaction mixture was heated to 90 °C.

After fourteen hours, the reaction mixture was removed from heat, allowed to cool to

about 50 °C and transferred to a separatory funnel using ~21.5 mL hexanes for transfer and to

dilute the mixture. The hexanes layer was washed successively with 3 x =33.3 mL 0.5 N
10 aqueous NaOH, and 3x 33.3 mL 2.5 weight % aqueous NaCl. The organic layer was then dried

over Na,SO; and filtered. The resulting SIMAA2 was analyzed by LC-MS for purity. Purity

results are listed in Table 2, below.

Table 2
Ex# | Salt MAA salt (g) | Toluene (mL) | Purity
3 Li 0.575 - 87.8
4 K 0.776 - 82.8
5 Na 0.676 - 86.2
6 Li 1.8 10 89.9
7 K 2.425 10 38.8
8 Na 211 10 86.1

15



6 Li 1.8 10 89.9 7 K 2.425 10 38.8 8 Na 2.11 10 86.1 15 9 VE CLAIM1. A
process conprising the step of reacting a first reaction m xture conpri sing
substituted epoxide with at least one lithiumsalt, at |east one acrylic
acid at a tenperature above about 60C for at |east about 4 hours to forma
substituted hydroxy acrylate, wherein said substituted epoxi de conprises at

| east one cURESMM of Formula Il O[>-,iOR2 wherein R2 is selected from
the group consisting of d to C6 alkyls substituted with at | east one Si
containing noiety. 2. The process of claim1l wherein R2 is selected fromthe
group consi sti ng. AproCesstcomPdsingithi yes obtadsting a fitse reagtionimizturd @agrisioge si | oxane.

3. The process. of, clai,m] er.ei n..sai d _substituted.epoxi.de conprises at

| east one %@%ﬁ@‘iﬁ‘ﬁa"’é}?‘*‘r"é‘% ?nlﬁagoﬁﬁma“g], S,aﬁ’/agf alcrygf ) %% Wher ei n
R6 and R7 aihsutic0u®Reatlest bousHicette thrinfaGubstituked hy@rofymgylikayi ng 1 to 4
carbons, n is an_integer bhetween | and 12 and xis an iInteger between 0 and
3. 4. The proced&esh saifl substitatedproxide pomapsises adpastons camprung ofberala Thas t he
formula I'll: A I -Si-B

O

P OR

wherein R is selected from the group consisting of C1 to C6 alkyls substituted with at least one Si

containing moiety.

2. The process of claim 1 wherein R is selected from the group consisting of C1 to C6
alkyls substituted with at least one siloxane.

3. The process of claim 1 wherein said substituted epoxide comprises at least one

compound of formula III:
0 b\ o7
NO&(CHZ)n—SI(OSIR AR 3%

wherein R® and R” are independently selected from alkyl groups having 1 to 4 carbons, n is an
integer between 1 and 12 and x is an integer between 0 and 3.
4. The process of claim 1 wherein said Si containing moiety has the formula III:
Al
|
—Si—B

2

A—-

wherein A' and A? are the same or different and are selected from lower alkyl and B, B is a group

of the structure:

10



wherein A and A2 are the sane or different and are selected from| ower

alkyl and B, Bis a group of the structure: 10 R3 -0OSi- RA RS wherein
R3, R'" and R5 are the sane or different and are selected fromthe group
including |ower alkyl, phenyl, benzyl, and tri-alkyl siloxy substituents.

5. The process of claim1l wherein said sulgstituted epoxide conprises (3-
glycidoxypropyl)bis(trinethylsiony)nethQﬁsilane. 6. The process of claiml
wherein said at |east one |ithiumsaltpceupmri¢ses bet ween one and four carbon
atoms and said at |east one acrylic acid lconprises between one and four
carbon atoms. 7. The process of claim1®herein said acrylic acid conprises

met hacrylic acid. 8_sThe_process of claiml. sai rvliec acid.is. used in
amount s bet WEHITAboRt 290 K Aets e gr diffgpitand e sclecied fom e Fopp ncfigig
substitut eqo‘g@qgj%gghen?;, be2§l, MdAG-AKS) slbxyGuBetifledts Wher ei n said tenperature is
bet ween about 80C and about 110C. 10. The process of claim| wherein said

reacting step i § Tepeeesebclap | whegipsaidsbsiaradepenide cgmpries(3d epoxi de i s
converted t i e : ate. 11. The process of claim1l
wher ei n sai%yﬁﬁ%%ﬁf@%w%l@é@%%&PﬂQ%&armunt up to about 0.5

equi val ent s, bas$ethajmonedshd clpoXiwereif 2aid Bhlagrone distsumfsalt camprideswetreeat sai d
first reaction mxture further ¢ rises at. |l east one jnhibitor, 13.. The

pr ocess of TP ARMORAAHRE ASFTS SEL5 7 RAF BTG 2571 SER BB Pe AR 180 feb Aber

7. The process of claim 1 wherein said acrylic acid comprises methacrylic acid.
8. The process of claim 1 said acrylic acid is used in amounts between about 1 and about 3
moles of acrylic acid per mole substituted epoxide.
9. The process of claim 1 wherein said temperature is between about §0°C and
about 110°C.
10. The process of claim 1 wherein said reacting step is conducted until substantially all of
said epoxide is converted to said substituted hydroxy acrylate.
11. The process of claim 1 wherein said lithium salt is present in an amount up to about 0.5
equivalents, based upon the epoxide.
12. The process of claim | whereat said first reaction mixture further comprises at least
one inhibitor.
13. The process of claim 12 wherein said inhibitor is selected from the group consisting
of sulfides, thiols, quinines, phenothiazine, sulfur and mixtures thereof.
14. The process of claim 12 wherein said inhibitor is added in an amount up to about
10,000 ppm.
15. The process of claim 12 wherein said inhibitor is added in an amount between about
1 and about 1,000 ppm.
16. The process of claim 1 or 9 wherein said process is conducted for a reaction time

between about 4 and about 20 hours.
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of sulfides, thiols, quinines, phenothiazine, sulfur and m xtures thereof.
14. The process of claim 12 wherein said inhibitor is added in an anount up
to about 10,000 ppm 15. The process of claim 12 wherein said inhibitor is
added in an anount between about 1 and about 1,000 ppm 16. The process of
claim1 or 9 wherein said process is conducted for a reaction tinme between
about 4 and about 20 hours. 11 17. The process of claim 12 wherein said

ether. " butyi at ed rPEESS o drind L AR saR a bbbt Rl B b Bhdege o
claim 1 furdfiaQéro e infonBrelethyl@thes, Bitylated ByiadxhicR@artidhistufdd Bfekdofut ed  hydr oxy

acrylate to purification by supercritical fluid extraction. 19. The process
of clai m 18 wherl8;Tregeocess shahimd firthercomprising the step of sybirstingspighenlstituted 12

hydroxy acrylate to purification by supercritical fluid extraction.
19. The process of claim 18 wherein said supercritical fluid is carbon dioxide.
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