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i nvent i orwoesosickes a novel process for produci ng anhydri @¢€T/US08eI86RI ni ng
pol ymers for radiation sensitive conmpositions. BACKGROUND OF THE | NVENTI ON
Typically polymers based on anhydride nononers are produced by 10 free
radi cal polynerization of an ethylenically unsaturated anhydride in

conmbi nation with other suitable olefinic nononmers, a free radical initiator

(e.g. benzoyl ' '« ey r

azobi s(met hyl &pﬁémdgﬂpgﬁéseﬁéﬁmﬁﬁgﬁﬁwmj@%ggo 'lsglcg% TNngltGe and | aur oyl
peroxi de) and opROLMNERSFORRADIATIONISENSITIE C@VII@OSI:HOM{&] tetrabrom de).
15 Tetrahydrofuran (THF) is the common sol vent used as pol ynerization
mediumin the |aboratory. A typical process used in the production of such

pol ymers invol VESTﬁlbrrﬂ%nﬁbﬁﬂéscrmbmmelIpmg;elserﬂmnmdua:mg tamhydrdedr of ur an
(THF) in the presence of a initiat otr for 16-24 hours,

i sol ati ng® pS‘P'}Iﬁ@FnQ‘QQSYﬂ‘qfﬁFFOf rﬁﬁ‘ a}t'QHﬁWﬂE}V%‘ﬁ%% MY8d nonomers by
precipitation 20 in a |arge excess of a non-solvent such as hexane, drying

the polynmer in an oven for 14-36 hours_und at a tenperature |ess
than 70C and di ssol vi ng BAGKGRQUENBE FHE &Y%Wabl e solvent or sol vent

m xture typically enployed in mcroelectronic industry. Typical exanples
of such solvents are propyl ene g@a/col et her acetate é .e., PGVEA),
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azobis(methylisobutyronitrile), dimethyl 2,2"-azobisisobutyrate and lauroyl
peroxide) and optionally a chain transfer agent (e.g. carbon tetrabromide).

15 Tetrahydrofuran (THF) is the common solvent used as polymerization
medium in the laboratory. A typical process used in the production of such
polymers involves three steps: polymerizing monomers in tetrahydrofuran
(THF) in the presence of a free radical initiator for 16-24 hours, isolating
polymer from THF and removing unconverted monomers by precipitation

20 in a large excess of a non-solvent such as hexane, drying the polymer in
an oven for 14-36 hours under vacuum at a temperature less than 70°C
and dissolving the dried polymer in a suitable solvent or solvent mixture
typically employed in microelectronic industry. Typical examples of such
solvents are propylene glycol methyl ether acetate (i.e., PGMEA), 2-

25 heptanone and n-butyl acetate. The polymerization time is determined by
residual amounts of monomers along with maleic anhydride, which can
contribute to absorbance of photoresist films.

Examples of the various conventional methods for producing such

30 anhydride-containing polymers for radiation sensitive compositions are set



forth in US Patent Nos. 6,165,682 and 5,843,624, which are incorporated
herein by reference. Production of such polymers in larger scale quantities
may be |wpioBeshesitie to the use of THE as pol yneri zati on s®@Crarsv3/05BHE poses
5 several safety hazards on a product?on scale due to [ow flash point (
17C), high flammability and | ow boiling point (65-66C). Hexane al so poses
safety hazards due to |ow boiling point (69C) and high flammability. Since
THE is not a suitable solvent for photoresist applications, polyners nust

be isolated and .red, I i t he
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30 reasonabl Qra@:@srfnetals (mlcroelectronlc materials must contain no more than 10

ppb) and water contamination (water can open the maleic anhydride in

15 the backbone which can in turn degrade the polymer). In addition, longer
polymerization times of 16 to 24 hours further increase cost of production.
Therefore, it is the objective of this invention to develop a novel process

for producing radiation-sensitive maleic anhydride-containing polymers.

" The novel process is developed utilizing environmentally friendly solvents

20 and is targeted for lower production cost.

Solvents such as alcohols are not available for ethylenically
unsaturated anhydride polymerizations because of reactivity concerns.
Common techniques for controlling molecular weight (MW) (e.g.

25 dodecanthiol or alcohol change transfer agents) cannot be used because
of reactivity. Thus, synthetic processes for anhydride based polymers
have significant limitations that other synthetic processes do not have in
the preparation of anhydride polymers with low trace metals, low water
content, controlled molecular weight, and narrow dispersivity at

30 reasonable cost.



WO 03/080688 PCT/ US03/ 05867 3 Therefore, the present inventors have

devel oped a novel synthetic process for produci ng anhydri de-containi ng
pol ymer s Woro3fosmBst i on- sensitive conpositions that is enecrarsn®ossat |y
friendly, of reasonable cost and prepares polynmers with controlled MN

di spersivity, and trace netal 5 contam nation. The present invention also
provi des many additional advantages which shall becone apparent as

descri bed bel ow. 10 SUMVARY OF THE | NVENTI ON The synthetic process of this

nvention for BT Odielditron b oL m AR Bl GcRIbYEPE Sofersyhiness: 15 2)

providing a reaction mxture conpr ng: an et enically “unsaturated
anhydri de nopamess fr peabcingna@nhydridg-egiitaiaingy pehsearsr farededidifanhydri de
nononer, a free..radical .injtjator. . . u ' sol vent
havi ng the gSWETRIC SQPRRYYR"S th?‘ 'ggp\r/r'ui“ai %ﬂa@ #ﬁ}-‘ﬁhd@?ﬁ@%?%rﬁag%la_% R3 20
where Rl, R2an®Rpremirds Bélyaiers iwittiequairdited MV ctispenivity,cand tréee metalp hydr ogen
and C1-C4 linear or branched alkyl wth the proviso that at |east one of

RL, R2, R8, SAYAMN3UON. not H 25 b) pol ymerizing the reaction mixture; and
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The present invention also provides many additional advantages

which shall become apparent as described below.
10 SUMMARY OF THE INVENTION

The synthetic process of this invention for producing anhydride-

containing polymers comprises:

15 a) providing a reaction mixture comprising: an ethylenically
unsaturated anhydride monomer, at least one
ethylenically unsaturated non-anhydride monomer, a free
radical initiator, and an alkyl substituted THF solvent

having the general structure of formula 1:

O

1 -~ 4
R~ E]—R Formula 1
R® R
20
where R, R?, R?, and R* are independently chosen from
the group hydrogen and C4-C4 linear or branched alkyl
with the proviso that at least one of R', R? R®, and R*is
not H;
25

b) polymerizing the reaction mixture; and



c) renoving, such as by distillation, unreacted nononers, the alkyl
substituted THE solvent, and any lowboiling volatile reaction products
(i.e., resot3osreps oducts having a |ower boiling point thaaTiuse3/wssst i ng

poi nt of any co-solvent 5 enployed).4DETAI LED DESCRI PTI ON OF THE | NVENTI ON
AND PREFERRED EMBODI MENTS 10 A synthetic process for producing

anhydri de-contai ning polyners in accordance with this invention conprises
the followi ng steps: providing a reaction m xture conprising: an

ethyl eni cal I'y uns t ur at géiné\ﬂﬁ déuc%eas r@”@@fﬁfa’tloﬁt uhr%%ﬁfedoﬁﬁneh@bg eni cal ly

unsat urated non-a hydr| ree radical initiator, and an
al kyl substituted THE sﬂia/amyl rsalbsttgte'dh'éHFgmMer&J asdr any dewbeingor nul a 1: 0
R R4 Formula 1 R2 R3 wh

h
fromthe group hydr ogeP{oéf{% r&?‘:’t&{‘ ‘P"Pﬁ%{[? E%egﬁ@ﬁgd&g‘l%%w yt ﬁeosen

proviso that at |east Miveriwiling geint théh tHé&)OllmgjpcSMt ofsamyoto-$glvendl yneri zi ng
the reaction m xture; and rennylng, by distillation, unreacted nononers,

al kyl substituted THE &BIRRYE) and vol atile reaction products. Suitable
anhydrides for this process include any ethylenically 25 unsaturated
anhydride that can be polynerized by free radical initiation. Exanples

i nclude, but are not limted to, maleic anhydride, itaconic WO 03/ 080688

PCT/ US03/ 05867 5 anhptfriafies D BESCRPTIONTF TREANVENKIONS having the general
strueture of AND PREFERRED EMBODIMENTS
10
A synthetic process for producing anhydride-containing polymers in
accordance with this invention comprises the following steps: providing a
reaction mixture comprising: an ethylenically unsaturated anhydride
monomer, at least one ethylenically unsaturated non-anhydride monomer,
15 a free radical initiator, and an alkyl substituted THF solvent having the

general structure of formuila 1:

O

RULC R*
Formula 1
2 13

R* R

where R'. R?, R% and R* are independently chosen from the group
hydrogen and C4-C4 linear or branched alkyl with the proviso that at least
20 one of R!, R, R%, and R*is not H; polymerizing the reaction mixture; and
removing, by distillation, unreacted monomers, alkyl substituted THF

solvent, and volatile reaction products.

Suitable anhydrides for this process include any ethylenically
25 unsaturated anhydride that can be polymerized by free radical initiation.
Examples include, but are not limited to, maleic anhydride, itaconic



Formula 2 herein after. Maleic anhydride is preferred. 0 le--~10 Fornmula 2
O 5 Suitable ethylenically unsaturated nononers include any ethylenically
unsat ur atwo ososesser t hat can be pol ynmerized by free radi e&alr/tisn/038at or .
Exanpl es of classes of suitable nononmdrs may be selected fromthe group
consisting of: (meth) acrylates, vinyl ethers, vinyl esters, sulfur
di oxi de, acrylonitriles, and other substituted vinyl nononers. io Specific
exanpl es i nclude nethyl nethacrylate, t-butyl nmethacrylate, adamantyl
nmet hacryl ate t.hyl _a n | : r
met hacryl at e‘j‘n@aﬁaé’n@# @ge}ﬁt#erp g@% g@ﬁ@%(urﬁ:telﬁ Vé'?:%%aﬁ?é?gi%ﬁgﬁéﬁﬂ
met hacr yl at eForlula diheedihgiter. dalglc antwsitidd is,preferrgt. t ri met hyl silane, vinyl
fluoride, difluoroethylene, trifl Bgroet hyl ene, tetrafl uoroethyl ene, vinyl
15 chloride, vinyl acetate, and tybutyl vinyl ether. The total
concentration of nononers U] d ccount for about 30 to about 70 % by
wei ght of the total soluti t i'g prefF%%glgzthat about 40 to about 60 %
by wei ght of the total solly . b the nononers. It is nost 20 preferred
t hat about 40 to about 50 % ei ght of the total solution be the
mononmers. Any suitable free radic8 initiator may be used to initiate the
pol yneri zation. Suitable classes of such conpounds include peroxides 25
and azo conpounds. Specific exanples include, but are not limted to,
benzoyl peroxide, 2,2'-azobisisobutyronitrile, 2,2" WO 03/080688
PCT/ US03/ 05867 6.azqbi s i s0b il i dret
2,2' -azobPsi sobut??'gqooge a%w %ﬁ#%@l %%?@)%flege. h@h?[[ngkbﬁﬁﬁﬂel ata in)(l)n
concent r at i ogthyfenicaligt wesaturatedumadod®t thet cabobe mRlyMedzast & BE€initi at or
to total mol ?gdiggl matr Exéln-rrr11%>leer8ff &25&L of suitable monomers may be

selected from the group consisting of: (meth) acrylates, vinyl ethers, vinyl

esters, sulfur dioxide, acrylonitriles, and other substituted vinyl monomers.

10 Specific examples include methyl methacrylate, t-butyl methacrylate,
adamantyl methacrylate, methyl adamantyl methacrylate,
hydroxyadamantyl methacrylate, 1-adamantyl-1-methylethyl methacrylate,
isobornyl methacrylate, 1,1-dimethylpropryl acrylate, allyl trimethyl silane,
vinyl fluoride, difluoroethylene, trifluoroethylene, tetrafluoroethylene, vinyl

15 chloride, vinyl acetate, and t-butyl vinyl ether.

The total concentration of monomers should account for about 30

to about 70 %, by weight of the total solution. ltis preferred that about 40

to about 60 %, by weight of the total solution be the monomers. It is most

20 preferred that about 40 to about 50 %, by weight of the total solution be

the monomers.

Any suitable free radical initiator may be used to initiate the
polymerization. Suitable classes of such compounds include peroxides

25 and azo compounds. Specific examples include, but are not limited to,
benzoyl peroxide, 2,2’-azobisisobutyronitrile, 2,2-



range of initiator concentration is between about 0.01 to about 3.0 %5
mol es of initiator to total noles of nmonomer. The nost preferred range of
i nitiatorwomaosmwss ation i s between about 0.1 to about 2. 0Purmsheesset
initiator to total noles of nononer. bnitiators should be chosen based on
the tenperature to be enployed in the polynerization. 10 The al kyl
substituted THE of Formula 1 may be substituted up to four tines at any
position on the tetrahydrofuran ring. Suitable groups for Rl, R2, R3 and

R4 i nclude hydrogen Ma V1P j = -b
and t-butyl SR sTEbEhepRARY cmBhRb R et MO e
R4 shoul d” bepéroridee dSbiyatiid énitidiohi cogcemtrationsfare thetvieen abewthd-80bitair an

derivative and t Roi | ing poi S dded afte
pol yner i zat | BhodiEo 3 MOEY of Plifftordb B pofes ‘?‘Jhﬁésﬁ%?‘ﬁf-n‘éﬂ%??ﬁ%"% the al kyl
Z;J?Stl tﬁt ed l?&rﬂéeb_ﬁﬂ @\\MeItdSteCd}Fmeh'tra@rp'cd hétweent dsout 0.8 bIto eatoubB.0 §ol vent added
er e polynerization, e preferred tot nunber
subst i t ueht sMRAEs Wﬁ't'ﬁ@r%@qﬁiﬁ?lgs Béﬁf‘%‘é’ﬂeaﬁtﬁ? st Bre?%éeog%(rgg? o . f rS(ljlmt ;BFe
exanpl es of {eg! k¥hcerwdibn tisithetvddriEapbutorimtd abdut 2ricPsidegles af exanpl e,
2-met hyl tetrahydrofuran, 2-ethyl tet rah,}égr of uran, 3- nethyl
t et r ahydr of uinitigtorstodptay males P%t’ﬁ%ﬁrﬂ?rurlaﬁ', .°r§-SH9@attﬂ?I chogep Qﬁ?/%q 8furan, 25
s-butyl tetr dnplonsidft tohefbBpédivlhé pbhatedardrur an, 3, 3- di methyl
tetrahydrofuran, 2-t-butyl tetrahydrofuran, 2,2,5,5- tetranethyl
tetrahydrofuran and 2, 5-di nethyl tetrahydrofuran. One or nore co-solvents

my also e el oxfd i) SOsRies A of Fordtlih RempyaseBibdiinanupas, Any
sui tabl e co-sol vent t oes not react with the” anhydride nmay be used in
t he process. fdlo-thudsvatrany posiionl on thettditéeh»(dmi@?aogmés@éwwggpﬁé{ﬁm 7

RN W R Ry e O e
butyl, sec-butyl, and t-butyl. The total number of carbons from
substituents R, R?, R® and R* should be limited by the boiling point of the

15 tetrahydrofuran derivative and the boiling point of the co-solvent or solvent
added after polymerization. It is preferred to maintain the boiling point of
the alkyl substituted THF below the boiling point of the co-solvent or
solvent added after the polymerization. The preferred total number of
carbons from the substituents R', R?, R® and R* is between about 1 to

20 about 6.

Suitable examples of the alkyl substituted THF of Formula 1

include, for example, 2-methyl tetrahydrofuran, 2-ethyl tetrahydrofuran, 3-

methyl tetrahydrofuran, 3-ethyl tetrahydrofuran, 2-n-butyl tetrahydrofuran,

25 3-butyl tetrahydrofuran, 2,2-dimethyl tetrahydrofuran, 3,3- dimethyl

tetrahydrofuran,  2-t-butyl  tetrahydrofuran,  2,2,5,5- tetramethyl
tetrahydrofuran and 2,5-dimethyl tetrahydrofuran.

One or more co-solvents may also be employed in the process of
30 the present invention. Any suitable co-solvent that does not react with the
anhydride may be used in the process. Co-solvents useful in the



(PGQVEA) and 2- heptanone. PGQVEA is a preferred co-solvent. 5 The al kyl
substituted THE of Fornmula 1 will conprise about 1 to about 100% of the
total solwenB/osdéss a preferred enbodi ment, the al kyl substPCratSesiosBHE of
Formula 1 will conprise about 5 to abdut 70 % of the total solvent. In a
nost preferred enbodi nent, the al kyl substituted THE of Forrmula 1 wl|
conprise fromabout 10 to about 50% of the total io solvent. In another
preferred enbodi nent the al kyl substituted THE of Formula 1 will conprise

about 5 to aboﬁéﬁaﬁg%&ffafﬁ%cge%“ﬁ?'r?\sggﬁrﬁéfﬁ%r plEedfedy WiEstangléPlof se about 30

to about 95%'G total sol vent. nost preferred enbodi ment,
the al kyl supefdrtadt ed-sbNEnts iRcudeil propylend | glyasbnipetve efbeutacet®tq o about 50%

of the total I t P Wi i 0 to about 90% of
t he total so(%ﬂ%g??ﬂia%p%ﬁezgé%ﬁkiia%%f%égégfg%gwgpéany t enper at ur e
suitable for the particular reactivity of the nononers and initiators
enpl oyed that is _aboye the freezi int of t | 1 re and no
more than320 geneThé% PSnylaﬁngﬁt'{%?ffgl'ﬁ%B{;EOW%agowfﬁ%'%gﬁ%éngggﬁ ﬁtlg | owest
boi |'i ng mlzngaaﬁl mo%@f\tﬁﬁttotal %olivérl;tpr bf armeﬁgrmuambmmot,ytheralmt i onh
process takes place_in the rang t ween about to ud C. The
pol yreri zat i evpstituied ThY efryaua gﬁﬁ”gﬁﬁ'ﬁp”ﬁe ﬁg?Ht fg) a‘%%‘ﬁ?’%zﬁ’ %ég%ays.
General ly, "R veﬁﬂh%?a_trﬁaéti&ﬁférreaQenﬁmirﬁmtemet@Ikydestuesmmw THE

of po

conpl etion ynerization. This may vary dependin n_.the oners
enpl oyed. Pr of &ormadlar awili eamprisee §oRy éb@tfto#? doRhovh @g‘?a‘goﬁh‘? tgga?hour s.

POl yIer s Sehilo!, RMGhAREN BldiéntSy CATRARAaRe P sBbaligteaeThiE of So have

nol ecul ar " wei s’in e ranhge between about 8000 to about 20,000 Daltons
with a di speFsimilayl eifll tomprisehaboutl5 tto akpBu70%. & thadotal/sBwssgnd

PCT/ US03/ 058 After | et i F NG {nediotMsoldh€ rgact i on
mxture is gﬁéé\("?ﬁ"é'h %oﬁﬁe&ﬁoﬁdﬁgsqjﬁ?ugp&%p%ﬁers, the al kyl substituted
THE of another most preferred embodiment, the alkyl substituted THF of Formula

1 will comprise about 10 to about 50% of the total solvent and PGMEA will

15 comprise about 50 to about 90% of the total solvent.

The polymerization may take place at any temperature suitable for
the particular reactivity of the monomers and initiators employed that is
above the freezing point of the reaction mixture and no more than

20 generally about 10 °C above the boiling point of the lowest boiling
monomer or solvent. It is preferred that the polymerization process takes

place in the range between about 60 to about 120 °C.

The polymerization time may range from about 1 hour to about 2

25 days. Generally, monomer concentrations are monitored to determine the

completion of polymerization. This may vary depending on the monomers
employed. Preferred reaction times are from about 4 to about 12 hours.

Polymers useful in photosensitive compositions are preferred to
30 have molecular weights in the range between about 8000 to about 20,000

Daltons with a dispersivity of from about 1 to about 2.6.



Formula 1, and any lower boiling volatile reaction products (i.e., having a
5 lower boiling point than any co-solvent enployed). |If the al kyl

substi t utwo 0308#Esf Fornula 1 is the major portion of thePs®lusenossni xt ure,
a higher boiling co-solvent suitabl e8for photosensitive coatings is added
such that when distillation is conpleted, the higher boiling co-sol vent

w Il conprise about 50 to about 80 % of the remaining material.
Distillation nay take io place at atnospheric pressure or under vacuum
Distillation is continued wuntil only trace anounts of undesired volatiles
remain and typically includes distillation sonme of the higher boiling

sol vent that is rafteri comgetidretvf ile palymRedtationedhe dpattiane NYXture i or ned by

t he process resent e S gral units:
R3 R4 O O%""'@}eg %—Qﬁ"ﬂ ﬁrﬁﬁ'gt',lg—b%q?}%"t@ t%%@?%@%‘fgp%dn&ﬁgc gn i nt eger of
1to 5 Rl ipomu@tihghd @hyﬂdwemidﬂyigsvdlam@'reﬁomuvpprodmta @.ea hawing-dut yl group;
and R3 and R4 are each | endentl s Iecte fr a net hyl
group. Pré&f e'lo&’GFPOWnQQOE‘&&lﬂp aLrB'T fO(H% M&{e&g‘%gp@éed by
r IeECtI ?9 mal ehe @fﬂl‘%’rﬁﬂleﬁq ,isafe r?éj&elpﬁﬁifohrmtﬂhglﬁll\}mIImmture a higher
al kene(tristrinmethoxysiloxy) silane, t-but | at e rylate and
met hyl acryl h@lbng)ﬁoﬁ@t\/ﬁaw%)aﬁleefof ﬂhat%?@%t'\feda?%@ﬁs '%399%?@5?\51& reaction
to formthe pauelyidRRRIYISRichpldiBd ¥R ARG ASchigRISTASNEA/\AB 86 priSe

about 50 to about 80 % of the remaining material. Distillation may take

10 place at atmospheric pressure or under vacuum. Distillation is continued
until only trace amounts of undesired volatiles remain and typically

includes distillation some of the higher boiling solvent that is remaining
behind.

15 Preferred copolymers (I) formed by the process of the present

invention have the following structural units:

g AR Y

(CHz)n

\(R1 )3

wherein n is an integer of 1 o 5, R' is a methyl or trimethylsiloxy group;
R? is a tert-butyl group; and R® and R* are each independently selected
from hydrogen or a methyl group. Preferably nis equal to 1.
20

Copolymers (1) are prepared by reacting maleic anhydride, an
alkenetrimethyisilane or alkene(tristrimethoxysiloxy) silane, t-butyl acrylate
or methacrylate and methyl acrylate or methacrylate in a free radical
polymerization reaction to form the novel copolymers.

25



Copol ynmer (1) generally conprises about 25 to about 50 nole % naleic
anhydri de units, about 25 to about 50 nole % al kenetri nethyl silane or

al kene(t rwe oB80ssg hyl si | oxy) silane units, about | to ab®ar/usd3/esbe %
t-butyl nethacrylate or acrylate, and%about 1 to about 25 5 nole % net hyl
acrylate or nethacrylate units. The preferred nol ecular weight (Mn) of
copolynmer (I) is about 10,000 to about 40,000, preferably from about
15,000 to about 25,000. The level of silicon in copolynmers (1) wll

general ly be at | evel i % ioght |
preferably from Z%%‘%iy@efb)gﬁﬁ%r%w%&g%gsv\g%ﬁt%)\Ah??”gﬁalétssds)m%ﬂ?c/igent to
al | ow adequairlgiat t awhydtidanstrets, i rebout t 25 urider aleut ob0t h@olsi | &yer resi st

system Copolymers (1) are fornul ated i I I t ' phot oaci d
15 generat i n@mf’ﬁﬁ\téﬁngém%ﬂﬁc% P%‘&ﬁs‘g@hﬁe}:}t@%kgﬂ %laﬁgo%ﬂg’x%og\gm got 0

radi ation toaps@doieoRBtas ey shdthaeylptectracedate; acdabout t fooaioutigef ul in

deep WV, particularly 193 hot ol i t hqgr aphy.~A Qi l.ave substrate
for use i A dEWE f’ﬁ/“'ﬂﬁ?BY'oﬁ‘qr{/]g{?ggra@ﬁ&af’glaq%dmﬁﬁ'odmeea}e[ggy%%g\%ﬁeﬁ{gaqa sui tabl e
under coat or i3 idh Gobalyfer {IPist disout 901DR0r tBtaboandojobeNprefesablyng onto the
under coated substraté a photoi nageable top |ayer of the photoresist

conposition ﬁpma@%dé&%’r’?@rﬁbo‘eq% Y%cribed in the previ ous paragraph. The
copolymers (1) provide photoresist conpositions suitable for use at 193
and 248 nm wavel ength 25 that produce an excel |l ent conbi nat on gf adhesi on,
resol ution and pl ZBentevebot Rilieatinseapobarera(h) nuli gane'sPv P Rl As'eYeNOTcan be

utilized alo Loy L&Y whight Preresdtly ABf HEEItWE toabdut
phot oi mag@abl?rgmi %BB%tgéé;téj%RBQszfebfegﬁ’u\ﬁ}élgPﬁayer 0 photolithography system
and provi de de%kyevdighttwhions sufficient tofallQuhadgavate paliyndransier &M8 pl asma

etch resist a?r(\:eeUnciietrcgﬁsof%’?eegila?ielsfe%?é?E)%Eeﬁ‘\p 037080688 PCT/ US03/05867 10

Copolymers (l) are formulated in suitable solvents with photoacid

15 generating (PAG) compounds which generate acid upon exposure to

radiation to provide photosensitive photoresist compositions useful in
deep UV, particularly 193 nm, photolithography.

A bilayer coated substrate for use in deep UV photolithography is

20 produced by applying a suitable undercoat or planarizing layer to the
substrate and then applying onto the undercoated substrate a
photoimageable top layer of the photoresist composition of the copolymer

(1) described in the previous paragraph. The copolymers (I) provide
photoresist compositions suitable for use at 193 and 248 nm wavelength

25  that produce an excellent combination of adhesion, resolution and plasma

etch resistance.

Although copolymers (1) can be utilized alone to provide photoresist
compositions useful as a photoimageable top coat in a deep UV bilayer

30 photolithography system and provide an excellent combination of
adhesion, resolution and plasma etch resistance, it has been discovered



t hat photoresist conpositions with a wide variety of mninmmrates of

di ssol ution of unexposed photoresist polyner (Rmn) in tetranethyl

anmoni umwodsogicse ( TMAH) devel oper can be provided by a pchliusnsiossb7 from
about 50 to 99 weight % the foregoing copolyner (1) with fromabout 51 to
about 50 weight % of a novel copolynmer (11) which has the follow ng
structural units: 3RARR RO op~(\ 2Jn O 2 (Il) S R CH3

\'(R )3 wherein n Rl1, R2, R3 and R4 are as defined hereinbefore in
connection d oup. 10
Copol yner (IYVI é’@ﬁ ea?' S/C%@&r% 'tllcg}%s odmala{g %r‘?% nct)fgﬁ]a H'tﬁ]tSFafOéSrrg)Fe % nal ei ¢
anhydri de, absblu@én tef aipempostd miblotorésist! lelyetari fBaily lixi teiaaetd al kene

t t t hyl | | a t, 1.t %
et hacr y1 at o Sty nyptoXch SRR pevelbertatbe Ba R oy s PRI o o o 15
et gac%l at efr}gﬁh"t@bd&ﬁt gmlt@bQ:Weléhtt% tabdoregdihg wopelywtead) with érooy alvmett Bac; ylic
aci e preferred nol ecul ar ou
10, 000 to52bdd€’ a@ellbé@w%gféferoé@l é?%%%ﬂt&'ig"?ﬁ%bh?s a?%b‘%‘ﬁﬁ 000. As
wi th copol yngfsctlidal unitdie | evel of si I icon for copolynmers (I1) w 11 20

generally be at a level of fromabout 6 to about 14% by wei ght, preferably

fromabout 8 to about 12% by wei ht The copol ymers (| 1gs are al so prepared

by free radical polyner/i | ei any r|

al kenetri met hyl skl aney’o e(t stri )b)SI | ane,

t-butyl acrylate t hacr , et hy oacr yI at hacryl ate and
aCi@\Z)n (D)}

\

acrylic or neth YA,

(R

wherein n, R', R?, R® and R* are as defined hereinbefore in connection
with copolymer (I) and R® is hydrogen or a methyl group.
10
Copolymer (lI) generally comprises from about 25 to about 50 mole
% maleic anhydride, about 25 to about 40 mole % alkenetrimethylsilane
or alkene (tristrimethylsiloxy) silane, about 1 to about 40 mole % t-butyl
methacrylate or acrylate, about 1 to about 25 mole % methyl acrylate or
15 methacrylate, and from about 1 to about 25 mole % acrylic or methacrylic
acid. The preferred molecular weight (Mw) of copolymer (ll) is about
10,000 to about 40,000, preferably from about 15,000 to about 25,000.

As with copolymers (1), the level of silicon for copolymers (I1) will
20 generally be at a level of from about 6 to about 14% by weight, preferably

from about 8 to about 12% by weight.

The copolymers () are also prepared by free radical
polymerization of the maleic anhydride, an alkenetrimethyisilane or
25 alkene(tristrimethylsiloxy)silane, t-butyl acrylate or methacrylate, methyl

acrylate or methacrylate and acrylic or methacrylic acid.



WO 03/ 080688 PCT/ US03/ 05867 11 A photosensitive photoresist conposition
can conprise a blend of two separate copol yners where one copol yner has a
| ow Rm n WD.08/080688 Rmi n  val ue of |ess than 1 A/ sec) whil ePChaISs&eBsHT
copolymer has a higher Rmn 5 (i.e., # Rmn of 1A/sec or nore). A copolyner
with the low Rmn is a copolymer (1) and a copolyner with the higher Rmn
is a copolynmer (Il). These copolyners are conpati ble and can be bl ended
together to give the desired dissolution characteristics for a particular
phot oresi st conposition. The blend of copolynmers can conprise from about
50 to lo about 99 weight % copolyner (1) and from about | to b ut 50

wei ght % copol y e photosnsituecphataresist comapsition caBGoMersd GuRle i ght

t
Coporyrer (Y SiartlioBipkE Paeiue Mt e BARELAE IS
present i nvepdlu@of iessfthan hAfsec) White tlw satobg copelymer hasianahehBmpl es.
COVPARATI VE MP p t |
e of AL GRS, Ofa BobatybBl W' FTRIWRg bane, co- mal el ¢

anhydri de2 col via tet rahydrof uran:
(Pol ymer SE- &apdwmer {iP ahd fa wepatgroér yvan me dmgheemnows 2Garelyaar Wik h t wo

Sanpl | ng. adaBiess CoRAVERURAE MR Ee: Sahioh e, Befdas SuTer gt So Tl
al |yl trimet hyesi dedired( st@@luﬂon 13hdradterisligs, for bait partiaglay | pheto(essys. 78 g,
9.977 nol), methyl acr | at e

545 np 77 g). The
m xture was §?mPP@H°'hn & %{e"&; gtCRBg'g'iﬁ‘éF%C% p?&???@ EEOP€§§ 30 anhydri de
was di ss%vegbm]{h@ Wb?hﬂ"/@cd}ﬁﬁyrﬁ@na(ﬂﬁ%dl\frbﬂm sfdut flitogbbat 3@ weighishng a
heater/chill %(r)polymer (1, r?réf%?étﬁy from él}'ou?%o‘/ rtg rgbtoh 9‘6) ngg ’tzpercgent
copolymer (1) and from about 10 to about 20 weight percent copolymer

(I1), based on the total weight of the two copolymers.

15
The present invention is further illustrated by the following

examples.

COMPARATIVE EXAMPLE 1

20
Synthesis of Poly (allyltrimethylsilane-co-maleic anhydride-co-t-butyl

acrylate-co-methyl acrylate) via tetrahydrofuran: (Polymer SE-1)

In a 10 L five neck jacketed reactor equipped with two temperature

25 probes, a mechanical stirrer, a condenser and a closed sampling adapter
was combined maleic anhydride (1287.33 g, 13.128 mol),
allyltrimethylsilane (1500 g, 13.128 mol), t-butyl acrylate (1278.78 g,
9.977 mol), methyl acrylate (305.15 g, 3.545 mol) and THF (2866.77 g).

The mixiure was stirred under a N, atmosphere until all the maleic

30 anhydride was dissolved. The mixture was heated with stirring to 72 °C

using a heater/chiller and 2,2'-azobis(2-methylbutyronitrile) (27.20 g,



WO 03/ 080688 PCT/ US03/ 05867 12 0.142 nol) dissolved in THE

added. The reaction mxture was stirred 120r 16- 20 hours unti(I27élzP %I \évlai
anhydri dewownosmss was consunmed. The resul ting pol ynmer solpairiusn3/ess? cool ed
to room tenperature then precipitate@ in hexanes (15.0 L) in a 20 L

j acketed 5 reactor over one hour. The polyner solids were filtered through
a Buchner funnel and washed with fresh hexanes (3 L). The polymer solid
was then dried overnight in a vacuum oven at 70C. The dried polynmer was

di ssolved in, T - ' ] ] i

. P ' d L),
filtered th;bo ‘%m%ﬁéﬂg%og)eerﬂg Srnlf\%rég%db\ﬁggﬁedg@\%\?t J@r%gﬁmhgilgﬁ%f (g% L). io
The pol ymer wes stireedof r6a20s aoursmiialiledll apalgigcantyidride MBRPEET WA  pol yner

was di ssolved in P d_adj.ust a ik % 50l bk i .
. . t :
NVR of dri e&%ﬁ??ml ?asﬂ@ﬁzgplg aci 86'22% n%’ggnglsd@q;t?ngg?dgy |488| E/Hz)ll_I
ggr ;rlt);t % ag;cyhiprare!;mfehlwwl braipjtated inohexanes HabPl L) 2y PRtle ja%kelRS 9 net hyl
e, nol % mal ei ¢, anhydgi d ; : isHJ i
chr omat ogr apRAFPEFPEEL e hloHrdegf Iﬁ]eeﬁ glcyﬁ% gn&&w&?/\ﬁ%ﬁ% 3%%gggrd\)/ug£:‘a?mr e
I\P/‘t;venog%gl Oig B%G@égmmn@mmd 1K frash Hegames GoL)A Be paymer spid ef f | uent 1):
= 16, 019; Pol ydi spersity =197 _Acidi ok O i '
anhydri de): Was #iagd %P‘ﬁf%@h‘;@i%l."aﬁ%gé’b?%)%t%g?g:6'556‘3%%%@%% ppb Cr
<50 ppb Cu, {59 qrBbIVEE in GBIFPRNOM) aAd4gpipbprbbipitated 76 heywinedr(1565, ppb K and
124 ppb Na. Over a 10 batch history trace . ano s q.lf l nanged from
200 to 6000 issed SrRPORATPRENES PP Q‘?S'é,%t‘”ﬁ{g‘suess O?&%%L(@L)-
(al 'yl tri gretpyd ?OW'WQS WRbEIiG vk deen @t 708Gt fpt 48abowbat Breco- met hy|
acrylate) via propylene glycol methyl ether etate: ., g 8{. r SE-3) In a
100" ni, rounpolpwet WA d!%P‘é’édm_e%@M?‘%/ P%iﬂdleaf&aﬁ?)@?{w&/ﬁ Q '3V condenser, a
magnetic stipnBoficA0d 1A NMRPL AeRPapPiner (BBSI:C Brbizoieccid as internal
standard, 400 MHz): 29 mol % allyltrimethylsilane, 26 mol % t-butyl
acrylate, 8 mol % methyl acrylate, 37 mol % maleic anhydride. GPC
15 (Waters Corp. liquid chromatograph [refractive index detection, Millenium
GPC V software, Phenogel-10, 7.8x250 mm column: 10* A, 500 A, 50 A &
10 A, THF effluent]): Mw = 16,019; Polydispersity =1 .97. Acidity (due to
opened maleic anhydride): <0.5 wt% acrylic acid. Trace Metals: 5208
ppb Ca, 136 ppb Cr, <50 ppb Cu, <50 ppb Fe, 68 ppb Mg, 224 ppb Mn,
20 76 ppb Zn, 65 ppb K and 124 ppb Na. Over a 10 batch history trace
amounts of calcium ranged from 200 to 6000 ppb.

COMPARATIVE EXAMPLE 2

25 Synthesis of Poly (allyitrimethylsilane-co-maleic anhydride-co-t-butyl
acrylate-co-methyl acrylate) via propylene glycol methyl ether acetate:
(Polymer SE-3)

In a 100 mL, round-bottom, three-necked flask equipped with a
30 condenser, a magnetic stir bar and a sampling adapter was combined
maleic anhydride (10.30 g, 0.1050 mol), allyltrimethylsilane (12.00 g,



mal ei ¢ anhydride (10.30 g, 0.1050 nol), allyltrinmethylsilane (12

03/ 080688 PCT/ US03/ 05867 13 0.1050 rrz)l), t}/butyl ac?/yl ate (1((). 2608 gb.\(;u?)%
nol ), netwWolosaswys ate (2.47 g, 0.0286 nol) and PGVEA (48P¢®/I@ﬁ3/05§h‘é
mxture was stirred under a N2 atnosphere until all the nmaleic anhydride
was dissol ved. The m xture was heated with stirring to 72 C using an oil
bath and 2,2'-azobis(2 5 nmethylbutyronitrile) (0.5608 g, 2.9 mmvl)

di ssolved in PGVEA (2.0 g) was added. The solution was stirred for 20

hours. The s ‘We f PGVEA
nm) was adde@ bj%%l %r’r@ o€ utt(ﬂ)ozn& 2 Ozg?é t?ﬁ?nyndrf]gﬁp ﬁ%&lutgte(zggg to af |( ﬁgl
wei ght of 77g,8. gZSGArradlyamd:EEd\/\Ew 76\&0-eToeappire waguirech it gr aph

f
7" ax250 mm ou aiosehSes i S ghe el SRl e ¥ﬁ%&2?‘?’aﬁﬁﬁt"?¥‘@"“’ge'_ 31, 000,

Pol ydi sper si f3is %ea%oBWxthTémnmg)Itcedﬂl%ﬂ UBieag gdin odfbatheande?,@-@mtgs Bol yner coul d

of Pory (5l LetmRHRYaE) G RBUEED R o LA R B s S Synthest s

gg r Z;?Egncge?@a‘gg ;r&@?g)}dtlégﬂxl)asvétﬁeﬂ ferpd ienes glTie ablution s adiowed taicet at e and
0 00 nL

t hr ee- neckedCQ’Q'é@ko@ﬂlﬁﬁ’rﬁﬂér@tWﬁﬁ‘diﬁG'ﬁéﬁﬁgP&? "éaﬁj?%%eoouiﬁ?rgglketl c stir bar

?rgf)c' gISIeSI Y?@%@ﬁé%ﬁuem&tme@ﬂwedo@iﬁin@l We@hhgfdn e (7 38 g, 0.0753

g, 0.0570 erA)lga_lxhﬁﬁ;hylG%@rw%it?@ @Qrplg'qu'& CWOU@ B[f&fraxﬁb gy Lﬁteegl(;cgf)

monomet hyh eLORk: &f%lﬂ%ﬁu&P@% sof%ﬁar%GPﬁén%gUllﬂOnVBk%@mms:olsl'mnrred under a

N2 atm)sp ere un | ei ¢ anhydri de I
sol ution was1atH4e80@ & 6OA &t1@tr$a'ﬂ‘ﬂ|‘_oﬁfﬂé|§r¥t@)tﬂv4w V%Sggbé?&&‘iggte ﬁ'ﬁ’gl ﬁlhlt ?ansf er
agent. The mz>g7ure was

The molecular weight of the resulting polymer could not be

15 controlled below 31,000 Daltons.

COMPARATIVE EXAMPLE 3
Synthesis of Poly (allyltrimethylsilane-co-maleic anhydride-co-t-butyl
acrylate-co-methyl acrylate) via propylene glycol methyl ether acetate and
20 carbon tetrabromide: (Polymer SE-4)

In a 100 mL, round-bottom, three-necked flask equipped with a
temperature probe, a magnetic stir bar and closed vacuum adapter was
combined maleic anhydride (7.38 g, 0.0753 mol), allyltrimethylsilane (8.58

25 g, 0.751 mol), t-butyl acrylate (7.30 g, 0.0570 mol), methyl acrylate (2.13
g, 0.0247mol) and propylene glycol monomethyl ether acetate (PGMEA,
33.86 g). The mixture was stirred under a N atmosphere until all the
maleic anhydride was dissolved. To this solution was added carbon
tetrabromide (CBrs, 0.39 g) as a chain transfer agent. The mixture was

50 heated with stirring to 68 °C using a heating mantle and 2,2'-azobis(2-
methylbutyronitrile) (1.32 g, 6.87 mmol) dissolved in PGMEA (2.0 g) was



30 heated with stirring to 68 C using a heating mantle and 2, 2'-azobi s(2-
nmet hyl butyronitrile) (1.32 g, 6.87 mvol) dissolved in PGVEA (2.0 g) was WO
03/ 080688WPUTHeMEES/ 05867 14 added dropwi se over 20 m nut @€T/UBNE05867
tenperature was increased to 72C andldstirred for 21 hours. The sol ution
was allowed to cool to room tenperature and hexane (250 nlL) was added to
separate nononer and oligoners from polyner by decantation. PGVEA (55. 38
g) was added 5 and vacuumdistilled to 27 % sol ution by wei ght.

Anal ) ti cal s: %J%%Ngy{%p%epﬁbﬂgﬁé %;ﬁhié_én (PG RpeRaieoives aatidagsd itat er nal

standard, 40 | 27 W IIyltrimethylsilane and 27 w %t -butyl
acryl ate. GPIR°Onandstiretbfas. 21 heys.d Thkrsehiion gyaspdlquwesk 10299 {99 ex t o

det ecti on, | | enj P :
A, 500 A 53462{?%%@@@%%*%?4 ﬁ?@ﬁﬁﬂ Wgﬁ%eg%",l%‘é‘i%a%éﬁﬁ?@g’e?@‘? ? ;m = %923.
LL t rr%ebgor);glfgdmeeﬁ itﬁ;mm:qnplty:er b&)_decantdionweP@lME%éﬁ@@ﬁ@, wa® added pal t ons,
g i 18 SE-1. M it i
o i ntroucets G datllesiodd Lot enkREIE SavpLE 4 20 synt hesi s of -
Pol yI (allyltrimethylsilane-co-naleic anhydride-co-t-butyl
Fet s anydr of ubaavyeass <0y Nrply [ eyEARBLG FodtlrBentbie dub iiemdit=t ot e and
}32: eghgegrgdgﬁgha?ﬂ@, emoikp]pﬁ(}t ?ﬂ"t\/ot % aR@trinetmdsianaranc2dbwt %a trowdihet i c stir
S st opc er _was .c i ned |_el i .

?éogg6gmb) Ogggﬁ‘%{t ; %%& E%Ff?@aﬁ@rm%‘?%%hgo,emﬁgg?%hc Hgﬁgé’{tﬂ{el gﬁ? {(/I8 Sér 3I ate

. ' 19 , MillERUMYGPCAL s 2, PR 1007 @2250 moh cpluREVEA .
g) and TI-IIE (‘214§éﬁ&%1 l_ Th m@%ure S S ??C?g:(“tjt . 5. B N E’?u pher(ezllm'}ill
o 2 he i g Anodtis 50 Pod Tk i eRbeat: e 2298 SolsHBR 20N
stirring to 6§sC using a

It may be possible to control molecular weight below 20,000
15 Daltons, but the polydispersity will be higher than SE-1. Moreover, it is

possible to introduce bromine contamination.
COMPARATIVE EXAMPLE 4

20 Synthesis of Poly (allyltrimethylsilane-co-maleic anhydride-co-t-butyl
acrylate-co-methyl acrylate) via propylene glycol methyl ether acetate and
tetrahydrofuran (50:50): (Polymer SE-5)

In a 100 mL, round-bottom, three-necked flask equipped with a

25 temperature probe, a magnetic stir bar and closed stopcock adapter was
combined maleic anhydride (8.88 g, 0.0906 mol), allyltrimethylsilane
(10.30 g, 0.0901 mol), t-butyl acrylate (8.75 9, 0.0683 mol), methyl
acrylate (2.13 g, 0.0247 mol), PGMEA (21.11 g) and THF (21.05 g). The
mixture was stirred under a N, atmosphere until all the maleic anhydride

30 was dissolved. The mixture was heated with stirring to 68 °C using a
heating mantle and 2,2’-azobis(2-methylbutyronitrile) (0.20 g, 1.04 mmol)



heating mantl e and 2, 2'-azobi s(2-nethyl butyronitrile 0. 20 1.

WO 03/ 080688 PCT/ US03/ 05867 15 di ssol>/ved iyn PGVEA ()1. (50 0) gnd Taé ?rlml52)
g) was adeed3dsmwpsv se over one minute. After the tenperatarases/edssti zed
it was then increased to 72C and sti¥red for 22 hours. 5 Anal yticals: 1H
NMR of sanple precipitated in hexane (CDCl 3, Benzoic acid as internal
standard, 400 WHz): 27 nol % allyltrinmethylsilane, 22 nol %t-butyl
acrylate, 8 m)l %rret hyl acrylate, 42 nmol % mal ei c anhydride. GPC (Waters

Corp. i qui d
sof twar e, oge &'8%@1@2\@ %f cdovﬁmm%@% Oeg(r)uéo%\»is&ggeiw ;ml(()ng VTHE

ef fl uent] ) Mm minte] 0AfterPthiey emnesatyre gtabilized, 3t waﬁh@en BEEBRA%RI on of the
| ower reactl %ﬁ%@%ﬁ@n@r zglh})y"l Jdrinethylsilane, could not be controlled to

match the ta n addition, the reaction tinme was not
i nproved. 15 COVPARATI VE EXAMPLE 5 Synt he5| s of Poly

acryl at o) Fvi abeblsdy SFWIR SofBRYREPRISE ! npe (88 DBARICTATLY o

t hr ee- neckedaéitagkintems zedand, 400 MHz eﬂi&mdt%:awll]ﬂnmﬂwl&@nﬁa%m c stir bar

Ty T ot byl SPuBhacvial Byt v RO NS, 24 MeLts Rl ffydliony 767 ™)

(r)ng'?ﬁ?ena/;)s g??ﬁrr()el\gaté’r’é g@fp” l@dt@d (chrdrdagraphOpéBactive) inded dedpction2. 99 g). The
under [ 1

was di ssol veMlillerign qﬁl'??t\ﬁlsg ge éﬁnggqvjqetfg)éspra b@ﬁggab:ﬁ“u& ﬁghgd“ ae

heating ngnt 5go @804 &'10 RZHF &fflde _mm,{,butg(’raﬂ;lpblydise)srs(t@ 5348, 2.8 mol)

. t
di ssol ve(r}el n THP (2.05 g) was addmg dropwi se over one mnute. After the
tenperature stabilized, it

The incorporation of the lower reactivity —monomer,
allyltrimethylsilane, could not be controlled to match the targeted polymer.
In addition, the reaction time was not improved.

15
COMPARATIVE EXAMPLE 5

Synthesis of Poly (allyltrimethylsilane-co-maleic  anhydride-co-t-butyl
acrylate-co-methyl acrylate) via tetrahydropyran: (Polymer SE-6)
20
In a 100 mL, round-bottom, three-necked flask equipped with a
temperature probe, a magnetic stir bar and a sampling adapter was
combined maleic anhydride (8.86 g, 0.0904 mol), allyltrimethylsilane
(10.33 g, 0.0904 mol), t-butyl acrylate (8.76 g, 0.0683 mol), methyl
25 acrylate (2.12 g, 0.0246 mol) and THP (42.99 g). The mixture was stirred
under a N, atmosphere until all the maleic anhydride was dissolved. The
mixture was heated with stirring to 68 °C using a heating mantle and 2,2'-
azobis(2-methylbutyronitrile) (0.53 g, 2.8 mmol) dissolved in THP (2.05 g)
was added dropwise over one minute. After the temperature stabilized, it

30 was then increased to 72°C and stirred for 19 hours.



30 was then increased to 72C and stirred for 19 hours. W) 03/080688

PCT/ US03/ 05867 16 Anal )dicals: 1H NVR of sanple precipitated in hexane and
vacuum drwed3/ ste860C for 3 hours (CDCl 3, Benzoic acid as ipararsnabssst andar d,
400 MHz): 30 mol % allyltrinethylsil®ne, 27 nol %t-butyl acrylate, 11 nol
% nmethyl acrylate, 32 nol % nmal ei ¢ anhydride. GPC (Waters Corp. liquid 5
chromat ograph [refractive index detection, MIIlenium GPC V software,
Phenogel - 10, 7.8x250 nmm colum: 104 A, 500 A, 50 A & 10 A, THE effluent]):
v = 20365 KOLLRPHENMR 5f Sarlite pTéP%da?e@umh&Jé% i Vdcngmsdiecent si i | ar

to THE in st 0 po % be conmder% 0 solve sone
of the issuest gFCusi ﬁ@oufﬁ-ﬂCDva%Q)’EDlC adiceap §1mal $taae3rgn 4P 4lH7e

addi ti onal ven I A ht bel
20, 000" Dal t oftbEbrtp AR FHERE, 27 Rk oL by S alls 13 o Moo 4 Pesult i n

| ower anount scrofitey0BZ Mol %emaimccanhyﬂnd@ddl@? n{Walers/ neeiPz diquh tine is

(al 1y ri et AP §oal C‘Rﬁpﬁ%ﬁ.%{e%o- S POV Shdare] Ol Y

acryl at e- co- Bhérb |ﬂo97m<25<3ram b@maetlﬁ eBQOaAy@DoA &010 A, THF
[9.5.1.13,09. 15,1517 13]_ an-1- opyl nethacrylate) via

t et r ahydr of u?fﬂHentﬂ PM"‘S/TT&&& c%‘sqeﬁ Q'y'ZgéﬁL three neck flask equi pped with
a tenperature probes, a nagnetic sti rrer a condenser and a cl osed

sanpl i ng adapter was . 25 conbi ned nal el 569 nmol ),
al lyltri et hyI si | BB ig52 pghgr heigs s [ﬁ&F'Fgf:}'r éﬁ & EQ g,

0. 040]10 lén gl(?h’a@n? Bel,céﬁs.a&eaeu@tmm&)memamaswe[woﬁuwng 13,s 15' 15
17' 13] oct a- s

g, 0.00692 rerHf I-émvmevmsz\@mlyg)eﬂzgﬁt@h%%%l at&!ﬁ%’“@%"??’i?ﬂ?ﬁh@% apﬁgs (547

atmosphere ugy cbn%l the molecular weight below 20,000 Daltons compared to a
tetrahydrofuran process. This would result in lower amounts of polymer
per batch. In addition, polymerization time is not significantly reduced.

15
COMPARATIVE EXAMPLE 6

Synthesis of Poly (allyltrimethylsilane-co-maleic anhydride-co-t-butyl
acrylate-co-3-(3,5,7,9,11,13,1 5-heptaethylpentacyclo
20  [9.5.1.1%°.151% 1" Socta-siloxan-1-yl)  propyl ~ methacrylate)  via

tetrahydrofuran: (Polymer SE-13 )

In a 250mL three neck flask equipped with a temperature probes, a

magnetic stirrer, a condenser and a closed sampling adapter was

25 combined maleic anhydride (4.48 g, 0.04569 mol), allyltrimethylsilane
(5.22 g, 0.04569mol), tbutyl acrylate (5.14 g, 0.04010 mol), 3-
(3,5,7,9,11,13,15-heptaethylpentacyclo  [9.5.1 132,155 17¥octa-siloxan-

1-yl) propyl methacrylate or methacrylethyl-POSS (5.17 g, 0.00692 mol)

and THF (30 g). The mixture was stirred under a N, atmosphere until all

30 the maleic anhydride was dissolved. The mixture was heated with stirring

to 65 °C using a heater/chiller and dimethyl 2,2'-azobis(2-



30 the mal ei ¢ anhydri de was di ssol ved. The m xture was heated with stirring
to 65 C using a heater/chiller and dinethyl 2,2'-azobis(2 WO 03/080688

PCT/ USO3/Wb38/m8068% net hyl propi onate) (0.105 g, 0.00046 nolPrTaeses/emserd. The

reaction mxture was heated to 68C arid | eft stirring for 19 hours until

all maleic anhydride nononmer was consuned. The resulting polynmer solution

was cooled to roomtenperature then polyner solution was distilled wwth 5

excess PGVEA (37 g) at 60C under vacuumto renove MeTHF and unconverted

e o or PRl 6qhhdel6 105 YA 00848 RAER LA R 20TH0 RALHE on_bY

wei ght with P utlonwa cooled to roomterrperature
Anal yti cal s: mGR@e(Wds beated:do ;68°C|aq\qh |aft tirringafion d Pdpstirs ekl delgic i ndex 1o

detection, MIIenium GPC P 104
A 500 A 502HVENYS rQ\°“°F‘|% Vz%f%uenﬁe)d hﬁﬁ%%%if“'égo‘m?yﬂ% Z%mﬂpﬁ‘g%;nz 2.6.
TheI pol yms‘rT Ih Zsdléd ot toomn aevdpsmaturenthear golyroer isgledipn fwas amtillﬁ@luynthu al 15
scale up e next XS r n C nmet hyl

et her acet at %X%St%gm%pﬁegy?g 0(2 Mﬁv&%ﬁ”@%n@e@w&ﬁa@eghﬁl g’b}d boi | ?/ng
poi nt. COVPAWnVErtEd%WIoEwe?s a260t8;p1¢éilqsmm BGMDA Yo @abtoximatelyetty |

lelr §|”St o con lflﬁéuggnrh%dr I d ‘i‘s"ﬁ% The iPslvmer Solytion was goqeq 0 g 15 151

97, 13] oct a- sidd¥ finderitule. propyl met hacryl ate) via propyl ene glycol nethyl
et her acetate: (Pol yrrer SE- 1 re k f]a qui pped
with a tenpefagifieals pRS, (V\é?te%éﬂ@f q'a uig; &rpg}attogéa@bﬂ'gﬁ'ﬁgtgﬁ iﬁaga cl osed
sanpl i ng ;gdagbREtidRMilenium GPC V software, Phenogel-10, 7.8x250 mm column:

10* A, 500 A, 50 A & 10 A, THF effluent]): Mw = 9,500; Polydispersity =

2.6.

The polymerization time and solvent are not ideal for an industrial
15 scale up. The next example explores the use of propylene glycol methyl
ether acetate as the polymerization solvent since it has a high boiling

point.

COMPARATIVE EXAMPLE 7
20
Synthesis of Poly (allyltrimethylsilane-co-maleic anhydride-co-t-butyl

acrylate-co-3-(3,5,7,9,11,13,1 5-heptaethylpentacyclo
[9.5.1.13.155 17®]octa-siloxan-1-yl) propyl methacrylate) via propylene
glycol methyl ether acetate: (Polymer SE-14)
25
In a 100mL three neck flask equipped with a temperature probes, a
magnetic stirrer, a condenser and a closed sampling adapter was
combined maleic anhydride (4.48 g, 0.04569 mol), allyltrimethylsilane
(5.22 g, 0.04569mol), t-butyl acrylate (5.14 g, 0.04010 mol), 3-
30 (3,5,7,9,11,13,15-heptaethylpentacycio [9.5.1 .132,1515 17¥10cta-siloxan-
1-yl) propyl methacrylate or methacrylethyl-POSS (5.17 g, 0.00692 mol)



conbi ned mal ei ¢ anhydride (4.48 g, 0.04569 nol), allyltrinethylsilane
(5.22 g, 0.04569nvl), t-butyl acrylate (5.14 g, 0.04010 nol), 3 30

(3,5, 7, 9,W0,0383088 hept aet hyl pentacyclo [9.5. 1. 13" 915, 15 1PCI8]So0meBi | oxan-
1-yl) propyl nethacrylate or nethacryi8et hyl - POSS (5.17 g, 0.00692 nol) WO
03/ 080688 PCT/ US03/ 05867 18 and PGVEA (32 g). The m xture was stirred
under a N2 atnosphere until all the nmaleic anhydride was dissol ved. The

m xture was heated with stirri ng to 65 C using a heater/chiller and

di methyl 2, 2. pgoRiek 352 BPU A ARREARES Slrrddhidd? o, AnPAGomi was added.

The reaction® to 73C and left stirring for 42 hour s at
which time alnmwmeueohmume:mswmw r digi middre avag Yieated) WHh gpc (water s

Corp, L0 ST B 3D 6 LB A SR Akt
THE ef f | uent jnkthyMropioR8te) 40: 1080y 0LCO0EBSmbY) wasZacﬁiedResT f@uaﬁactmmlorrer was
COVPARAT! v mitule, o Pegiah s (0 frbdtth S8 JPE o2 (RS PEM RIS ) oi o
anhydri de- coyhadieibd ndiéix lbAhfirke-rerfaingd. acryl ate) via tetrahydrofuran and

sol vent exchange to 20 propylene glycol nethyl ether acetate: (Polyner
SE-2) In a 2 L four neck jacketed reactor equipped wth a tenperature

probe, a mec stgpee BEE NREAI alﬁl@rr%t rapierefraole ingleadapt er  was
probe, a MechaBhfigssSIGEC Cotarere AfNRE @d pied

128. 73 1.3128 trjnethyl silane
(150.0 g, 1. semtlmllyhllemuaueﬁp ‘éépgwa P@EQ% 0 728 8%5%‘? PrlS‘I - )r/net hyl
acryl ate 30162/3‘9;? AS%%@"D{(?%\aquEﬁﬁlérﬂﬁﬁwﬁﬂmOOGT@OW@{IS;EGISWW&S stirred
er a

under a at nosp e until the mal ei'c
2.5.

Residual monomer was still present after 42 hours indicating
incomplete reaction.

15
COMPARATIVE EXAMPLE 8

Synthesis of Poly (allyltrimethylsilane-co-maleic anhydride-co-t-butyl
acrylate-co-methyl acrylate) via tetrahydrofuran and solvent exchange to
20 propylene glycol methyl ether acetate: (Polymer SE-2)

In a 2 L four neck jacketed reactor equipped with a temperature
probe, a mechanical stirrer, a condenser and a closed sampling adapter
was combined maleic anhydride (128.73 g, 1.3128 mol),

25 allyltrimethylsilane (150.0 g, 1.3128 mol), t-butyl acrylate (127.83 g,
0.9977 mol), methyl acrylate (30.52 g, 0.3545 mol) and THF (286.7 g).
The mixture was stired under a N, atmosphere until all the maleic
anhydride was dissolved. The mixture was heated with stirring to 72 °C
using a heater/chiller and 2,2'-azobis(2-methylbutyronitrile) (2.59 g,
30  0.0135 mol) dissolved in THF (2.59 g) was added. The reaction mixture
was stirred for 16-24 hours until all maleic anhydride monomer was



anhydri de was di ssol ved. The m xture was heated with stirring to 72 C
using a heater/chiller and 2,2'-azobis(2-methyl butyronitri le) (2.59 g,
30 0. 0135wpmBpswBssol ved in THE (2.59 g) was added. The r @aEtuisonoissxt ure
was stirred for 16-24 hours until all19mal ei ¢ anhydri de nononer was WO

03/ 080688 PCT/ US03/ 05867 19 consuned. The resulting polyner solution was
cooled to room tenperature then PGQVEA (726 g) was added. The sol ution was
heated to 60C under vacuumto azeotropically distill THF, PGVEA and

unconvert ed 58?1%@&%8 (G%eg}eﬁu}r@e Solyrker” %61%Jt|16hn9/afsl %g&ed%erdaﬁ{ ynmer 5

sol ution was ¢coO room rature, PGVEA was added to adé st the
anount of poleymerature HEnUPGIEA wa)wmam%hﬂ'heﬁﬁh‘fﬂ% wag Reataqy NVR of

POVEA 201 Ut B0 i\ RugPeglh, 36 | SheBRobRA T SeTRGHEAOBME): 13w %

polymer in s | ane and 30 nol %t - butyl
acryl ate. GPGhdoibeed n@qmerl(ﬁwlgd Irdhra)iré-t @geumg figskf r@req RRIYNRHex

detecti on M1l enium GPC V, | umm: 104
A 500 A, > 50SUliom ag coojggHto %thﬁﬁﬁrg&m%% ngaﬁ glty L%Se to opened
mal ei ¢ anhy dedgmount®f Polyriér frcsolliion taciodsfoyrweightal sol ution. Trace Metal s
of PGQGVEA solution: 15 <10 ppb Ca, <10 ppb Cr, <10 ppb Co, <10 ppb Cu, 15
ppb Fe, <10 ppb M, <10 ppb M, <10 ppb Ti, 11 ppb Zn and 53 ppb Na. This

experi nent spauRdcdifial H NawRat PEMEAsolutioh 4CDCH, Berginkcitl as intsulalent
exchange/ di strTTation step

ith_P | d _be carfi. 0. 0O t hout
probl emto yp@ndaidwd00; r“AE‘V\g' métal W H&P“%ol'ﬂt is8[!l‘§'8'q”l'h|é6s V\“éul d reduce the
cycle ting, f§ﬂﬁfr%tﬁﬁ§ta$le anl 3el el %at-sutyhacryme ome@AMSrs Cogulting in a
nore cost e

Ici ent process better for t he env ﬁlp Hg%%/ i ssues
with the usell@‘#ldTFEOWﬁ]%fthl Irefractivg mdey s dpieR ISP R &L Bf Pol y
(al lyltrimet QyhshlcapheRGgdIRlos Bxasi 1 icgrmto- 10800 A, 50 A & 10 A,
THF effluent]): Mw = 15,416. Acidity (due to opened maleic anhydride):
0.2 wi% acrylic acid for total solution. Trace Metals of PGMEA solution:
15 <10 ppb Ca, <10 ppb Cr, <10 ppb Co, <10 ppb Cu, 15 ppb Fe, <10 ppb
Mg, <10 ppb Mn, <10 ppb Ti, 11 ppb Zn and 53 ppb Na.

This experiment showed that replacing the isolation step with a

solvent exchange/distillation step with PGMEA could be carried out

20  without problem to yield lower trace metal polymer solutions. This would
reduce the cycle time, energy costs, and eliminate the use of hexanes
resulting in a more cost efficient process better for the environment.

However, issues with the use of THF would still remain.
25 EXAMPLE 1

Synthesis of Poly (allyltrimethylsilane-co-maleic anhydride-co-t-butyl
acrylate-co-methyl acrylate) via 2-methyltetrahydrofuran: (Polymer SE-7)

30 In a 250 mL, round-bottom, three-necked flask equipped with a
temperature probe, a magnetic stir bar and closed stopcock adapter was



acrylate-co-nethyl acrylate) via 2-nethyltetrahyd rofu ran: (Polyner SE-7)
30 In a 250 nL, round-bottom three-necked flask equipped with a

t enrper at LWO 0piogises a rmagnetic stir bar and cl osed stopcoclkeCadspy/erseias WO
03/ 080688 PCT/ US03/ 05867 20 conbi ned0mal ei ¢ anhydride (17.77 g, 0.1812

nmol), allyltrinmethylsilane (20.67 g, 0.1809 nol), t-butyl acrylate (17.53
g, 0.1368 nol), nmethyl acrylate (4.27 g, 0.0496 nol) and MeTHF (88.00 g).
The m xture was stirred under a N2 atnosphere until all the maleic

anhydri de Waswgb dﬁirs{ﬁ%réﬁ;daaﬁgﬁg@ g%urﬁgw@smteamb vl Rriraéthyisilarg to 68 C

using a heat¥ zobi S( 2- net hyl but ronitrile 1.11 g, 5.8
mmol ) di ssolczectﬂ ign OVEBOEF n{ct), 3y Mﬂa@dﬁg&iﬁ@@ &8 MR BEWYh nut e.

After the st r eflixtiire A4s and stirred
for 5 hours Wg'@ eAkfgt??tq (ﬁ?“'dd @ﬁr\ﬂ‘f nggrebdpr@gcﬁg?t at edel n hexane
(CDC13, Benzgtirted cmddra@ Ngtamnawheareamtttrall the omgielg : anbydrigs WES
allyltrinmethylsilane 8 / acryl ate,
37 mol % fral €'§§°|&?Fl’tyaf“?(ﬂ'%'x urqjyésmtjg it ttr}‘h&'it?% grm‘{hro%rarﬁ?%gar{%p

[refractive h{éﬂﬁé aﬂ@tzeffdzgﬂbsgzlﬁretﬂylﬂmbmméﬁﬂi1\1 gs,cﬁ‘&wan@) diesevedel - 10,
7.8x250 nm co 50 A & 10 A

THE = 3894;
Pol ydi sper si tny MeTH1 21 9929)\/é’ﬁﬁchtd€fjr%\rﬁ’9tﬁ'f58f BYéJnOT h‘lil uer&tﬂ%g ﬂg%dg Fp -11

C) was consi ggy ;?'é}aﬁl?e Wiy, famsl dﬁnembreasewltac:wmrﬁwaw@tmre@| y, the 20
pol ymeri zati on me was greatly reduced, although the nolecul ar weight was
too | ow at thpegrsconcentrati on. However, being able to use a higher nononer
cont ent \g?s al so an unexpected advantage and woul d increase the anount of

pol yrer oduced per bat ch. In addition, incaorporati Zﬁ 8 | ow
reactivity npmaiicalsal'HyNMR ofreemplespregiiatgddn dexang Lib! 32§enzorc

acid as internal standard, 400 MHz): 30 mol % allyltrimethylsilane, 25 mol
% t-butyl acrylate, 8 mol % methyl acrylate, 37 mol % maleic anhydride.
GPC (Waters Corp. liquid chromatograph [refractive index detection,
15 Millenium GPC V software, Phenogel-10, 7.8x250 mm column: 10* A,
500 A, 50 A & 10 A, THF effluent]): Mw = 3894; Polydispersity = 2.42.

2-Methyltetrahydrofuran (MeTHF, bp 78-80°C, Fp —11°C) was
considered as another candidate to replace THF. Unexpectedly, the
20 polymerization time was greatly reduced, although the molecular weight
was too low at this concentration. However, being able to use a higher
monomer content was also an unexpected advantage and would increase
the amount of polymer produced per batch. In addition, incorporation of

the low reactivity monomer, allyl trimethylsilane was excellent.

25
EXAMPLE 2

Synthesis of Poly (allyltrimethylsilane-co-maleic anhydride-co-t-butyl
acrylate-co-methyl acrylate) via 2-methyltetrahydrofuran: (Polymer SE-8)

30



EXAMPLE 2 Synthesis of Poly (allyltrinmethyl silane-co-maleic

anhydri de-co-t-butyl acrylate-co-nethyl acrylate) via 2-nethyltetrahyd
rof u ran:wpMalgoses SE-8) 30 WO 03/ 080688 PCT/ US03/ 05867 PRI/USK3/658250 ni,
round-bottom three-necked flask equijdped with a tenperature probe, a
magnetic stir bar and cl osed stopcock adapter was conbined maleic
anhydride (26.56 g, 0.2709 nol), allyltrinethylsilane (30.99 g, 0.2712
nol), t-butyl acrylate (26.29 g, 0.2051 nol), nethyl 5 acrylate (6.39 g,

0.0742 nol) and IYgrﬁHBPﬁg'%LO ou-botafh rfhlgetee%@ck\é@j!%ﬁtédtﬁ dupmiera a N2

at nosphere until mal €l ¢ anhydri was i ssolved. The m xture was
heated with @hiperitag probésanagrietig str brraaridhgjoseehaiopeoGrRpapter was

2,2' -azobi s(2-nmethyl butyronjtril 9 cmmA, i in MeTHF
(2.08 g) mg%{aﬁeeg dPB‘B?//xi éBh%({Ff&'Peézﬁ(eésmg’hu(?%Tdbﬂ/\ﬁe' n’i ()lw![t@hrné)@?%yﬁ%e Is? abi | i zed
the tenper at (gooovas 0.2Ereass) thuty2@rdate $26.29 ad 0.28%1 Inolbumstyanal yti cal s:

GPC (Waters Corp. ljquid ¢ tagra { ihdex: t i on,

M I | eni unf GP@Cpraé%Ké- r%,o'&u%gl @%&#ﬁéﬁﬁéﬁcﬁnﬁw&%ﬁ%4 A, 500 A

50 A & 10 A sikRR afrdepent f1) : athospheds Suntil Pall yitle s peiei¢ tanhydrige 0gas The

nol ecul ar wei ght was_significantly |jnprgved .an LRl N et MWrange

and pol ydi spéi|5§@|W‘ﬂ-yThﬁlgr?'K%WaBé%atﬁréBﬁ'g" §t5589??§%t Qr%éé&gfg%gﬁ yner of °

SE-1. However,, hei-fg z;@l& B%éﬂﬁ@tf?ylﬂlﬁ;@bﬁitril?ﬁ(ﬂwwg, g:®nirol) dissblved ncr ease t he
00 8 per h dec

anount of polyner produce bat'ch.” The reased reacti htims and the
i ncor por at i oin dieTHE (2B r dacwasy PEJehiERNISeWaYS A& MBY Hed' 9% EXAVMPLE 3

Synthesi s of  Polataf AL SiblizbaRidhitek A0R R8s Retetisedad TRt ke stoed - but y|

for 3 hours.

Analyticals: GPC (Waters Corp. liquid chromatograph [refractive index
detection, Millenium GPC V software, Phenogel-10, 7.8x250 mm column:

15 10* A, 500 A, 50 A & 10 A, THF effluent]): Mw = 8557, Polydispersity =
2.09.

The molecular weight was significantly improved and within the

target MW range and polydispersivity, although below the specific target

20 polymer of SE-1. However, being able to use a higher monomer content
will increase the amount of polymer produced per batch. The decreased

reaction time and the incorporation of the low reactivity monomer were

maintained.
25 EXAMPLE 3

Synthesis of Poly (allyltrimethylsilane-co-maleic anhydride-co-t-butyl
acrylate-co-methyl acrylate) via propylene glycol methyl ether acetate and
2-methyltetrahydrofuran (50:50): (Polymer SE-9)

30



acryl ate-co-nethyl acrylate) via propylene glycol nethyl ether

2-nmet hyl tetrahyd rofu ran (50:50): (Pol ymergsé- 9) 30 V\}l/) 03/ 08062?at ate and
PCT/ USO3/Wb36/A80682 I n a 250 nl, round-bottom three-neckeacCilsekosegui pped
with a tenperature probe, a magnetic2stir bar, and a sanpling adapter was
conbi ned mal ei ¢ anhydride (26.57 g, 0.2710 nol), allyltrinethylsilane
(30.89 g, 0.2703 nol), t-butyl acrylate (26.25 g, 0.2048 nol), nmethyl 5
acrylate (6.57 g, 0.0763 nol), PGVEA (30.01 g) and MeTHF (27.99 g). The

mxture was stifned, yagel a.NiAdHBRRNAIR-Htkbh fisk ddupdBal @it a anhydri de

was di ssol ved. THB ' Was he ed With stirring C using
rr;;arz;]u)ng mn}kmﬁ@uﬁ?ﬁmz(mmﬁ@em atlh)harbaw’r&)ﬁﬁmmg edapler sy 8. 3
i ssol ved .in
Aol the i cHpRaPh BAEc,BAYATG (BT, 3K PR S, oA RABLORGa TS, D
for 5 hours. 3888 y iG20G3 nidt), NNRtydfacsryla‘tﬁl &Q)Z@cg pP28¢&dmelh Wehe and

vacuum dri ed at 6 C or 3 urs C r

400 M) 5 1eoEtd St F e TRl POt SRE0F B) B VBT R (T O e, 10

mol % net hyl TRe rmixairg, wag STm*ed‘erlidiirea d\lzallh’ydspmee WBHC gIvikeee ale®r p. | i qui d

chromat ograph [refractive index_detection % 4 9 \4 jvar e,

Phenogel - 10, arhaikigsovamelissplvipmh: T'ﬂ@in‘ﬁ”r%@/@‘e’ ea&fﬂ @sﬁ TR, o%E ef fluent]):

,'[\Ar’]v Mll\? \M1105 ugl R!T;yc}dh ﬁsrhéﬁftle—gﬂdgﬁz 3905@(2 rﬁ@ﬂwylﬁntyr@hltﬂll‘ej (h&oped.30 i nprove
e ile i ncor por ation of | ow reacti vi t%{%onomsr al |yl

e

trinmethyl simang) alnelolmed EYMETHFé%léﬁl%WaFﬁ‘FQed E'SOWY_% ope sis of Poly
(alTyltrinet Ryl §lo @BRoerRuPliabifzeN 1 X#Hs! tHén fitréasedlty[72°C and stlrred

for 5 hours.

Analyticals: "H NMR of sample precipitated in hexane and vacuum dried
at 60°C for 3 hours (CDCls, Benzoic acid as internal standard, 400 MHz):
15 31 mol % allyltrimethylsilane, 27 mol % t-butyl acrylate, 10 mol % methyl
acrylate, 32 mol % maleic anhydride. GPC (Waters Corp. liquid
chromatograph [refractive index detection, Millenium GPC V software,
Phenogel-10, 7.8x250 mm column: 10* A, 500 A, 50 A & 10 A, THF
effluent]): Mw = 12,105; Polydispersity =2.30.
20
The solvent blend helped to improve the MW while maintaining
incorporation of the low reactivity monomer allyl trimethyl silane and a

short reaction time.

” EXAMPLE 4

Synthesis of Poly (allyltrimethylsilane-co-maleic anhydride-co-t-butyl
acrylate-co-methyl acrylate) via propylene glycol methyl ether acetate and
2-methyltetrahydrofuran (80:20): (Polymer SE-10)

30



acryl ate-co-nethyl acrylate) via propylene glycol nethyl ether acetate and
2- met hyl t et rahydrofuran (80:20): (Polynmer SE-10) 30 WO 03/080688

PCT/ USO3/Wb36/A80688 I n a 250 nl, round-bottom three-neckeacCilsekosegui pped
with a tenperature probe, a magnetic3stir bar, and a sanpling adapter was
conbi ned mal efic anhydride (17.76 g, 0.1811 nol), allyltrinmethylsilane
(20.62 g, 0.1805 nol), t-butyl acrylate (17.52 g, 0.1367 nol), nmethyl 5
acrylate (4.32 g, 0.0502 nol), PGVEA (72.00 g) and MeTHF (16.01 g). The

mxture was stirr a 5 i | @i anhydri de
was di ssol ved. Tﬂgdam!éggﬁllrh(la" &%dﬁ%@%hﬁ%h st F?rf?ér?g %d&@p&ﬁcﬁhﬁ; ng )alt

gieg;i Ing (r;a.ntﬂempfla_amtu% brctmzcﬁ)ir’@qulgﬁ@tslﬁylhﬁﬁt and A SPMPENY @dapigrgvass. 7 mol )
olved in . . . IO el '
tenperature %‘iné 'F&j z'ﬁ%'}g"ﬁq%a“ﬁg@d?hgﬁqﬁéﬁ& %ws%ﬁ %&;2%@/2?]@15@?%??%%0 ﬁ)ﬁ er5 the
hours. Anal y(0@g g, QLH80GVRGY, Syl acryeteci(i-b2ted0.186herahemahYy! vacuum

dried at 60C fo ur I i 1 i

My 565 sqcrete fa P B oo PRRAN t1260 4 o MEFHER e AR A SO0
(():/Oh?gt h%/l acr%h@trﬁi%xtﬁg was strred| ender aan Yo eirdespheRe Unithtadr heCma iC | i qui d
Phenoaer  10r anihese v disspis, THoriurengs Heais Wt siig R ot
Mv = 13, 980; 8ol WOhSARGThhdteand 2 2'-8Lobid(e-raethyientyrdnitife) (hdbmged.To i nprove '

the MV while malfntaining incorporation of t I tivi
trimethyl simard) dlﬁ§|0|ée<? hifed HFE(B& PloMes ?%‘?OP g@PWGE O{g\é@‘ﬁ{lﬁggf? Lf a:3lo?/|y

(al Tyl tri get Rk SiHeaBfRpe Rt ShsiRaNK dUdsdRert fckedddti)tb 72°C and stirred

for 5 hours.

Analyticals: 'H NMR of sample precipitated in hexane and vacuum dried
at 60°C for 3 hours (CDCls, Benzoic acid as internal standard, 400 MHz):
15 34 mol % allyltrimethyisilane, 28 mol % t-butyl acrylate, 10 mol % methyl
acrylate, 28 mol % maleic anhydride. GPC (Waters Corp. liquid
chromatograph [refractive index detection, Millenium GPC V software,
Phenogel-10, 7.8x250 mm column: 10* A, 500 A, 50 A & 10 A, THF
effluent]): Mw = 13,980; Polydispersity =2.31.
20
The solvent blend helped to improve the MW while maintaining
incorporation of the low reactivity monomer allyl trimethyl silane and a

short reaction time.

25 EXAMPLE 5

Synthesis of Poly (allyltrimethylsilane-co-maleic anhydride-co-t-butyl
acrylate-co-methyl acrylate) via propylene glycol methyl ether acetate and
2-methyitetrahydrofuran (90:10): (Polymer SE-11)

30



acryl ate-co-nethyl acrylate) via propylene glycol nethyl

2- et hyl t et rahydr of uran (90: 10): (Po%mer S%—il) 30 V\Dy03/e})g8[38206t ate and
PCT/ USO3/Wb36/Ms068 In a 2 L, round-bottom three-necked, PATRESIBSHT ask
equi pped with a tenperature probe, a4nechanical stirrer, a condenser and a
sanpling adapter was combined nel ei c anhydride (141.4 g, 1.4420 nol)
allyltrinethylsilane (165.4 g, 1.4476 nol), t-butyl acrylate (139.9 g1
1.0915 5 nol), methyl acryl ate (33.8 g, 0.3926 nol), PGVEA (648.0 Q) and

MeTHF (67.9 g). datéez so Vz@%gr@gkwqﬁk@d%ﬁtWr\mmntll al |

the maleic anhy de was he m xture was heated
h
to 70 C usi agemphmalrerﬁrohelaeme(aﬁdcal stires,7 @ 508 @eNSAE ARy |%&?§?‘A@’rﬂ t?lt : (ra;I "

(845 9. 0. QoS s ChRBRLET rlbid oo O (11 40, 20dagh drrapni se over

a
one io mnut% Y érature st it was then increased to

\Z/ézigs anﬂaﬂ i gl}!ﬁfiﬂfeemylﬁlahem% AThe. 4|éaﬁyrmi=)r tmwl 9erMaft¢ EB%H9t WBOR 1 f er ent
S0 ut i on 5 wadiop BB albie 197 48: S3eXdl FleikATeang e TS Po k™!
<r:| IogtnlolI Pgi It gn mé. @Sd? THe nigluyeTesas sstirretli under (26 1N6. eﬁmg;phmg qntlbﬁ&ft@@ red for
under vacuunﬂlﬂlﬁicé‘?@%l'd@p‘%% 0@%8 p?@ﬂxtuﬁ'@ﬁlgé@" %gé %"?ﬁrgﬂ@ﬁ 5o 1o 0oc

Anal yti cal s: 74Hg )
RUASARSRB S Gy b i3 ) h'%@%éi/%g}gl@+ bt Q12 -GEAU(3; maeamutymramm (@45ignt er nal

Tyl 411 et hoIGASBAmeD aipobsci MeTE (51 95rS as08Y Fopiibadber ey, o

L aut 0 SMooTaRaEAPRd: 6T BlokKAueTlaiel fokie errkiaamba o 2T

sof t war e, Pheno el mm col um: 104 A, 500 & 10 A, 25 THE
effluent]): Imdzstmrédgel; 6 sILys | §’b@rp§lyﬁ'fiﬁr-‘@szBU“f'ﬁ i Bt ‘t'fa‘?fgnf‘ga\‘)spened

mal ei ¢ anhydri ek 0 pglyMe@s%ﬁftl% asafistfled AindtrRliRdf thelpstyintsr.solution

was precipitated twice.

15 Distiliation: In a 1 L three neck, round bottom flask, the polymer solution
(616.5 g) was transferred for distillation. PGMEA (104 g) was added and
the solution was heated to 60°C under vacuum and azeotropically distilled

to 508.0g solution.

20 Analvticals: TH NMR of PGMEA solution (CDCls, Benzoic acid as internal
standard, 400 MHz): 42.7 wt % polymer in solution, 33 wt %
allyltrimethylsilane and 30 wt % t-butyl acrylate. GPC (Waters Corp.
liquid chromatograph [refractive index detection, Millenium GPC V
software, Phenogel-10, 7.8x250 mm column: 10* A, 500 A, 50 A & 10 A,

25 THF effluent]): Mw = 17793; Polydispersity =2.26. Acidity (due to opened
maleic anhydride): 0.2 wi% acrylic acid for total solution.

Precipitation: The polymer solution (581.1 g) diluted with PGMEA (50.7
g) was precipitated in hexane (3.6 L) in a 5 L three neck round bottom
30 flask. The supernatant hexane solution was decanted and THF (500 mL)

was added to dissolve the polymer solids. The polymer solution was



Precipitation: The polymer solution (581.1 g) diluted with PGVEA (50.7 Q)
was precipitated in hexane (3.6 L) in a 5 L three neck round bottom 30
flask. Theoguajpsrss@t ant hexane sol ution was decanted and THET(US0903st) was
added to di ssolve the polynmer solids.25The pol yner sol uti on was WO 03/ 080688
PCT/ US03/ 05867 25 precipitated in fresh hexanes (5 L) and filtered through
a Buchner funnel. The polyner was dried in a vacuumoven at 65C for 24
hours. Analyticals: 1H NVR of dried polymer (CDCl3, Benzoic acid as

internal 5 sfan . E/Iﬂ%) | 50 ¢ i mol %

t - butyl acréfggﬁgégg_'ﬁgr%s Yo rrg??\e;ﬁlwgi% r@q@af?ﬂgk?ngﬁr%lﬁg{ng?gL&hmmégn hydr i %Ie.
GPC (Wt er sTigopplymier gaisdiriet] i veedapye Ad3"&or 9 NPHGex det ect i on

M Il enium GPC V software, Phenogel-10, 7.8x250 mm col unm: 104 A, 500 A, 50
A& 10 A, THE effluent]): Mwvw = 18599; Pol édi spersity =2.04. 10 The sol vent

lr)la 22? h_e![ pedAhslyiicats:ove NKIR Mdridd belymer (€RCH Benzeiasidhas MIPOR! of the | ow
eacti vi nonomer, a i net i het t ki€ [ ti
distillat ons"ﬁpg%Er ss‘idg?w&e pﬂﬁgﬁférél@ﬁﬁlﬂ?@&sﬁ%nésg 1m6|126CtItE§g\fl\i/lll3LlEng' The
gyérnt lhetS| s of aa?ﬁy?,(amoy JP/J riethet laghyidté ané-36avaleleensleimanfidide- &G - but y!
yl ate-co-nethyl acrylate) via pro : ; cetate d
20 2- net hyl p@@’?%@&t"&?'dw&m gr(rﬁgﬁait)f%? - tlg{a%&%xlcg@%&ﬁn\,lgﬁllﬁg&n@j acket egn
(r:gﬁgte ggerquln d@PﬁQﬂVYﬂo?thFdMPHe?ﬁﬁg@lrm arsx25@nobeslumm: 16EAaA0C Al 5@ Ai&rer, a
cl osed sanpling ter was _conmbppned nal ei ¢ anhydride
g 2?§i gts g, ggggnﬂlﬁﬁ Zﬁ':gvz’fl)y|'\4‘9'rr@g§§’|'%?‘Y%lﬁ%erﬁ' %?gs g, 9.846 rm?/) t-butyl
e . g, 7. 8 nol), nethyl acrylate (228.90 2.65,
PGVEA (3900 g) and I\/ETHF$989.25 % . g ( , g 58 nol)
The solvent blend hel%)J d to improve the MW while maintaining
incorporation of the low reactivity monomer allyl trimethyl silane and a
short reaction time. The distillation process produced polymer similar to
SE-1.
15
EXAMPLE 6

Synthesis of Poly (allyltrimethylsilane-co-maleic anhydride-co-t-butyl
acrylate-co-methyl acrylate) via propylene glycol methyl ether acetate and
20 2-methyltetrahydrofuran: (Polymer SE-12)

In a 10 L five neck jacketed reactor equipped with two temperature
probes, a mechanical stirrer, a condenser and a closed sampling adapter
was combined maleic anhydride (965.48 g, 9.846 mol), allyltrimethylsilane

25 (1125 g, 9.846 mol), t-butyl acrylate (958.73 g, 7.4828 mol), methyl
acrylate (228.90 g, 2.6588 mol) PGMEA (3900 g) and MeTHF (989.25 g).
The mixture was stirred under a Nz atmosphere until all the maleic
anhydride was dissolved. The mixture was heated with stirring to 72 °C
using a heater/chiller and 2,2'-azobis(2-methylbutyronitrile) (57.38 g,
30 0.142 mol) dissolved in PGMEA (57.38 g) was added. The reaction
mixture was stirred for 14 hours until all maleic anhydride monomer was



The m xture was stirred under a N2 atnosphere until all the maleic
anhydri de was di ssolved. The m xture was heated with stirring to 72 C

usi ng a hweatoawsmks | | er and 2, 2' - azobi s(2- et hyl but yr oni t r PC&)US(HT73888 g, 30
0.142 nol) dissolved in PGVEA (57.38 ) was added. The reaction m xture
was stirred for 14 hours until all naleic anhydride nmononmer was WO

03/ 080688 PCT/ US03/ 05867 26 consuned. The resulting polynmer solution was
cooled to room tenperature then polynmer solution was distilled at 60C

under vacuu mv p}bﬂﬁﬁ}V%kﬁGn%@”‘ébéle@ZQ@tfd@m cally with
PGVEA (2258%”%30 e@fl oﬁ\rhr&'{g-rggog\;g ThHe pol yner sol ution was cooled to room

5 tenper at urengedatady thengulyroersplgios ovas digtilegyat G0° GrHNARF VACYSEER.
Anal yt I : I
s?gnéalr ga Z Oﬁ%'\ﬁejgl: féﬁg?ﬁé@ﬁ]o@w%\@ az&ﬁFH&ééﬂy%th@MEm erna

ymer 1n solution,
al lyltrimet hmm@mmm refmhowed b frh@mowchwwmnewaswqm B)r raPfhmple io

precipitated ane d a (CDCI 3, Benzoic

acid as int e% r§¢’5%33$agju§%gqﬁﬂq49 /{"S@%t' m)F@A) | W@I(N;} tri rret hyI silane, 27 nol

%t-butyl acrylate, 9 nol % nethyl acrylate, 33 nol % nal ei c anhydri de.

GPC (Waters | i a C ion,

Ml <(an| um @&&m%g\‘“ﬁ‘%ﬁgﬁgﬁﬁl‘ g'lat"i'g @5{3%2% fn%&%g éﬁﬂ%ﬁﬁ A, 500 A,

ﬁ/gt AI & 105A sngEa@ffhg@nMHz) Mg.6 wﬂl%smjyrm yioli splehcsm,t Bi=wt 86. Trace
als: <5 p

b ph 7 P 17 ppb
My, <10 ppb W't”gmh)ﬂﬂl?ng ar%fg? glf’ tgoa%ééteﬁ ahld Of gzo The next
exanpl es yti Ffe?cﬂ)lt%téﬂe'irhhbk@id ah&dlfaﬁiﬁwm8dT|eaiSaa60‘tﬁddwérinourw Cﬁ)Cmf opyl ene

ol yeol et hy Beﬁtzglg r gc(ic? t ae;[se En(%er%glducs:teang dy ma‘{doz aMﬁz’} t lsﬁ[E moFXM LE 7 25

allyltrimethylsilane, 27 mol % t-butyl acrylate, 9 mol % methyl acrylate, 33
mol % maleic anhydride. GPC (Waters Corp. liquid chromatograph
[refractive index detection, Millenium GPC V software, Phenogel-10,

5 7.8x250 mm column: 10* A, 500 A, 50 A & 10 A, THF effluent]): Mw =
11,815; Polydispersity = 2.35. Trace Metals: <5 ppb Ca, <10 ppb Cr, <10
ppb Co, 12 ppb Cu, 17 ppb Fe, 17 ppb Mg, <10 ppb Mn, <10 ppb Ti, 23
ppb Zn, 11 ppb K and 17 ppb Na.

20
The next examples utilize 2-methyltetrahydrofuran as a cosolvent -

with propylene glycol methyl ether acetate to reduce polymerization time.

EXAMPLE 7
25
Synthesis of Poly (allyltrimethylsilane-co-maleic anhydride-co-t-butyl
acrylate-co-3-(3,5,7,9,11,13,1 5-heptaethylpentacyclo
[9.5.1.13°.15%5. 17octa-siloxan-1-yl) propyl methacrylate) via propylene
glycol methyl ether acetate and 2-methyl tetrahydrofuran (50:50):
30  (Polymer SE-15)



Synthesis of Poly (allyltrinethylsilane-co-naleic anhydride-co-t-

acryl ate-co-3-(3,5,7,9, 11, 13, 15- hept aet hyl pentacycloy[9.5.1.139.?2?%%

17, 13] octwoslognesh- 1-yl ) propyl methacrylate) via propyl eme€T/upoyessb7 net hyl
et her acetate and 2-nethyl tetrahydrofluran (50:50): 30 (Polynmer SE-15) WO
03/ 080688 PCT/ US03/ 05867 27 In a 100m. three neck flask equipped wth a
tenperature probes, a magnetic stirrer, a condenser and a closed sanpling
adapter was conbined mal ei c anhydride (4.48 g, 0.04569 nol),

al lyltrinmethyl silane . i

0.04010 nol), 3 é“%?%@: é‘?i‘%"ig‘f ﬁ%ihgezgutibieeg r@ﬁ%ﬁ%@gﬂé EQ@;‘*% ig 315, 15

37, 33% 825 521 magneﬁnp stirrgt,) apropyensaetangc ey Cised opamaling @AaPEr n/AS poss (5. 17
, 0. . G\/EfA. . THF h Vi i i

under a N2 & 'Qﬁﬂe'iné eb%t]aiﬁp%e{llqaenﬁg@gl %pégg%m%ql g“emv\l/amsewi s"gg?vzzil. r'rl'ﬁg

mxture was(geatgd 0045ESEOI,N ithgt oagBlae uSity & HRAUD drelhl & and

dinmethyl 2,2' ig a J - et hyl i

added.” Th &?ﬁ}azta,ﬁ}y‘?%ﬁ%ﬁlﬁ%ﬁﬁ%@%@%@%ﬁ Rlo gl oty Ty dodd ety 13
until alyly prapyieietraohyate iodenethaoyiethykBOSSo ths lifred 0.0PRE2 medlli| t i ng

G st e i PRMBRALS SaneipsArdfS R SRE TR it S LHaE a1 11 P e

22?u??gﬁn\é§r\tﬁeﬁ,ﬁoﬁmﬁﬂmpw rngﬁéieedrllhydmié waBQlEOlvesl. dher oRiutat el y 40 %

t enper at ur e. WA!S%GP[‘@Q:M"B :Sﬁ'fﬂqgi\im'-@%fcpg?i ang gfi’#@lﬁ?%&%aéimﬁ\%?’?étno( E:(E))(C):ImS,

Benzoic 20 %?{,@E@%nbg-é/ﬁfr%f)ne%fﬂdﬁbg,g,4@.Q)OMrB)r'n05 Was %added. The

met hacryl et hy % a trimethyl sil ane | %t -
acryl at e and ré&tctioo|reixtug sfaischeaderhipdfd’ Gean s(tWﬁQefoé n%_rs/?‘%‘ta%“éyl

Cr oL 091 2P G RS for b LorslimeH | 1 VBB Visiérr o
solution was cooled to room temperature then polymer solution was
distilled with excess PGMEA (37 g) at 60°C under vacuum to remove

s MeTHF and unconverted monomers azeotropically withn PGMEA to
approximately 40 % solution by weight with PGMEA. The polymer

solution was cooled to room temperature.

Analyticals: H NMR of film made from PGMEA solution (CDCl;, Benzoic
20 acid as internal standard, 400 MHz): 5 mol% methacrylethyl-POSS, 23

mol% allyltrimethylsilane, 35 mol% t-butyl acrylate and 37 mol% maleic

anhydride. GPC (Waters Corp. liquid chromatograph [refractive index

detection, Millenium GPC V software, Phenogel-10, 7.8x250 mm column:

10* A, 500 A, 50 A & 10 A, THF effluent]): Mw = 8500; Polydispersity =
25 2.5.

Polymerization was complete in 25 hours. Molecular weight is
8500.

30 EXAMPLE 8



104 A, 500 A, 50 A & 10 A, THE effluent]): Mv = 8500; Polydispersity = 25
2.5. Polynerization was conplete in 25 hours. Ml ecular weight is 8500. 30
EXAMPLE 8W0030816880688 PCT/ US03/ 05867 28 Synthesis of PolPgT/US03/05867 '
(allyltrinmethylsilane-co-mal eic anhydsi de-co-t - butyl

acryl ate-co-3-(3,5,7,9, 11, 13, 15- hept aet hyl pentacyclo [9.5.1.13'9.15, 15

17, 13] octa-siloxan-1-yl) propyl nethacrylate) via propyl ene glycol nethyl

et her acetate and 2-nethyl tetrahydrofuran (60:40): 5 (Polyner SE-16) In a

| oom three negyhbdskr PO ERFAMBilné LoRRIbEhAYaTdDESLbayl Magnet i C

stirrer, a condénsér and ' ter o
anhydride (4.48 g, ecu@e@ofﬁa(% 78 114,15 R gIINONREYFS (5 25 g,

0. 04569nol ), u 536 ¥

(3575, 11, 515 RebTab nresrzalaty ‘?‘89@%& S ylefe) s propyipne

] oct a-si | oxan- glygol)methgipsthemaxtetate rapt 2troe byl tetrahydrpfaran (B %S (5.17 g

0. 00692 nol), PGQVEA (18 g) and Tl—rﬁ I,(S’L% g? The m xture was stirred u,nder

a N2 at r’rf)sphere until all the i de was dissolved. The m xture
is was heated with stlrrlng to 65 C u5| ng a heater/chiller and di nethyl

2,2 - azobis(2- ropi onat e 0 d. Th
.16, e

reaction mxture 'ﬂ/a% Qfgalrgﬁe?ge?%@%éﬁ'%e ﬁ%%%@%?”r&?@bﬁggfs until all
mal ei ¢ anhydpiz@Refi®nsier, Wasosderseneahd 20 chisallysampling adapivRves fil m nmade
from PGVEA sol utjon (CDCl 3, g oi am{)ii nll Sh g 400 MHz): 6
nol % met hacr 9‘P'@P'ﬁ‘?p "lﬁ% agydh %éﬁl%’l P ﬁ%&lt’ I‘fb‘?@ ?‘ : ! % t-butyl
acryl ate rrPI % .0B569fol) arm)mgnl derylatPQ5( VAt gr 0. @mm r‘nolﬂuﬁd
chr omat og ra 15 efractive index etec i o l}/llsbqglw{m Q Jtvvare
Phenogel - 10, (37 §x93$b1%5d?ﬁnﬁﬁ¥hy|pemacyc [b5.11 %P a5

1-yl) propyl methacrylate or methacrylethyl-POSS (5.17 g, 0.00692 mol),

PGMEA (18 g) and MeTHF (12 g). The mixiure was stirred under a N2

atmosphere until all the maleic anhydride was dissolved. The mixture

15 was heated with stirring to 65 °C using a heater/chiller and dimethyl 2,2-
azobis(2-methylpropionate) (0.16 g, 0.00069 mol) was added. The
reaction mixture was heated to 75°C and left stirring for 10 hours until all

maleic anhydride monomer was consumed.

20 Analyticals: "H NMR of film made from PGMEA solution (CDCls, Benzoic
acid as internal standard, 400 MHz): 6 mol% methacrylethyl-POSS, 30
mol% allyltrimethylsilane, 32 mol% t-butyl acrylate and 32 mol% maleic
anhydride. GPC (Waters Corp. liquid chromatograph [refractive index
detection, Millenium GPC V software, Phenogel-10, 7.8x250 mm column:

25 10% A, 500 A, 50 A & 10 A, THF effluent]): Mw = 8500; Polydispersity =
25.

Polymerization was complete in 9 hours. Molecular weight is 8500.

30
EXAMPLE 9



25 104 A, 500 A, 50 A & 10 A, THE effluent]): Mwv = 8500; Polydispersity =

2.5. Polynerization was conplete in 9 hours. Ml ecul ar wei '

EXAMPLE 9w0030816880688 PCT/ US03/ 05867 29 Synthesis of POP%Q%BL;M;?EO' >0

(allyltrinmethylsilane-co-mal eic anhyd¥i de-co-t-butyl

acrylate-co-3-(3,5,7,9, 11, 13, 15- hept aet hyl pent acycl o

[9.5.1.13"9.15"' 1517' 13] octa-si |l oxan-1-yl) propyl nethacrylate) via

propyl ene 5 glycol nethyl ether acetate and 2-nethyl tetrahydrofuran (60:40

(Polynmer SE-17) In a 100nL three neck flask equipped with a terrperature'

probes, a nmagnetic stirrer, a condenser and a closed s | i dapter was

i g conbi ned Spiteesis anhyBelyddalyitringthy/sienese6aRIG| )a,n%éﬂjrl"%qg‘?'k'ﬁgttyﬂyl si | ane

(5,229, 0, 0Ag0RRLL o aphbl Aciahalibotppddiabyad 04010 mol). 3-
»5,7,9,11,13; e 1t5agt;3Hy1 pentacyclo [9.5.1.13"9. 15" 15

é? 33% ggtg a- s[rsralbal;xaﬁﬁ’n 1517 (]mtaafsymxafe‘t-wmrwxét@etb?Cwﬁﬁa\‘é?WQPH‘WG— POSS (5. 17

under a N2 1%'3’3%'r%%tgﬁieefiﬁéru#ltcﬁé gﬁp(éfrﬁ%ﬁggﬁg?%ma%fﬁ;ﬁﬁggﬂ %Eélgrgga \S/telj”'?'ﬂe

m xture wasshegt)ed with stirring to 65 C using a heater/chiller and -

di rethyl 2,2'- azobis(2-nmethyl propionate) (0.16
: _ . g, 0.00069 nol) was added.
The reaction mxture was heated to 75C and |eft stirring for 1% hour s

gglt L't “all mal ei cinanhyoti deesmeoktaskvemippedsuitiea termprraiuse BIAdega pol yner 20
ol ution was cooled to roomtenperature th 0 : i
distilled w mg@%%g'"mcf’@g@'?ﬁr at" @C°°%8§rg%{/’g%ﬂﬁ?‘4td§pkegpr‘6v\égs MeTHF and
ggfa?;’g;tlgd %@Bﬂﬁasnﬁ@@tmwm \(¥.48i ¢,n0 PEBERA o)), alybrioatiwsieny 40 %
t enper turs 5226, N sbomsh +hufy PoeYiRS (556 Y Yoo GRGN.LS-to room

(3,5,7,9,11,13,15-heptaethylpentacyclo  [9.5.1 132,158 17 ¥gcta-siloxan-

1-yl) propyl methacrylate or methacrylethyl-POSS (5.17 g, 0.00692  mol),

PGMEA (12 g) and MeTHF (8 g).. The mixiure was stirred under a N2

15 atmosphere until all the maleic anhydride was dissolved. The mixture

was heated with stirring to 65 °C using a heater/chiller and dimethyl 2,2'-
azobis(2-methylpropionate) (0.16 g, 0.00069 mol) was added. The
reaction mixture was heated to 75°C and left stirring for 10 hours until all
maleic anhydride monomer was consumed. The resuiting polymer

20 solution was cooled to room temperature then polymer solution was
distilled with excess PGMEA (37 g) at 60°C under vacuum to remove
MeTHF and unconverted monomers azeotropically with PGMEA to
approximately 40 % solution by weight with PGMEA. The polymer
solution was cooled to room temperature.

25
Analyticals: H NMR of film made from PGMEA solution (CDCl;, Benzoic
acid as internal standard, 400 MHz): 5 mol% methacrylethyl-POSS, 27
mol% allyltrimethyisilane, 30 mol% t-butyl acrylate and 38 mol% maleic
anhydride. GPC (Waters Corp. liquid chromatograph [refractive index

30 detection, Millenium GPC V software, Phenogel-10, 7.8x250 mm column:



25 Anal icais: 1H NVR of film made from PGVEA sol ution (CDCl 3, Benzoic
acid as internal standard, 400 MHz): 5 nol % net hacryl et hyl - PCSS, 27 nol %
al I yl t ri reOleglosicBsaane, 30 nol % t-butyl acrylate and 38 nol ¥CwaISe3/es867
anhydri de> GPC (Waters Corp. liquid ciromatograph [refractive index 30
detection, MIIlenium GPC V software, Phenogel -10, 7.8x250 mm colum: WO
03/ 080688 PCT/ US03/ 05867 30 104 A, 500 A, 50 A & 10 A, THE effluent]): Mw
= 13500; Pol ydi spersity = 2.9. Polynerization was conplete in 9 hours.

Mol ecul ar wej ght A U X |- 535010 Wolydiddpetsityr=-0cess usi ng
PGVEA and I\ie(g% é&?’l%’v%qlgf&ggé’p?r@%@y@qﬁi mti onﬁﬂjtmimrprjes t hat 11(S:?an be '
tailored for29different nol ecul ar weights. 10 The conbination of the

sol vent bl end pol yneri zation procedure and the distillation procedure
successfully produced a polynmer solution of a desired conposition wthin
the desired MV amblynéyaitiopewas \donypletanige8 haraay Malpqual Weiglk et al s and
utilizing a |l er total anmpbunt of solvent for the entire process. Wile
we have sho d descri bed several enbodinments in accordance with our
invention, it is to be clearly understood that the sane 20 are susceptible
to nunerous changes apparent t ne skil]ed | : e e, we do
not wish to be Ii q@ggy% PRE éﬁ?‘g tbﬁ’o%nplédr%gggg"esg{cgti bc%la- Eﬁ\utéﬁ)(li ntend to
show al | chaggesiFagibwael Ehemdri polgmehiationctimes thatt tam behtileredpler of t he

appended cl ains. WO 03/080688 PCT/ USO3/ 05867 31
different molecular weights.

10

The combination of the solvent blend polymerization procedure

and the distillation procedure successfully produced a polymer solution of

a desired composition within the desired MW and polydispersivity ranges

15 having low trace metals and utilizing a smaller total amount of solvent for

the entire process.

While we have shown and described several embodiments in
accordance with our invention, it is to be clearly understood that the same

20 are susceptible to numerous changes apparent to one skilled in the art.
Therefore, we do not wish to be limited to the details shown and
described but intend to show all changes and modifications which come

within the scope of the appended claims.



VWHAT IS CLAIMED IS: 1. In a polynerization process for preparing
anhydri de-containing 5 polyners froma reaction m xture of nononers in a
sol vent awo 0a/08desee radical initiator, the inprovenent compmitsbngssenpl oyi ng
as a solvent a al kyl-substituted tet¥ahydrofuran solvent of the forrmula 1:
OR R4 Formula 1 4WR3 where Rl, R2, R3, and R4 are independently chosen
fromthe group 10 consisting of hydrogen and Cl-C4 |inear or branched
al kyl with the proviso that at |east one of Rl, R2, R3, and R4 is not H.
2. The polynerization process of claim1l wherein the al kyl -substituted
tetrahydrofuran solvent is nethyltetrahydrofuran. 15 3. The pol yneri zation
process of cWaIAT IS GhAIMED I8: co-solvent is also present in the reaction
m xture. 4. The polynerization process of claim2 wherein a co-solvent is
also 20 present in the reaction. 5. The polynerization process of claimé4
wher ei n the ¢0- sahvanpolyreerizatiopy peasess)|fgic orenasingy aNRYIRNER-CORIANMRG. 25 6. The
pol yneri zation process aqf cl aj INAft rssbllenttdifd 4 eaction are
mal ei ¢ anhydri de,poi)fm?/rlsﬁmrﬂ@ta'lﬁ?fsé? aﬁg&e&fbﬂt&ﬁmgggﬁ yﬁsgdt)le and net hyl
acryl ate. WO 03/ GRRSABICRCTAILISOR/ D6 IGProvement cTMETipioDATBRIPYAY 852 pr ocess of
claim1l1 wherein th noners in. | f i de,
al 'yl trimethyl si |%Pﬁ‘@?‘??-aﬂ”@‘;ﬂ‘b&%t%gF%Eaz‘?’g'lr?lfd%”%R’eﬁ%ﬁhé RN
3-(3,5,7,9,11, 13, 15- hept aet hyl pent acy&l o]

-

RL" }—R“ Formula 1
2 L3

R™ R

where R', R%, R, and R* are independently chosen from the group
10 consisting of hydrogen and C4-C;4 linear or branched alkyl with the
proviso that at least one of R, R?, R, and R*is not H.

2. The polymerization process of claim 1 wherein the alkyl-substituted
tetrahydrofuran solvent is methyltetrahydrofuran.

15
3. The polymerization process of claim 1 wherein a co-solvent is also

present in the reaction mixture.

4. The polymerization process of claim 2 wherein a co-solvent is also
20 present in the reaction.
5. The polymerization process of claim 4 wherein the co-solvent is

propylene glycol methyl ether acetate.

25 6. The polymerization process of claim 1 wherein the monomers in
the reaction are maleic anhydride, allylirimethyisilane, t-butyl

acrylate and methyl acrylate.



[9.5.1.139.15,15 17, 13] octa-sil oxan-1-yl) propyl nethacrylate. 5 8. The

pol yneri zati on process of claim5 wherein the nononers in the reaction are
mal ei ¢ arwwpdsisisss al | yl tri nmet hyl silane, t-butyl acryl at e PamdiSnz03syt
acrylate. 10 9. The polynerization pr¥cess of claim5 wherein the nononers
in the reaction are maleic anhydride, allyltrinethylsilane, t-butyl
acrylate and 3-(3,5,7,9, 11, 13, 15- hept aet hyl pentacyclo [9.5.1.13"9.15,15
17,13] octa-siloxan-1-yl) propyl methacrylate. 15 10. A polynerization

process for pr epapeithitRefuRSH diiBedsOq! @aifti nOuhdrelry trel mohbmers i ess
conprising: '@ providing a reaction m xture conprisi ng; an ﬁhh&a[ enically
unsat ur at ed anhydé deantiororare, meleit cariivdgde. @MyirashnyRIaNe: ERYY: ur at ed

non- anhydri de nong afr radi cglg ERid | £t 9 5-heptactipé@nadicloy |
substituted THE ?8%%% of ?@Orlrrul a %'(3‘8& Rl R4 Foref%r)u@ala 1" ROR3 dwher R1,

R2, R3, and R4 afes5intifpeidiehPloptesitoxam 1ty )arrpHdnetypeyisieonsi sti ng of

hydr ogen and Cl1-C4 linear or branched alkyl wth the proviso that at |east
one of RI> R2, R3, and R4 is not H 25 and opti onal Iy a co-sol vent; b)

pol yneri zi nggt he Treapslymerizationuprecesmndf vigind$y wheEds IRCMANSNE DYB67 33 c)

renovi ng unreacted nonopers, the alk ti i | 0ty and any
| ow boi | i ng vol atthe e"er"’é’g“&3 i%rﬁ’ FW%%&C%‘bhi&;@?hg&g&ﬁﬁgwgug@% :{%8 ypoi nt than
the boiling poi ntacpfiatBhdoptingnadrylate.

10 9. The polymerization process of claim 5 wherein the monomers in
the reaction are maleic anhydride, allyltrimethylsilane, t-butyl
acrylate and 3-(3,5,7,9,11,13,1 5-heptaethylpentacyclo
[9.5.1.1%9.155 1" Bocta-siloxan-1-yl) propyl methacrylate.

15 10. A polymerization process for preparing an anhydride-containing
polymer, the process comprising:

a) providing a reaction mixture comprising: an ethylenically

unsaturated anhydride monomer, at least one ethylenically

unsaturated non-anhydride monomer, a free radical initiator,

20 and an alkyl substituted THF solvent of formula 1:
1 © 4
R—— R Formula 1
R? R

where R!, R?, R®, and R* are independently chosen from the
group consisting of hydrogen and C4-C4 linear or branched alkyl
with the proviso that at least one of R', R?, R®, and R*is not H;

25 and optionally a co-solvent;

b) polymerizing the reaction mixture; and



5 solvent enployed. 11. The pol ynerization process of claim10 wherein the
renmoving step in step a) is by distillation. io 12. The polynerization
process oWoaBasessdll wherein the al kyl - substituted tetrahpdrafSos/essesol vent
is nethyltetra hyd rofu ran. 13. The 3ol yneri zati on process of claim11l
wherein a co-solvent is also present in the reaction m xture. 15 14. The
pol yneri zati on process of claim 12 wherein a co-solvent is also present in
the reaction. 15. The polynerization process of claim 14 wherein the
co-solvent is 20 propylene glycol nethyl ether acetate. 16. The

pol yneri zation process of claim 1l wherein the noner s..in reaction
are mal ei ¢ anhydic) cemaairigy lunréaptachynenaragls, th@bg‘&\ﬂl SUQ’&W‘F& éﬁl‘gnd met hyl

acrylate. 25 17. The, poaly. J ol ebadioni groddcteineviegra t he
nononers in the re?&‘?qné’ngic{ éﬁ%?%‘mgé;ﬁeg_??de? al If/rlbt ri r?at hfll si | ane,
t-butyl acrylate aoweB-boBing, Mois thenithe 1B0ilngy Pt 191 BWNeRIANE] §% 9. 5.1

.13,9. 15,1517, 13] oct g- si,l oxan-L-yl) propyl nethacrylate. 30 WO 03/080688
PCT/ US03/ ©5867 34 i‘g\.’e"fﬁg‘ %fegljﬁeri zation process of claim 15 wherein the

nmononmers in the reaction are maleic anhydride, allyltrinethylsilane,
t-butyl acrylate and nethyl. acrylate. 5.19. IheTBRot b process of
claim 15 Wnea/bi n teePorIns t?”iq{xcﬁsﬁ;eo‘c cfhirh 0, ereRP ot

reaction are mal el ¢ anhydri de, .

al Iyl trinethylsiligrep dyibblwistilatonyl ate and 3-(3,5,7,9, 11, 13, 15- hept aet hyl
pent acycl o

10 12. The polymerization process of claim 11 wherein the alkyl-
substituted tetrahydrofuran solvent is methyitetrahydrofuran.

13. The polymerization process of claim 11 wherein a co-solvent is
also present in the reaction mixture.

15
14. The polymerization process of claim 12 wherein a co-solvent is

also present in the reaction.

15. The polymerization process of claim 14 wherein the co-solvent is

20 propylene glycol methyl ether acetate.

16. The polymerization process of claim 11 wherein the monomers in
the reaction are maleic anhydride, allyltrimethylsilane, t-butyl
acrylate and methyl acrylate.

25
17. The polymerization process of claim 11 wherein the monomers in
the reaction are maleic anhydride, allyltrimethylsilane, t-butyl
acrylate and 3-(3,5,7,9,11,13,1 5-heptaethylpentacyclo
[9.5.1.1%2.1%%5 1" P]octa-siloxan-1-yi) propyl methacrylate.

30



[9.5.1.13'9.15"'15 17' 13] octa-sil oxan-1-yl) propyl nethacrylate. io 20. The
pol yneri zati on process of claim 11l wherein the total nunber of carbon
atons frowptohesesbstituents RL, R2, R3 and R4 is from abowrCT/Us03/05867 car bon
atons. 21. The polynerization process34of claim 11l wherein the al kyl- 15
substituted tetrahyfrofuran is selected fromthe group consisting of

2-met hyl tetrahydrofuran, 2-ethyl tetra hyd rofu ran, 3-nethyl
tetrahydrofuran, 3-ethyl tetrahydrofuran, 2-n-butyl tetrahydrofuran,

3-butyl tetraghyd o@;}n off! ?ﬁfegw f leffirh ety Anefci @ mdndmers imet hy |
tetrahydrofu am,rrg{a't.bE utey tagltha y rc?furan, 2,2, 5 5- 1 trangé) | 20
t et rahydr of uran e reastiah rase hyialaiet anthylides @WRIMeibylsiane. ks ri zation

process of clali mg%&'a‘é\ggmifﬁbw%#@?ﬁéfl vent is selected fromthe group
y

consi sting of pr glyco ether acetate and 2-heptanone. 25
23. The polynerization process of claim 11l wherein the anhydri de-

containing paly produced.. r yeirght (Mv) of
from about 1t9,'OggthooozlﬂBﬁrt'zaﬁ'g%(nggevagtcﬁ%gaﬁﬁpg%ﬁ@g{és@gﬁm@bg‘e from about |
to about 2.6. 30 RILOHGDEAS RETILSEHEEEe7 all3imeathysiiang ol PHdt i zati on

process of claim 16 wherein_the anh % 5 LR tRAbYABEyd oduced by
t he process has é‘c%"fw@]cul ar ] ghtg ) %dﬁ??g% about Rﬁ% OOOyto about
40,000 with a pgebydisper'sitFoeta-sitoxemdbdlpropyltreethboiviate. 6 and the silicon

content 5 of the polyner is about 6 to about 14 wei ght percent. 25. The
pol ynmeri zati on process of claim 17 wherein the anhydride- containing

pol ymer pgodyged e pdigmBrftpnprocssaf ollneddivirerein the total number of
carbon atoms from the substituents R', R?, R® and R* is from about

1 to 6 carbon atoms.

21. The polymerization process of claim 11 wherein the alkyl-
15 substituted tetrahyfrofuran is selected from the group consisting of
2-methyl tetrahydrofuran, 2-ethyl tetrahydrofuran, 3-methyl
tetrahydrofuran, 3-ethyl tetrahydrofuran, 2-n-butyl tetrahydrofuran,
3-butyl tetrahydrofuran, 2,2-dimethyl tetrahydrofuran, 3,3- dimethyl
tetrahydrofuran, 2-t-butyl tetrahydrofuran, 2,2,5,5- tetramethyl

20 tetrahydrofuran and 2,5-dimethyl tetrahydrofuran.

22.  The polymerization process of claim 14 wherein the co-solvent is
selected from the group consisting of propylene glycol methyl ether
acetate and 2-heptanone.

25
23. The polymerization process of claim 11 wherein the anhydride-

containing polymer produced by the process has a molecular
weight (Mw) of from about 10,000 to about 40,000 with a
poplydispersity of from about 1 to about 2.6.

30



wei ght (Mwy) of from about 10,000 to about 40,000 with a 10 popl ydi [

of fromabout 1 to about 2.6 and the silicon content of thg Bo%lslrrzlroeirzlty
about 6 twoabwosnssd4 wei ght percent. 26. The pol ynmerizati orCprusogesenf claim
18 wherein the anhydride- containing 3ol ymer produced by the process has a
nol ecular 15 wei ght (My) of from about 10,000 to about 40,000 with a

popl ydi spersity of fromabout 1 to about 2.6 and the silicon content of
the polyner is about 6 to about 14 weight percent. 27. The pol ynerization

process of chai m-4Q, %ﬁg{ hfdriZatioe p@&ﬁé@réfd@aln?QGCWﬁéwlmltm anblgride- pr oduced

by the process has a ecul ar of from about 1 Q0 to ab
out
40,000 with a poginaihingepalymer cﬂrofilﬁ‘iﬁ‘ﬁ gM RrOcESHfs: 229 éaﬁLﬂga "the silicon

content of the p\%PéHFr(MV\?) ROoHEMO abBurReWool4o VEbElRt 4p@00ERIth a

poplydispersity of from about 1 to about 2.6 and the silicon content
5 of the polymer is about 6 to about 14 weight percent.

25. The polymerization process of claim 17 wherein the anhydride-

containing polymer produced by the process has a molecular

weight (Mw) of from about 10,000 to about 40,000 with a

10 poplydispersity of from about 1 to about 2.6 and the silicon content
of the polymer is about 6 to about 14 weight percent.

26. The polymerization process of claim 18 wherein the anhydride-
containing polymer produced by the process has a molecular
15 weight (Mw) of from about 10,000 to about 40,000 with a
poplydispersity of from about 1 to about 2.6 and the silicon content

of the polymer is about 6 to about 14 weight percent.

27. The polymerization process of claim 19 wherein the anhydride-
20 containing polymer produced by the process has a molecular
weight (Mw) of from about 10,000 to about 40,000 with a
poplydispersity of from about 1 to about 2.6 and the silicon content

of the polymer is about 6 to about 14 weight percent.



