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OXETANE COVPOUNDS CONTAI NI NG STYRENI C FUNCTI ONALI TY
wobduDo 31 THE | NVENTI ON [ 0001] Thi s invention Pel/asm®4/012489
to oxetane conpounds contaiming styrenic
functionality. BACKGROUND OF THE | NVENTI ON [ 0002]
Oxetanes are highly reactive cyclic ethers that can
undergo both cationic and anionic ring opening
honmopol yneri zati on. Styrenic conpounds are capabl e of
free radical polynerization. SUMWARY OF THE | NVENTI ON
[0003] This invention relates to conmpounds that
contain an oxetane functionality and a StPatRMR01.EEM
functionality. These conmpounds can be
honopol yneri zabl e in reactions in which the oxetane
can undergo cationic or anionic rin%éf eni ng, or

pol yneri zabl e mAF%EEG%E&QMEPQNR$CQ§ ron
accept or conpounds. ThEENAFYNGAGNSHA ity al | ows for

dual cure processing, both thermal cure or radiation
cure. This capability nakes them attractive for use
in many applications, such as, adhesives, coatings,
encapsul ants, and conposites. DETAI LED DESCRI PTI ON OF

THE | NVENTI ON [ 0004] rlenparreTiemrpoainNTemG, t he conpounds
of this invention can be represented by the formula
WO 20049101541 POThUSBo04i0524 88:tane compounds containing

styrenic 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 INVENTION
[0003] This invention relates to compounds that contain an oxetane
functionality and a styrenic functionality. These compounds can be
homopolymerizable in reactions in which the oxetane can undergo cationic or
anionic ring opening, or polymerizable with compounds such as electron
acceptor compounds. The dual functionality allows for dual cure processing,
both thermal cure or radiation cure. This capability makes them attractive for
use in many applications, such as, adheéives, coatings, encapsulants, and

composites.

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

represented by the formula



2R R3 HR Q_Y+4 R 0.10,1inwhichRLis a

met hyl or ethyl group; R2 and R3 are H or a nethyl or
we@edwlo15gr oup; R4 is a direct bond or a di val ePCT/US2004/012489

hydrocarbon; X and Y are i #&dependently a direct bond,

provi ded both are not a direct bond, or an ether,

ester, amde, or carbamate group; Qis a divalent

hydrocarbon (which may contain heteroatonms of N, O,

or S); and Gis -OR, -SR, - or -N(R2)(R3), in which
R1, R2 and R3 are as described above; provided that X
wll not be O Il -"0C. . when R4, Qand Y are

absent, and R2 and R3 are H, and -G ggrovi ded that X
wWill not be -0- when R4 is H2 Qan Y g% absent,
and R2 and R3 are H The configurafroxspgf the Q
portion will depengt? on the conflgurat| pbn of the
starting styr@@(gﬁ:&n?o nd g-sfarting
styreni c conpofd hey bRQSTH :
o%o

3-isoproopenyl - a, a-di nethyl - Benkyl
4-viny| benzyl chl ori de, t He' react’i'on product of
m T™M

t he I’ﬂ/ h@l 'Sgiﬁ%quf %rné yhrg‘“pOn chgJ oxgJt a%fegm%'\élhyw tn
group; R*is a direct bond or a divalent hydrocarbon; X and Y are
independently a direct bond, provided both are not a direct bond, or an ether,
ester, amide, or carbamate group; Q is a divalent hydrocarbon (which may
contain heteroatoms of N, O, or S); and G is —=OR", SR, -or -N(R})(R?), in

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

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

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

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

[0005] The starting styrenic compound may be small molecule, for
example, 3-isopropenyl-o, a-dimethyl-benzy! isocyanate (m-Th), 4-vinyl-
benzyl chloride, the reaction product of m-TMI with a diol, the reaction
product of m-TMI with the hydroxyl functionality on a carboxylic acid
containing a hydroxyl group, and isoeugenol. The starting styrenic
compound may also be an oligomeric or polymeric compound, prepared by
reacting, for example, m-TMi or 4-vinyl-benzyl chloride with one functionality
on a difunctional oligomer or polymer.

[0008] " Whether the starting styrenic comﬁound is a small molecule

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



cont ai ni ng a hydroxyl group, and isoeugenol. The
starting styrenic conpound nmay al so be an ol igoneric
w@eroopobysweri ¢ conpound, prepared by reacting, PEDUS2004/012489
exanple, mTM or 4-vinyl-b&nzyl chloride with one
functionality on a difunctional oligoner or polyner.
[ 0006] Whether the starting styrenic conpound is a
smal|l nolecule or an oligoneric or polynmeric
material, it will contain a styrenic functionality WO
2004/ 101541 PCT/ US2004/012489 3 R2 R3 H _G
represented by the structural fornmula in which R2 and
R3 are H or a nethyl or ethyIR@roug and Gis -OR,
-SR, or -N(R2)(R), in which a methyl or ethyl
group and R2 and R3 indepen /are H or a nethyl
or ethyl group. The starting styrjenic conpound al so
will contain a second functio reactive with the
starting oxetane conpound F i@, the styrenic

pail S R e L e N
the siyren én@p&%ﬁh ngre[ﬂ@graatdm 04 1Tlafe ﬁkgg&s,wwmh

oxet ane -¢o a sma ecul e

ol i g@MRI Gt oPRhY BRI GndTRE gﬁ:d»'lkﬁndé?kﬁtﬂ@m;ﬁé’re H & methyl
exanpl e, by reacting one of the snall nolecule

oxet apehyigadubl Mie eRAPY Y EBIcEbspbEato el @wiain  decarde
functionality on a Bifunctional oligonmer or polynmner.
| n eifurigtonatip ssactivietwithitiel statingRxeigne compound. For example, the

styrenic starting materials disclosed above contain halogen, hydroxyl, or
isocyanato functionality in addition to the styrenic functionality.
[0007] The starting oxetane compound may be a small molecule or
an oligomeric or polymeric molecule, prepared, for example, by reacting one
of the small molecule oxetane starting compounds disclosed below with one
functionality on a difunctional oligomer or polymer. In either case, it will

O&R
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,

[0009] (a) alcohols, such as, 3-methyl-3-hydroxymethyloxetane, 3-

ethyl-3-hydroxymethyloxetane;

O%OH © OH



contain an oxetane functionality represented by the

structure H2 and a second functionality reactive with
wo bsgesend functionality on the styrenic starPCT/ngR004/012489

conmpound. [0008] Suitable starting oxetane conpounds

that are small nol ecul es include, for exanple, [0009]

(a) al cohols, such as,

3- et hyl - 3- hydr oxynet hyl oxet ane, 3- ethyl-3-h

ydr oxynet hyl oxet ane; OOH O O H WO 2004/ 101541

PCT/ US2004/ 012489 4 [0010] (b) halides, such as,

3- net hyl - 3- br ononet hyl oxet ane, 3-

et hyl[603obr ononebhidlidese seahes, hethin-Sclanmbmetpylestaned-by

the reaction of an alcohol from(a) with CBr4 as is

k nomthyh3JPW@omethyIO@f%ie wigggh candhg pigpafed)by Mecgicinmpi des,

such as - et hyl - al.kyl bro met hyl oxet ane,

3- et P?E’Pb%‘-?rg?‘l@)l\%‘ih thVIP8Rd BRE™ whi ch can be

prepared fromthe reaction of an al kyl dibrom de

conpound wi th an oxetane alcohol fkom (a) as is known

in the h CH2)4Br Q( CH2) @Br 0012] and (d)

tosyl ate Bas, 3-net hyl - hyl oxet ane,

3- et hyl - 3-t osyl et hyI -oxet ane, which can be prepared

fromygtipl uenesy) ipnydiides; Blavdsi®meti@-3- O 11 11 OO

alkylbromomethyloxetane, 3-ethyl-3-alkylbromomethyloxetane, which can be
prepared from the reaction of an alkyl dibromide compound with an oxetane

alcohol from (a) as is known in the art;

O%O(CHQ)A,Br OOQ/O(CHZ)AlBr

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

3-ethyl-3-tosylmethyl-oxetane, which can be prepared from p-toluenesulfony!

chloride:
0 P.
O o s—@— o- s
1 1
O O
[0013] When a longer chain and higher molecular weight compound

containing styrenic and oxetane is desired, either thelstarting styrenic
compound or the starting oxetane compound, or both, 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 oligomeric or polymeric material, and
with the styrenic starting compound if the first reaction was between the

oxetane starting compound and the difunctional oligomeric or polymeric



[0013] When a | onger chain and hi gher nol ecul ar wei ght
conpound containing styrenic and oxetane is desired,
we@paiohae1sshe starting styrenic conpound or thePGI/ES10041¢12489
oxet ane conpound, or both, fay be extended by
reaction with a difunctional oligoneric or polyneric
material. The second functionality on this oligoneric
or polyneric material nmust be reactive with the
oxetane starting conmpound if the first reaction was
between the styrenic starting conpound and the
di functional oligoneric or polyneric material, and
Wi t h nhdierias t Buemplies ofstudalie argl coomeomilg avdilalié eligomestand
reacti on was between the oxetane startlng conpound
and tPREMEIstinpdeidbitaRioANdgeliiagiens) WiIts e ydueey!
2004/.101541 PCT/ US2004/ 012489 5 material. Exanples of
sui t afli®€° ¥ commercial |y avail abl e ol i gomers and

polyigs |l Ueydamn bl AR POl b ALEnE) L

tern1na hydroxy tnct1'ona e case

i n whbmBolat Bretetl@n&@él%a&%tlé}ﬂgitrﬁé ¥ifuBttoRal oﬁgvam Bhskiynidre

extended by reaction with a difunctional oligomer or
pol yr@emay al€d camyaired finctiosdlityafan edanfdls) @b ethaakstery carbamate,
exanpl e, an ether, ester, carbamate, or urea

f unctor orealfuncijonality sedutiing fjorh therreadiien efdbaciMoligafericke t wo
ol i goneric or polynerlc starting materials. [0015] In
generPRlymefihgarting e al conmpounds contalnlng oxet ane

d f | o)
oqetTEl o"us it Pt i SoRpaRRlRT R pEAEH'R
functd poal %uwnoﬂmb Be 3 g%@b HEf QR Heﬁgs@n,qg Bompound

starti'ng conpound containing styrenic functionality

and aofREREAxdtaieGtricadrality biid a 6eaE Fuetiontitharddiestaeepnd
functionality on the oxetane conpound. Typica

r eactcompogdiveneising stgilenid dunaidnilitk o seed ol fundinnality
substitution, and condensation
reactive with the second functionality on the oxetane compound. Typical
reaction schemes include well known addition, substitution, and condensation
reactions.
[00186] In a further embodiment, the compounds of this invention
include polymeric compounds that contain more than one oxetane and more
than one styrenic functionality. Such compounds are prepared from a

polymeric starting compound from which depend functionalities that are

reactive with the starting oxetane compound and the starting styrenic

compound.
[0017] The polymeric compound will have the structure
2
R =3
HT
1
R
C<:><\/ S
W. —_
[ l po!ymer/’Z\R4 G
n 0,1 = N



reactions. [0016] In a further enbodi nent, the
conpounds of this invention include polyneric
w@ovpoursds t hat contain nore than one oxetane BOHUSINE012489
than one styrenic functionabity. Such conmpounds are
prepared froma polyneric starting conpound from
whi ch depend functionalities that are reactive with
the starting oxetane conmpound and the starting
styrenic conpound. [0017] The polyneric conpound wl |
have the structure R2 R3 H (r)~/WpofYmer 4 G M
RO1 in WD 2004/ 101541 PCT/ US2004/ 012489 6 in which
pol yirewhighsplyniss isyrrratimerip heddberrdrdn whishyfirerd fdj@pé@ﬁ@het he
oxetane and _styrenic functionalities; m and

n
i nt eGef EVERGIUNGHIIneltiee ) 204 Aret Heosr ety wil \é?fry W%@%ﬁ‘é‘e'and

f | ad
vy EEpfn ”aﬁ% R RR A L e S
et hylyiB8aH: 2 B% @'Tg' i3 m@fl'gl i By g?oupnﬁt 1 R ALPY!

group; R4 1s a |rect bo or a di ent hydrocar bon;

W anghetid bigdgpgode Rt iy/a difeRt Bohd @F Aeikale®Siy@bcartii G@andr
carbamate group (formed through the reaction of a

pendaribddpamiehioatakin eipenastérheamidel oy n@barasid g@up (formed
correspondi ng reactive functlonalltéﬁon the starting
oxet difeugirthesieastion atg pefdgrtdyicionaliirpe (PO‘yWé"s?i@@t ively);

nd Gis
a correspon ing reac?ve funcglonallty oRzl‘?'\é §3 r)hng oxetane or starting

styrenic compound, respectively); and G is —OR’, ~SR', or -N(R*(RY, in
which R", R? and R® are as described above.

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

[0019] An example of a commercia!ly available and suitable
polymeric backbone is poly(butadiene) having pendant hydroxy! groups. The
pendant hydroxyl groups can be reacted with the oxetane starting compound
containing the tosyl leaving group and with m-TMI. In this case, the linking
group W will be an ether functionality 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 hydroxyl 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.

[0021] Polymeric starting material can be purchased commercially,

for example, there are available acrylonitrile-butadiene rubbers from Zeon



which R1, R2 and R3 are as described above. [0018] The
pendant functionalities on the polynmer nmay be
w@orvagetsed to the pol ynmeric backbone by a hydrpCEHURI®NG/012489
for exanple, one having one to twenty carbons, that
itself is dependent fromthe polyneric backbone. For
pur poses of this specification, those dependent
noieties will be deenmed to be part of the polyneric
backbone. [0019] An exanple of a commercially
avai |l abl e and suitable polyneric backbone'is
pol y(but adi ene) having pendant hydroxyl groups. The
pendaghemigale andstyrgicoanidic copphipers mu@ajsqr? H?dlwnndﬂleThe
oxetane startin ound containing the tos
| eavi Ha’davl&w“%[%aﬂ nﬁ%ﬁ" HeSENRYMERS arhingirelas car@%/“c acid
|Inklﬂ%t qrLoup Ww Il be an ether functionality and Z
will Contar Hya carbamate functionality. [0020] As a

furt hﬁiozﬂxanm eO Har QEQII'EIM% B#%rﬁglc%gnag%\éh B sh%gﬁgé from

car boxyli'c aC|d unctio ty can react
hydr oxytylicfanavet virgnabhdnyer® tsi dtdHRierd RfyrehRtibY RN les

oxetane starting materials and with'the isocyanate

f unct kanalté thyseoskillad Fidhe art.nSitabls acr@ikenoroMersWidiidewp-wi | |
be an ester functionality and Z wll contain a

car bansekirdtedroeriommdldicypoxyflio 6@ds haPph yhres fodive tabdni aigms
mat eri al can be purchased commercially, for exanple,
t her e3aaorVlalg ssteramanamarergikd asteisiol ecrdig pRdImethacrylistrsidring
from Zeon 004/101 41 P /U 2004/ 012489 7

Cheni cglo'yh\é\%@%ﬂ%p%ﬁ AL PYA Si‘fb‘f%/l?Pé'laéo”F? ofeIRTS6h

Pol y”ﬁ\'éthyl-gggatﬁpﬁ @ﬂfetﬁa@@%gér yfl 4o g?a?e fngl%n}l% 2Erylate,

pol ymers’ ar
funct bnadit do%esp[oﬂ@gg?ﬂ)raﬁzhté@ fsoﬁfe%r &Jcﬂ s, POdtMNRE D I Gerylate.

materi als can be synthesized f
Suitable vinyl monomers include vinyl esters vinyl ethers, viny! halides,
vinylidene halides, and nitriles of ethylenically unsaturated hydrocarbons.
Examples are vinyl acetate, acrylamide, 1-octyl acrylamide, acrylic acid, viny!
ethyl ether, vinyl chioride, vinylidene chioride, acrylonitrile, maleic anhydride,
and styrene.
[0023] Other polymeric starting materials can be prepared from
conjugated diene and/or vinyl monomers using standard polymerization
techniques known to those skilled in the art. Suitable conjugated diene
monomers include butadiene-1,3,2-chlorobutadiene-1,3, isoprene, piperylene
and conjugated hexadienes. Suitable vinyl monomers include styrene, a-
methylstyrene, divinylbenzene, viny! chloride, vinyl acetate, vinylidene
chloride, methyl methacrylate, ethyl acrylate, vinylpyridine, acrylonitrile,
methacrylonitrile, methacrylic acid, itaconic acid and acrylic acid.
[0024] Those skilled in the art have sufficient expertise to choose

the appropriate combination of those monomers and subsequent reactions to

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

-



acrylic and/or vinyl nononers using standard
pol yneri zati on techniques known to those skilled in
WO b@4a0t541 Sui t abl e acrylic nononers include a, BGFUS2004/012489

unsat urated nono and di carb®xylic acids having three
to five carbon atons and acrylate ester nononers
(al kyl esters of acrylic and nethacrylic acid in
whi ch the al kyl groups contain one to fourteen carbon
atons), Exanples are nethyl acryate, nethy

nmet hacryl ate, n-octyl acrylate, n-nonyl nethacryl ate,
and their correspondi ng branched isonmers, such as,
2- et hiyndiiengfity. fog pyding tae oxetaiens Farepic fiyrlicnsliicaas disclosed
i nclud Vlnﬁg ?sters vinyl ethers, vinyl halides,
vinyIW §3%8%s, and nitriles of ethylenically
unsat ur at ed hydr ocar bons. XE@ mﬁges are vinyl acetate,
acryl am de, 1-octyl acrylamde, "acrylic acid, vinyl
et hyljogigper, vi pyAvpie @r Pl‘éﬁarat‘ifdnwgtyr@ﬁ@@arwﬁﬂé éﬂf
acrylonltrlle mal ei ¢ anhydride, and styrene 0023]
O heroxet@ngneric starting materials can be prepared
from conjugated di ene and/or vinyl nonomers using
standard pol yneri zat iN t echni ques known to those
skilled in the art. Suftable conjugated diene
nmononers i ncl ude but gg~ene- 1, 3, 2- chl or obut adi ene-1, 3,
i soprene, piperyl ene ~copj ugat gd exadi enes.
Sui t abl e vinyl nononers udey st a-
met hyl styrene, divinyl be 'enaf'V|nyI chloride, Vi nyl
acetate, vinylidene chloride nethyl nethacryl ate,
ethyl acrylate, vinylpyridine, acrylonitrile,
nethacrylonitrile, met hacrylic acid, itaconic acid and

ot {i R R St o g ag @9@' ! e%é'f S 8%
Co”b' 3,200k %g%gmi l unc %u?#{%%ﬁfo%&?&to eAckions

to ableto amﬂe

hydr oyl @dﬂ»dtmaaed?@éaé %mn%gﬂﬂ&ér% d oil bath.
PCT/(L)JégZA 04/ 012480 o Me it purge and ol ba

The reaction was placed under nitrogen with stirring and heated to 65°C in

the oil bath. A single drop of dibutyltin dilaurate was added, thereby causing
an exothermic reaction which peaked at 125°C. The oil bath was removed
and the reaction temperature dropped to 65°C within 15 minutes. At this
point, the reaction was complete based on the depletion of the FT-IR
isocyanate peak at 2254 cm ™', The product was then removed from the
flask as a vis;:ous colorless liquid; however, over time it crystallized into a
white solid with a m.p. of 52°C.

[0026] H'-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), 0.565 —1.01 (bm, 3H).

[0027] EXAMPLE 2. Preparation of styrene carbamate methyl

oxetane.



8 functionality, for adding the oxetane and styrenic
functionalities as disclosed in this specification.
wWEXANRVUES [ 0025] EXAMPLE 1: Preparation of stBCENS2004/012489
carbamate ethyl oxetane. WO O
3- Et hyl - 3- hydr oxynet hyl - oxet ane (40.00 g, 0.3442 nvole)
and mTM (69.43 g, 0.3442 nole) were conbined in a
250-m four-neck round bottom flask equipped with a
condenser, nechanical mxer, nitrogen purge and oi
bath. The reaction was placed under nitrogen with
stirring and heated to 65Cin the oil bath. A single
drop of dibutyltin urate was added, thereby
causi ng an exothermic reacti on which peaked at 125C.
The oil bath was re ed and the reaction tenperature

dropped to 65C with 5 mnutes. At this point, the
seg on éﬁ?ﬁéﬁbletion of the
Zﬁﬂ The product was

reacti on was conpl e
FT-1R isocyanate peak

then renoved fromthe flaskpas a viscous colorless
[iquid; however, over tine |t crystallized into a

whi t @. I\&‘?Af/ﬂ @-oi&étérhe rﬁetlﬁ@n@i (2@60 § 2651958 06624 bindHh=TVR3 9.4 g,
7.21-7.6 .45 (s, 1H), 5.23 (bs, 1H), 5.12
(s, b.1BB3 mélefi&eréc&ﬂbn(ebinm a35|) -l #BLBieck squn@ btionigh (s,
3H), 1.55-1.85 (bm 8H), 0.55 -1.01 (bm 3H). [0027]
EXAVPLERIZ With @sandensasmeshariea) ries teeampasiat lrpeaniyrge

oxet ane. WD 2004/101541 PCT/ US2004/ 0124 %
and oil bath. The reaction was placed under nitrogen with stirring and heated

to 85°C in the oil bath. A singie drop of dibutyltin dilaurate was added and
within 5 hours the reaction was complete based on depletion of the FT-IR
isocyanate peak (2254 cm™). The product was then removed from the flask
as a colorless liquid with a viscosity of 21,000 cPs.

[0028] H-NMR: §7.61 (s.1H), 7.42 (s, 3H), 5.45 (s, 1H), 5.31 (bs,
1H), 5.15 (s, 1H), 4.81 (bm, 1H), 4.39 (bm, 1H), 4.12 (s, 4H), 2.21 (s, 3H),

1.72 (bs, 6H), 0.95-1.35 (bm, 3H).



9 SINI I H(r) O 0 3-Mthyl-3-oxetane nethanol
(20.00 g, 0.1958 mole) and mTM (39.49 g, 0.1958
worzdoejlonser e conbi ned in a 250-m four-neck rouPdI/bs10000m2489
flask equipped with a cond@nser, nechani cal m xer,
thernoneter, nitrogen purge and oil bath. The
reacti on was placed under nitrogen with stirring and
heated to 65C in the oil bath. A single drop of
di butyltin dilaurate was added and w thin 5 hours the
reacti on was conpl ete based on depletion of the FT-IR
i socyanate peak (2254 cmi). The product was then
re lask as a colorless liquid with a
s S " s, “T0026] 1 -NVR S 761 (5.1
H, 7.42 (s, 3H), 5.45 (s, 1 H), 5.31 (bs, 1H) 5.15
(s, 1 H, 461 (bm 1 H, 4.39 (bm 1 H), 2 (s,
4H) 1. 2. 21A ¢enpoBhd contalnipoxelsge aBHtyreme @50@”@@' hayig thH)
WD 2004/ 101541 PCT/ US2004/ 012489 10 WHAT IS CLAI MED
| S: structeconpound cont ai ni ng oxetane and styrenic
functionality having the structure %2 R3 HRL OX
QY RG R

HT X
1
~
X“{Q’YHFQ’ -G
s
0.1 0,1

R' is a methyl or ethyl group;

in which

R? and R® are H or a methy! or ethyi group;

R*is a direct bond or a divalent hydrocarbon;

X and Y are independently a direct bond or an ether, ester, amide, or
carbamate group, provided both X and Y are not a direct bond;

Q is a divalent hydrocarbon (which may contain heteroatoms of:N; O,
or 8); and |

Gis -OR' —SR!, or -N(R%(R®), in which R", R®and R® are as
described above;

0O
1
provided that X will not be ~~O=C~ when R*, Qand Y are

absent, and R? and R® are H; and

——C—.
orovided that X will notbe —O~ whenR* is M2, QandY

are absent, and R and R® are H.

2. The compound according to claim 1 having the structure



0.1 0,1 in which RLis a nethyl or ethyl group; R2 and
R3 are Hor a nethyl or ethyl group; R4 is a direct
whoovd/1ars4B di val ent hydrocarbon; X and Y are PCT/US2004/012489

i ndependently a direct bondlor an ether, ester, am de,

or carbamate group, provided both X and Y are not a
direct bond; Qis a divalent hydrocarbon (which may
contain heteroatonms of, N, 0, or S); and Gis -OR,
-SR1, or -N(R2) (RN_#n which Rl, R2 and R3 are as

descri bed above; O[] It provided that X will not be -0

C when R4, Q and. re absent, and R2 and R3 are H;

and -C provided XF\{viII ot be - O when R4 is
H2 , Qand Y areXabSeniy. agad Ad R3 are H 2. The
conpound according t IaT]ﬁl 1¥having the structure WO

2004/ 101541 PCT/ US2004/ 012489 11 NO,,ko Oor. NO

H 0
5&,1\1\[{0\%

3. A compound containing oxetane and styrenic functionality having the

structure

[ y l
OQQ/ =
W ,Z\ 4 -..._.G
polymer _

- 0,1

in which-

polymer is a polymeric backbone from which depend the oxetane and
styrenic functionalities;

m and n are integers from 2 to 500;

R' is a methyl or ethy! group;

R?and R® are H or a methyl or ethyl group;

R* is a direct bond or a divalent hydrocarbon;



~~ 0O 3. A compound contai ni ng oxetane and styrenic

functionality having the structure R2 R3 Hoff/ RW
weointersst G M Rol n in which polyner is a pPCHDE20040012489

backbone from whi ch depend #2he oxetane and styrenic

functionalities; mand n are integers from2 to 500;

Rl is a nmethyl or ethyl group; R2 and R3 are Hor a

nmet hyl or ethyl group; R4 is a direct bond or a

di val ent attyZiinegzniofy aid@n 20H4 edied ahidePiroakisSaated/ 012489

12 Wand Z independently are an ether, ester, am de,

ogrogprdpdmat e group; and Gis -OR, -SR, or

-N(R2) n i ch and are as, descri bed
abgve SS is ——ORl »—S\Igh or —N%lz Bzm WthhR?% R? and R® are as

described above.



