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Thus, there remains in the art, a need for an improved process for the production
of SIAGMA type compounds, and particularly one which minimizes the formation of
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Wherein R' is any substituent which would not react with a nucleophilic compound.

20  Preferred epoxides include those shown in Formula II, below:
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Wherein R? is a C1 to C12 alkyl substituted with at least one Si containing moiety and
25  preferably at least one silicone. Suitable Si containing compounds include compounds of
the formula III:;
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25

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 one acrylic acid and at least one epoxide opening catalyst. Suitable acrylic acids
comprise between 1 and 4 carbon atoms. Preferably said acid is methacrylic acid. The
reaction between the epoxide and the acrylic acid may be equimolar, however, it may be
advantageously performed with an excess of acrylic acid. Accordingly, the acrylic acid may

be used in amounts between about 1 and about 3 moles of acrylic acid per mole epoxide.
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substituted epoxide. Also, suitable nucleophiles should be readily removed from the second

reaction product upon treatment with the selected purification step. Suitable nucleophilic
compounds include primary, secondary, and tertiary amine containing compounds, and
30  preferably primary and secondary amines. Specific examples of nucleophilic compounds

include isopropylamine, diisopropylamine, phthalimide, and mixtures thereof. The
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The following abbreviations are used in the examples below:
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30 SiMAA2 bis(trimethylsilyloxy)methylsilylpropylglycerol methacrylate (CA Index
name is 2-propenoic acid, 2-methyl, 2-hydroxy-3-[3-[1,3,3,3-tetramethyl-
1-[(trimethylsilyl)oxy]disiloxanyl]lpropoxy]propy!l ester)
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25
Exampie 1
To a three-neck, 250 mL round bottom reaction flask equipped with a magnetic stir
bar, drying tube, and a thermocouple, was added 0.60 g potassium methacrylato (4.8 mmol,
0.08 equivalents) and 10.36 grams methacrylic acid (0.12 mol, 2 equivalents). MEHQ (45
30  mg, 0.36 mmol, 0.006 equivalents) was added to the reaction flask. The reaction was
stirred. With stirring, was added 20.0 grams of Epoxide (obtained from Silar, 0.060 mol).
The mixture was heated to 100 °C,
After five and a half hours, a small aliquot (=200 pL) of the reaction mixture was
removed, diluted with hexanes (=1 mL) and washed successively with *mL 0.5 M aqueous
35 NaOH and =1 mL 2.5 weight % aqueous NaCl. The organic layer was analyzed by GC and
shown to contain 24.5% of starting Epoxide and 75.5% SiMAA2. No other products were
observed by GC.
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to SiMAA2 purities made using other reaction conditions which are described in Examples
2 and 3.
20
Example 2
To a three-neck, 5000 mL round bottom reaction flask equipped with a magnetic stir
bar, 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,
25  0.037 mol, 0.006 equivalents) was added to the reaction flask. The reaction was stirred.
With stirring, was added 2000 grams of Epoxide (obtained from Silar, 5.95 mol). The
reaction mixture was heated to 90 °C.
After about fifieen hours, the reaction mixture was removed from heat, allowed to
cool to about 50 °C and transferred to a separatory funnel using ~3200 mL hexanes for
30 transfer and to dilute the mixture. The hexanes layer was washed successively with 4 x
~3200 mL and 1 x 2000 mL 0.5 M aqueous NaOH, and ~75 mL 2.5 weight % aqueous
NaCl. The organic layer was then dried over Na;SO4 and filtered.
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c OBt dhertswitingt SIMAAL otas aralyzeddy L ERS dorguity s Burity results are
[ I bp 33-34 C). The concentrated sol ution
> %%&d%P%%®QEQ§H£n1the rotovap and diluted with =50 niL
met hanol . To this was added, Anberlite(r)1R120 (plus)
resin was added until the B e was pH 7. The
m xture was 15 |eft stlrrlng, u3|ng a magnetic stir
bar, f dioadhee-teokS000AAL eundidoinaeactiontilask aynippadrvdthwagagnetic stir

fi n ' .
t oﬂaéﬁﬁﬁﬁm?%ﬁ&*éﬁe@% T e

10 | aneye.9nquivelente)ynd FI33 raps methedrylis agid € 1191 s10h @ cheivalents). nMEHQ
Ta@ |6§ g; ]O @7 qino‘rll 0®06 mecﬁt% wets Qddréh Wre&'ﬁ[)ﬁ hésﬁ Sﬂ@gﬁuon was

usi ng ot her r'eaction conditions which are described in
Exsdifpd. e¥ith stirginge was addeg 2800grmect Epqrdde olptpipedeiomesiler, 596 gob.
M1 QiR %&ﬁ@%&éﬁ@a@e{gt't@fhoﬁ’b%k equi pped with a

ar

magnetic stir Kﬁpng t ube, and a thernocoupl e,
was adddédr @zutgifmrwomx ngamwemmer\yasacreov(eciﬁmlheat,callqmd to

15 oM Sn e S in T EROASY Sl 5L 2P b Y

ecfiat tyambferand yo dihute ﬂmullwret am maneebmr iweh whsherssucceSsingly with 3 x
r e35pb AN oV bﬁs 1\%& L ne L33bd ﬁi'Z%gNelm a@ﬁ’ééﬁ{’l;!%ﬂo

granms_of Epoxi from Silar,

r eﬁwrcdwehwa@ttmn@n%%veh%t?@m dlteged. Ghe /ﬁfttaterwaa By 9oncentrated
fléﬁtﬁ@x@taW5p%Iat&hﬁ 5§ gtg} wsbmmu Frfle J8ELR wad lyzed

heat, all out 50 C an rans erre

20 ¢ ob}’a{'GsMS;efﬁfatuﬁF}'y Pﬂ!l!m méultsm lisigd 3lpble ﬁLbehé?é( anes for 30
transfer and to dilute the m xture. The hexanes | ayer
was washed successively with 4 x 3200 nL and 1 x 2000
mL 0.5 M aqueous NaOH, and --75 nL 2.5 weight %
aqueous NaC . The organic |ayer was then dried over
Na2SO4 and filtered. 7



WO 2005/ 005444 PCT/ US2004/ 020937 To the filtrate was
added 800 g of flash grade silica gel. The

in m xture was agitated for three a
Bgﬁﬁﬁgwgggature and filtered over a fritted gpgiéﬁmmbmmmn
funnel. The filtrate was then concentrated on the

rotary evaporator, at 55 C, to give SiMAA2. The
resultlng S|N%A2 was analyZBdey LC}NB for purlty

éxlal C _lyCe #Enlt:. ;liq J ITblig —t /()C E'neﬁt UCI UVV.,”
rﬁ£PUMffay<cq’& S8 ¢ ol Examp ,E?' ﬁﬁp”&ﬂ’

d qutalt?umt}{l(\c/)_a_nd__&fjr\rw'_r%cou | e gsfgc added V
po@%{' : /1 at d-80. 475 10481, o] 08 397 h

eg : 2 qeLhacﬁyLLg—aeLd—giirg

npk 5y M0 (b 65902 o g7 43 o _aDb6

e hdded®3Pa the 5@6 on_f1ask96The

r itredt3ith Q'I‘Lrlpl'slgﬁ was atdiey 2 0

g Ghyeol(%) Epoxi de (abt £%ed ftam §L419J'1r 5 985 0rZ§IJ, The

reaction mxture was heated to 100 C. After about
fifteen hours, the reaction m xture was renoved from
heat, allowed to 15 cool to roomtenperature and
transferred to a separatory funnel using --2000 nL
hexanes for transfer and to dilute the m xture. The
hexanes | ayer was washed successively with 3 x 5000 nL
0.5 M aqueous NaOH, and 3 x z3500 nL 2.5 weight %
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 MAA2. The resulting Si MAA2 was anal yzed 20 by
LC-M5 for purity. Purity results are listed in Table
1, below. 8 WD 2005/005444 Table 1 PCT/ US2004/ 020937
Conmponent W % Conponent Exam | e 1Exanpl e 2Exanple 3
Total Purity78.985.984 Difunctiona



1.824.928.97 imurities Ethyl Acetate(% <0.05<0.020.43
Hexanes(9% 0. 35<0. 06<0. 6 E oxi de %. 340.59<0.06 & col
é% 9M9 0%2% 76 9 WD 2005/ 005444 PCT/ US2004/ 020937 \WE

(VS process conprising the steps of (a) PCT/US2004/020937

first reaction m xture conpri sing
su@gll?‘%pfeld epoxide with at |east 5 one epoxide
openi ng catal yst and at |east one acrylic acid to form
a fi rst re i.on_pr.oduct ri sing between about 50
and about %é&ss nm g’temte gg gl ycerol acrylate and
said Jusdciingid fmlt naqmumn ohixturé b@mprisimglsﬁbsgtu&d iepb:ﬁdervaﬂl at least
react i Ieo ound.to
5 Bfch ol SoELle Sl o RS QRO oS GRREH A oo piiuct
f cmwms beweént abblsdio e}nbahodlEBSamle%llsubrsmuted @lycayolpciytatesand said
sa ed glycerol acrylate and a nucl eophile
%ul(ﬂ%/tg#pé@o;(#&’sai d substituted epoxide; and (c)
t reat i ) teatink ssiddosdeactieronixtyre wlwmmteomlicr mmds:afm!m a
nuge'c&m l&ef ot @it 8 sutifichidly AL G saRUBRI ?ghgeo/and which

ycero acr ate ng ess"than a out
10 d| 'F%Fﬁ’clflﬁ‘?séhld isubstitited rglywre@crylasc and am@eoppﬂe)@e@s'stwsfof slidi m

1 QMQg[tghd’lepggfdg agalbstltut ed epoxide conprises at |east
one conpound of Forrmula Il OL C \,OR2 20 wherein R2

i s sel dotiesatinersaidseqead tpresion Prdnes tostemaye wid ropleepbiloderivative
al jol ﬁocﬁé@sﬁbéﬂtﬁﬁ@@yé@f&l ch?\gte hL\ﬁﬁ?ltessQﬁh% abbut %ﬁg‘mw bif¥hctional
noj ety. he process claim 2 wherein IS

sel“%‘f‘@ﬂ fromthe group consi sti ng of C

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

compound of Formula II

o)

P OF

20  wherein R? is selected from the group consisting of C1 to C12 alkyls substituted with at
least one Si containing moiety.
3. The process of claim 2 wherein R is selected from the group consisting of C1
to C6 alkyls substituted with at least one siloxane.
4. The process of claim 1 wherein said substituted epoxide comprises at least one

25  compound of formula II:

O . L) 7
[~ _O—(CHz)n=SI(OSIR%)R s

wherein R® and R are independently selected from alkyl groups having 1 to 4 carbons, n

30 isaninteger between 1 and 12 and x is an integer between 0 and 3.

10



to C6 al kyls substituted with at | east one sil oxane.
4. The process of claim| wherein said substituted

egpxide conprises at | east one 25 conpound of fornula
| W0-206/00244%) 11- Si (OSI R63) . ' R73.. wherein R6 anBCRPSHPH020937

car bond. e PF e e g o BB ol B or

car bon in ween
an integer between 0 and 3. A WD 2005/ 005444

PCTI US2004/ 020937 5. The pLg§g§ of claim2 wherein
said Si containing noiety ha ltﬁe formula I11: Al
-- Si-- B AZ wherein A andAA2 are the sane or

different angh are sel ect from| ower k n | $na
orBHEOER et oft e O DBl P R Ry RRfd b 5%
t hgoweofthestructuref er ent and are sel ected fromthe group
including |ower alkyl, phenyl . benzyl, and tri-alkyl
siloxy substituents. 6. The pﬁocess of claim1l wherein
sai d substituted epoxi de coypkj-sgs (3- 10
gl yci doxypropyl ) bi s(trinmet hyl gisl oxy) et hyl si | ane. 7

5 The process of claim1l wherein said acrylic acid

¢ O\Digé}éiﬁ RS RGANRCLY b CarCdy Yitferdit anbife J@[g&%@ﬁém Qﬁebg% iifiEléding
sard acrylic acid 1S used Im Ampunts between agou
andweraioltphenyhberzyl, atd thiealkyl siloxzsubgtitpants. nol e

substituted epoxide. 9. The process of claim| wherein

sai d epoxi de opening catalyst is selected fromthe 15
group Gorde Broragoisiamdwhsreasaidsubsisideperdecomppies kst ed
10 3ChHacASoRBERRARR ABABLAKASI;AL 0. The process of
claim 1l wherein sai'd epoxi de openi ng catal yst o
conpr i JeShegmocegy qfglajm hwherpinggif aoryliciacidemppies asthigeryhic acid.

lcleg'S[n (J)sg gﬂ@ﬁﬁ@és{bf%am aHidebylic BB Blsed M dmdBEBEHWSRTbE 1 and
about 3 moles of acrylic acid per mole substituted epoxide.

9. The process of claim 1 wherein said epoxide opening catalyst is selected from the

15  group consisting of Lewis acids, Lewis bases, Bronsted acids and porphyrin complexes.

10. The process of claim 1 wherein said epoxide opening catalyst comprises an
alkali metal salt.

11. The process of claim 10 wherein said alkali metal salt comprises at least one
alkali metal selected from the group consisting of Li, K and Na.

20 12. The process of claim 10 wherein said at least one alkaline earth acrylic acid
salt comprises between one and four carbon atoms and said at least one acrylic acid
comprises between one and four carbon atoms.

13. The process of claim 10 wherein said alkali metal salt is a Li or K salt of
methacrylic acid,

25 14. The process of claim 1 wherein said alkali metal salt is present in an amount up

to about 0.5 equivalents, based upon the epoxide.

11




al kali metal selected fromthe group consisting of Li,
K and Na. 20 12. The process of claim 10 wherein said

at |least one al kaline earth acrylic acid salt
CWM?SZ"@g“"ﬁetmeen one and four carbon atons anBCYLP04/020937

at |l ea ne acrylic. aci ' bet d .
P o 255 BBt e AR B R 65 P
Sadt (bagtlok@dnhibiet al salt is a Li or K salt of

met hacryl j.c aci d. .14, The pr.oc af c¢lai.m |
Wher of s HirpraeRafo B {51 heiin Bf EFRRaSE R Betp o rom
Upcontiting bOhitdrdpmmonsmbnonietiy! atheriatdded iydroxythinerpost migures
5 11 V\Dt2005/ 005444 PCT/ US2004/ 020937 15. The process of
cl 8P whereat said first reaction mxture further
conpr i d@sThegtockmas tlaionks whekdirbdaidonhibitd is afided ipaweweunt y to
cl%ioml%%oa\hg%ei n said inhibitor is selected fromthe
group ~tonsisting of hydroqui none nononet hyl ether,
but y| atl@dThe/meeers/fclaine hE wherein gdis inhibiter is Bddefh iy angmount7
T | Al erein said inhibitor is -
ag%gg&?%ﬁ%ﬁlg‘%o%ﬁ?hﬂrﬁgéigwabout 10,000 ppm 18. The
10 pr oc esd9oThegireriesnof Blaimhlewksrein step (8) reasidriionditions soraptised i n
an_amount . bet o . .
TP b B e o1 R abdii o oS ana
coadittloms. conpri se a tenperature between about 80C

and abaoyt . ' i .
Shout &0 T becih ik & kel el el B HhoAO et ool B
nuthe grophéonsising of pronany sécendswyl adtterdary angine cantpéningrcouppounds, and

1SC°Q:§Jnﬁésiﬂ%9eo?f primary, secondary, and tertiary am ne
contal ni ng conpounds, and 15 m xtures thereof. 21.
The pr @de¥he wécesd of clinPZP witsesinesaid nyeleaphitic ednangphds|ategelected from
co o) d o St Dk
R L SR e B S e
mi thengefes  t her eof

22. The process of claim 1 wherein step (c) comprises acidic extraction, treatment

20  with ionic exchange resins, ionic exchange columns and combinations thereof.
23. The process of claim 1 wherein said first reaction product comprises between

about 60% and about 80% substituted glycerol acrylate.

12



22. The process of claim1l wherein step (c) conprises
acidic extraction, treatnent 20 with ionic exchange

resi i_oni ¢ exchange col ums and conbi nati ons
tﬁ'z)r@@(?os%g The process of claim 1 wherein safGTiFpdt/020937

reactiqpn product conpr.ises between about 60% and
about 36% PP TR Sl@%@%g?pglo acrylate. 12 WO

2005/ 0 Q) 4¢hétitpGTHirkiS240dn 10iX0PSconipisinAsybsiitoied spoxidewith at laggt
the s S a) [reacting a,first reaction mxture
i AR oo BLipts b BEh OB R acid b SRR gffhrbf Hhfibout
al doat landt 8 toBbiit 6a06ks &t folneAfifst RMEioA ﬁfoghdft corfisthg detwaen

t enperatu reat er_than ahlout 60C. an Qr. o .
L ATRet 5B e el b e ol ra R g s iRt Ra poxice;
co gp ri m)nggthigltsmtﬂfst ;Eeaéthﬂmiixiﬁﬁ vath(cjh Iﬁbl_@bﬁhilﬁgzompdnﬁﬂ’mtd a .
substi t ut ero cr an ai ubstitute
eﬁ&’%?ﬁ@?fe%e%‘%e‘ﬁ“@a‘t%oﬁé a@ﬁogé ?‘?‘ PR {0 ”ﬁ”@‘é QWS fA ’f?‘f“& p gecond
V\Iibx%i”bttiaré gl?:ﬂllld@ wwgg IiCsJ s?béfdﬁﬂﬂwt ogiaic?sub%tm!’f&%paiitdé ﬁ}dbﬂﬁdhee n
about | .an or up abou ours, to rma

2 S ices s e Bttt nerRiens f endchplie etiyarie F i e

10 of subaindeddposité;tand ed epoxi de and which conprises said

substituted, gl ygerol ., acryl at d a nucl.eophi o
dor s val s sk Stson Sebn Pt BireBptharu S Adnyly dotvative

t r @d tprodgcessabalita&iogiyvdrol saylite havinyled tikh abant 5 @eighids Giftindtional
nucl eophi | e derivative and produce substituted
glwg?%is' acryl ate having | ess than about 5 wei ght %

di functional inpurities. 13
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