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7 BACKGROUND OF THE INVENTION
8 1. Fi_cld of the Invention |
9 The present invention pertains to a process for making and to
10 compounds comprésing homopolymers, copolymers, and terpolymers (hereinafter
i1 referred to as “polymers") of 4-hydroxystyrene and/or substituted 4-
12 - hydroxystyrene. The polymers have low épﬁcal density (absorbance) over a
13 wavelength range from about 240 to 260 nm, as well as low optical density over
14 the v{siblc and near UV spectrum (310 to 800 nm). Such polymers can be
15 produced using a single compound which serves as a reaction medium for the
16 polymerization, as a chain transfer agent and as a transesterification reactant,
17 providing an unusually economical process. The polymers of the present
18 invention are particularly. useful (directly or in modified form) as phdtorcsist
19 materials for deep UV, X-ray, and E-Beam .imaging systems.
20 2. Description of the Background Art
21 .Thcrc are numerous applications within the semiconductor industry

22 which require photoresists materials having low absorbance in the deep U.V. (240



16 pol yneri zation, as a chain transfer agent and as a

transesterification reactant, 17 provi di ng an unusual |l y econom cal
process. The polynmers of the present 18 i nvention are particularly,
useful (directly or in nodified form as photoresist 19 materi al s
for deep WV, X-ray, and E-Beaminagi ng systens. 20 2. Description
of the Backgr @4hgo Ahd) wave%gth region. Thc novolaI *ib%@m@fs?pﬂ?ﬁ@fsowlﬁicﬁm@&d cations
Wi thin the sem conductor stry whi ch require photoresists

| h
gﬁaer i a ft OaV' nn$ vvave Eé%ﬁ‘{f%rghgzhg%c fR&ed t Mav gxf)hﬁhs longer than 300 nm

The novol tore5|st polyners
whi ch have

een. u f i.cal h r
wavel engt hs | ch’?ﬁ%"rs“PE @@g aﬁ?ﬁﬂc’)@‘c the ‘693"8% B %éﬁl xfcéﬁ" a g‘ggnée of
t he novol ak materi al at shorter vvavel engt hs as recent lX been
| ear ned 4 hat @5 yersndy aen leapst phat Pl yé‘?""ﬁ%ﬁ‘?ﬁ?}&%’tQ/PEﬁé‘y gfystgrene an
substituted 4-hydroxystyrenes are particularly useful over a wavel ength
range 65 substirmed Moy draxGtyrency 60 particutardy wisfulrovans gvalelength yangeerr]) of

such polymers and 7 copol ymers over this wavel ength range is as | ow
as aboutg50 1 fahaibbht 240 © 260rjm. The molar absorbtivity (€)dfesneh palymersemnd f or an
econom ¢ net hod or process for producing 9 pol yners and copol ymer s
of 4-hydyoxyst é*khﬁtwiaeie%ggﬂmh sNSW Y4k @BBut SOL0cm™ mole™,
U.S. Pat bnt Noégﬁ%%pg‘éz Pssued B N A R W Riny. et al .

8 There is a need for an economic method or process for producing

9 polymers and copolymers of 4-hydroxystyrene and substituted 4-hydroxystyrene.

10 U.S. Patent No. 4,822,862, issued April 18, 1989, to R. W. Rupp et al.,

11 describes the homopolymerization and copolymerization of 4-acetoxystyrene

12  monomer (4-ASM) in an aqueous emulsion and, without isolation, the hydrolysis

13 | of the polymers and copolymers of 4-ASM to homopolymers and copolymers of

14 4-hydroxystyrene using a base.

15 U.S. Patent No. 4,912,173, issued March 27, 1990, to D. L. Keene et
16 al., discloses a process for hydrolyzing homopolymers of 4-ASM to

17 homopolymers of #hydroxy_styrcnc. The hydrolysis is carried out in an aqueous
18 suspension in the presence of a nitrogen-comprising base.

19 European Patent No. 343,986, issued November 29, 1989, to R. Vicari
20 et al., describes the preparation of polymers of 4-ASM or polymers of 4-

21 hydroxystyrenc by suspension polymerization. The suspension polymerization

22 comprises forming an aqueous suspension of 4-ASM in the presence of



11 descri bes the honopol yneri zati on and copol yneri zati on of

4- acet oxystyrene 12 nononmer (4-ASM in an aqueous emnul sion and,

wi t hout isolation, the hydrolysis 13 of the polymers and copol ymers of
4- ASM t o homopol yners and copol yners of 14 4- hydr oxystyrene using a
base. 15 U.S. Patent No. 43912,173, issued March 27, 1990,

to D. L Keene epolydérylic acidland aflicasl D56 radigut Qﬁﬁfsﬁtsf oc SEywhich haé B@alf life
honmopol ymers of 4-ASMto 17 honmopol ymers of 4-hydroxystyrene. The

hydrol ysig is cgf il 8tlbw fDO@@aﬂgllt'ﬁco&ﬁcr which has 8 hai#Q118 001 Hollr bR ePIOBSENCE
of a nitrogen-conprising base Eur opean Pat ent No.

343, 986, |3ssued Novenb %Q%QE&MIC&OVP%% to mvc abg&teio @k% descri bes

t he preparation of pol yne ynmers o

hydr oxystyr ene b uspensi on i zati.on. The.s Si oI Il zation
> Honpr i SLyTa Ao, 204 e RS ggws?wls@mgﬁ» 3 Spiesdhce
of

pol yacryl iSc aci doramntheapolyraersef ‘%hﬂrééym%ﬁ‘kH@M)a!h?éﬂFﬂ%mmmﬂléhhchias a

half life 2 of 1 hour below 100[err]C and the other which has a half
life of 16hour adaimced kDBEteeerd B0-95C and the suspension is refibted swidpmmmoniom s heat ed
to 70-95[err]C to achi eve about 50 wt% 4 pol yneri zati on, and then
pol ymeri zati on ihgd&Rigel iataachoRenh ofki Rest2oOYRs 96 hfikidnta fof @ach equivalent of 4-
8 ASM.
9 The poly(4-hydroxystyrene) produced by the above-described method,
10 typically has an absorbance at 248 nm which ranges from about 300 to 350
il liters/em™ mole™ (molar absorbtivity, €).
12 U..S. Patent No. 4,898,916, issued february 6, 1990, to B. Gupta et al.
13 describes a pl:ocgss for the conversion of poly(4-acetoxystyrene) (4-PAS) to
14 | poly(4-hydroxystyrene) (4-PHS). The process comprises: a) forming an alcoholic
15 slurry of (4-PAS); b) adding an acid to the slurry; and c¢) maintaining slurry
16 temperature at 20-65°C until the polymer dissolves in the alcohol, indicating
17 complete acetoxy to phcnoiic group conversion.
18 Processes wherein the 4-ASM is polymerized into a homopolymer or a
19 copolymer with another copolymerisable monomer, and especially wherein the
20 comonomer is styrene, are claimed. The 4-PHS or copolymers of 4-HSM is
21 expected to have a molar absorptivity, €, ranging from about 300 to 1,000

22 depending on the 4-PAS used as the precursor for the reaction described.



5 formthe polynmer of 4-hydroxystyrene (4-HSM, the reaction

tenperature is then 6 reduced to between 30-95[err]C and the
suspension is reacted with ammonium 7 hydroxi de in an anpbunt of at
| east 2 nol es of ammonia for each equivalent of 4- 8 ASM 9

The pol y(4-hydroxystyrene) produced by the4above-described nethod, 10

typi cally, has an absor, tyy 24 ' r r a% 0.,350
11 literss cnferr] %1%%%’%”3(48%@;?82%&%%‘??%?? 1([yeg]r"r Cﬁubﬁ&o}e et

U. S. Patent No. 4,898, 916, .i ssued Februar , to B. Quptg et al. 13
descri bes2a pr Aedisclosss hpdy i & @Ay@?%ﬁglﬁggg%yemwg?ﬁéﬂ& (4-PAS) to
14 pol y(4-hydroxystyrene) (4-PHS). The process conprises: a) forming
an al cohoBic Iduaternary agimeniym diydfozidead) 4-BHS.addi ng an acid to the slurry;
and c¢) maintaining slurry 16 tenperature at 20-65[err]C until the

pol ymer dissol ves in tHweopdan Pawing AipplicatianiNg 87307912.3, publishpd Maschat®t oxy to
phenolic group conversion. 18 Processes wherein the 4- ASM

is pol ymesi zed iWQdQcBWWé&rfopmeamﬂgepoxymem conpebgRrPHE by initaliper
copol yneri sabl e nonomer, and especially wherein the 20 conononer is

styrene, gr e clg 4- W1 A& R u®inof SR wsgg@eﬂzf mﬂt;ddﬁMfiﬁASgﬂ methanol,

expect ed

o have a ar absorptivity, e, gl ng fromabout 300 to 1, 000
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8 ammonium base using a free radical initiator. The initiator is selected from a

9 group of initiators including benzoyl peroxide, lauroyl peroxide, acetyl peroxide,

10 cumene hydroperoxide, paramethane hydroperoxide, etc.

11 G. Pawlowski et al. disclosed the polymerization of 3-methyl-4-

12 acetoxystyrene using 2,2°-azobis(2-methylpropanenitrile) in tetrahydrofuran

13 | (THF) to produce poly(3-methyl-4-acetoxystyrene) at the March 1990 SPIE

14 | meeting held at San Jose, California.

15 The poly(3-mcthyl—4—accioxystyrcnc) polymerized by G. Pawlowski et

16 al. in THF was isolated (precipitated) and dried prior to subsequent use. This

17 dried poly(3-methyl-4-acetoxystyrene) can then be slurried in methanol and

18 processed as described above by B. Gupta et al. to provide homopolymers and

19 copolymers of poly(3-methyl-4-hydroxystyrene).

20 However, preparation of 4-HSM polymers using a combination of the

21 above techniques would be very expensive. The THF solvent used by Powlowski

22 et al. in polymerizing the 4-PAS is toxic. In addition, the precipitation and

23 drying of the 4-PAS adds additional cost in the form of unit operations and waste



41 ' U.S. Patent No. 4,689, 379, §’§ued“ August=—25-1987, to J.
D. vElnote et 2 al ., discloses the hydrdl s ‘of -vpol--.yrm:;,s bf 4- ASM by
nmet hanol sis with 3 guat er nary anmoni ur’ri_Lh%droﬁc ‘-e' ‘i 4-PHS. 4

Eur opean Patent Application No. 87307912. 3. publishéd” thrth~16~"~" 5

1988, discloses a process for preparing poISyrrers conpri sing 4-PHS by

initiall 6 a 0, ction of
4- ASM mg% hanoldmqurflfa ﬁ“&%uqth po yner?@%é{%%&bé b‘g%ﬁ%ﬁeg&g\? 4- HSM

in the pregsence base usin ree . rnadjcal

it ator 2 The: +psBle it e e RR IS §F%° 1 dley TG Efbopnisred:

I ncl udi ng_benzoyl perOX|de | aur qQy ace er oxi

cunene hydr oper B3 FEKInERtARY o g“fﬁ/@%ﬁ‘? "(:4% “’ng;em C}ump or G
Pawl owski et al. disclosed the polynerization of 3-methyl -4- 12

acet oxyst $r ene tespaig ipagglomenisidsiorn i theyalephobdue e drsolubllityn t et r ahydr of uran
13 (THF) to produce pol y(3-nethyl-4-acetoxystyrene) at the March 1990
SPIE 14 neeting held at San Jose, California. 15 The
pol y( 3- net hyl - 4- acet oxystyrene) polynerized by G Paw owski et 16 al .

in THF wag isol ated (precipitat ggMMARYIOFETHRMINYENTION/bsequent use. This
17 dried pol y(3-nethyl -4-acetoxystyrene) can en be slurried in

methanol gnd 18 PARGERRVAR AACBRLIP ARG S 14 e BB wdl

provi de honnpolyners and
pOI y(3- rretshyl 4d Qfmcotfl(é/ par%gle{r]:sglubxhty of poly(4-acetoxystyrene) (4-PAS) in alcohols, it is
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> 6 possible to polymerize homopolymers, copolymers, and terpolymers (hereinafter

7 | referred to as “polymers") comprising poly(4-acetoxystyrene) and/or substituted

8 poly(4-acetoxystyrene) (S-4-PAS) in an alcohol reaction medium, and to

9 | subsequently transesterify the polymer comprising 4-PAS and/or S-4-PAS,

10 preferably in the same alcohol reaction medium, to produce a polymer comprising
11 poly(4-hydroxystyrene (4-PHS) and/or substituted poly(4-h);droxystyrcne) (S-4-
12 -PHS). The initial polymerization of 4-acetoxystyrene monomer (4-ASM) and/or
13 substituted 4-acetoxystyrene monomer (S-4-ASM) to produce a polymer

14 comprising 4-PAS and/or S-4-PAS is carried out in a manner which permits

15 formation of a transesterification reaction mixture comprising no more than 10%
16 by weight of residual monomer(s) (based on the polymer produced). This 10%
17 by weight residual monomer can be achieved by obtaining 90% conversion of the
18 combination of all monomers initially present during the polymerization reaction,
19 or by removing such monomers from the reaction mixture after the
20 polymerization is complc.ted but prior to the transesterification reaction. The
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20 However, preparation of 4-HSM pol yners usi ng a

conmbi natsi on of the 21 above techni ques woul d be very expensive. The
THF sol vent used by Pow owski 22 et al. in polynerizing the 4-PAS is
toxic. In addition, the precipitation and 23 drying of the 4-PAS

adds additional cost in the formof unit operations and waste

di sposal . 11n addidal efhcehbfionBiriRchoep iR Rl mehomdré4kios afkditin mixidreSis Pat ent
No. 4,898,916 is difficult to acconplish on a | arge scale due to

probl ens count [ | s ot S| = | I | .
The 4 PAS Fends Hoteretl e P Sch] bl weighk HHENaRlcskRRGidror 4 Pag iR
al cohol , eto | hsol ubi.ljty. S THE

| NVENTI ON 5-4-RAS &n%%‘%%‘%‘tsf’ thatat Jeast 8% of P ﬁ?n“%%&g% 15
process for preparation of gglymarssrhavi ng a nol ar absorbtivity of 250
or less inftthe viopsewshior-PHRABAOr St4-5RS. ~ 240 to 260 nm and conpri si ng
pol y(4- hydr oxystyrene) or substituted pol y(4-hydroxystyrene) or both,
sai d proce$s conpr i sAndestiikedsabops; ibvouldsbeapossibler togproducg plymers ur e

conpri sing 4-acet oxystyrene nononer or substituted 4-acetoxystyrene
nmononer orgbot h ¢uiibrising theidAPAS ahdfor SWRPASIbY podyrferizing thatstarting) thonbhers to
deconposi tion products al one or as polynmer capping groups do not
substantialy abRey thah dduAtdRErsRNEE0 WY A RGNS rABREN s keioRd froaPREt 240
to about 260 nm and/or wherein said initiator is  present at a _
concent [ at gon of pd 658180 BRRGh wixiiRl fricf Bfine wafBllrABRRATEactbR. 3 FE2C! 1 O
medi um conpri si n% east one

9 been discovered that, in the production of homopolymers and copolymers of 4-

10 PAS and/or S-4-PAS, as the polymerization of monomers progresses and the

11 polymer formed therefrom increases in molecular weight, the polymer becomes

12 insoluble in an alcohol polymerization medium. It is then possible to discontinue

13 agitation of the reaction mixture, permitting the swollen polymer to separate, to

14 decant the alcohol reaction medium containing the residual monomer, to replace

15 the decanted alcohol with fresh, clean alcohol, and to proceed with the

16 transesterification. This removal of the 4-PAS and/or S-4-PAS alcohol

17 polymerization medium (and replacement with fresh clean alcohol) accomplishes

18 the removal of excess initiator, initiator fragments, unreacted monomer and

19 oligomers, all of which can be sources for harmful, optical-density-increasing

20 contamination of the 4-PHS and/or S-4-PHS product.

21 The above description is in terms of the use of an alcohol solvent as the

22 polymerization reaction medium, since this is the most preferred embodiment of

23 the present invention. However, other solvents can be used in the method of the



organi ¢ solvent, to produce a pol yner conprising poly(4- acet oxystyrene)
or« substituted pol y(4-acetoxystyrene) or 25 both, whereby, either as a
result of nononer conversion, or due to renoval of residual nononer, 10
wt % or | ess residual nononer, based on the weight of polynmer produced,
IS present in the reaction mxture lUsed during a subsequent
transesterificatli .reaction step:. . . 3 :

transest gri fyi ﬁ%}csg& yrgen sop%%%i-t&@lsasg’g %&vsagc;ﬁgﬁgr?&%%{%ng the

pol y(4- hydr oxystyrene . r transesterifyi sai d substituted
pol y( 4- acet oxy FRHFSIcEyICRRPn s‘e%g)ﬁs“faf‘f‘ﬁ't”é‘gcwny‘(’@%yﬁ Frystyrene) or
transesterifying both, in a transesterificatjon reaction nedium
conprisidg at | east 3Brefereed ‘wihiersalverts” angfpolagiselysens whieh do sgtuopdimnt  of
non- transesterified poly(4-acetoxystyrene) or substituted

5a pd y(4- acatwxgrsips: cnal lessuprefegred embodionens ofi thegpreseont metnitionethese sai d
transesterification, the acid catal yst being present in an anount of

from5 tg 2, 00QompEblvehs cah be dked &Ptk s8f%obint durinyi Eymeraves of e of said
pol y(4-acet oxystyrene) to said 5 poly(4-hydroxystyrene) or conversion of

said subgfitut - 5&&; 'éﬁd'dd4- 4t ed
pol y( 4- ¥ hydﬁglys%r%rae eém%q%r %MP%%/?P 9ubst81 % S‘;/é% |gu‘t
transesteyification of both Js ai ne . I t .aspect, the
present ie{wenti WehFo ot cé)gﬁl Tﬂagb%‘cgesgdqurpn&' opglfa%ngﬁ?eﬁé%‘?rﬂ/ﬁeﬁs havi ng
a nol ar absorbtivity of , 250 or less in the vel engt.h range of from

240 to 260 nm PRI RIBisig HRYdreRYSHFeRe3AIQr s Wé*}te%%hydrog‘a ey g

pol y(4-hydroxystyrene) or both, said process conprising the steps of: 15
a) reactithg a morepreferedembedimgnyofathe tpssepat ipventionnthe elar solventr weuld dei t ut ed
4- acet oxystyrene nononer or both and a '

10 used as a co-solvent with an alcohol throughout the process of the present

11 invention. Examples of suitable polar solvents include tetrahydrofuran,

12 methylethyl ketone, acetone, and 1,4-dioxane.

13 Nonpolar solvents can be used as co-solvents in combination with an
14 alcohc.ﬂ, provided the concentration of the nonpolar solvent is sufficiently low.
15 Typically, the nonpolar solvent is present at a concentration of less than 25% by
16 weight. Examples of suitable nonpolar solvents include heptane, hexane, and
17 cyclohcxanc.

18 Other comonomers can be copolymerized in combination with the 4-
19 ASM and/or S-4-ASM so long as the other comonomers do not absorb at

20 radiation wavelengths ranging from about 240 to about 260 nm.

21 "Substituted”, as referred to above is intended to mean that the ring

22 structure of the molecule has substituent groups thereon, wherein the substituent



conononer having at |east one vinyl group present, wherein said
cqnononer does not substantially absorb radiation over wavel engt hs
rangi ng from about 240 to about 260 nm and an 20 initiator, wherein said
initiator and its deconposition products al one or as cappi ng groups do
not substantially absorb radi ati on oveP wavel engt hs rangi ng from about
240 to about 260 nm gnd/ or erei.n said initiator is pk t a
concentrakion &FoYRsse MeHhy! OB Sty '3[9%?@%0%“&7“%%‘? ?%ﬁgf?ew;gthgggﬁlthg reaction
medi um conprising at | east one organic solvent, .to produce a copol yner
of 4- acetbxyst \prefamed substitusehBRSIHQRS B¢ Ue b & B‘S(‘;é{‘%/lf’é’ﬁ’é‘“BPs'bot h with said
conononer, whereby, either as a result of nononmer conversion or due to
renoval of residual minsrpssibleGowbtdropolymes qompriging|4-BHS mpdormdr4-PB8sed on
t he wei ght of polymer produced, is present in the reaction m xt ure
during 4@  sufsR@Uehiolar absdrbaviges! niginigfedn about d@abiabouts256p(at and b)
subsequently transesterifying said copol yner of 4- acet oxystyrene or
substituted 4-agal §¥ o $4Enih _uklﬁg theNntiod BeseAbel SEUVRN IR Hbthia aapdlﬁﬂ@ﬂ ymer
su

of 4-hydroxystyrene stituted 4-hydroxystyrene or both wth said
conononer _to

. . . . si on
of at |ea8t SS%WW%‘F&P }gf ansdéclaroa i'-“'PHS g%\gg%)t&ss{ny}aér?gscgﬁ%ﬂ?a??isu sﬁrt tuted

4- acet oxystyrene, in a transesterification reaction medi um conprising at
| east one? eo§inPEESEHY 1Bf al cohol per equival ent of non-transesterified 5
copol yner, using an acid catal yst to achieve said transesterification,
the aci d 8atal ykt aeilisg appalymemzatian apitiator whishloeHnokGomArSe @8 aDsyBEtppm

9 structure; absorbant structures such as aromatic rings increase molar

10 absorbtivity, €xs typicélly by a factor of 2 when the weight average

11 molecular weight of the polymer comprising 4-PHS or S-4-PHS ranges

12 from ai)out 5,000 to about 25,000 (as determined by gel permeation

13 chromatography (GPC vs. polystyrene standards), or

14 b. Use a polymerization initiator which does compﬁsc an absorbant structure

15 but limit the initiator concentration to less than about 3 mole % of the

16 monomer used to produce the polymer.

17 2) Obtain a polymcrizatio;l conversion of the monomer(s) of at least 90% by

18 weight; or remove residual monomer(s) from the reaction medium so that

19 residual monomer in the subsequent transesterification reaction mixture

20 comprises no more than 10% by weight of the polymer comprising 4-PAS

21 and/or S-4-PAS polymer;

22 3) Obtain a transesterification conversion of at least 85% by weight;



In a further aspect, the present invention provides a 10 process for
preparati on of copol yners, having a nolar absorbtivity of 250 or less in
t he wavel ength range of from 240 to 260 nm of pol y(4-hydroxystyrene)

wi th substituted pol y(4- hydroxystyrene), said process conprising the

st eps of: 15 a) reacting a mxturé® conprising 4-acetoxystyrene

monomer, qubsti gﬂéﬁgﬁ gc'ig%?é%%% Hceﬂgo}{mypr}%@&sggg%%tion of mggdo%ﬁér wher ei n

said initiator €CcO sition roduc ne or yner
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present at a concentration of |ess than about 3 nole % of " said nononer,
in a reacti on nedi WsPEENelYi userf basicicarbstsoiia causehy Sormeation (of gyinongs arder abl y
at | east one al cohol, to produce a copol yner of 4-acetoxystyrene with
substitutdd 4- 25 otherttemical ytractares whicheabsodh oves sl 24B26bymwedvghength
conver si on of sai d 4-acet oxystyrene nononer and said substituted 4-

acet oxyst ¥ ene Nnonfange, mdrdah ake absorbluver thedicafUY and ¥Wilible waNase@@thaTrdmd
transesterifying said copol yner of 4- acet oxystyrene with substituted

4-acetoxyg yrene t&@ﬁ@o-se@mﬂ{. YATRHS freparfd R¥idE %é'c%é@vgtﬁii% ;yﬁisahgﬁpo ue

substituted 4- roxystyrene, in a transesterifi rea
medi um réorrpri Si Qrgqgn al .coggl , preferably in substantially said

reaction nedi um of ry?wé‘)‘,n_c CThg an acid catalyst to ~achieve said
e Lt o i e S et i bR e
conbi nati on of said 5c
=9 substantially absorb over the deep UV wavelengths.
10. The composition of the polymers made by the process described above
11 has empirically been determined to meet specific requirements which result in the
12 desired low optical density (absorbtivity of 250 or less) over the 240 to 260 nm
13 wavelength. In particular, the polymer comprising 4-PHS (and/or S-4-PHS)
14 contains less than about 2.5% by weight of residual 4-hydroxystyrene monomer
15 (or derivative residues thereof). When the polymer contains as much as 2.5% by
16 weight of such residual 4-hydroxystyrene monomer, then the amount of poly 4-
17 acetoxystyrene which remains in the polymer (due to less than 100%
18 transesterification) must be less than about 2.5% by weight of the polymer.
19 When the polymer contains less than 2.5% by weight of the residual 4-
20 hydroxystyrene monomer (or derivative residues thereof), the amount of poly 4-
21 acetoxystyrene which remains in the polymer can be larger. For example, when

22 residual 4-hydroxystyrene monomer is less than about 0.7% by weight of the



4- acetoxystyrene to said 4-hydroxystyrene and of said substituted

"4-acetoxystyrene to said substituted 4- fiydroxystyrene. \]obt ai ned.
5 DETAI LED DESCRI PTI ON OF EXEMPLARY Ef}’BmH\YF:!\II S S I
accordance with the present invention, it has been __‘di_scovered..that

despite the partial insolubility of poly(4r acet oxystyrene) (4-PAS) in
Coohol s, it i : : ,
and er pdl ymer SRRk hE phOEReRRHIRILF Coped TRREDE RS Bien anbOPEINTEG °.

pol y(4- acet oxyst yrene) and/or substituted pol y(4-acetoxystyrene)
(S-4-PAS) %in anwﬁP%‘bﬂ Fherlééﬂ‘?’on medi um and to subsequently

transesterify the polyner conprising 4-PAS and/or S-4-PAS, 15 preferably in
the same 3l cohol react ForPWRSEHAL Cled SxPEsion of the,cqaseRlAk the BRFERAT daveqtion,

pol y(4- hydroxystyrene) (4-PHS) and/or substituted pol y(4-hydroxystyrene)
(S-4-PHS) 4 Thethenliabgumige is sipplifiedin pertionnobthe folkaveing xgxs tbyrdeseribimg theer

(4- ASM and/ or substituted 4-acetoxystyrene nononer (S-4-ASM to produce
a 20 pol ymer comfehgbmth @nA\Sf e Prepardtion dPABIyriers @ompasing pbly(4 a manner
which permits formation of a transesterification reaction m xture

the’ LLF%R& pro S e A ‘3‘&“??% &‘?EE‘?‘S?}SF%%@% S
| tced) VTS . al” m
ety P pr el SRR SLrbln R Role-BeStig e g

Compl oted B but SCBFR of wign e RREuSEe dog BOheEP Rt toos PRERFTIES SHONRhe 30
9 4-acetoxystyrene monomers are discussed specifically.
10 The "single pot”, simplified process of the present invention, can be
11 used for the preparation of polymers comprising of poly(4-hydmxystyrene) and
12 comprises the following steps:
13 | a) reacting a mixture comprising 4-acetoxystyrene (monomer) and an initiator,
14 which itself, i£s decomposition products, and capped structures which it
15 produces, do not substantially absorb over the wavelengths ranging between
16 about 240-260 nm; or, using no morc. than about 3 mole % of an absorbing
17 initiator per mole of monomer, in an organic solvent reaction medium, to
18 produce a polymer comprising 4-acetoxystyrene; wherein, either as a result of
19 monomer conversion or due to removal of residual monomer after
20 polymerization, residual monomer in the subsequent transesterification
21 reaction medium comprises no more than 10% by weight of the polymer
22 comprising 4-acetoxystyrene which is produced; and

\ace!



6 I initial concentration of nononer in the nononer/reacti on nedi um

mxture.is 2 preferably greater than 40% by wei ght. The
transesterification of 4-PAS and/or 3 S-4-PAS is carried out so that
at | east 85% of the 4-PAS and/or S-4-PAS is 4 converted to 4-PHS
and/or S-4-PHS. 5 As described above, it woul d be possible

to produce pol ypger td S| - r..S-4- _

pol ymer i zi?ng t he s@g?%uﬁadyngﬁ%rgrg?@yﬁgq%E&%%r E@gglgﬁgégnacéfﬁg%@%i%ﬁ on, so
| ong as residual nmononer is renoyed . fromthe 8 .pol.ymeri zation.
reaction fii xture pf9oFPct ‘E)o‘??f'és“igr%‘:fﬁ§@§f3é§f¥r?r?°c‘§tﬁ WSFﬁﬂl{‘)"lagﬁ? "fatc“ﬂ'égmgﬁ’m
been di scovered that, in the production of honopol yners and topol yners of
4- 10 3 PAS oSrepgising af lesssongequivadent Of plepholRsr eawveE R oRer s
progresses and the 11 pol ymer formed therefromincreases in

mol ecul ar 4wei ght , tasegerifjedepolpdervetorystyrene), usingham haith icatalyst, avhesdin ahlehlst

pol yneri zation nmedium It is then possible to discontinue 13

agi tationsof the rgsgtdofversion of 2, padEAiicétbk TR 16 poly 4 hydrokystRend)as
Separate, to 14 decant the al cohol reaction nmedium containing the
residual gononer, ja;deglace 15 t he decanted al cohol wth fresh, clean
al cohol, and to proceed wth the 16 transesterification. This renoval
of the 4-BAS and/or S-4-PAS al 0 . i Lon.medium (and
repl acenent with fres hflncﬁ‘ amn&éﬁgeg%%ﬁd)&%%ot%mn%qtiog(t?he%g%.gﬂ'gﬁgén%f %gE "'(r%'e‘gr%‘ba:‘llt of
excess initiator, initiatqr f ments, unreacted noponer, and, .19

ol i gomer o 8 al | dasufle IRty ¢fahe SiEaRiE sogRt aftipn fpedium of siep 2) 82 C-Cy

opti cal -density-increasing 20 cont am nati on of the 4-PHS and/ or

S- 4- PHS pdoduct (straight or branched) alcohol. In addition, the step b) transesterification reaction

10 medium is essendally the same reaction medium as that used in step a) or is a

11 functional equivalent thereof.

12 When monomer(s) other than 4-ASM and/or S-4-ASM are used in

13 combination with these monomers in the above-described process, the other

14 monomer must have at least one vinyl group present and must not substantially
15 absorb radiation over wavelengths ranging from about 240 to about 260 nm.

16 The simplified process of the present invention c;m be used for the

17 preparation of copolymers of 4-hydroxystyrene with substituted 4-hydroxystyrene,
18 wherein the preferred substituted 4-hydroxystyrene monomer is selected from the
19 group consisting of 4-hydroxystyrene substituted in the 3, §, or 3 and 5 positions
20 with methyl or ethyl substituents. The process steps for producing a copolymer
21 of 4-PHS with S-4-PHS comprise:

22 a) reacting a mixture comprising 4-acetoxystyrene monomer, substituted 4-

23 ' acetoxystyrene monomer and an initiator, wherein said inidator and its



21 The above description is in terms of the use of an

al cohol . solvent as the 22 pol ymerization reaction nmedium since this
is the nost preferred enmbodi ment of 23 t he Br[esafﬁ?rﬂvef' OF==)
However, other solvents can be used in the method jof the =i

71 present invention, so long as there is SlLlLfl_C e“. - Laresent

during th 2 transest er ti0 terl AT ¢
take pl acb. docShRSHHER prodistsCfiber B %’ﬁ’ﬁm"é‘f“% e ASGRL A0 ¢
sol vent s |ch do not .cont . . acetate ess erred
oo mendof Tt ho ngF SLERALAN AhiprbFAdispB S wsveltn slsorers e Gomvinebe il

used as the sole solvent during polynerization of the polyner
conpri si ng 4- acet aRYw360cn10; orndsing ne wrese ithantabguy3 maole %(9%@13/@1@9@1% 7
however, an al cohol nust then be added prior to the transesterification to
a 8 4 pol ynerinidawp pesinoly of-hordmecyiat anr erganiasclient rsadvioh imadiwm to

4- hydr oxystyrene. Ina 9 nore preferred enbodi ment of the present

i nventiong the pol@sdieela@dpbly Yi&éHbﬂp&?@-ﬂ&toxystyrcnyﬁ@ﬁh 36bfnAGt pAlyteent Wi th
an al cohol throughout t he process of the present I nvention.

Exanpl es of sui ta%gmp ne) OV n'd %ﬁnér Gl B8 Fc@fd%%hdﬁgﬁ&ﬂé& Phesentlif th?\lonpol ar

nmet hyl et hyl ket one, tone,” a | oxane

solvents ("an be used n%ﬁ aiedign ld\ﬂgrrllé gub'sgqu%(r)x t@:r%n caWon reacgon step(s)
8 comprises no more than 10% by weight of the copolymer formed during the
9 reaction; and
10 b) subseoucntly transesterifying the copolymer of poly(4-acetoxystyrene) and
11 substituted poly(4-hydroxystyrene) to copolymers of poly(4-hydroxystyrcnc)
12 and substituted poly(4-hydroxystyrene), in a transesterification reaction
13 | medium comprising at least one equivalent of alcohol per equivalent of non-
14 transesterified copolymer, using an acid catalyst to achieve transesterification
15 of at least 85% of the poly(4-acetoxystyrene) and poly(4-hydroxystyrene).
16 In the most preferred embodiment of the above-described invention, at
17 least the majority of the organic solvent reaction medium of step a)’is a C,-C;
18 (straight or branched) alcohol. In addition, the step b) transesterification reaction
19 medium is essentially the same reaction medium as that used in step a) or is a
20 functional equivalent thereof.
21 The following description applies to the embodiments of the invention
22 for which the process steps are disclosed above.

This Sheet Has Been Replaced
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14 al cohol , -provi ded the concentration of the nonpol ar solvent is

sufficiently low 15 Typically, the nonpol ar solvent is present at a
concentration of |less than 25% by 16 wei ght. Exanpl es of suitable.
nonpol ar sol vents include heptane, hexanejzand 17 cycl ohexane. 18

O her conononers can be copol ynerized in conbination with the 4- 19
ASM and/ oS- 4- ASM so Tigittortied &f ey ay muen@rebmpde detuadsosticat 20
radi ati on wavel engt hs rangi ng from about 240 to about 260 nm 21

"Subst i t uped", a&ohfpgegslrtsdmtiema&%?r_eé PadiéHl WhkCaibt SEAMN biiFnet B rﬁ]g 22

structure of the nolecul e has subStituent groups thereon, Wwherei

substi t uent . PLe

subsituenf gro uﬁr S “8?8%%‘%‘1%9? ag%ogyfﬁ‘eﬁé ?46@66 )ﬁknpglé}wgér@e‘% raélgés%ﬁ{% &‘gd
positions ,are the 3, 5, or .3 .and.5 positiops. , 3 It is

Dossi bl e o obt AFHERLP! HENJRERRE SRR AP 3 fapls, % hemenomer. Suck oy i ng
a nol ar absorbtivity, Egrr] . ranging fromabout 40 to about 250 (at a 5
wavel engt B of 2alsorhife frse mslieah dnifatorse i hirdsHioplde aygisded at vencsprations abpes yner
6 conprising 4-PHS and/or a S-4-PHS having this nolar absorbtivity at
248 nm i® 7 that descsibedkelBmeainglude those having aromatic components, for example

7 benzoyl peroxide, t-butylperoxybenzoate, and di-t-butyl di-peroxyphthalate.
8 Exainplcs of useful initiators which do not substantially absorb over the 240-260
.:'-"_9 nm wavelength range include, but are not limited to, 2,2°-azobis(2,4-

10 dimethylpentanenitrile), 2,2°-azobis(2-methylpropanenitrile, 2,2 -azobis(2-

11 methylbutanenitrile, 1,1°-azobis(cyclohexanecarbonitrile), t-butyl peroxypivalate,
12 t-amyl peroxypivalate, t-butyl peroxy-2-ethylhexanoate, diisononanoyl peroxide,
13 decanoyl peroxide, succinic acid peroxide, di(n-propyl) peroxydicarbonate, di(sec-
14 | butyl) peroxydicarbonate, di(2-ethyl-hcxyl5 peroxydicarbonate, t-butylperoxy-

15 neodecanoate, 2,5-dimethyl-2,5-di(2 ethylhexanoylperoxy)hexane, t-amylperoxy-
16 neodecanoate, t-butylperoxy-neodeconate, and combinations thereof. The most

17 preferred initiators include é,2’-azobis(2-mcthylpropancnim'le), 2,27 -azobis(2,4-
18 dimethylpentanenitrile, and t-butylperoxipivalate.

19 The useful initiator for step a) of the present invention should have a
20 half life ranging from about 0.5 to about 10 hours at the temperature at which the
21 reaction is carried out. Typically the reaction temperature is the reflux
22 temperature of the alcohol reaction medium. However, it is not necessary that the

23 reaction temperature be the alcohol reaction medium reflux temperature. Reaction



8 1) a. Use a polynerization initiator which does not conprise an

absorbant 9 structure; absorbant structures such as aronmatic
rings increase nolar 10 absorbtivity, [err], typically by a
factor of 2 when the weight average 11 nol ecul ar wei ght of

the polyner conprising 4-PHS or S-4-PHS rapges 12 f rom about

5,000 to gbout 25,000 (as determ ned b | per.neation 13

chr omat og?laphy regsel P}’s'gs“ﬁ)faﬁ‘st?ey‘r‘séaé" §$~‘éﬁg§? Hgaffmrbf'cmpf?mrc‘ A prefered g0 5
pol ymeri zation initiator which does conprise an absorbant structure 15

but 1imt %he i Atnar Bl dbheages Gemahovtd-f 2 & 2kayhA heBBLAt the FRIFEOT, of t he
16 nononmer used to produce the polyner. 17 -7 2) Qbtain a
pol ymeri z& i on conperasrepwithfa tost profeomd inisjtonhavang & dalftlife oaneing fraB about

wei ght; or renove residual nononer(s) fromthe reaction nmediumso that 19
resi dual npnonen dorabbte2 sulrsequent transesterification reaction m xture 20
conprises no nore than 10% by wei ght of the polynmer conprising 4-PAS 21

and/ or S-4; PAS pol yner an 22ohol used ﬁ)s_té}}%)adsﬁh@réaE%}ﬁﬁféaﬁH EdrCBE AR of the

conversion of at |east 85% by wel ght;

e tpolyre) YRR USRS aby LB TSRS BB Bl o # ©

conpri si ng7 4-PHS or S-4-PHS

view of reaction rate considerations of step b), with C, to C, and n-alcohols being

8 more preferred. The most preferred alcohols are methanol and ethanol, which

9 function well in the step b) transesterification reaction. Methanol reacts faster
10 than ethanol in the transesterification reaction. Mixtures of alcohols with other
11 alcohols or with other organic solvents can be used as the step a) and step b)
12 reaction medium. Methanol or ethanol can be added to or used as the reaction
13 | medium in step b) to achicvc. transesterification.

14 It is an added benefit when the solvent used in step a) can function as a.
15 chain transfer agent, whereby the molecular weight of the polymer can be

16 controlled. The alcohols described above and in particular solvents such as THF
17 appear to function well as chain transfer agents.

18 To achieve at least 90% conversion of the monomer(s) in the

19 polymerization reaction of step a) periodic or continuous addition of initiator
20 during the reaction is required. Failure to convert the 4-ASM to 4-PAS (or S-4-
21 ASM to S-4-PAS) permits the formation of 4-hydroxystyrene (4-HSM) during
22 step b). The 4-HSM or S-4-HSM can form quinones which highly absorb in the

23 | 240-260 nm wavelength range. When a monomer(s) conversion of at least 90%



3 respectively; use of _basié catal ysts can cause the formation of

gui-nones and 4 ot her chem cal structures which absorb over the
240- 260 nm wavel engt h 5 range, and can al so absorb over the near
UV and visi ble wavel engths from 6 about 310 800 nm 4:PHS
prepared usi ng basi ¢ catal yst s I's typicallys opaque and br own
in color. is al so agffﬂl sabl e tQ avoid nononer storage
i nhi bitord Whl cif nog achxcvcgusgqc%mpgqnpg; DPEFeFeBRTd PR '(‘i’e‘bf) W%Véfaélr?ﬁt hs.
10 The conposition of the polyners made by the process
descri bedZabovestep.1Such excepamonomer qagae| rymﬁé@hw@s adsFansationsapeen othgreci f i ¢
requi rements which result in the 12 desired | ow optical "density

(absorbti 8ity ofme&tsOsoothal msidhialonenomdreprésént is mo2A6Orerthan 18% by weighaofethengt h.
In particular, the polyner conprising 4-PHS (and/or S-4-PHS) 14

contai ns less t pamePpiduded>% by wei ght of residual 4-hydroxystyrene
nononmer 15 (or derivative residues thereof). When the pol yner

contains gs nmuch as 2. 4 Qxx}x]scgt@n ication s lﬂh% s EH%ISI?%H%@'OM in the
4- hydr oxyStyr ene nonormer, en the anou o} po
acet oxyst yrene r enai ns, J. Q I €3S th 00% 18
transesterifi ca\é\QBl%i W&H%Cdf‘ggs?%‘gﬁgﬁl) %gol}‘{c("gygt’)e%f/ Qi g i easc‘)"?" e pol ymer .
19 V\hen the ol ymer contains |ess ths %b% ﬁght of .t he residual
4- 20 hy g @w@ﬁéwwep(@row stipgierl Jer e JPeR ety Of SIePt he
anount of poI y 4- acet oxystyrene which remains in the.pol yrrer can
be | arger 8 For ekaﬁm@parm P preferred teagpastesifying lalcohols jralydeemethanolandr i s
| ess than about 0.7% by wei ght of the

9 ethanol when this reaction is carmried out at the reflux temperature of the reaction

10 medium organic solvent at atmospheric pressure (or at the reflux temperature

11 above atmospheric pressure). Other alcohols up to about C, alcohols can be used

12 to provide an acceptable transesterification reaction rate, at temperatures above

13 | their atmospheric pressure reflux temperature.

14 "~ It is important that the transesterification of 4-PAS to 4-PHS (also S-4-

15 PAS to §-4-PHS, etc.) in step b) be at least 85% by weight, preferably 95% by

16 weight, and most preferably 98% by weight, since residual PAS absorbs in the

17 240-260 nm wavelength range.

18 Typically steps a) and b) of the present invention will be followed by a

19 step ¢) in which the polymer comprising 4-PHS and/or S-4-PHS which is

20 produced in step b) is precipitated from the organic solvent reaction medium

21 using water. Other non-solvents for the polymer such as hexane can be used in

22 place of water for the precipitation. It is important that the precipitation be

23 accomplished by adding the polymer/reaction medium mixture to water (or other



10 1 pol ymer, the poly(4-acetoxystyrene) content nmust be |ess than
about 13% by 2 wei ght of the polyner. 3 For -pur poses
of clear expression of the concept of the present invention, 4 t he

| anguage is sinplified in portions of the follow ng text by describing the
5 invention in terns of the preparati!8n of polyners conprising

poly(4- 6, n g&l?&%ﬁ&ﬁfcﬁﬁ?)npg{d%ﬁi’ﬁ?giﬁ%l}(y a8 rddtk [Héfifhcp&'{:jgﬂier S

conpri sing substi ut ed yst yrene e 1 ncluded as well.

When it is,necessary .t ke . i stinctd nguage
does not b&corre ?IBSX tfﬁb@%‘oﬁ?ms 2t E ?Jsg @g%eg&gxgﬁpmﬁ‘gné\éggﬁg% 4/'%%&@“
nononers are di scussed specifically. _ 10 ) .. The "single pot",
si mpl i fi ed3pr oce@sdipm Fﬂ’é‘“ﬁr%@ﬁfaﬁ‘ Afacer Bfcisht, Addition of water o theay £ or ¢ he
preparation of polyners conprising of poly(4-hydroxystyrene) and 12
conpri ses #he fopelymicrfrasiepmediugBmixture cagses fempation Pfanmgglomesatioangft i si ng
4- acet oxystyrene (nononer) and an initiator, 14 which itself,

i ts deconp@siti opolytee oontainirgvdsidag miabhsel andcalooked avdiate rather thab the formation
produces, do not substantially absorb over the wavel engths rangi ng between

6 of discreet particles.
7 The amount of polymer which comprises 4-PHS and/or S-4-PHS in the
8 final, transesterification reaction mixture typically ranges between about 10 wt%
9 to about 30 wt%. The preferred weight % polymer range is between about 15%
10 and about 25%, since the particle size of the precipitated homopolymer or
11 copolymer is typically larger than about 25 microns when a concentration of
12 | polymer of less than about 30% by weight is present in the final reaction mixture.
13 Residual acid-catalyst from step b) can be removed by: 1) adding a
14 base to the reaction medium at the completion of the u-;mscstcriﬁcation step b); 2)
15 processing the polymer/reaction medium after completion of step b) through an
16 ion exchange resin, wherein the ion exchange resin contains a chemically bound
17 base; 3) adding a base to the water used in the precipitation step ¢); 4) water
18 washing the precipated polymer from step ¢) using a neutral pH water, or; 5)
19 water washing the precipitated polymer from step c) using a base-containing
20 water, prcfcrably having a pH ranging from about 7.5 to about 10.
21 : The method or process of the present invention is particularly
22 economical when an alcohol functions as the reaction medium in steps a) and b),

23 since the alcohol can function as the chain transfer agent during polymerization of



16 about 240-260 nm and/or, using no nore than about 3 nole % of

an.absorbing 17 initiator per nole of [r-rFE}HOHEI’-‘-,-'-‘—'-t ran:aegani ¢
solvent reaction nmedium to 18 produce Thpol ym i ng
4- acet oxystyrene; wherein, either as a result of‘ 19 m)nd:lirrer

conversion or due to renoval of residual nononer after 26~ TR
pol ymeri zat i on,thé¢ e—s&stuaalndrmnmn&ansbncrﬁmtismmmentcdttbamﬁﬁ&tms.f Mhatinida 21
reaction nedi um conprises no nore than 10% by wei ght of the polyner 22

conpri si ng 4- acgidhsY fdeyate PmélideAng thePtrAdei@eticaddfl reaction also aidk in the D)
subsequently transesterifying the polyner conprising 4-acetoxystyrene to a

rzeac tion ded 0'&{{E§fuu8%?rxﬂc3& BASH WG R gﬁ/ t%)y{pg%f;{)b ’Ehe%&ﬁs@ﬁ%%fc‘a?phf a%ﬁ{ﬂ on

ofprisin one equl Tohol
per equival ent of non- 4 transesterified pol y(4-acetoxystyrene),
using an acid catal yst, wherein at least 5 85% conversi on of the
pol y(4-acet oxystyrene) to -oI is 6 achi eved.
7 4 In the BBdE AR d el ighhve- descri bed
i nvention, at 8 | east the maj ori ty of the or gam c solvent reaction
medi um of §step a) i s dhe[procdss 6f thergresedt invention(istshawgho ther rebriam eduaeljce
al cohol. In addition, the step b) transesterification reaction
6 structures depicted below for the production of homopolymers of PHS produced
7 in an alcohol reaction medium:
CHm= (CH~ ) {CH-CH,)
™ Alcohol Haln Acid e . Alcohol
------ -=> ———> Acetate
Initiator Heat
8 Step a) Step b)
0-C-CH, o-cf‘-cn, ' OH
(o) 0
4-ASM 4-PAS ' 4~PHS
9 Homopolymers of S-4-PHS, wherein the substituent groups are methyl
10 or ethyl, or copolymers of 4-PHS and S-4-PHS can be produced in the same
11 manner,
12 When other monomers are used in combination with 4-ASM or S-4-
13 ASM to produce copolymers or terpolymers of 4-PHS or S-4-PHS, such
14 monomers are added to step a). Such monomers include compounds having at
15 least one vinyl group present, which compounds do not substantially absorb in the
16 '240-260 nm wavelength range. Examples of monomers which do not
17 substantially absorb include, but are not limited to:
This Sheet

i



10 mediumis essentially the same reaction nediumas that used in
step a)sor is a 11 functional equivalent thereof. 12

When nononer (s) other than 4- ASM and/or S-4-ASM are used in 13

conbi nation with these nononers in the abd®e-descri bed process, the other
14 nmonomer musi_have at |east one vinyl group pres&Hs and nust not
substantially 15 _cﬁbsorb radi ati on over mavelengﬁq' rangi ng from
about 240 to about 2B pm 16 The sinp?w i ed process of
the present invention cap be used for the 17 prepawat i on of

copol yners of 4-hydroxy$tyrene with substituted 4-hydroxystyrene, 18
wherein the preferred subsiH,t uted 4-hydroxystyrene nononmeo-cH,-sel ected from
the 19 group consi sting of 4-hydroxystyrene substituted in the 3, 5,
or 3 and 5 positidfsthylpcrylats, i h nedR§l or et hyfeWiydaethasryiatehe
process steps for prod®ing a copolymer 21 of 4-FM¥AX th S 4-PHS
conprise: 22 a) reacting a mxture conprising 4-acetoxystyrene
mononmer, <ubstituted 4Wheaopolymers of 4-BES: witly St4-PEiScarenpraparad byndie anethod
initiator, wherein said initiator and its

12 1 3 dee@rRoprcidnd invehaeh) the pafared, substituan Epaubsonr the Su4-LHISWhi ch i t
produces, do 2 not substantially absorb radi ati on over

wavel engt s rangidigedid 30 AR and 41O The preferred substituent positions on the 4-

5 hydroxystyrene molecule are the 3, 5, or 3 and 5 positions.

1 The most preferred method of the present invention, wherein

2 homopolymers of 4-PHS and S-4-PHS were produced, is described in

3 EXAMPLES 1 to 57 which follow. EXAMPLES 58-60 pertain'to the method of
4 the invention wherein the reaction medium comprises a mixture of organic

5 . solvents. Thc method of the present invention wherein a copolymer of 4-PHS

6  and methyl methacrylate was produced is described in EXAMPLE 61.

7 EXAMPLE 62 is a comparative example in view of published related art.

8 EXAMPLES 1 to 62 were carried out as batch reactions in reactor

9 vessels ranging from about 500 m! to 2,000 ml in volume. Each reaction vessel
10 was a 4-neck flask outfitted with a chilled water reflux condenser, nitrogen purge
11 line (used to exclude oxygen from the reaction vessel), overhead stirrer/mixer,
12 and a temperature indicator (thermocouple).’
13 A premix of an alcohol, an alternative organic solvent, or an alcohol/

14 co-organic solvent reaction medium, the 4-ASM, or S-4-ASM, or 4-ASM and

15 methyl methacrylate and the initiator was prepared in a beaker and the premix



3 about 260 nm and/or, using no nore than about 3 nole % of an

absorbing 4 initiator per nole of nononer, in an organi c sol vent
reaction nediumto 5 produce a copol ymer of (4-acetoxystyreneo
Wi th substituted (4- 6 acet oxysltélrene), in a manner such that

residual nononers present in the 7 -7 reaction nmediumdurin
subsequent! t r anwasplaced in theireartioB ¥essebn The pial congentration of 4-AMH{eF Pg’éé no
nore than 10% by wei ght of the copolynmer forned during the 9

reaction; 2and tf@®nomer(s)) i theutesetippemediymt montsaes eixivry typicallygangedoirymer  of
(4-acetoxystyrene) and 11 substituted (4-hydroxystyrene) to
copol yner g of ( 4bdutdiogx ¥ weight @) abduz 50% by weight.aReferablytthé wélake amount of
(4- hydroxystyrene) in a transesterification reaction 13 medi um
conprising at | @agMOfR ot mkAbRBHs fto ¥£8HPnclRin RV ig¥l®MharOiORYYy 14
transesterified copolynmer, using an acid catalyst to achieve

transesterd ficatio

1 %.0f, fh 4- t ene)
and subst i5t ut ed wfﬁ%?ﬂ&&?é??&%@f% th%ﬁ%%%} &&gmt' T(Inog\tv ﬁ%ﬁﬁoﬁiigﬁ
preferred enbodi nen f the ahove , descr.i bed invention, a | east
Phe oy or 6y of 18 AebAsS gaReats SorVERICeR aHiee: B e Amains O 4 Y togesencn
Cerr]-Cerr] 18 (straight or branched) al cohol. In addition, the
step b) transesmadiymdnradyeed eacti on 19 mediumis essentially the
sanme reaction nediumas that used in step a) or is a 20 functi onal
equi val ent8 t her eof .  2The mixer was started (typi¢edlyfroixingrspeed cheas aboytt i08todPl i es
to the enbodi nents of the invention 22 for which the process steps

are discl ased alpmg. The premix was then nitrogen purged at room temperature for a time

10 period of about 5 to 10 minutes.

11 * After the 5 to 10 minute time period, the temperature of the premix was
12 increased to the reflux temperature of the reaction medium using an electricaily
13 - heated jacket on the exterior of the flask reaction vessel.

14 The 4-ASM (or other monomer(s)) was permitted to polymerize for a
15 time period equal to about one half life of the initiator at the reflux temperature
16 (at atmospheric pressure). The "half life" as used herein is the time required for
17 one half by weight of the initiator to thermally decompose to produce free

18 radicals (typically two free radicals per initiator molecule).

19 At the time about one half by weight of the initiator had decomposed,
20 additional initiator (dissolved in a solvent such as the same alcohol as that

21 typically used as at least a portion of the reaction medium), was added to the

22 reaction vessel. The amount of additional initiator added ranged from About 10%

23 to about 90% of the amount of initiator in the premix.



13 1 The initiator used in step a) nust not conprise a
structune which 2 deconposes to an initiating free radical which

al one or as a polymer capping 3 group substantially absorbs in the
240- 260 nm wavel ength range, when the 4 29 quantity of such initiator
I's nore than about 3 rrfz'&]e % of th rmnon@é. Such 5 abscirbl n J‘ree
radical initiators, whiRhaRoYgprereAwre0hRMARE HHURGH ORTOREETINNBOINTS

t hat descri bed above i ncl ude those having aronatic corrponents for exarrpl e
7 b@nzoy| VB FePeRIed as meenssary e achigiseiiAeast 0% goaversion aférASM to 4-

di - per oxypht hal ate. 8 Exanpl es of useful initiators which do not
substanti 8l |y aBas: ilypiaallytdh® R44di@aG ofdinitiator werenmasic elueingtlre r ange i ncl ude,
but are not limted to, 2,2'-azobis(2,4- 10 di et hyl pentanenitrile),
2,2' -azobi4s( 2- rrpéllwieﬁmmn eDhd skilled in2the 'artacanhise @Zontiddous addition of initiator

rret hyl but anenitrile , 1 '-azobi s(cycl ohexanecarbonitrile), t-butyl

peroxypi val ate, golgm%nﬁziﬂdn tBeaEEB?H;ﬂisK%@E@kait%% ¥bnversion described above.

per oxy- 2- ethylhexano di 1 sononanoyl peroxi de, decanoy

perOX|de ucci ni c aci ero |de nate. di (sec-

t b - l?ﬁtyl) pgroxy‘gp 0 ;ﬂ’(‘("‘z‘%é%‘}‘}‘ﬁg a}%ﬁ%}feg&e °6%1P‘{?86’8te
utyl per.oxy- neodecanoat e [ ) .

et hyl hexarloyi peF'BSW?hEk'é‘ﬁé’m{“"aE?/‘l ‘ﬂg‘raEBFW as a%égg Xn"“ﬁ@ﬂ&éﬁ&?ﬁ’o@ﬂ"@,‘x during

t - but yl per oxy- neodeconat e, and_conbi nations thereof. The nost
8 the polymcnzauon The initiator was dissolved in the alcohol used for, the

9 reaction medium. The amount of initiator added was based on the amount of
10 initiator required for previous polymerizations but was reduced by about 30% in
11 view of anticipéted continuous free radical availability. See Example 25 of

12 TABLE 1.

13 - The time period for the polymerization of 4-ASM to 4-PAS was that

14 sufficient to achieve at least 90% by weight conversion of the 4-ASM to 4-PAS.
15 Conversion was typically determined by capillary gas/liquid chromatography of

16 the reaction mixture. Typically reaction times ranged from about 4 hours to

17 about 9 hours.

18 The weight average molecular weight of 4-PAS produced by the above-

19 described method ranged from about 6,500 to about 27,000.

20 The transesterification reaction was typically carried out in the

21 polymerization reaction medium. However, whereas the polymerization of 4-

22 ASM to 4-PAS can be carried out in a non-alcohol-comprising ncaction. medium,

23 the transesterification reaction requires the presence of an alcohol. The amount of



17 preferred initiators include 2,2'-azobis(2-nethyl propanenitrile),
2,2'-azobis(2,4- 18 di net hyl pentanenitril e,“‘"‘"ﬁ e
t - but yl per oxi pi val ate. 19 The uséf U["'Di*ﬁif_ i'ateor fox step. a)
of the present invention should have a 2Q1 hal f _| ‘angi ng from

about 0.5 to about .1Q.hours at the tenperatus “whi ch. I
reacti on?i s cagf‘il)l'éod ‘%\ﬁm TS ccgrlcpgptlathyr é’é’gtdlugﬁg %%C PETPECAIER FHEUPR 1 | ux
22 tenperature of the al cohol reactign nediu However, it is not
necessar ¥ t hat !St3ideaspapout one equixaientbase %Wa%’ﬁ?‘@‘g]é“méc‘a‘ﬁ &1 reaction

medi um reflux tenperature. Reaction . ]
14 1 3  vesgansepenfed)rleacetaxyparanse d ypisalin aideast phout eancequivalenanpler at ur e.

A preferred 2 " initiator half life ranges fromabout 0.75 to about 5
hour s at 4t he r algohdldrased3on unreacted Aaectakystygenenarehused, rsirsct the ehrsestedficatiohi at or
having a half life ranging fromabout 4 1 to about 2 hours. 5

An al cohal usegh i $igbved) byRsn irefeas &AL ihe tantREA b B Aledie of BORYL the 6

known al cohol s whi ch 'di ssol've the mononer(s), preferably Clerr] to ([err]

al coholsgn 7 Xh $abic ORELR e balyfeR2RRhdeidtioh s fh BfoBRoiPhas W N
coho el ng . e’ nost

Cerr] to (Jerr] and n-a l's nore preferre

f I I h | . | .. wWhich et ' |1
" the step b) ePaRGArarpay i Rice aRERGprctde Mok minspusrifeepdr mked”

. 8 with a # in the tables containing the Examples. The replacement alcohol in this

| -9 example was the same alcohol as that used during the polymerization.
10 Reflux temperature of the reaction medium was typically maintained
11 during the transesterification reaction (at atmospheric pressure).
12 Transesterification was carried out using an acid catalyst, to cause the alcohol
13 present in the reaction medium to react with the 4-PAS, converting the 4-PAS to
14 4-PHS. The acid catalyst concentration typically ranged from about 100 to about
15 400 ppm based on the total weight of the reaction mixture. However, acid
16 catalyst concentrations ranging from about 5 ppm-to about 13,000 ppm can be
17 used, with catalyst concentration preferably ranging from about 50 ppm to about
18 2,000 ppin, and most preferably from about 100 ppm to about SO0 ppm. The
19 acid was typically dissolved in the same alcohol as that used for at least a portion
20 of the reaction medium, to produce an alcohol solution containing an acid catalyst
21 concentration ranging from about 0.5% by weight to 2.0% by weight acid based
22 on the total acid catalyst solution. The acid catalyst solution was added to the

This Sheet Has Been Replaced

Ji



10 than ethanol in the transesterification reaction. M xtures of

al.cohoks with other 11 al cohols or with other organic solvents can
be used as the step a) and step b) 12 reaction nedi um Methanol or
et hanol can be added to or used as the reaction 13 mediumin step b)
to achieve transesterification. 14 Is an added benefit

when the $ol ventaumadessel it @pingle addmdnurid@\ﬂ@)\f?f’a@(hcatilﬁt can be adeed AuEREnst er
agent, whereby the nol ecul ar wei ght of the polyner can be 16

control | eg. Thethalresetionsif desedi bed above and in particul ar sol vents such as
THF 17 appear to function well as chain transfer agents. 18

To achi evg at |east 9%1&9%&&%&@ uSdd isheidrenayerinsiidedhydrechldrit acid,
pol ymeri zat | on reaction of step a) periodic or continuous addition of

L30Ty 20 ehospadilfdchg fm@ 2 SRR A BOMAISHIRR o and Tolggver ¢ e

PAS) permits the formation of

4- hyd t 4. HS M

B et TG e
Wh f at t 90%

L RN ORI S LI IIE I NN

transesterification 2 step. Such excess nononer can be renpved using

a decant affi on sfarmedifravs ther4-PAS. In the preaens esmboditagnty, sonderptngeaigsdrclideds ent
is no nore than 10% by wei ght of the

8 hydrochloric acid and phosphoric acid. Hydrochloric acid was used in

9 EXAMPLES 1-60 shown in TABLES 1 and 2, and in EXAMPLE 61.
10 To drive the reaction toward complete conversion of 4-PAS to 4-PHS, it
11 was necessary to mﬁintain an excess of the alcohol present in the reaction

12 medium, or to remove alcohol acetate from the reaction medium as it is formed.
13- Typically, an excess of alcohol was used, wherein the molar equivalents of

14 alcohol to initial 4-ASM ranged from about 5 to about 15. In addition, alcohol '
15 acetate was periodically or continuously removed after the concentration of

16 alcohol acetate was such that the solubility of the 4-PAS resulted in a translucent
17 polymer/reaction medium mixture. The alcohol acetate was removed as an

18 azeotrope with alcohol and other reaction medium co-solvents (if present), and

19 typically the combined amount by weight of the alcohol (or alcohol/co-organic
20 solvent)/alcohol acetate removed was replaced with an equivalent amount by
21 weight of the alcohol.
22 The transesterification reaction was carried out at the reflux temperature

23 of the reaction mixture at atmospheric pressure (about 66°C for a methanol



4 pol ymer produced. 5 The transesterification step
b) «ds nmost preferably carried out in the 6 al cohol reaction nmedi um
of step a). However, at |east one transesterifying 7 al cohol nust be
present in step b) or substituted for the yreaction nediumof step 8

a) after decantation. The preferred transé%%erifying al cohol s i ncl ude

met hanol and  9reaction niRiivanet abdie 18Ihidy aneAitdnoDfeatSorCMediugf). Olhe tirhe péreod
reflux tenperature of the reaction 10 medi um or gani ¢ sol vent at

at nospherihc pr e?&urrcﬁ'stfoﬂrw%t thhWQAGEAUS PrSABE RNt 85%Ldonversion SPLPAS to 4-
at nospheric pressure). Qher alcohols up to about Cferr] al cohols can be

used 12 ;0 proppe @@&&?@@&gghﬁaél{rg&nggghsﬁatmmgn IBEAES 'Fggc't{oger%z at

I
t enper at ures above elrr a eric pressure re rature.

14 It is.nporfant that the transesteriflication of.4-PAS to
1 PHs (al do 5 4(FTIRY, quantiaBBRahe Reestc; Sl enl A7 RO 11250 B 87 piecindaed gsof
by weight, preferably 95% b 16 wei ght, and nost preferably 98% by
wei ght, siSnce r exishrsbandr@dopolyngrs Reactipe time7zperiods ranggd foosn abont dehuretegt h
range. 18 Typically steps a) and b) of the present
inventionéni || labodtdld lmouesi dépending ki the alcohslt wsped or transeserificatibe pol yner
conprising 4-PHS and/or S-4-PHS which is 20 produced in step b) is

preci pi t ated fr @preliGiinah@y ficthanol)y cte reQEfedi resctihdinidTherfdd can be ddtgdalél by

wat er. Ot her non-solvents for the polynmer such as hexane can be used in 22
pl ace of wvater f'&rrz cBbh HrhptParutel by SndrERH! BB acid Glalisie trati

preci pi ta}tﬁ?on bé %mﬁg lW"(%&izgccorrpl I s%ed b%/l lzladdi ntftthecpol yner/ Pré?fgt I %%n

medi um m >§t ure tagdvc\)@ ?rrm rgrmﬁar}grrnoval of alcohol acetate as it is formed.



16 1 non-sol vent) which is in notion.
the weight 2
3

Typi cal |y,

at room tenperature,

anmount of water should be in excess of the weight

anount of pol yner/reaction

medi um m xt ure- by at

| east a factor of

6 of

eight. Addition of water to the 4 pakymer/reaction medi um m xture
causes formation of, %ap_agg{ oneration of 5 pol ynmer contai ni ng
resﬁhmlfﬂcohmiéaéggg § £ 369t ke 08 hern 4 pawg 4 die 2fay grtgon

di screet particle33i&iZs ©<°°TRE andarm® df “Fot §AEre whi ch

conprises 4-PHS and/or S-4-PHS in the 8

final,

transesterification

reaction mxture typically ranges between about 10 wt% 9 to about 30
wt % The preferred wei ght, % pol yner range i s between about 1I5% 10

and about 25% si nce;‘;‘,flag LGl e size. of the precipitated honopol ynmer or
11 copol yner %3 § Y@iEaF F¥ 3 AfF ger= thgm phatts 25 5§ $1 6y when a
concentration of 12 %*% pol ynmer of |ess than about 30% by weight is
present in the final reaction mxture. 13 Resi dual acid
catal yst from $lep bﬁkgqn e renoved by: 1) adding a 14 base to the
reaction nedi uy at t hek iggg t 3 £8 Bl [ step b); 2)

15 processi ng t@ég g%r;u ggtggggéﬁ%%ﬁgggggﬁoﬁ. on of step b)

t hrough an
contains a che
used in the pr

TABLE §

I on exchange resin,
cally bound 17

wherein the ion exchange resin
base; 3) .adding a base to t@e wat er

i pitation step c); 4) water 23
e
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9 Honopol yners of S-4-PHS, wherein the substituent groups are

met hyl » 10 or ethyl, or copolyners of 4-PHS and S-4-PHS can be
produced in the sane 11 manner. 12 When ot her nononers
are used in conbination with 4 ASM or S-426 13 ASM to produce
copol yners or terpolyners of or S-4-PHS, such nononers are

added to ktep a). Sucﬁoﬁﬁb@@sqﬁ%mc@éﬂﬁémquﬁ"%ﬁ“ injgsmanner | east

one vinyl group present, which conmpounds do not substantially absorb in the

16 220- 260vhich wesiaté engyskillehingde aRxiarmpprodueing thenoXAMPLES cintaiuedniot 17
substantially absorb include, but are not limted to:
18 [er3] TABLES 1 and 2, EXAMPLES 24 and 28 are describddebaldw in nided bpecHier yl at e
and Met hyl met hacryl ate
4 detail.
5 Example 24
6 To a 500 ml glass round-bottom flask reactor fitted with a chilled water
7 reflux condenser, a thermowell with thermocouple, a nitrogen purge fitting, an
8 overhead stirrer, and an external heating mantle, a reaction mixture of 80 grams
9 of 4-acetoxystyrene (4-ASM), 120 grams of methanol and 2.0 grams of 2,2°-
10 azobis(2,4—dimethylpcmahenitrile) initiator was added. ‘The reaction mixture was
11 stirred for 5 minutes under nitrogen purge to remov.c oxygen gas present in the
12 reactor. The reaction mixture was then raised to about 66°C, the reflux |
13 temperature of methanol. After one hour of polymerization, 0.4 grams of 2,2°-
14 azobis(2,4-dimethylpentanenitrile) dissolved in about 10 grams of methanol was
15 added. At each hour, for the next 7 hours, 0.4 grams of 2,2°-azobis(2,4-
16 dimethylpentanenitrile) in 10 grams of methanol was added. After each addition,
17 a sample of the polymer mixture was withdrawn from the reactor. Analysis of
18 the final polymer mixture sample by capillary gas chromatography showed 94.8%
19 by weight conversion of the 4-acctoxystyrene to poly(4-acetoxystyrene). The
20 transesterification reaction was begun without cooling the reaction mixture; 0.2
21 grams of 37% hydrochloric acid in water was combined with about 10 grams of
22 methanol and the combination was added to the reaction mixture. The reaction

23 mixture was permitted to react until the color of the mixture turned from white to



(MR (M) 2 When
copolyners of 4-PHS with S-4-PHS are prepared by the nethod 3 of the
present invention, the preferred substituent groups on the S-4-PHS 4 .
nol ecul e are nethyl and ethyl. The preferred substituent positions on the
4- 5 hydr oxystyrene nolecule are the 3, 5, or 3 and 5 positions. 1
The nost gdref er cledr, aetwhdch tirhe t16@ grameswmathyl acetait/methanolheasiemoved as a

honopol ynmers of 4-PHS and S-4-PHS were produced, is described in 3
EXAVMPLES 2 to 5distiilahantio)S0gtamESANBIESe h8ndOvgredddad.n The nlahe sFibnibnodas 4
the invention wherein the reaction nmediumconprises a mxture of organic 5

sol vents. 3The Mafi5Qed & pidded fof abdlt 4.9MEDE, 2R MEIE fiftle thé c R APRAVTEN mBuré- PHS
6 and nmet hyl methacryl ate was produced is described in EXAMPLE 61. 7

EXAMPLE 62 i t] i ' f ' t. 8
EXAVPLES T to 63 Sepaied piéFpialil Seblald el wPURAARAACIOLED
I [ t.500 m t 000 nmi J | . ti
vessel | 10 " ey BRI NRt Hephe P b e A R P PR 1 ef 1 ux
condenser,_ nitrogen purge used to exclude oxygen fromthe

11 line t
reaction Vessel hydpxyspeae) vith deiopizad k‘@g"'}'- angbthe poly(dnhydmxy ByRsas)avasy dried

I ndi cator (thernocouple). 13 A prem x of an al cohol, an
al ternativie or gamiacvaspimeanen avabosn 761Ccwritid|1¢ss than 2 wt% watenrageained imcthy ent
reacti on nedium the 4-ASM or S-4-ASM or 4-ASM and 15 met hyl
met hacryl @ e angoly{4-hytidxysti@he)Vasn FTER ah&lgsis bf thedgak@rhydfskystyent) sidwed
9 less than 0.5 wt% 4-acetoxystyrene groups remained in the poly(4-
10 hydroxystyrene) as determined by quantitating the absorbance of the carbonyl
| 11 peak at about 1760 cm™, the acetoxy carbonyl absorbance. A UV-VIS scan
12 showed a molar absorbtivity of 144 1 cm™ mole™ at 248 nm. The product was
13- visually very white,
14 Example 28
15 To a 2000 ml glass round-bottom flask reactor fitted with a chilled
16 water reflux condenser, a thermowell with thermocouple, a nitrogen purge fitting,
17 an overhead stirrer, and an external heating mantel, a reaction mixture of 200
18 grams of 3-methyl-4-acetoxystyrene (3-M-4-ASM), 800 grams of absolute
19 ethanol, and 8.0 grams of 2,2°-azobis(2-methylpropanenitrile) initiator was added.
20 The reaction mixture was stirred for five minutes under nitrogen purge to rc.movc
21 oxygen gas present in the reactor. The reaction mixture was then raised to about
22 78°C, the reflux temperature of ethanol. After two hours of polymerization, 2.0

23 grams of 2,2°-azobis(2-methylpropanenitrile) dissolved in about 20 grams of



19 1 was placed in the reaction vessel. The initial concentration of
4-ASM (.or other 2 nononer (s)) in the reaction nmedi um nononer m xture
typically ranged from 3 about 10% by wei ght to about 50% by wei ght.
Preferably the relative amount of 4 284- ASM (or ot her nmononer(s)) to
reaction nmedi umwas greater than 30% nost preferably
greater than 4GHaRY! Was #ded tedhs, @P@%M RERRY '6"'0 Ja af!fgf)‘h&']s 'SP Xppear s
to be reduced when the relative amount of 4-ASMto reaction medi um
is reduced. 8 hours, 2.0 grams of 2,2frpgobis(lemetiysipranageniaile) imatoeutl gramsmfng speed
was about 100 to 400 9 rpm). The premi x was then nitrogen purged at
room t eng@er at ure¢hahol was added. Alalysis of thp dinabpblpmen indxturessamplel Owaiboutses. 11
After the 5 to 10 mnute time period, the tenperature of the prem x was 12
i ncreasedy t o t heef el Jast ihitiATR 238168, B cdpiltary gas thromaroptiphm shewed)9A6% by

electrically 13 heated jacket on the exterior of the flask reaction
ol yer | 75 1 or Ypieisconversion B3 W@ﬁﬁ%&“" e e O the
initiator_at the refl ux terrper ature (at at nospheric pressure). The
"hal f 1if&" as HEOEYHEFEPh is the ti rre required for 17 one hal f by
et ght Of7 the Tnitiat %ctu%nger;?crnr}%latlxgln r%ggé)orrrxp\ggsebég%np\{n?}go% ?:ogl{negethc reaction

8 mixture; 1.0 gram of 37% hydrochloric acid in water was combined with about

9 20 grams of ethanol and the combination was added to the reaction mixwre. The

10 reaction mixture was permitted to react until the color of the mixture turned from

11 white .to clear, at which time about 250 grams of ethyl acctétc/cmmol was

12 removed as a distillate and about 250 grams of fresh cthanoi was added. The

13 u'ansestcﬁﬁca-ﬁon was allowed to proceed for 7 hours at which time the clear

14 reaction mixture was cooled, precipitated in deionized water, the precipitant was

15 isolated by filtration, the acid was washed from the precipitant (essentially poly(3-

16 methyl-4-hydroxystyrene) with deionized water, and the poly(3-methyl-4-

17 hydroxystyrene) was dried in a vacuum oven at about 70°C until less than 2 wt%

18 water remained in the poly(3-methyl-4-hydroxystyrene). An FTIR analysis of the

19 poly(3-methyl-4-hydroxystyrene) showed less than 2.0 wt% (3-methyl-4-

20 acetoxystyrene) groups remaining in the poly(3—methyl-4—hydrox5}stymnc) as

21 determined by quantitating the absorbance at about 1760 cm’, the accthy

22 carbonyl absorbance. A UV-VIS scan showed a molar absorbtivity of 163 1 cm'!

23 mole! at 248 nm. The product was visually white.



18 radicals (typically two free radicals per initiator nolecule). 19
At “the tinme about one half by weight of the initiator had deconposed, 20
additional initiator (dissolved in a solvent such as the sanme al cohol as
that 21 typically used as at |east ¥ portion of the reaction

di , dded t -1 Q0 . »
i U1 bhal' i ni 1ot or  AldeBeTRAeds PERFEUNGRIYERACSip CRBLANE Phpitiog o0, of

t he amount, of igikiator in the prem x.. .

20 1 2 P hg'l’ﬁeé’cé’ﬂ%sugc%r‘so cserived p FXANELE 01 which£elows o br ogr essi ng
pol ymeri zation 2 repeated as necessary to achi eve at_ ] east 90%
conversi oR of 4- ASM t@ﬁmg 81 wassamiedntusing the sameyreacupncandiioas gpd
initiator were made during the 4 pol ynmeri zation. One skilled in the

art can ude a cusing theosaneapactents s giose gesarihed for moduction of heingpolymers of 4-
pol yneri zation to acconplish the at |east 90% conversi on descri bed above.

6 5 PHSxcemahitsthe aomoacineruwasadiad ad theoprymix coraprising ASRL.eiAN
there was no 7 ) initiator in the premx, but initiator was added
continuougl y t osidaffidalf Wetailed desteiptidn of EXAMPEE 82! f¥N®Ws.zat i on. The

initiator was dissolved in the alcohol used for the 9 reaction

medi um Tlaye anogy fo 41ni tiator added was based on the anount of 10
initiator requi re%m‘ﬁ'm—previ ous pol ynerizations but was reduced by about

0% 0 b g Ur " O ARRRE T RO RS b 5 PSR NE Dbl

9 and transesterified to a poly(4-hydroxystyrene-methyl methacrylate) copolymer
10 using the following method.
11 To a 500 ml glass round-bottom flask reactor fitted with a cﬁilled water
12 reflux condenser, a thermowell with thermocouple, a ni&ogen purge fitting, an
13 overhead stirrer, and an external heating mantel, a reaction mixture of 62.5 grams
14 of 4-acetoxystyrene (4-ASM), 62.5 grams of methylmethacrylate, 125 grams of
15 methanol, and 1.5 grams of 2,2°-azobis(2,4-dimethylpentanenitrile) initiator was
16 added. The reaction mixture was stirred for five minutes under nitrogen purge to
17 remove oxygen gas present in the reactor. The reaction mixture was then raised
18 to about 64°C, the reflux temperature of the mixture. After one hour of
19 polymerization, 0.3 grams of 2,2°-azobis(2,4-dimethylpentanenitrile) dissolved in
20 about 10 grams of methanol was added to the reaction mixture. Two hours after
21 the start of the polymerization, 0.5 grams of 2,2’-azobis(2,4-
22 dimethylpentanenitrile) in about 10 grams of methanol was added to the reaction

23 mixture. Three hours after the start of the polymerization, 0.65 grams of 2,2°-



12 TABLE 1. 13 The tinme period for the polynerization

of *4-ASM to 4-PAS was that 14 sufficient to achieve at | east 90% by
wei ght conversion of the 4-ASMto 4-PAS. 15 Conversion was typically
determ ned by capillary gas/liquid chromatsgraphy of 16 the reaction
m xture. Typically.reactio | nes ranged fr bout _4 hours to .17
about 9 h;gur s. xs(?,Q-dtimcxﬂyfpcntanqu(ﬁxgng}sg%@g%goeﬁlggrgacrggp SWEE BRI MUt
4- PAS produced by the above- 19 . descgribed od ranged from about
6,500 to &bout Qé?ro‘bﬁ).smz‘lf the polymerization, 8'8Tﬁémﬁ rrgghgesacz@?‘?&k%at i on reaction
was typically carried out in the 21 pol ynmeri zation reaction medi um
However, wher eadimathylpesitanenittiled wagaddsd w-the peaction mixiagn ApalysirpSthedfinabe
carried out in a non-al cohol -conprising reaction nedium 23 t he
t ransest edi f i capolymer edxtirosampe uivodoutshafte s Rscimitttoreadditionp by kapillirg
amount of 21 |
al cohol Wi ch mgsd cliemBioRFRRY sRdwaY8.8% By WeighhEodveRidn GGhe At ReiokyfRehon
reaction 2 is at | east about one equival ent based on the anbunt of
unr eact ed g non- tediddil L8hx hCahly, at
| east abogt ten a%%éllc\t}glhgﬁtthg&g@&% By xﬁtﬁgﬁé‘emmﬂﬁ%aﬂ}%%' ,%c
7 transesterification reaction was begun without cooling the reaction mixture; 0.3
8 grams of 37% hydrochloric acid in water was combined with about 10 grams of
9 methanol and the combination was added to the reaction mixture. The reaction
10 mixture was permitted to react until the color of the mixture turned from white to
11 clear, at which time about 150 grams of methyl acetate/methanol was removed as
12 a distillate and about 150 grams of fresh methanol was added. The
13 transesterification was allowed to proceed for 4 hours at which time the clear
14 reaction mixture was cooled, precipitated in deionized water, the precipitant was
15 isolated by filtration, the acid was washed from the precipitant (essentially poly(4-
16 hydroxystyrene-co-methylmethacrylate) with deionized water, and the poly(4-
17 hydroxystyrene-co-methylmethacrylate) (4-PHS/MMA). The 4-PHS/MMA was
18 dried in a vacuum oven at about 70°C until less than 2 wt% water remained in
19 the 4-PHS/MMA. An FTIR analysis of the 4-PHS/MMA showed less than 2.0
20 wt% (4-acetoxystyrene) groups remaining in the 4-PHS/MMA. The weight
21 average molecular weight of the 4-PHS/MMA was about 22,000 by GPC. A UV-
22 VIS scan showed a molar absorbtivity of 48 1 cm mole™* at 248 nm. The
23 product was visually white.

30



4 al cohol based on unreacted 4-acetoxystyrene are used, since the

triansesterification 5 rate is inproved by an increase in the nunber
of equival ents of al cohol. 6 An exanpl e wherein the
pol yneri zation reaction nedium (al cohol) Waés 7 decant ed and

repl aced jwi t h gkaaplead2coeimpiatied Ekamplee transesterification is marked 8
with a # in the tables contalning the Exanpl es. The repl acenent al cohol in

this 9, exaNpl P BirpbdiCof SEIEE AN Rl 10 A rloRfard! BAE Wi BG5S

pol ymeri zati on. ux tenperature of the reaction
medi um was typically. mint ai . | t ;@@3&5[&5 I cation
reacti o\r,:%( at yg 5‘5@&3 gp‘)n?ie surléj&ilneﬂfg of p%&d‘:%}%aégs?g(éfl{ ritrcati %)];1 was
carried out usi,ng .an, aci(g catal yst 0 cayse. t he C 3 . resent
in the réacti oﬁcﬁ%ﬁg%ﬁh@mp@agﬂ"}l%%i)?‘ﬁ@ ‘gp ﬁé?mbgjlﬁvg%’lﬁbz'g‘h%"cﬁ}&ASpt 0

14 4-PHS. The acid catal yst concentration typicall il) ranged_from about
100 to alfout carsied out using@En @eid aaealyaed spethanelysis as) disclosgh by SfupthdJ.Seact i on
m xture. However, acid 16 catal yst concentrations ranging from

about 5 m t o PateatiNo24398,9pfrprovidesoz reacigh product whichi dogsi ndt hawt thieylew
concentration preferably ranging fromabout 50 ppmto about 18

2,000 ppm and ggRedl déhﬁiye{aakdﬂ#anfcémﬁbem-zwﬁnp@md@g&b(vhhm&ﬁﬂsmw thehe
19 acid was typically dissolved in the sane al cohol as that used for

al 1 east @ pOr G Shdvced by B hilfod 60! REkcHPRytont © produce an alcohol

sol ution contai'ning an acid ‘catalys _ concentration ranging from
sbout 0. 54 veraht 0 G YL IBE S350k e vimya gtk M

10 “reflux cbndenscr, a thermowell with thermocouple, a nitrogen purge fitting, an

11 overhead stirrer, and an external heating mantle, was charged with 100 gm of

12 methanol (MeOH) and 2.7 gm of 37% HCI (0.5% by weight HCI based on the '

13 MeOH and the 4-ASM to be added subsequently). Separately 100 gm of 4-

14 acetoxystyrene (4-ASM), 2,2°-azobis(2-methylpropanenitrile) were mixed and

15 kept cold in an ice bath. The methanol/HC] mixture was stirred for about 5

16 minutes under a nitrogen purge to remove gases other than nitrogen from the

17 reactor. The temperature of the mclhaﬁol/HCl mixture was then raised to about

18 66°C, the reflux temperature of methanol at atmospheric pressure. The 4-

19 ASM/initiator mixture was periodically added to the flask reactor over a 3 hour

20 period. 110 gm of methylacetate/methanol was removed during the reaction.

21 Upon the initial addition of 4-ASM/initator solution, the temperature of the

22 reactants in the flask reactor dropped to 61.4°C, indicating the production of



22 1 reaction vessel in a single addition. However, acid catalyst
can be added during 2 the reaction, if desired. 3

Aci ds which were used as acid catal yst included hydrochloric acid, 4
phosphoric acid, nitric acid, sulfuric aciy} nethane sulfonic acid, and
t ol uene ul fonic acid. The particul ar cid ritical to
the i nven?i on. B’f Y RAFRe. @hs methyl age %W%Féﬂ‘t"ﬁ@ %ﬁqsﬁﬁnﬁﬁﬂmﬂa ed, the
substantially react with the 4-PAS or the 4-PHS 7 formed fromthe
4-PAS. | n2the piaperiusdligeheddn©4.5°Giward dbe siyofabs deactip®) uded 8
hydrochl ori ¢ acid and phosphoric acid. Hydrochloric acid was used in 9
EXAMPLES 3- 60 shown i nATARSESS thedirmhl polymed niixturexsanmileDbg tapillay gas

To drive the reaction toward conpl ete conversion of 4-PAS to 4-PHS, it 11
was necessary t ehdrbabgably sibwedCes® Gy wéightadonedrsion f el dMacdtoxyishfedecact i on

12 medium or to renove al cohol acetate fromthe reaction rredl um as
it is forged. 13 AftIVPéxﬁﬂEt'xdh o@me%ﬁﬁﬁsaﬁeafsﬂ ha¥RByaeReis Wher ei n
t he nol ar equi val ents of al cohol to init |aI 4AS ra gedfrom

about 5 tq abou I

peri odi cal%l y or Em%g?ri' ntﬁ%gg%&{r g“#on\l/% «%Uo}c End gmm u r?hgﬁx\%?d WK the

al cohol acetate was .such tha ol ybi lit f t.he 4 PAS resul ted in a
transl ucerdt 17 Prec‘P“a‘epHPilﬁﬁiaferdgﬁ’c@luéﬂo'?ré‘a‘? AFidevasewashed fom ol acet at e

was renoved as an 18 azeotrope wi th al cohol and other reaction
nmedi um co-8sol vepresigitant psieg deipyizedyfyater, and the reaction product was dried in a vacuum

9 oven at about 70°C until less than 2 weight % water remained in the reaction
10 product.
11 An FTIR analysis of the precipitant portion of the reaction product
12 showed the precipitant to comprise PHS, wherein less than about 1.7 wt% 4-
13 acetoxystyrene groups remained in the PHS. The weight average molecular

14 weight (Mw) of this PHS portion of the reaction product was about 2,000. This
15 reaction method does not permit the isolation of PHS. This. reaction method also
16 did not permit control of the Mw of the reaction product. The Mw of the PHS
17 could not be controlled, in part because hydroxystyrene monomer (HSM) was

18 formed and polymerized not only via free radical means, but possibly by cationic
19 means.
20 The molar absorbtivity, €, of the PHS portion of the reaction product at
21 UV, measured 868 (far greater than the 250 or less desired for the product

22 produced by the method of the present invention). This high £ is apparently due



19 typically the conbi ned anbunt by weight of the al cohol (or

al cohol /\co-organic 20 sol vent )/ al cohol acetate renoved was repl aced
wi th an equi val ent anount by 21 wei ght of the al cohol. 22 -
The transesterification reaction was carri Eg out at the reflux tenperature
23 of the reaction m xture at atnosphéric pressure (about 66[err]C
for a met hhnol to the formation of quinones or other highly absorbing species due to the 23 1
reaction nedi um or about 78C for an ethanol reaction nedium. The tine
period 2 2 fimultareaas polymesigatidnadndshyidielgsierdaction pchniquke at | east 85%
conversion of 4-PAS to 4- 3 PHS. Conversion was neasured by

Fouri er-Transform I nf r seedinfie et the 56 ofthe present(idngbn, maaaahioga@hfa& the
acet ate carbonyl peak at about 1760 cnferr], on precipitated,

hed and4dri i ' | s i
poshe A | e e A g g B ol

g on the al cohol use

Lfi ' 7. . .edom I . I Th ired .
react o t e portbaEifcaion el ER SR vy preAR6E, tre ST HetBlaion on

by Mor o 188 d 7 cHEGA BrwFLHAOREA OB, SieG drRpge, hexene, and T '

7 cyclohexane, in which the PHS homopolymers and copolymers thereof are
8 sufficiently insoluble can be used.

.9 When water was used as the precipitation medium, the polymer/reaction
10 medium mixture was added to water which water was in motion. Typically, at
11 room temperature, the weight axﬁount of water was in excess of the weight
12 amount of polymer/reaction medium mixture by at least a factor of eight. The
13 preferred alcohol reaction medium is methanol for a water precipitation, since the
14 PHS polymer or copolymer thereof precipitates at a particle size larger than about
15 50 microns. Use of higher molecular weight alcohol reaction mediums appears to
16 cause the precipitated particle size of the PHS homdpolymer (or copolymer
17. thereof) to be smaller than'about 50 microns. Larger particle size is easier to
18 filter.
19 Although the present invention is described in terms of polymers of 4-
20 -hydroxystyrenc and/or substituted 4-hydroxystyrene, further functionalization of
21 these polymers which provides cnhanéed performance in particular optical
22 applications is considered to fall within the scope of the present invention. For
23 example, when these polymers are to be used as polymeric components in |

33



24
26,

[err]

10
11
12
13
14
15
16

17

25 [err]

34
photoresists, it is known to be desirable to replace the hydroxy group at the 4

position of the compound structure with a t-butoxycarbonyl group. The presence
of this t-butoxycarbonyl group on the polymer improves the scnsit_ivi_ty of
polymer to imaging radiation striking the photoresist. It is also known to replace
the hydroxy group with a t-butoxy group, also for use in photoresist applications.
The present invention provides polymeric compounds (and a method for their
preparation) which meet the optical (radiation absorption) requirements necessary
to function as a deep UV, X-ray, or E-Beam photoresist material. Further
functionalization of this basic polymeric material, which does not detri.mentally
affect the overall performance of the polymer in the intended application, is

intended to fall within the scope of the present invention.

It will of course be understood that the present invention

has been described above purely by way of example and that modifications

of detail can be made within the scope of the invention.



1 To further illustrate the nethod of the pr nvention

i n-a manner 2 whi ch assists one skilled in the art i mm g”wu”m
t he EXAMPLES contained in 3 TABLES 1 and 2, EXAI\/PLES

descri bed below in nore specific 4 3getail . Exampl e 2

To a 500 m gl ass round-bottom fl ask reagt |tte¢wih a.chilled water 7
refl ux cc}ndenser a thermowell with the%ugple a‘( mtrogen purge flttlng

an 8 over head sti rrer, and an external heatnng mant ke, -a.reaction
mxture & 80 QVh#ds cimedIsi of 4. acet oxystyrene (4=ASM:;-120.gr-ans. .of
met hanol and 2.0 granms of 2,2'- 10
azobi s( 2, 4-di net hyl pent aneni trile) initiator was added. The Treaction
m xture was 11 stirred for 5 m nutes under nitrogen purge to renove
oxygen gas preskntA proctdsefor pRparation efipolymersTduanprisingt pady(4eiydtaxystyweas) othen
rai sed to about 66[err]C, the reflux 13 tenperature of nethanol. After
one hour pf poly d6:¥Eyréxie) r Both, sdid process comprising -the steps
azobis(2,4 4) -di net ﬁf‘%ﬁ%ﬁe% 'Eh;llq’{ e) di ssol)ved in abgut 10 gr%m; gof matphanol
was 15 dd%g At each hour, for the next 7 hours, 0.4 grans of

6

2,2 - azob?s(z 4 di met hyI pentanenitril e) in 10 granms of met hanol
was added, After each additian

f ol V. tur e
was withd®awn froft WP%EE’E)‘F‘%F\%%ﬁ‘%g o%c ét%g)s ﬁﬂpﬁt #e)p‘ﬁn& +r %gf‘i/‘gn%é b
m xture sanple by capillary gas chromatqgra showed 94. 8% by
wei ght cohversion of acmxwmtmwsrr%ﬁ%ﬂ% g"% pater, & W%Paﬁ?é‘ﬁgﬁm The
20 transesterification reaction was begun w thout cooling the
reaction &i xture; 0. 2nd its decomposition products alone or as polymer capping groups do

9 not substantially absorb radiation over wavelengths ranging from about
10 240 to about 260 nm, or wherein said initiator is present at a

11 concentration of less than about 3 mole % of said monomer, in a reaction
12 medium comprising at least one organic solvent, to produce a polymer
13 comprising poly(4-acetoxystyrene) or substituted poly(4-acetoxystyrenc)
14 or both, whereby, either as a result of monomer conversion, or due to
15 removal of residual monomer, 10 wt% or less residual monomer, based
16 on the weight of polymer produced, is present in the reaction mixture
17 used during a subsequent transesterification reaction step; and
18 b) subsequently transesterifying said poly(4-acetoxystyrene) to poly(4-
19 hydroxystyrene) or transesterifying said substituted poly(4-acetoxystyrene)
20 to substituted poly(4-hydroxystyrene) or transesterifying both, in a
21 transesterification reaction medium comprising at least one equivalcnt of
22 alcohol per equivalent of non-transesterified poly(4-acetoxystyrene) or

heet Has Been Replaced
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21 grams of 37% hydrochl or| c acid in water was conbi.ped--w-th about 10

grans of “‘\ e conbi nat i onf{Wgs - added it 0. the:reaction
m xt ure. The reac ﬂi‘ xt ure vvas per te
C

to_ react unt|I t he
color of the m xt ur Hed“from white td B
27 1 clear, at which time 150 grans net hyl acet at e/ rret hanol was
renoved as a | lat dded.
The transesterlgt?'tcn:tlteg %/%Ilg{(g gcgggx%??%géggfbo‘g?%%g %‘?%%P@boutt % %@
hours, at whfehaehkeve raid &aansesterdd isnkiaone Wlaerem atydeassobed, by
preci pitat edweagﬂel YUrdRd-sirel of t BRIAr PRI1Ri(4aBtetdsyLEQrahey Ry &aid
filtration, z% gga hedf om t he reC| |tan%(sssaené1gé1ll¥t\9 I3(4
6 nydr BRYY I BNET AV R VAGPEh | 2 SeRErESRon P o
pol y( 4- hydr opyiwneae)etmysttm:edeﬁ to salé vaeulgsrtwvehe@t aboly (4~

70[ err] C unt W % yat er feni the

pol y(4- hydro%’g'%ér Rn FTI R$gnal y£3| S ot[h'eéghégpol yF} hydr%xyst yre?teg
showed 9 tran|s§§§:etrﬁ§,;rcgtgo\m k4 batBt d8yePyRrdRRgr oups remained in the
poly(4- 10 2hydrasypiyeess) ofsc el Red e ngtaet atnahnﬁgof heaid

Rcotoxy car DERIY HoPNPERRYE CVReD0) v sBEeancaid - bubLERSREREL Telyla-
absorbtimKtthﬁrbﬁystynqhenrprnmbépean]saudztaannnoﬁhmlptuﬂeciswmn th8
visually ver %a\t‘@et %roml%bout 10@(%@ %oa% 30% by weight.

3. A process for preparation of polymers combrising
poly (4~hydroxystyrene) or substituted poly (4~-hydroxystyrene)
or both, said process comprising the steps of:

15 a) reacting a mixture comprising 4-acetoxystyrene monomer
or substituted 4-acetoxystyrene monomer or both and a
comonomer having at least one vinyl group present, wherein
said comonomer does not substantially absorb radiation over
wavelengths ranging from about 240 to about 260 nm; and an

20 initiator, wherein said initiator and its decomposition
products alone or as capping groups do not substantially
absorb radiation over wavelengths ranging from about 240 to
about 260 nm, or wherein said initiator is present at a
qoncentration of less than about 3 mole % of said monomer;

25 in a reaction medium comprising at least one organic
solvent, to produce a copolymer of poly(4-acetoxystyrene) or
said substituted poly(4-acetoxystyrene) with said comonomer,
whereby, either as a result of monomer conversion or due to
removal of residual monomer, 10 wt% or less residual

30 monomer, based on the weight of polymer produced, is present

in the reaction mixture during a subsequent,
transesterification reaction step; and

b) subsequently transesterifying said poly (4~
acetoxystyrene) to poly(4-hydroxystyrene) - or

35 transesterifying said substituted poly(4-acetoxystyrene) to
substituted poly(4-hydroxystyrene) or transesterifying both
to a conversion of at least 85% by weight, in a

transesterification reaction medium comprising at least one

heet Has Been Replaced
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15 To a 2000 m gl ass round- bottomflas_k reactor fltted

thermocoupl o, ol KN MBEHIBTRELIR < i 17" Y Suer neag €¥i T der , ana

an external heating mntél, Sa teaction nd¥ture of—200.-18. %" ._grdns of
3-net hyl - 4- acet oxystyrene (3 M 4- ASM, 800 granms of absolute 19

h ,
:Ej dggf" Zgnd 8l R re°f 41€0h8% éaéf(e@ at'ly'nF%r gBaHSH'{:{-éhSésté‘Hff&gr was

( a&tfon m xt for five mnutes un
nitrogen purgepedymempve uiing an or¢dgdn gadagyesenttd n %Cﬁé‘-%‘é%ct%“rl.ldThe

reaction mxtt?ya%s\gg%etﬂ%craaﬂl%@ to about 22 78[err]C the refl ux
tenperature of ethanol. After two hours, of polyneriza

e "
grans of 2,2'-azoli-s( FhRePRPFEESpARHIRITIYY e§sedir\/§%‘ & Fai oﬁ?mﬁﬁoﬁ?’ém; of
28 | 5 ®laRkdne a\&a&ea@dedntmvlihplrgﬂmhpqrremeﬁwms. nEthyy aweyhates, for

t he next four ra
2,2'-azobi s(?eré’ty ﬁrtélﬁflr#ﬁat‘% I el? | n%a fure ;éreé’ﬁs of et hanol
was added. Anal y5|% ofr pwecespialfopopymrﬁwrmr mlémetr\mOWOHPéY(A‘

after the | a:iltydrm,,_tysagﬁre,ﬁgdl tWiieR, Qubgaptﬁ'&@dypﬁﬁﬁ; (@bheaRbegeRprenaloned

97.6% by 5 conversion t he 3-nethyl-4-acetoxystyrene, to
pol y( 3- et hy|S3d 1@”“9"'55 RS Oté’rﬁe)% o' The

transest erg f ispat reactdaet laomlwaarbegmnpmsj:mut4-cami’umqsﬁye:efmeambinomer8
mxture; 1.0 gham Qg0 UGG hBndRbE" 4RE GAPAIE Wb about
wherein said initiator and its decomposition producté alone
or as polymer capping groups do not substantially absorb
radiation over wavelengths ranging from about 240 to about
15 260 nm, or wherein said initiator is present at a
concentration of less than about 3 mole % of said mononer,
in a reaction medium comprising at 1least one organic
solvent, preferably at least one alcohol, to produce a
copolymer of poly(4-acetoxystyrene) with substituted poly(4-
20 acetoxystyrene), wherein at least 90% by weight conversion
of said 4-acetoxystyrene monomer and said substituted 4-
acetoxystyrene monomer combined is obtained; and
b) subsequently transesterifying said poly(4-
acetoxystyrene) and said substituted poly(4-acetoxystyrene)
25 to poly (4-hydroxystyrene) and substituted poly(4-
hydroxystyrene), in a transesterification reaction medium
comprising an alcohol, preferably in substantially said

reaction medium of step a), using an acid catalyst to
achieve said transesterification, wherein at least 85% by
30 weight conversion of the combination of said poly(4-
acetoxystyrene) to said poly(4-hydroxystyrene) and said
substituted poly(4-acetoxystyrene) to said substituted
poly (4-hydroxystyrene) is obtained.
6. The process of any of claims 1 to 5, wherein said
35 reaction medium of step a) is an alcohol reaction medium
selected from alcohols having 1 to 5 carbon atoms and
combinations thereof.

7. The process of any of claims 1 to 5, wherein a c,-

This Sheet Has Been Replaced




9

20 grans of ethanol and the conbination was ded to the reaction

mxture The 10 reaction nmixture was pernitted to rjmultu Ill m II
color of the mxture turned from 11 white to clea ﬁ tuu
about 250 grans of ethyl acetate/ethanol3%as 12 renoved as a
distillate and about 250 granms of fresh et hanol was added. The 13

transesterification s allo t.o fo ou I Cheti he
clear 14 Csr AATT m%&ﬁ%%ﬁf% f prt[émt[;’l E"ga% Yé’gel{g)nl zggé'c%/vat er,
the precipitaahctdsn ihEdlum bfoksabpdab)y f| ltration, the acid was washed
from the preci pit gnt % %?%E@lgonOEXgSOf é@alms 1 to 7 whereln said

met hyl - 4- hydr oxystyr ene
hydr oxyst yr erdroned deircsion @eﬂa@@u#ﬁoﬁé%eﬁFengﬁ?m7®}%???

14

than 2 W%
An FTIR anal ysi s of

d
| ess than 2.0 w %°(3- né['thr?ylpﬁ°°e§§ °i'y(°13t‘:15ty ys’f’@%’é%g‘(y; ﬁigggremal ni ng

ei oni ze and the g, rreth | - 4-

MY ‘Jejss

17

18 s carb‘é&?at %&oﬁr@mélnaed:olmhlhbelaﬁlsy(:ﬁeﬁﬁbflyI 4- hydr oxystyr ene).
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or is a functional equivalent thereof.

11. The process of any of claims 6 to 10, wherein said
alcohol reaction medium is selected from alcohols having
from 3 to 5 carbon atoms and wherein an additional alcohol
is added during step b) and wherein said additional alcohol
is selected from alcchols having 1 to 2 carbon atoms and
combinations thereof.

12. The process of any of claims 1 to 11, wherein said

.initiator is added periodically or continuously during step

a), whereby at least 90% by weight conversion of said 4-
acetoxystyrene monomer or said substituted 4-acetoxystyrene
monomer or the combination of said 4-acetoxystyrene monomer
and/or said substituted 4-acetoxystyrene monomer and said
comonomer or said 4-acetoxystyrene monomer and said
substituted 4-acetoxystyrene monomer combined, aé the case
may be, is achieved.

13. The process of any of claims 1 to 11, wherein said
step a) conversion of monomer to polymer is less than 90% by
weight, but wherein said reaction medium of step a) is
substantially decanted from said polymer and replaced with
fresh, clean alcohol reaction medium prior to said step b)
transesterification.

14. The process of claim 13, wherein C,-C; alcohol
constitutes at least the majority of said reaction medium
of step a) and wherein said replacement alcohol reaction
medium is essentially the alcohol reaction medium as that

used in step a) or a functional equivalent thereof.
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conditgons and 4 using the sane reactants as t ' f
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reaction group is methyl or ethyl.
19. The process of any of claims 1 to 18, wherein said
15 initiator is selected from 2,2'-azobis(2,4-
dimethylpentanenitrile), 2,2'-azobis(2-
methylpropanenitrile), 2,2'-azobis(2-methylbutanenitrile),
1,1'-azobis (cyclohexanecarbonitrile), t-butyl peroxy-2-
- ethylhexanoate, t-butyl peroxypivalate, t-amyl

20 .peroxypivalate, diisononanoyl peroxide, decanoyl peroxide,
succinic acid peroxide, di(n-propyl) peroxydicarbonate,
di (sec-butyl) peroxydicarbonate, di(2-ethyl-hexyl)
peroxydicarbonate, t-butylperoxy-neodecanoate 2,5-dimethyl-
2,5-di(2-ethylhexanoylperoxy) hexane, t-amylperoxy-

25 neodecanoate, t-butylperoxy-neodeconate, and combinations of
any two or more of these. '

20. The process of any of claims 1 to 18, wherein said
initiator is selected from the group consisting of benzoyl
peroxide, t-butyl-peroxybenzoate, and di-t-butyl

30 diperoxyphthalate, and wherein the mole % of said initiator
is less than about 3 mole % of said monomer.

21. The process of any of claims 1 to 20, wherein said
initiator exhibits a half life in the range from about 0.5
hours to about 10 hours at the temperature at which said

35 reaction is carried out.

22. The process of any of claims 1 to 21, wherein said

acid catalyst will not substantially react with, as the case

may be, said poly(4-acetoxystyrene), said substituted
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which time afdd, 1501funis efcidet hyethane asulfenhandcighs artofedugse 12

a distillat %ﬁ'lfoﬁ@%ci]éo grans of fresh nethanol was added. The 13
transesterification was allowed to proceed for 4 hours at '\A'hilg&'ti me t he
clear 14 r2dac tThsh RHOASHSe OfadWWoBFcBlatrRct pi? &3d INF MG 28d

ﬁtﬁr,d ]Ef@ p{(ﬁﬁlﬁgmgﬁ@@p 15 isolated by filtration, the acid was

e oA i 8 2 B SR YRR el bt st po
hydroxystyrene), substituted poly (4-hydroxystyrene) or bog%
from the transesterification reaction medium.

25. The process of claim 24, wherein said step c)

15 isolation is accomplished by precipitation of said polymer
or copolymer comprising poly(4-hydroxystyrene), substituted
poly (4-hydroxystyrene) or both from said reaction medium.

26. The process of claim 25, wherein said precipitation

" is accomplished by adding the reaction mixture of step b) to

20 water which is in motion.

27. The process of claim 25 or 26, wherein the
precipitate of said polymer or. copolymer comprising poly(4-
hydroxystyrene), substituted poly(4-hydroxystyrene) or both
is treated to remove residual acid.

25 28. The process of any of claims 1 to 27, wherein said
4—acétoxystyrene monomer or said substituted 4-
acetoxystyrene monomer or both and, if present, said
comonomer of step a) contain no inhibitor which
substantially absorbs radiation over wavelengths in the

30 range of from about 240 to about 260 nm.

29. A polymer comprising 4-hydroxystyrene having a
molar absorbtivity of 250 or less, at a wavelength of about
250 nm, wherein said polymer contains less than about 2.5%
by weight of residual 4-hydroxystyrene monomer or derivative

35 residues thereof.

30. The polymer of claim 29, wherein said polymer
comprises 1less than about 2.5% by weight of poly (4-
acetoxystyrene).
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alcohol as a reaction medlum, a chain transfer agent and a

transesterification reactant. It is appropriate: to use
an initiator which does not comprise a substantially
15 absorbant structure over the 240 to 260 nm range or to use
an initiator concentration of less than about 3 mole % of
the monomer (s); to obtain a polymerization conversion of the
initial polymerization monomers of at least about 90% by
" weight, or to remove residual monomer(s) from the reaction
20'}medium prior to transesterification; to obtain a
transesterification conversion of the polymerized monomers
of at 1least 85% by weight; and to avoid the use of
transesterification catalysts which can cause the formation
of chemical structures which can absorb over the 240 to 260
25 nm radiation wavelength range. The target polymers have low
optical densify (absorbance) over a wavelength range from
240 to 260 nm, as well as low optical density over the near
UV and visible spectrum (310 to 800 nm); and are useful as
photoresist components for use in combination with deep UV,

30 X-ray, and E-Beam imaging systems.:
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240 to 260 nm and comprising poly(4-hydroxystyrene) or
substituted poly(4-hydroxystyrene) or both, said process
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a) reacting a mixture comprising 4—-acetoxystyrene monomer
or substituted 4-acetoxystyrene monomer or both and an
initiator, wherein said initiator and its decomposition
products alone or as polymer capping dgroups do not
substantially absorb radiation over wavelengths ranging from
about 240 to about 260 nm, and/or wherein said initiator is
present at a concentration of less than about 3 mole % of
said monomer, in a reaction medium comprising at least one
organic solvent, to produce a polymer comprising poly(4-
acetoxystyrene) or substituted poly(4-acetoxystyrene) or
both, whereby, either as a result of monomer conversion, or
due to removal of residual monomer, 10 wt% or less residual
monomer, based on the weight of polymer produced, is present
in the reaction mixture used during a subsequent
transesterification reaction step; and

b) subsequently transesterifying said poly (4~
acetoxystyrene) to poly(4-hydroxystyrene) or
transesterifying said substituted poly(4—-acetoxystyrene) to
substituted poly(4-hydroxystyrene) or transesterifying both,
in a transesterification reaction medium comprising at least
one equivalent of alcohol per equivalent of non-

transesterified poly(4-acetoxystyrene) or substituted

SHEET ‘
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240 to 260 nm and comprising poly(4-hydroxystyrene} or

substituted poly(4-hydroxystyrene) or both, said process
comprising the steps of:

a) reacting a mixture comprising 4-acetoxystyrene monomer
or substituted 4-acetoxystyrene monomer or both and a
comonomer having at least one vinyl group present, wherein
said comonomer does not substantially absorb radiation over
wavelengths ranging from about 240 to about 260 nm; and an
initiator, wherein said initiator and its decomposition
products alone or as capping groups do not substantially
absorb radiation over wavelengths ranging from about 240 to
about 260 nm, and/or wherein said initiator is present at a
concentration of less than about 3 mole % of said monomer;
in a reaction medium comprising at least one organic
solvent, to produce a copolymer of 4-acetoxystyrene or
substituted 4-acetoxystyrene or both with said comonomer,
whereby, either as a result of monomer conversion or due to
removal of residual monomer, 10 wt% or 1less residual
monomer, based on the weight of polymer produced, is present
the
transesterification reaction step;
b)

acetoxystyrene or substituted 4-acetoxystyrene or both with

in reaction mixture during a subsequent,

and
subsequently transesterifying said copolymer of 4-
said comonomer to or

a copolymer of 4-hydroxystyrene

substituted 4-hydroxystyrene or both with said comonomer to

SHEET |
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L R R

pol ymeric 0es not Rient al | y 10 affect the overall
performance of the pol yrrer in the intended application, is 11 I nt ended

to fall within th%&f@%ﬁﬁhéﬂﬂ% @@%%enkhbwfégéﬁe ingéntion provides a !
wi Il of course be understood resent 1 nvention
10 | process for preparatlon of copolymers, having a molar

absorbtivity of 250 or less in the wavelength range of from
240 to 260 nm, of poly(4-hydroxystyrene) with substituted
poly(4-hydroxystyrene), said process comprising the steps

of:
15 | a) reacting a mixture comprising 4-acetoxystyrene
monomer, substituted 4-acetoxystyrene monomer and an

initiator, wherein said initiator and its decomposition
products alone or as polymer capping groups do not
substantially absorb radiation over wavelengths ranging from
20 | about 240 to about 260 nm, and/or wherein said initiator is
present at a concentration of less than about 3 mole % of
said monomer, in a reaction medium comprising at least one
organic solvent, preferably at least one alcohol, to produce
a copolymer of 4-acetoxystyrene with substituted 4-
25 | acetoxystyrene, wherein at least 90% by weight conversion of
sald 4-acetoxystyrene monomer and said substituted 4-
acetoxystyrene monomer combined is obtained; and

b) subsequently transesterifying said copolymer of 4-
acetoxystyrene with substituted 4-acetoxystyrene to a
30 | copolymer of 4-hydroxystyrene with substituted 4-
hydroxystyrene, in a transesterification reaction medium
comprising an alcohol, preferably in substantially said
reaction medium of step a), using an acid catalyst to
achieve said transesterification, the acid catalyst being
35 {present in an amount of from 5 to 2,000 ppm, wherein at
least 85% by weight conversion of the combination of said

ENDED  SHEET |
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invention. 15 16 17 35! 4oGLA MBY Lol A
process for preparation of polymers having a nol ar, | éorbt|V|ty f 250
or less in the wavel ength range of from 5 240 to‘ZGQ nnland conprlging
pol y(4-hydroxystyrene) or substituted pol y(4- hydroxystyrene) or bot h,
sai d process conprising the steps of: 5 a) r-eact+ng -a m Xt ur e
conpri sing 4-acet oxystyrene nononer or °Substituted 4- acet oxystyrene
nmononer or, both and an 10 initiator, wherein said initiator and its

deconposi t|i éracetpxpdtiyrenal obe ofaias polhwdsoxyaipineeyr ongs &6 nseid
subst anti al 4 yrapsehPehadi it ek yhav engd hs shangi naiddteutecaboyt 240

to about 260 nm Aor wherein said’initiator is present at a concentration
of |ess tHAWIBRKYSEYRBPE 360PPE3188Rd nononer, in a reaction nedi um
conprising at | east one organi ¢ solvent, to produce a pol ynmer conprising
pol y(4- acet oxystyrene) or substituted poly(4-acetoxystyrene) or

bot h, mh%reby, either as a result of nononer conversion, or due to
removal of resi dugddETANIEIEMESORIRATION dFe EXHMPIIARYG|EMBODIMENTS

In accordance with the present invention, it has been
discovered that despite the partial insolubility of poly(4-
acetoxystyrene) (4-PAS) in alcochols, it is possible to

10 polymerize homopolymers, copolymers, and terpolymers
(hereinafter referred to as "polymers") comprising poly(4-
acetoxystyrene) and/or substituted poly(4-acetoxystyrene)
(S-4-PAS) in an alcohol reaction medium, and to subsequently
transesterify the polymer comprising 4-PAS and/or S-4-PAS,

15 preferably in the same alcohol reaction medium, to produce
a polymer comprising poly(4-hydroxystyrene) (4-PHS) and/or
substituted poly(4-hydroxystyrene) (S—-4-PHS). The initial
polymerization of 4-acetoxystyrene monomer (4-ASM) and/or
substituted 4-acetoxystyrene monomer (S-4-ASM) to produce a

20 polymer comprising 4-PAS and/or S—-4-PAS is carried out in a
manner which permits formation of a transesterification
reaction mixture comprising no more than 10% by weight of
residual monomer(s) (based on the polymer produced). This
10% by weight residual monomer can be achieved by obtaining

25 90% conversion of the combination of all monomers initially
present during the polymerization reaction, or by removing
such monomers from the reaction mixture after the
polymerization is completed but prior to the
transesterification reaction. The

30




20 nononer, based on the weight of polymer producéd, #iliin the
reaction mxture used during a subsequent ﬂfahéééferifiéaonL
reaction step; and b) subsequent |y transesﬁenifxgqungggﬁid '

pol y(4- acet oxystyrene) to pol y( 4- hydr oxysit yir ené) ™" i ior 25
transesterifying said substituted pol y(4-acetoxystyrene) to...--substiltuted
pol y(4- hydroxystyrene) or transesterifying both, iin a B
transesterification reaction nmediumconprising at |east------one ~equi val ent

of alcohol per equivalent of non- jgtransesterified

pol y(4- gcet ox ren [ Stl.L - usi ng an
acid ca’f}al yst ){’?f é’éh%\?g?y (4-a§cg$>8}skyg§r%§gglﬁgrﬁ%!l%g)t%ilgﬁﬁhﬁ%‘o%gﬁg%?g{ al yst

bei ng present in anount of from5 to 2,000 ppm wherein at |east 85%
by weéi ght &Gf&}’éroéiafﬁw@gmgai d pol y(4-acetoxystyrene) to said

pol y(4- hydroxystyrene) or conversion of said substituted 35 )

pol y( 4- 3cet oxyst yr en&Pr perposes Shiclear exprpssiant oftthe cogsspy/eisthe preseridnrsnyiot.yr ene)
or at | east 85% by wei ght transesterification of both is
obt ai ned. the language is simplified in portions of the following te$t6by descriting the The
process of claim1, wherein the anobunt of said pol y(4- hydr oxyst yrene)

or  saisd  Sybehtibh if trms RP kb ﬂztpamdomﬁﬂﬁél%ﬁiﬁﬁsw kin@fpolyeah in said

reaction mxture is in the range from about 10% to about 30% by wei ght.
5 3. pro 95 AEEP LN of ; ‘ ' .

absor bt iﬁci ty g‘sa%g r Pgsgg%&?hléqé/g@%déﬁgﬁpp %éggg?né@éﬁsumu%% to 260
nm and gonpri Si ol,y(4- hydroxyst yr.ene) o sybsti t ut ed

pol y( 4- ydroxf?ﬂ&?‘gﬁéfggo ?W%‘BF%Q@&%S%F%(Y@QS When {f 35, Bre 82t ekt eps of -
10 a) reacting a_m xture conprising, 4-acetoxystyrene nononmer_ . Of
substit & ed 4-digiaceemssarywhandh Hige dnes pet becamg tgo cumbersome, substituted

9 4-acetoxystyrene monomers are discussed specifically.

10 The "single pot”, simplified process of the present invention, can be
11 used for the preparation of polymers comprising of poly(4-hydmxystyrenc) and
12 comprises the following steps:

13 a) reacting a mixture comprising 4-acetoxystyrene (monomer) and an initiator,
14 which itself, i£s decomposition products, and capped structures which it

15 produces, do not substantially absorb over the wavelengths ranging between
16 about 240-260 r%%ér, using no more than about 3 mole % of an absorbing
17 inidator per mole of monomer, in an organic solvent reaction medium, to
18 produce a polymer comprising 4-acetoxystyrene; wherein, either as a result of
19 : monomer conversion or due to removal of residual monomer after

20 polymerization, residual monomer in the subsequent transesterification

21 reaction medium comprises no more than 10% by weight of the polymer
22 comprising 4-acetoxystyrene which is produced; and

AMENDED  SHEET |




conononer having at | east one vinyl group present, wherein said
conononer does not substantially absorb radiation over wavel engt hs
rangi ng from about 240 to about 260 nm and an 15 initiator, wherein said
initiator and its deconposition products al one or as cappi ng groups do
not substantially absorb radi ati on ovE? wavel engt hs rangi ng from about

240 to , about it | fAa %@k MhubhAlsQUhitR itireRes, @ a
fd%ﬁgtggg%l%%ggx[ogﬁctw%ﬁﬁo a{ﬂg%?};&d sttubtuPdsOLhit | itlr !

concent}ati on o about of said nononer; 20 in a
reaction medi um conprisin t | t an i uce a
copol ynér of 4- é@éggmvgéﬁgs%? r%a%gﬂ%sv?rl %i eg &Sargggé@%?%éﬁgzgéq ot h
w th said conpnoner, afer eby, either_as a result of .nonpner. conversion
or due Bo r erAbeHI 260} NMEET ASHIE NPgReRShan ‘E?"\?\/s(%’%lf: q?é’égntagiqr%‘flﬁ! 25

in

nononer, based on the weight of polynmer produced, is present _

t he
reacti o  ni xt linitatorcherinmje of monowerh b ak erganic solyenkiraERMAPEdiNEAL on

reaction step; and b) subsequently transesterifying said copol ynmer of
4- aget oxyst yreaece0d copddahériof petid-acaretsryste) vatesubstithed polyid-h 30  sai d
conononmer to a copolymer of 4-hydroxystyrene or substituted

4- hydr oxyst yr ene, 9(2-{% f i 2 SR e CQUFR IRITREsidiAl mondmesspedent inthef at | east
85% by \)§/ei ght ofaéseg)lxg - n\e"'lacet oxystyrene and sai d substituted

4-aceto yStyrenﬁfe\‘}étF%ﬁ{m’%iP%‘; 08 2%“3%4’&&&%%{:%@%3"0;&Mi%g?égonpri sing at

| east ornle 35 eq r equi valent of non-tr esterified

copol ynmer, using an acid catal yst achi.eve .sai d .
37 B ansest efQPPRSES NGNOTE H%a"alcééé by aweé%}sqf '%ef?‘?é’ lysperferped furipyg the
anount of from5 to 2,000 ppm 4, The process of claim3, wherein

t he sai @ conononwaction; ahdvi ng at | east one vinyl group present is nethyl
acrylate, 5 nmethyl nmethacrylate or a m xture thereof.

10 b) subsequently transesterifying the copolymer of poly{4-acetoxystyrene) and

11 substituted -pel-y(4-hydroxystyrcnc} to copolymers of -pely4-hydroxystyrene)

12 and substituted -pely4-hydroxystyrene/, in a transesterification reaction

13 | medium comprising at least one equivalent of alcohol per equivalent of non-

14 transesterified copolymer, using an acid catalyst to achieve transesterification
substituted

15 of at least 85% of the pely(4—acctoxystyrenc} andApel-y(ti-hydroxystyrcnc/.

16 In the most preferred embodiment of the above-described invention, at

17 least the majority of the organic solvent reaction medium of step a) is a C;-C;

18 (straight or branched) alcohol. In addition, the step b) transesterification reaction

19 medium is essentially the same reaction medium as that used in step a) or is a

20 functional equivalent thereof.

21 The following description applies to the embodiments of the invention

22 for which the process steps are disclosed above.

19 AlIS 1999 l |
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5. A process for preparation of copolyners, having a

absorbtivity of 250 or less in the wavel ength range of f{on1 2407 to |
260 nm of pol y(4-hydroxystyrene) wth substituted | 19 AUG 969 |
pol y(4- hydroxystyrene), said process conprising 10 the step¥ of a) ;
reacting a mxture conprising 4-acetoxystyrene nmononer ;| .. substi-t-ut-ed—
4- acet oxystyrene nononer and an initihﬁor mherein saldllnltlator and
its deconp05|t|on products al one_or, as pln roups do not 15"
substanthial Iy %étﬁWraé’Glaétq‘%MﬁF“ﬁ\%?@P%ﬂ? “f"é‘n‘@l camsak 240
to about 260 nm and/or wherein said initiator is present at a

concent ré&t i on afohpbagstat formgd sluring theotransesierification seactomralsoisls, inithe a

reaction nedi um conprising at |east one organi ¢ solvent, preferably at

| east orge al calisblutibn gbnieddPAS2&vhich hedpwl spet up die owdhsaaaifivayish yéaetign. Wi th
Substituted 4- acet oxystyrene, wherein at |east 90% by wei ght

conver si on of sai d 4-acetoxystyrene nonomer and said substituted 4-

acet oxystyrene nononer conbined is obtalned and b) subsequent |y

transest‘prl fying sal d CQ_B%L#‘[E
4- acet oxyst yrene

M th  substituted
W th

substltuied 4- ,Idnrox %/ g t r ansestie n FREEEEOBn nedi um
conpri sithg an al cohol? &P 4 p&‘?ﬂrﬁsegbﬁ‘g‘f’h"rﬂ“ﬁél fe":"i‘%?;xE,"quB‘f'F"med| um
of step a), using an aci d catalyst to 30 _achieve sai d transesterification,
the aci i cat alsyyetumsidegicted brlesy dor the progducion ohbomepalymasitRiD powioceshm
wherei n at | east 85% by wei ght conversion of the conbination of said

4- acet oX¥/st yr dnentabcchal cadddnyoedivgst yrene and of said substituted

4- acetoxystyrene to said substituted 4- 35 hydroxystyrene is obtained.

CH=CH, (CH-CH,) {CH-CH,)
Alcohol 2in Acid Zin . Alcohol
-------- > ————> Acetate
Initiator Heat
8 Step a) Step b)
0-C~CH, o-cl:‘--cn3 OH
o o
4-ASM 4-PAS ' 4~PHS
9 Homopolymers of S-4-PHS, wherein the substituent groups arc methyl
10 or cthyl, or copolymers of 4-PHS and S-4-PHS can be produced in the same
11 manner.
12 When other monomers are used in combination with 4-ASM or S-4-
13 ASM to produce copolymers or terpolymers of 4-PHS or S-4-PHS, such
14 monomers are added to step a). Such monomers include compounds having at
15 " least one vinyl group present, which compounds do not substantially absorb in the
16 240-260 nm wavelength range. Examples of monomers which do not

17 substantially absorb include, but are not limited to:

!
i



6. The process of any of claims 1 to 5, wherein sai c\*‘;‘t:;q:"éfé t

of step a) is an al cohol reaction nmedium selected fror‘ﬁ}gljé‘(j}héji,fsi.ha‘vi. ng il
to 5 carbon atonms and conbinations thereof. 5 7. el process of . any lof
claims 1 to 5, wherein a CJerr]- 'i \ 19 AU WYY 38
Clerr] alcohol constitutes at least the majority of said : reaction nedium
of step a). 8. The process of any of clains 1 to J7“,“"\'}Vh‘"é‘?"'é"i nsaid:*?
al cohol reaction nediumis selected fromalgohols having 1 5 to .5 carbon~
atons and conbi nati ons thereof. 9. ""The process of claim8, wherein
sai d al cohol alcabhat which mesdibenpresnsal angtigoe fnomg tecoinedseriimaiiongredction 2
carbon atons and conbi nations thereof. - 10. The process of any of
claims 110 9, ivAel@biatoat Onelfquitdlent basddedn the eaiduanof iRetddomonmedi um of
step b) is essentially the same reaction nediumas that used in step
a) 0 38 a THACanify Akl Qi¥end NYSRALY, at least abobiien BaRivAARSES OF any
of clainms 6 to 10, er ei)n satl gb We?ﬁ co?@l ryéact I on nmedi umai s selected from
al cohol s having,1 rom3 to 5 carbon atons andgfnreina agditi nal
21 conol * 421 o huckhol bR oy e -SSR ¢ wiRE SRR RS Rty
5 rate is improved by an increase in the number of equivalents of alcohol.
6 An example wherein the polymerization reaction medium (alcohol) was
7 decanted and replaced with clean alcohol prior to the transesterification is marked
8 with a # in the tables containing the Examples. The replacement alcohol in this
9 example was the same alcohol as that used during the polymerization.
10 Reflux temperature of the reaction medium was typically maintained
11 during the transesterification reaction (at atmospheric pressure).
12 Transesterification was carried out using an acid catalyst, to cause the alcohol
13 present in the reaction medium to react with the 4-PAS, converting the 4-PAS to
14 4-PHS. The acid catalyst concentration typically ranged from about 100 to about
15 400 ppm based on the total weight of the reaction mixwure. However, acid
2,000
16 catalyst concentrations ranging from about 5 ppm-to about +9;96Q'ppm can be
17 used, with catalyst concentration preferably ranging from about 50 ppm to about
18 2,000 ppm, and most preferably from about 100 ppm to about 500 ppm. The
19 acid was typically dissolved in the same alcohol as that used for at least a portion
20 of the reaction medium, to produce an alcohol solution containing an acid catalyst
21 concentration ranging from about 0.5% by weight to 2.0% by weight acid based
22 on the total acid catalyst solution. The acid catalyst solution was added to the

i
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I's selected fron1étcoh0ls haV|ng 1 to 2 carbon atons and conbi nati ons

t her eof .
initiator is

at | east 90% by w

ﬂ2 The process df any of claims 1 to 11, wherein said 20

added pe QUdlcaPPy orlcontlnuously during step a), whereby

5|ght conversion df said 4- acet r or
sai d substituted 4-acetoxystyréne j nmononer or the I}“ Hmaml rﬁ“ﬁ
Ql a

4- acet oxystyrene mmnaner. _.__.....and/.
nononer and s
substituted 4

achi eved.
step a) conv
wherein said
sai d pol yner
prior to saj
claim13, wh
majority of
repl acenent
medi um as t hat
15. The proc
mediumis a
that used |
repl acenent
selected fro

sai d $ubstituted cet axyst ysene

%g@%égxconononer or said 4-acetoxystyrene nononmer and said

- ystyrene nononer conbi ned, as the case may be, is
13. The process of any of clains 1 to 11, wherein said

rsion of E%)EBEEE Br%féﬁ?iat%rlx €sE %Qf’;'ﬂm&os/olpé’vﬁ% ey SVl

reaction lum o stantially decanted from

RS PEbEavegYWE 250 ox degs ix §aﬁ HPYSHBNIFRERNYR HediHRR

S4@P HY 260 tHRNSSSL edidnﬂ ﬁ?éiﬁljl polty(t4 hydtirélzucyEEtyrtéEéﬁ;eS@r of

rein [ er c constitute eas e

P EAEPEEH A ATy SEUB SRR ol WRRER! n S8dfy Process

| cofiot 1 séagt tha stepsedfumis essentially the al cohol reaction
us te ar C 40n I

@ of ofarsriad RERERe SR ARk SRk bR e

ubrst @vbst 1 yuthd f érepetkkydtpfene aeuindr r edctidh m?ﬂﬁuném r om

) Siﬁptﬁato wher kit ;,féofap 9GRS 5 tQf ChagMit3, a@@aﬁs&sﬁt@i&q

al co réacti on medi um conprises at | east one al cohol
RITRYRGFE haVPRY fPBmM ASt PRIV HonCAPBHRY Jroups do ppRE

process of a YSL_%sﬁéﬂtmEllytébécﬁsb Waaﬁatnoﬁ%abr wadeArigthsrahygifAg from
conpri ses Su@%hgt te%4 aceégcg ¥6 nm ACT wherein said initiator is

[}

present at a concentration of less than about 3 mole % of

15| said monomer, in a reaction medium comprising at least one

20

25

30 |

35

organic solvent, to produce a polymer comprising poly(4-
acetoxystyrene) or substituted poly(4-acetoxystyrene) or
both, whereby, either as a result of monomer conversion, or
due to removal of residual monomer, 10 wt% or less residual
monomer, based on the weight of polymer produced, is present
in the reaction mixture wused during a subsequent
transesterification reaction step; and

b) subsequently transesterifying said poly (4-
acetoxystyrene) to poly (4-hydroxystyrene) or
transesterifying said substituted poly(4-acetoxystyrene)} to
substituted poly(4-hydroxystyrene) or transesterifying both,
in a transesterification reaction medium comprising at least
one equivalent of alcohol per equivalent of non-
transesterified poly(4-acetoxystyrene) or substituted
poly(4-acetoxystyrene), using an acid catalyst to achieve
said transesterification, the acid catalyst being present in
an amount of from 5 to 2,000 ppm, wherein at least 85% by
weight conversion of said poly(4-acetoxystyrene) to said
poly (4-hydroxystyrene) or conversion of said substituted
poly (4—-acetoxystyrene) to said substituted poly (4-
hydroxystyrene) or at least 85% by weight

transesterification of both is obtained.




nmononer, and mhémeln theq
said 4- acetoxystyrene ‘at the3,7of 5, or 3 and

18.
The process of dl ai m%?»,,, @i h said substituent mmljmzum uﬂll
et hyl . =19 e processlof any of clainms 1 to 15

initiator is!| Lselected- -from 2,2' -azobis(2, 4-
di met hyl pentanerlitrile), é 2, 2 3ezobi s(2-
nethylpropajfnlﬂkkke~“-2 2-=gazobi s( 2- met h | but anenitrile),

substltutlon I's on the ring 10 structure of

1, 1' - azobi s(lcyel ohe REUHES 9] eFlain. byt yhergdipspe anount of said
t ﬁoly(4LﬂWdrﬂxystyQ@h@6yplb@'at@ald ts@%%klgﬁtéﬁroxﬁEEYQhate
di i sononanoyj r oxi d dec p%L nic.acid pero
di (n- propyl) B§$59§3133F56ﬁ§ bo dﬁPséélgufﬁﬁ 1°“p8ﬁ6§98FcéFbaHa$Ee
di (2- et hyl - hexghye frrmemmwmdlaa%bmbahbput botybgemwedighheodecanoat e
S5-di met hylt 4 t h X e oXYy-
¥ ate tﬂbéii%%s% Q%E g§§g3¥%E?og gk pol S hav1néfgn%BHgE y

25 neodecan eroxy-n cona and I nat
two or nore jphbshebEivity of 25900rTh%S%rxnx§hﬁ(ﬂaYﬂ%ﬁnﬂﬁhCFamﬂﬁ Pft§r98

wherein said 240 19btiBPr niS astﬁ‘ieéBﬁBrEéQHbt f}?ow g%ﬁﬂger@) bgpzoy!
per oxi de, t - but yl - per oxybenzoat e

di per oxypht haf8Pgt1n¥erh QﬂX\%Tﬂyéﬁﬂ%yﬁkkﬁeﬁﬁhdoquﬂgﬁmwsald pr¥oress
t han about 3 aahpr&kﬁﬁmﬁam& &napgebf. 21. The process of any of

cl ai s lﬁnB 20, wherein s N at or. _exh gi_ts halgllfein

range frof apBlt 58 mgn&ﬂ“%xt BrEbSBP‘Pfc}SPrBHr &cet%ﬁ’é‘YF ¥pePst E‘PB°E‘F1’
whi ph sai d 35rr esgbsbntitedarstarktootystyrene morzﬁnerTherprmtéss agfd amy of
AT e 1P PhonBhERe 183y ot 36RULCBER! Yyt gr B ggagahent LRkEE sheact

with, as the pol'y(4-ace sai d substituted
40 sald comonomer does not substantlal Y absorb radiation over

et hyl hexano

wavelengths ranging from about 240 to about 260 nm; and an
15 | initiator, wherein said initiator and its decomposition
products alone or as capping groups do not substantially
absorb radiation over wavelengths ranging from about 240 to
about 260 nm, and/or wherein said initiator is present at a
concentration of less than about 3 mole % of said monomer;
20 | in a reaction medium comprising at 1least one organic
solvent, to produce a copolymer of 4-acetoxystyrene or
substituted 4-acetoxystyrene or both with said comonomer,
whereby, either as a result of monomer conversion or due to
removal of residual monomer, 10 wt% or less residual
25 | monomer, based on the weight of polymer produced, is present
in the reaction mixture during a subsequent,
transesterification reaction step; and

b) subsequently transesterifying said copolymer of 4-
acetoxystyrene or substituted 4-acetoxystyrene or both with
30 [said comonomer to a copolymer of 4-hydroxystyrene or
substituted 4-hydroxystyrene or both with said comonomer to
a conversion of at least 85% by weight of said 4-
acetoxystyrene and said substituted 4-acetoxystyrene, in a
transesterification reaction medium comprising at least one
35 |equivalent of alcohol per equivalent of non-transesterified

copolymer, using an acid catalyst to achieve said
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' achieve said transesterification,

xystyﬂene)
xystyrene) gb
ne), qny tﬁ§n§ést@h3f|e formof said co
nprisiing any of _'g_hese} E} 23. The pr %Eﬁ@l!ﬂ!@ifﬂlﬂf
acid nataTyst 'S sehectedjgron1hydro ci L ' ox
.acid,._sullfuric’hcid, methane sul fonic acid, and
lﬁﬁamsesaerdflcatlon BHe ahﬁdp¢mb@3$sbfbe¢mg(ﬁr&ﬁéntmiﬂ a4ow 23,
s @gdbkl?g h step: 2 00& | sol ation of the polyner or
npr|5|ng po ? hytlr 0 yrene), substituted
Xyst yr €Ay MO@@sﬁ of fcrbemm he, t vhasesnertine satiidorcererenen
haviyy dbBel1es9ceste Vi 12yPodp P%%bﬁtnlgahétﬁfpa&}ylléte
accoqgllshed by preC|p|tat|on of said | ymer or” copol yrer
arsay yE?B??gfyiéﬁ%)°rs®b%%¥¥%ﬁ%dthere%%fy(4 hydr oxyst yr ene)

o e s o g

'the pofyner of sai d conononer, said
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nessai d rRaqtnmggedfwn preparatiod6.oflheopbdgréss pf nahding 239,
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4- acet oxystyrene nonomer

idyt ed reéctlng a%ﬁt0%Y§€Uf§nec@mﬁ¥¥%;ﬁyktMn£béﬁ6&yé{nyﬁ§ent
I NNi DI TOr

§MEH§H?BS réH#&gﬂﬁﬂlﬁger4w€V§FQK§Fﬁ§reﬁeth§m§§meFandE“%f #Pom
Iﬂxnﬁaﬂﬁﬁ Nmherein sai@9.inAtpaltpier asd@nyitissidercomposition

$¥éng ;%Ben nol ar absorbtivit of 2 Oﬁﬁgrhgss,dgi at

T* Whet ei f° mdeo y | eSS than
suldwtamtghitlbfahmmuaﬁlathydrweyxstvwm@mirxamangnndefrmt ive

dBR0T240 to anquiddeolhif pg!ngivgfyr %ﬁ%%ﬂ%g% Mf{faeomg

conprises | ess than about '2
Ryesent at a concentration of less than about % of
in a reaction medium comprising at least one

t he
eng

mole %
said monomer,
organic solvent, preferably at least one alcochol, to produce
of with substituted 4-
acetoxystyrene, wherein at least 90% by weight conversion of
substituted 4-
acetoxystyrene monomer combined is obtained; and

b)
acetoxystyrene
of

hydroxystyrene,

a copolymer 4-acetoxystyrene

said 4-acetoxystyrene monomer and said
subsequently transesterifying said copolymer of 4-
with substituted 4-acetoxystyrene to a
4-hydroxystyrene with substituted 4~

in a transesterification reaction medium

copolymer
comprising an alcohol, preferably in substantially said
reaction medium of step a), using an acid catalyst to
the acid catalyst being
present in an amount of from 5 to 2,000 ppm, wherein at
least 85% by weight conversion of the combination of said
4-hydroxystyrene of

to substituted

said
4...

4-acetoxystyrene to said and
substituted

hydroxystyrene is obtained.

4-acetoxystyrene said
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41 ‘ 31. A polyner conprising 4-hydroxystyrene having a nmol ar
absorbtivity of 250 or |less, at a wavel ength of about 250 nm wherein
sai d polymer contains |less than about 0.7% by wei ght of 4-hydroxystyrene
nononer or derivative residues 5 thereof, and conprises |ess than about 13%
by wei ght pol y(4- acet oxystyrene). 32. The pol yner of claim 29,
30 or 31, wherein said pol ymer has been further funcgh

lized by
repl aci ng at | east a portion of the hyji{oxy function im mf 10
i Iy

but yl car bonyl oxy or t-butoxy functional droups. ¢

6. The process of any of claims 1 to 5, wherein said
reaction medium of step a) is an alcohol reaction medium
selected from alcohols having 1 to 5 carbon atoms and
combinations thereof.

51 7. The process of any of claims 1 to 5, wherein a c,-




