WD 2004/ 101541 PCT/ US2004/ 012489 1 Patent #3001. EEM OXETANE COVPOUNDS
CONTAI NI NG STYRENI C FUNCTI ONALI'TY FI ELD OF THE | NVENTI ON [ 0001] Thi s
invention relates to oxetane conpounds containing styrenic functionality.
BAWG?&NW%OLHES J{NVENTI ON [ 0002] Oxetanes are hi ghly pg-@agbdoy/@i2gc! i ¢
ethers th can un ergo both cationig¢ and anionic ring opening
honmopol yneri zation. Styrenic conpounds are capable of free radical

pol ymeri zati on. SUMVARY OF THE | NVENTI ON [0003] This invention relates to
conmpounds that contain an oxetane functionality and a styrenic
functionality, These conpounds can be honopol ynerizable in reactions in
whi ch the oxetane can undergo cationic or anionic ring opening, or

pol ynmeri zabl e wi th conpounds such as el ectron acceptor conpounds. The dual
functionality allows for dual cure processing, botpgthessmlcegure or

radi ati on cure, This capability makes them attractive for wuse in many
applications, such as, adhesives, coatings, encapsulants, and conposites.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0004] I n one enbodi nent, the
conpounds of this |nventlono%ﬁﬁN%%QOMQ%?ﬁﬁﬁéﬁ®§BNvaihe fornmula WO
20041101541 PCTI US2004/ 012489 SHYRENIC FUNCTIONALITY

FIELD OF THE INVENTION
[0001] This Invention refates to oxetane compounds containing

siyrenic functionality.

BACKGROUND OF THE INVENTION
[0002] Oxetanes are highly reactive cyclic ethers that can undergo
both cationic and anionic ring opening homopolymerization. Styrenic

compounds are capable of free radical polymerization

SUMMARY OF THE INVENTICN
[0003] This invention relates fo compounds that coniain an oxetane
functionality and a styrenic functionafity, These compounds can be
homepoelymerizable in reactions in which the uxetane can undergo cationic or
anionic ring opening, or polymearizable with compounds such as electron
acceptor compaunds. The dual functionality allows for dual cure processing,
hoth thermal cure or radiation cure. This capability makes them attractive for
use in many applications, such as, adheéives, éoatings, encapsulants, and

camposites.

DETAILED DESCRIPTION OF THE INVENTION
[0004) In one embediment, the compounds of this invention can be

reprasented by the formula



RO HaRLXf QYRO.10,1in which RLis a nethyl or ethyl

group; R2 and

R3 are Hor a nethyl or ethyl group; R4 is a direct bond or a dival ent
hydrocarbon; X and Y are independently a direct bond, provide

a direct

or an ether, ester, am de, or carbanate

d both are not
is a

0
di vaI ent &898‘}5‘5?]56% (Wwhi ch may contain het er oat ons ofP‘%’USGOO“@i“% and G
is - , -SR, or-N(R2)(R3), in whi ch R7, R2 and R3 are as de

prOV|ded that X

depend on the configuration of the starting styrenic conpound.

starting styreni

3-i sopropenyl - a,
chloride, the reaction product of mTM wth a
of mTM with the hydroxyl functionality ondg

hydr oxyl group,

an oligoneric or polyner@g:%gigou d, prepared by
m TM or 4-vinyl-benzyl ¢ i%j*&}ﬂ%?ﬁ*nct ona

scri bed above;

will not be 0O | --0-C when R4, Q and Y are absent, and R2
and R3 are H, and -C provided that X will not be -0- when R4
Y are absent, and R2 and R3 are H. The configuration of the Q portion wl|

is H2 , Qand

[0005) The

c conmpound may be small nolecule, for exanple,

a- di net hyl - benzyl isocyanate (n%TNI), 4-vi nyl -
Rdi al , the react
r 5&yllc acid

styTleni ¢ conpoun
reacting, fo

and i soeugenol, The startin

alily
0.1 0,1
in which R is & methy! or athyl group; R® and R® are H or a methy or ethyi
group; R*is a direct bond or a divalent hydrocarbon; X and Y ara
independently a direct bond, provided both are not a direct bond, or an sther,
ester, amide, or carbamate group; Q is a divaient hydrocarben (which may
contain hetercatoms of N, O, or 8); and G is <OR", SR, -or -N(RH(RY, in

which R', R*and R® are as described above; provided that X will not be

0
i1
—O=C— when R*, Qand Y are absent, and R? and R® are H; and

-—-C-——-
provided that X will natbe ~~ O™ when R* is Hy ,QandY are

absent, and R? and Rii are H. The configuration of the Q portion will depend
on the canfiguration of the starting styrenic compound.

{0005} The starfing styrenic compound may be small moleculs, for
example, 3-isopropenyl-o, a-dimethyl-benzyl isocyanate (im-THI, 4-vinyl-
benzyi chloride, the reaction product of m-TM] with a diol, the reaction
product of m-TMI with the hydroxyl funclionality on a carboxylic acid
containing a hydroxyl group, and isoeugenal. The starting styrenic
compound may also be an oligemeric or polymeric compound, prepared by
reacting, for example, m-TMI or 4-vinyl-banzyl chioride with cne functionality
on a difunctional oligomer cr polymer.

[0008]  Whether the starting styrenic cot-'n;'mund is a small moleéule

or an oligomeric or polymeric material, it will contain a styrenic functionality

benzyl

ion product
containing a
d may al so be
r exanpl e,



on a difunctional oligoner or polyner. [0006) Whether the starting styrenic
conpound is a snmall nolecule or an oligoneric or polyneric material, It
will contain a styrenic functionality WO 2004/ 101541 PCT/ US2004/ 012489 3 R2
H\ /R3 o rmwpasanted by the structural fornmula in R3 are H
or a nmethyl or ethyl group and Gis -R, -SR, or-N(Eg§?mS§%?ﬁﬂaﬁlch Rl is
a nethyl or ethyl group and Rz and R3 independently are H or a nethyl or

et hyl group. The starting styrenic conpound also will contain a second
functionality reactive with the starting oxetane conpound. For exanple, the
styrenic starting materials disclosed above contain hal ogen, hydroxyl, or

i socyanato functionality in addition to the styreni'c functionality. [0007]
The starting oxetane conpound nay be a small nol ecule or an oligoneric or
pol ymeric nol ecul e, prepared, for exanplgg, by reacting one of the small

mol ecul e oxetane starting conpounds disd osggf bel ow with one functionality
on a difunctional oligomer or polynmerHTHAx¢ither case, it will OR C
contain an oxetane functionality representgd by the structure H2 and a
second functionality reactive with the s functionality on the styrenic
starting conmpound. [0008] Suitable sta tane conpounds that are snall

mol ecul es i ncl udgesdrfdy 15 ¥RTR Gural formula in which R* and R® are

H or a methy! or ethyl group and G Is ~OR", =S8R, or -N(R?)(R?), in which

R'is a methyl or ethyl group and R? and R? independently are H or a methyl
or ethyl group, The starting styrenic compound also will contain a second
functionality reactive with the starting oxetane compound. For example, the
" styrenic starting materials disclosed above contain halogen, hydroxyl, or
isocyanato functionality in addition to the styrenic functionality.
[Q607] The starting oxetane compound may be a siall malecule or
an oligomeric or polymeric molecule, prepared, for example, by reacting one
of the small melecule oxetane starting compounds disclosed below with one
functionality on a difunctional aligomer or polymer. In either case, it will
X
C
contain an oxetane functionality represented by the structure Hy
and a second functionality reactive with the second functionality on the
styrenic starting compound.
[0008] Suitable starting oxetane compounds that are small
molecules include, for example,
{o008] (a) alcohols, such as, 3-methyl-3-hydroxymathyloxetane, 3-

ethyl-3-hydroxymethyloxetane;

oMo ° OH



[0009] (a) al cohols, such as, 3-nethyl-3-hydroxynet hyl oxet ane, 3-

et hyl - 3- hydr oxynet hyl oxetane; O OH OH WO 2004/ 101541 PCT/ 11S2004/ 012489 4
[ 0010] (b) halides, such as, 3-nethyl-3-brononethyl oxetane, 3-

et hyl - 3- br svmmwi/ikaxet ane, whi ch can be prepared by th i f an

al cohol from(a) with CBr4 as is knowgin the art; Br Oggf@?%{/glg{ﬁ] (c)

al kyl halides, such as, 3-meet " hyl ~~-3- al kyi brcnonet hyl oxet ane,

3-et hyl - 3-al kyl br ononet hyl oxet ane, which can be prepared fromthe reaction
of an al kyl di brom de conpound with an oxetane alcohol from(a) as is known
In the art; O QCH2)4Br 0OV O(CH2)4Br (00121 and (d) tosylates, such as,

3- net hyl - 3-t osyl net hyl oxet.ane, 3-ethyl -3-tosyl net hyl - oxet ane, whi ch can be
prepared from p-tol uenesul fonyl chloride; O- O8 / 00 O O O [0D13] Wen a
| onger chai n andi®Ai@her nolbeobaikes swhiaglmainipowndmethgiotsadnaj g st yreni c and
oxetane is desired, either the starting styrenic conpound or the starting
oxet ane conpound®N¥r-Fseamethvigyeting. wWiisheiqn bedrepered kydes ieasiionptas a di f uncti onal

ol i goneric or po i C terial. .The second functionality on this
ol i goneric or po%‘%ﬂﬂg{ff%" %E\?’@ré%asﬁ%@tow?)@%ee%ti ve with the oxetane starting
compound if the first reaction was between the styrenic

OQ</ Br Q Br

[0011] (c} alkyl halides, such as, 3-methyl-3-
alkylbromomethyloxetane, 3-ethyl-3-alkylbromomethyloxetane, which can be
prepared from the reaction of an alkyl dibromide compound with an oxatane

alcohol from {a) 25 is known in the art;

O%O(C'Hz)lgar OOQ/O(CHQ)A;BI'

[0012] and {d) tosylates, such as, 3-methyl-3-tosylmethyloxetane,

3-sthyl-3-tosyimethyl-oxetane, which can be prepared from p-toluenesulfony!

chloride:
.9 2
1 "
0 0 ,
[0013} When a fonger chain and higher molecular weight compeound

containing styrenic and oxetane is desired, either thelstarting styrenic
compound or the starting oxetane compound, or hoth, may be extended by
reaction with é difunctional oligomeric or polymeric material. The second
functionality on this oligomeric or polymeric material must be reactive with the
oxetane starting compound if the first reaction was between the styrenic
starting compound and the difunctional cligomeric or polymeric material, and
with the styrenic starting compound if the first reaction was between the

oxetane starting compound and the difunctional oligomeric or palymeric



starting conmpound and the difunctional oligonmeric or polyneric material, and
with the styrenic starting conpound if the first reaction was between the
oxetane starting conpound and the difunctional oligoneric or polyneric WO
2004/ 10154%0R6i/ 1034904/ 012489 5 material . Exanpl es of gy ablifiARs
commercially avail abl e oligonmers and spolymers include dieter diol and

pol y(but adi ene) with term nal hydroxyl functionality. [0014) In the case in
whi ch both the oxetane and styrenic conpounds are extended by reaction with
a difunctional oligomer or polymer, Q may also contain a functionality, for
exanpl e, an ether, ester, carbamate, or urea functionality, resulting from
the reaction of the two oligoneric or polyneric starting materials. [0015]
in general, the inventive conpounds containing oxetane and styrenic
functionality armatpiatp@emdeby snighietntorirngesipevaiiablsbigothengne onpound

contai ni ng oxetane functionality and a second functionality and a starting
conmpound cont ai rﬂoﬂV@"eéﬁ’UWl@ﬁid@ef @J‘Pi@f"i’ BHebytadjengliithdergiadvarokinct i onal ity
reactive with thfe ﬁ d functionality on the oxetane conpound. Typi cal
reaction schenes™{ Srngtéie wel | known addition, substi tut| on, and condensation
reactions. [0016}o{sp a funther.erhaM R me &Jg@m of this invention

i ncl ude pol yneric conpounds that contain nore t an one oxet ane and nore
than one styreni@nipbiet berakhdeY by SHdeidn GAND aEUAEHNE biyoReeRaoRfef r Om a

pol yneric starting conpound from which depend functionalities that are
reactive with themsyalst santpirmdetcéieraliy.dopeamigs, andthehestet @rttammap, st yr eni ¢
conpound,

or urea functionality, resulting from the 'reaction of the two oligomeric or
poiymeric starting materials,

[0018] In general, the inventive compounds containing oxeiane and
styrenic functionality are prepared by reacting togsther a starting compound
containing oxetane functienality and a second functionality and a starting
compound containing styrenic functionality and a second functionality
reactive with the second functionality on the oxetane compound. Typical
reaction schemes include well known addition, subsiituficn, and condensation
reactions.

[0018] In a further embodiment, the compounds of this inveniion
include polymeric compounds that contain more than one oxetane and more
than one styrenic functionality. Such compeunds are prepared from a
polymeric starting compound from which depend functionalities that are

reactive with the starting oxetane compound and the starting styrenic

campound.
[0D17] The polymeric compound wit have the structura
- 7
2
R R?
H™=2
1
OQ‘{/W Z \
polymert “ ™R /“G
m 0,1 n



[0017] The polymeric conmpound will have the structure r R2 R3 H [034
polynmer 22, R-G MO0,1 n WO 2004/101541 PCT/ US20041012489 6 in which pol ymer
is a polyneric backbone from which depend the oxetane and styrenic
functionalities: mand n are integers that will vary with the | evel of
oxet ane andOYHBIIL functionality added by the practi tRCIHERIMEERSY pi cal | y
will be from2 to 500; Rl is a nethyl Sor ethyl group; R2 and R3 are H or a
met hyl or ethyl group; R4 is a direct bond or a dival ent hydrocarbon; Wand
Z independently are an ether, ester, am de, or carbamate group (forned

t hrough the reaction of a pendant functionality on the polyner and a
correspondi ng reactive functionality on the starting oxetane or starting
styreni c conpound, respectively); and Gis -OR, -SRl, or-N(R2)(R3), in

whi ch RL, R2 ang, %rﬁﬁa@n%ﬁsq(aagﬁm%@wﬁmw 13banbfe &

ndant
functionalities on the "pol ymer maybe connected to the po%yrreri ¢ backbone by

a hydrocarbon, {08 sgeabRnctionaBes; mhad hRE B Battaieahywibardens, that itself
i s dependent fromthe polyneric backbone. For purposes of this

speci fication, tdiostndepbsiden fumipriiyeddadiby the pstiidoersad twpoalye part of the
pol ynmeri c backbone. t10019] An .exanple of a comgprciaglly available and
suitabl e pol yme¥l ke oackisSRE N & 3iosihy satfuberetreR 34V ARG Heifdant hydr oxyl

groups. The  Dendant oISl A% =96 3RS 530 PEalSAThARLULA f5soxet ane

Z independently ara an ether, ester, amide, or carbamate group (formed
through the reaction of a pendant functionality on the polymer and a
corresponding reactive functionality on the starting oxetane or starting
styrenic compound, respectively); and G is —OR', -SR’, or -N{R*(R?), in
which R', R? and R® are as described above.

[0018] The pendant functionalities on ihe polymer may be
sonnected to the polymeric backbone by a hydrocarbon, for example, ene
having one to twenty carbons, that itself is dependent from the polymeric
backbene. For purposes of this speciﬁcation, those dependent moieties wifl
be deemed to be part of the polymeric backbone.

6019 Anexamplz of a commerc}ally avaitable and suitable
palymeric hackbone is poly(butadiens) having pendant hydroxy! groups. The
pendant hydroxyl groups can be reacted with the oxetane stariing compound
containing the tosyl leaving group and with m-TMI. In this case, the linking
group W will be an ether funclionality and Z will contain a carbamate
functionality.

[0020] As a further example, a poly(butadiene) having pendant
carboxylic acid functionality can react with the hydroxyl functionality on either
of the hydroxy! oxetane starting materials and with the isocyanate
functionality on m-TMI, In this case, the W group will be an ester functionality
and Z will contain a carbamate functionality.

[0oz1 Polymeric starting material can be purchased commercially,

for example, thers are available acrylonitrile-butadiene rubbers from Zson



containing the tosyl leaving group and with mTM . In this case, the |inking
group Wwill be an ether functionality and Z wll contain a carbamte
functionality. [0020] As a further exanple, a poly(butadiene) having pendant
carboxylic and functionality can react with the hydroxyl functionality on

ei ther ofwdbsehyidiioxyl oxetane starting material s andpwirtds2dolverzi®ocyanat e
functionality on mTM . In this case,7the Wgroup will be an ester
functionality and Z will contain a carbamate functionality. [0021]

Pol ynmeric starting material can be purchased commercially, for exanple,
there ard avail able acrylonitrile-butadi ene rubbers from Zeon WO 2004/ 101541
PCT/ US2004/ 012489 7 Chem cal s and styrene-acrylic copolyners from Johnson
Pol ymer. The pendant functionalities fromthese polymers are hydroxyl or
carboxylic acid functionality. [00221 Qther starting polyneric materials
can be synthe5|zéhem$%m$WéBﬁVPﬁ@W&ﬁG¢%Mﬂ%ﬁﬁwmJQMﬁmBﬁ@g@eU§%ﬁg st andar d

pol ymeri zation te se skil n the art. Suitable

acrylic nononers ?rﬁl ig“ﬂr‘é“oﬁa’il%gs r‘b”h&‘ﬁ? f“@[f aﬁﬁ)w&méﬁaf %ﬁrti:oéwﬁé‘ﬁlﬁ}l ic acids

having three to ffdnﬁt%nﬁ 'bon atons and acrylate ester nononers (al kyl esters
of acrylic and nethacrylic acid in which the al kyl groups contain one to

fourteen carbon g@oos). EXomdsestingoslymsRiniedriaRCEY R §ntheBidayommet hacryl at e,
n-octyl acrylate, n-nonyl nethacrylate, and their correspondi ng branched

i somers, such as acr@icetdigrvingxydnomensykiad gandaSuiclyablizatian taghhiqgoenoner s i ncl ude
vinyl esters, vinyl ethers, vinyl halides, vinylidene halides, and nitriles
of ethyl eni cal | y Kipis &a ihﬁ%tséﬁe%wﬂlﬁ@daﬁwt@h@ anylE)mﬁfﬁflﬂ@@ inglude gPfnyl acet at e,

acrylam de, 1l-octyl acrylamde, acrylic acid, vinyl
unsaturated mono and dicarboxylic acids having threet flve carbon atoms

and acrylate ester monomers (alkyl esters of acrylic and methacrylic acid in
which the alkyl groups contain one 1o fourieen carbon atoms). Examples are
methyl acryate, methyi methacrylate, n-octy) acrylate, n-nonyl methacrylate,
and their corresponding branched isomers, such as, 2-sthylhexyl acrylate.
Sultable vinyl monomers include vinyl esters, viny! ethers, viny! halides,
vinylidene halides, and nitriles of ethylenically unsaturated nydrocarbons.
Examples are vinyl acetate, acrylamide, 1-octyl acrylamide, acrylic acid, vinyl
ethyi ether, vinyl chioride, vinylidene chloride, acrylonitrile, maleic anhydride,
and styrene,

[0023] Other polymeric starting materiais can be prepared from
conjugated diene and/or viny! monomers using standard polymerization
techniguss known to those skilled in the arf. Suitable conjugated diene
monoimers inciude butadiene-1,3,2-chlorcbutadiene-1,3, iscprene, piperylene
and conjugated hexadienes. Suitable vinyl monomers include styrene, o-
methylstyrene, divinylbenzene, vinyl chloride, vinyl acetate, vinylidens
chloride, methyl methacrylate, ethyl acrytate, vinylpyridine, acrylonitrile,
methacrylonitrile, methacrylic acid, itaconic acid and acrylic acid,

[C024] Those skilled in the art have sufficient expertise to choose
the appropriate combination of those monomars and subsequent reactions to

be able to add pendant functionality, for example, hydroxyl and carbaxyl



ethyl ether, vinyl chloride, vinylidene chloride, acrylonitrile, maleic
anhydri de, and styrene. (00231 OQther polyneric starting materials can be
prepared from conjugated di ene and/or vinyl nmononers using standard

pol ymer i zafio0ey/ogani ques known to those skilled in thg@idosatidkabl e
conj ugat ed di ene nononers include butgadi ene-1, 3, 2-chl or obut adi ene- 1, 3,

i soprene, piperylene and conjugated hexadi enes. Suitable vinyl nononers

i ncl ude styrene, a- nethyl styrene, divinylbenzene, vinyl chloride, vinyl
acetate, vinylidene chloride, methyl nethacrylate, ethyl acrylate,

vinyl pyridine, acrylonitrile, nethacrylonitrile, nethacrylic acid, itaconic
acid and acrylic acid. [00241 Those skilled in the art have sufficient
expertise to choose the appropriate conbination of those nononers and
subsequent react fupgienality, fopaddingltee exetapriehdsredisitnciainies enditdiased for exanpl e,
hydr oxyl and carbgégl V%%§004/101541 PCT/ US2004/ 012459 S functionality, for
addi ng t he oxet alflé"aMtFEt&/Pni ¢ functionalifies as disclosed in this

speci fication. EXAMPLES [0025] EXAMB?@E%'SPreparation of styrene carbanate
ethyl oxetane. NO\/ "O 0 3-Ethyl-3- ygroxynethyl-oxetane (40. 0D g,

0.3442 nol e) andjonpsiM  ( 69eARvPIE: 1: (r@hfdo B L Elend\BdiBant@thied in a 250-nl
four-neck round bottomflask equipped with a condenser, nechanical m xer,

nitrogen purge anctamel bath. The reaction was placed under nitrogen with

stirring and heated to 65C in
H
\n,$©
0

3-Ethyl-3-hydroxymethyl-oxetane (40.00 g, 0.3442 mole) and m-TM! (59.43
g, 0.3442 mole) were comblned in a 250-mi four-peck round bottom flask
equipped with a condenser, machanical mixer, nitrogen purge and oil bath.
The regction was placed under nitrogen with stirring and heated to 65°C in
the oll bath. A single drap of dibutyliin dilaurate was added, thereby causing
an exothermic reaction which peaked at 125°C. The olf bath was removad
and the reaction temperature dropped to 85°C within 15 minutes. At this
point, the reaction was complete based on the depletion of the FT-[R
isocyanate peak at 2254 cm ! The product was then removed from the
flask as a vis;:ous colorless liquid; howeaver, over time it crystallized into a
white solid with a m.p. of 52°C.

[0026] HE-NMR: §7.21-7.61 (m, 4H), 5.45 (s, 1H), 5.23 (bs, 1H),
5.12 (s, 1H), 4.61-4.21 (bm, 3H}, 4.05 (s, 3H), 2.15 (s, 3H), 1.55-1.85 (bm,
8H), 0.55 ~1.01 (bm, 3H).

[co27} EXAMPLE 2. Preparation of styrene carbamate methyl

oxetane.



the oil bath. A single drop of dibutyltin dilaurate was added, thereby
causing an exotherm c reaction which peaked at 125C. The oil bath was
renoved and the reaction tenperature dropped to 65C within 15 mnutes. At
this poi o 20bh@i1s4¢acti on was conpl ete based on the de L he FT-1R
i socyanate peak at 2254 cm-'. The product was then reﬁéoﬁg%ﬁw@%ﬁm%he fl ask
as a viscous colorless |liquid; however, over tine it crystallized into a
white solid with a mp. of 52C. [0026] H-NWR 8 7.21-7.61 (m 4H), 5.45 (s,
1H), 5.23 (bs, 1H), 5.12 is, 1H), 4.61-4.21 (bm 3H), 4.05 (s, 3H), 2.15
(s, 3H), 1.55-1.85 (bm 8H), 0.55 -1.01 (bm 3H). [00271 EXAMPLE 2.
Preparation of styrene carbamate nethyl oxetane. WO 2004/101541
PCTI US2004/ 012489 9 3- Met hyl - 3- oxet ane net hanol (20.00 g, 0.1958 nole) and
mTM (39.49 g, 0.1958 nole) \were conbined in a 250-m four-neck round
bottom flask equipped with a ndenser, nechanical m xer, thernoneter,
nitrogen purge and oil bath. e reaction was placed under nitrogen with
stirring and heated to 65C i e oil bath. A single drop of dibutyltin
di l aurate was added and wth hg%rsc}h ction was conpl ete based on
depletion of the FT-IR isocyana cm1). The product was then
renmoved fromthe flask as a colorlesyliquid with a viscosity of 21,000
cPs. [0028] H1-NWR 57.61 (s.1H), 7.42 (s, 3H), 5.45 (s, 1H), 5.31 (bs,
1H), 5.15 (s, IH)sthdaelstédemetdand, 2090030 00058 mddland 4108 ({ess0 AH) . 2. 21 (s, 3H),
1.72 (bs, 6H), 0.95-1.35 (bm 3H). 10 _

0.1958 male) were combined In a 250-mi four-neck round bottom flask

aquipped with a condenser, mechanical mixer, thermometer, nitrogen purge
and oil bath, The reaction was placed under nitrogen with stirring and heated
to B5°C in the ofl bath. A single drop of dibutyitin dilaurate was added and
within & hours the reaction was complets based on depletion of the FT-R
isocyanate peak (2254 cm™). The product was then removed from the flask
as a colorless liguid with a viscosity of 21,000 cPs.

[0028] H-NMR: §7.61 (5.1H), 7.42 (s, 3H), 5.45 (s, 1H), 5.31 (bs,
1H), 5.15 (s, 1H), 4.61 (bm, 1H), 4.39 (bm, 1H), 4.12 (s, 4H), 2.21 (s, 3H),
1.72 (bs, 6H), 0.95-1.35 (bm, 3H).



VWHAT IS CLAIMED I S: A conpound contai ni ng oxetane and styrenic functionality
having the structure R2 R3 Ho RL rW polyner ~ GMO,1 n in which
polymer |Is a polyneric backbone from which depend the oxetane and styrenic
functionalities; mand n are integers from2 to 500; Rl is a nethyl or
ethyl group; R2 and R3 are Hor a nethy? or ethyl group; R4 is a direct
bond or a dival ent hydrocarbon; Wand Z i ndependently are an ether, ester,

Rz ans AVEFLISERARME Gy Shove, © T T o TR A uhieh

1. A compound containing oxetane and styrenic functionality having the
structure
R2
RS
H™ =3
1
O w s S
polymerf = ™SR 76
” 0,1 = n
- -

in which-

polymer Is & polymerlc backbona from which depend the oxetane and

styrenic functionalities;
m and n are (ntegers from 2 to 500;
R'is a methy! or ethyl group;
R?and R® are H or a methy! or ethyl group:

R* is a direct bond or a divalent hydrocarbon;

W and Z independently are an ether, ester, amide, or carbamate
group; and
Gis-OR', SR, or-N(R}(R?), in which R!, R* and R® are as

described above.



