OXETANE COMPOUNDS CONTAI NI NG STYRENI C FUNCTI ONALI TY FI ELD OF THE | NVENTI ON
[0001] This invention relates to oxetane conpounds containing styrenic
functionality. BACKGROUND OF THE | NVENTI ON [ 0002] Oxetanes are highly
reactive cyclic ethers that can undergg both cationic and anionic ring
openi ng honopol yneri zation. Styrenic conpounds are capable of free radical
pol ymeri zati on. SUMVARY OF THE | NVENTI ON [0003] This invention relates to
conpounds 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 yneri zabl e wi th conpounds such as electron acceptor conpounds. The dual
functionality allows for dual cure processing, both thermal cure or

radi ati on cure. This capability makes themattractive for use in many
applications, such as, adhesives, coatings, encapsul ants, and conposites.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0004] In one enbodi nent, the

conpounds of this invention gReThe: cORPOESERIEShBYNiNae formula 2 R2 R3
STYRENIC FUNCTIONALITY

FIELD OF THE INVENTION
[0CO1] This invention relates to oxetane compounds containing

styrenic functicnality.

BACKGROUND CF 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 compeunds that contain an oxetane
functionality and a styrenic functionality. These compounds can be
homopolymerizable in reactions in which the oxetane ¢an undergo cationic or
anionic ring cpening, or polymerizable with compounds such as electron
acceptor compounds. The dual funciionality 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



HR & QR-G 0.10,1inwhich R is a nethyl or ethyl group; R and R3
are Hor a nethyl or ethyl group; R' is a direct bond or a dival ent
hydrocarbon; X and Y are independently a direct bond, provided both are not
a direct bond, or an ether, ester, amge, or carbamate group; Qis a

di val ent hydrocarbon (which may contain heteroatonms of N, 0O, or S); and G
is -OR, -SR, or -N(R2)(R), in which Rl, R2 and R3 are as descri bed above;
provided that X will not be 0 it O0-C when R Qand Y are absent, and R2
and R3 are H, and -C provided that X will not be -0- when R4 is H2 , Q and
Y are absent, and R2 and R3 are H. The configuration of the Q portion wl|
depend on the configuration of the starting styrenic conpound. [0005] The
starting styrenic conpound may be small nolecule,.,for exanple,
3-isopropenyl -a, a-di met hyl - benzyl isocyanate (m'}M ) _z4-vinyl- benzyl
chloride, the reaction product of mTM wth @t | R he reaction pr oduct
of mTM with the hydroxyl func9|onallty on a’'car xyllc acid containing a

hydr oxyl group, and isceug I sta ti C conpound may al so be
an ol igoneric or polynerlc %ﬁ
m TM or 4-vinyl-benzyl chloride wijt

ng, for exanple,
in which R is a methyl or ethyl group: R* and R® are H or a methyl or athyl

group; R*is a direct bond or a divalent hydrocarbon; X and Y are
independently a direct bond, provided both are not a direct bend, or an ether,
ester, amide, or carbamate group; Q is a divalent hydrocarbon (which may
contain heteroatoms of N, O, or 8): 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

O

1
—O=C— whenR', Qand Y are absent, and R? and R® are H; and

_.C..__
provided that X willnot be O when R* is Hy  QandYare

absent, and R* and R®are H. The configuration of the Q portion will depend
on the configuration of the starling styrenic compound.

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

[0006] © Whether the starting styrenic comﬁound is a small molecule

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



on a difunctional oligoner or polyner. [0006] Whether the starting styrenic
conpound is a small nolecule or an oligoneric or polyneric material, it

will contain a styrenic functionality 3 R2 R3 H -G represented by the
structural formula in which R2 and R3 age H or a nethyl or ethyl group and
Gis -OR, -SR, or -N(R2)(R3), in which Rl is a nethyl or ethyl group and
R2 and R3 independently are H or a nethyl or ethyl group. The starting
styrenic conmpound also will contain a second functionality reactive with
the starting oxetane conpound. For exanple, the styrenic starting nmaterials
di scl osed above contain hal ogen, hydroxyl, or socyanato functionality in
addition to the styrenic functionality. [0007] The starting oxetane conpound
may be a small nolecule or an oligoneric &g pol ymeri c nol ecul e, prepared,
for exanple, by reacting one of the small nnlﬁgule oxetane starting
conpounds di scl osed bel ow with one fung}' Ity on a difunctionai oligomner
or polynmer. In either case, it will O-R C “dontain an oxetane functionality
represented by the structure H2 and a seco functionality reactive with
the second functionality on the styreni éﬁLL&g conpound.

a

represented by the structural formuia in which R? and R® are
H or a methyl or ethyl group and G is —OR’, -8R, 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 disclosad above contain halogen, hydroxyi, 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 cne
functicnality on a difunctichai oligomer or palymer. In either case, it will
O&R
C/
centain an oxetane functionality represented by the structure Hy
and a second functionalily reactive with the second funciionality on the
styrenic starting compotnd.
10808] Suitable starting oxetane compounds that are small
molecules include, for examples,

{0008] {a) alcohols, such as, 3-methyl-3-hydroxymethyloxetane, 3-

ethyl-3-hydroxymethyloxetane;

OQ</OH . OH



[ 0008] Suitable starting oxetane conpounds that are small nol ecul es

i nclude, for exanple, [0009] (a) al cohols, such

as,

3- et hyl - 3- hydr oxynet hyl oxet ane, 3- eth yl-3-h yd roxy meth y | oxeta n e;
~0 HO O H4 [0010] (b) halides, such gs, 3-nethyl-3-brononethyl oxetane, 3-
et hyl - 3- br ononet hyl oxet ane, whi ch can be prepared by the reaction of an

al cohol from(a) with CBr4 as is known in the art;

ocoVv/', Br O~ Br [0011]

/(c) alkyl halides, such as, 3-nethyl-3- al kyl brononet hyl oxet ane,

3- et hyl - 3-al kyl br ononet hyl oxet ane, whi ch can be
of an al kyl dibrom de conpound wth an oxetane

prep
al coh

ared fromthe reaction
ol from(a) as is known

inthe art; OCV (CH2)aBr V (CH2)4Br [0012] and (d) tosylates, such as,
3-net hyl - 3-t osyl pgiby| oxet apenalida; ‘m*k“§m5@5¥¥ﬁ?ﬁ&¥%ﬁﬁ%§%@?ﬁ} whi ch can be

prepared from p-tol uenesul fonyl chloride:

O O 0 [0013]

VWen a | onger chaingl-BB@mamgihgbxammkegntadzn e ipeibre8 GPRUESIoCehal ni ng
styrenic and oxetane is desired, either the starting styrenic -

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

Q<:><i¢f5r 0

Br

[0011] (e} alkyl halides, such as, 3-methyl-3-

alkylbrormmomethyloxetane, 3-ethyl-3-alkyiromomethyloxetane, which can ke

prepared from the reaction of an alkyl dibromide compound with an oxetane

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

O%O(CHQ)ﬁr Q

O(CH2)4BF

[0G12] and (d) tosylates, such as, 3-methyl-3-tosyimethyloxetane,

3-ethyl-3-tosyimethyl-oxetane, which can be prepared from p-toluenesulfonyl

chiorride:

O

w

Lo

Q

O

Oz

2V

[0013] When a longer chain and higher molecular weight compaound

containing styrenic and oxetans is desired, either the starting styrenic

compound or the starting oxetane compound, or both, may be extended by

reaction with a difuncticnal oligomeric or polymeric material. Tke second

functionality on this cligomeric cr 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



conpound or the starting oxetane conpound, or both, may be extended by
reaction with a difunctional oligoneric or polyneric material. The second
functionality on this oligomeric or polyneric material nmust be reactive with
the oxetane starting conpound if the first reaction was between the
styrenic starting conmpound and the difunctional oligoneric or polyneric
material, and wth the styrenic starting conmpound if the first reaction was
bet ween the oxetane starting conpound and the difunctional oligoneric or
polymeric material. Exanples of suitable and comrercially avail able

ol igoners and polyners include diner diol and pol y(butadiene) with term nal
hydr oxyl functionality. [0014] In the case in which both the oxetane and
styrenic conpou &rlalr%xmsm%g.taméarns%smn% 2 422l W%Prﬂgrts'aﬂg'al ol i-gomer or

polynmer, Q may al so contain unct 1 onal an et her, ester,

carbamate, or uwﬁné@%tuu@alaier&'M,ana@&%&ﬂamsné‘ mmé«*ﬂﬁawr@%wlon of the two
oligoneric or polyneric starting materi als. B 15] In general, the

i nventive conpoundsticnaig.ai ni ng oxetane and styrenic functlonallty are

prepared by reacting together a starting conpound containing oxetane

functional ity antPOddlsecond If thecasedmahich yotlatnd oaetsteaarndishgeniconpound cont ai ni ng

styrenic functionality and a second functionality reactive with the second

functionality onC@%@“@%%?&ﬁée@@ﬁﬁbGﬁ@m“WW%ﬁ%HPWmP@%@MPGWF@dﬁéﬁ@é i ncl ude

wel I known addition, substitution, %?W condensation reactions. (0016] In a
t

further enbodi meftmMatH® CERPAHHLO i 2<aMRFet FOH ST FFol yner i ¢
compounds that cgnfal g, oD 5&}Q%Umﬁfﬁw9égﬁaﬁﬁmﬂﬂqu95%@omem:m

polymerie starting materials.

[0015] In general, the invertive compeunds containing oxetane and
styrenic functionality are prepared by reacting together a starting compound
containing oxetane funclionality and a second functionality and a starting
ccmpound centgining styrenic functionality and a second functionality
reactive with the second functionality on the oxetane compound. Typical
reaction schemes include well known addition, substitution, and condensation
reactions.

[0016}] In a further embodiment, the compounds of this inventicn
include polymeric compounds that confain more than cne oxetane and mare
than one styrenic functionality. Such compounds are prepared fram a
polymeric starting compound from which depend functionatities that are

reactive with the starting oxetane compound and the starting styrenic

compound.
[0017] The polymeric compound will have the structure
R*
R
H™ <
1
R
O
&/W AN \*—G
polymer R _
m 0,1 n



than one styrenic functionality. Such conpounds are prepared froma

pol yneric starting conpound from which depend functionalities that are
reactive with the starting oxetane conpound and the starting styrenic
conpound. [0017] The pol yneric conpound will have the structure R2 R3 H Rl
[ off' " WL polyner RG MO 1 n C in which polymer is a polyneric backbone
fromwhi ch depend the oxetane and styrenic functionalities; mand n are
integers that will vary with the | evel of oxetane and styrenic
functionality added by the practitioner and typically wll be from2 to
500; RL is a nethyl or ethyl group; R2 and R3 are Hor a nethyl or ethyl
group; R4 is a direct bond or a divalent hydrocarbon; Wand Z independently
are an ether, ester, am de, or carbamate group (formed through the reaction

of a pendant fungtimhalolyhitr BB polyeeRObRBINABE WhichCRpERSAOBRNE reactive
functionality on the starting oxetane or starting styrenic conpound,

respectivel y); andd €yresic ORCtionalBRS; m and MNrRZE)<dBR)that vl vanhiithnhdleyelRz and R3 are
as described above. [0018] The pendant functionallties on the polyner may be
connect ed t o t hecpukignepicstiyagk boriengliy 2ddry dy be ardsttivnefand tepicalipl e, one

having one to twenty carbons, that itself is dependent, fromthe polyneric
will e from 2 to 500; R" is a methyl or etiyl group; R and R* are H or a

methyl or ethyl group; R* is a direct bond or a divatent hydrocarbon; W and
Z independently are an ether, ester, amide, or carbamate group (formed
through the reaction of a pendant functionality on the polymarand a
carresponding reactive functionality on the starting oxetane or starting
styrenic compound, respectively); and G is -OR", -8R', or -N(RH(R®), in
which R', R? and R® are as described above.

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

[0019] Anexample of a commerc'ially available and suitable
polymeric backbone is poly(butadiene) having pendant hydroxyl groups. Tha
rendant 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 pely(butadiene) having pendant
carboxyiic acid functionality can react with the hydrexyl functienality 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.

[0G21] Polymeric starting materiat can be purchased commercially,

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



backbone. For purposes of this specification, those dependent noieties wll
be deened to be part of the polyneric backbone. [0019] An exanple of a
comercially avail abl e and suitable polyneric backbone is pol y(butadiene)
havi ng pendant hydroxyl groups. The pendant hydroxyl groups can be reacted
wi th the oxetane starting conpound containing the tosyl |eaving group and
wth mTM. In this case, the linking group Ww Il be an ether
functionality and Z will contain a carbamate functionality. [0020] As a
further exanple, a poly(butadi ene) having pendant carboxylic acid
functionality can react with the hydroxyl functionality on either of the
hydr oxyl oxetane starting materials and with the isocyanate functionality

on mTM. In thiscieasis dnbeyMheeyi Mpblmbe idh Jekiseh rbiyRet ivRal ity and Z
will contain a carbamate functionality. [0021] Polyneric starting materi al

can be purchased gosamefwitehbliies frérotheex adiphes atehgdexabecabayilcable
acrylonitrile-butadi ene rubbers fromZeon 7 Chem cals and styrene-acrylic
copol yners from JomisalityPol yner. The pendant functionalities fromthese

pol ynmers are hydroxyl or carboxylic acid functionality. [0022] O her
starting pol yneril@%%ht eri al QheEang roerHesEEEs f30h sYABeggddroand/ or vi nyl
nononmer s usi ng standard ggl neri zation techni gues _known to those skilled in

the art, Suitabl e ??ITCV HBHEFETS ﬁ&‘ﬂﬁ@@d%{‘? BRI Ea Y 8t 8 Sbno and

o car boxy) 1,201 SeelfE B-LHEFD b bRl e APl sy e ester
unsaturated mono and dicarboxylic acids having three to five carbon atoms
and acrylate ester monomers (alkyl esters of acrylic and methacrylic acid in
which the alkyl groups contain one to fourteen carbon atoms). Examples are
methyl acryate, methyl methacrylate, n-octyl acrylate, n-nonyl methacry!ate,
and their corresponding branched isomers, stich as, 2-ethythexyl acrylate.
Suitable vinyl monomers include vinyl esters, viny! ethers, vinyl halides,
vinylidene halides, and nitriles of ethylenically unsaturated hydrocarbons.
Examples are vinyl acetate, acrylamide, 1-octyl acrylamide, acrylic acid, vinyl
ethyl ether, vinyl chloride, vinylidene chloride, acrylonitrile, maleic anhydride,
and styrene.
[0023] Other polymeric starting materials can be prepared from
conjugated diene and/or vinyl monomers using standard polymerization
technigues known to those skilled in the art. Suitable conjugated diene
monomers inciude butadiene-1,3,2-chlorobutadiene-1,3, isoprene, piperylene
and conjugated hexadienes. Suitable vinyl monomers include styrene, a-
methylstyrene, divinylbenzene, vinyl chloride, vinyl acetate, vinylidene
chloride, methyl methacrylate, sthyl acrylate, vinylpyridine, acrylonitrile,
methacrylonitrile, methacrylic acid, itaconic acid and acrylic acid.
[0024] Those skilled in the art have sufficient expertise to choose
the appropriate combinaticn of those monomers and subsequent reactions to

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



whi ch the al kyl groups contain one to fourteen carbon atons). Exanples are
nmet hyl acryate, nethyl nethacrylate, n-octyl acrylate, n-nonyl nethacryl ate,
and their correspondi ng branched isoners, such as, 2-ethyl hexyl acryl ate.
Suitabl e vinyl nonomers include vinyl gsters, vinyl ethers, vinyl halides,
vinyl i dene halides, and nitriles of ethylenically unsaturated hydrocarbons.
Exanpl es are vinyl acetate, acrylamde, 1-octyl acrylam de, acrylic acid,
vinyl ethyl ether, vinyl chloride, vinylidene chloride, acrylonitrile,

mal ei ¢ anhydride, and styrene. [0023] O her polyneric starting materials
can be prepared from conjugated di ene and/or vinyl nononers using standard
pol yneri zation techniques known to those skilled in the art, Suitable

conj ugat ed di ene furlEBEraN® fer ddakl tideobiahadiegeris Bndiosditioy uidcadbene- 1 3,

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

i ncl ude styrene, irathisrepedifidadryr ene, di vi nyl benzene, vinyl chloride, vinyl
acetate, vinylidene chloride, nmethyl nethacrylate, ethyl acrylate,

vinyl pyridine, acrylonitrile, nethack¥@niESile, nmethacrylic acid, itaconic
acid and acrylic acid. [0024] Those skilled in the art have sufficient
expertise to chod¥®% the a rliEat: TR H At S TP e RGEEibnoner s and
subsequent reactions to be able to add pendant functionality, for exanple,
hydr oxyl and car 56551 8 functionality, for adding the oxetane and styrenic
functionalities as disclosed in.this specification. EXAMPLES [0025]
EXAMPLE 1: Preparation of styrene rbamat e et hyl

Ks‘\n,o\gCO

3-Ethyl-3-hydroxymethyl-oxetane (40.00 g, 0.3442 mole) and m-TMI (60.43
g, 0.3442 mole) were combined in a 250-mi four-nack round bottom flask
equipped with a condenser, mechanical mixer, nitrogen purge and oil bath.
The reaction was placed under nitrogen with stirring and heated to 65°C in
the oil bath. A single drop of dibutyliin dilaurate was added, thereby causing
an exothermic reaction which peaked at 125°C. The oll bath was removed
and the reaction temperature dropped to 85°C within 15 minutes. At this
point, the reaction was complete based on the depleticn of the FT-IR
isocyanate peak at 2254 cm ~' The product was then removed from the
flask as a viscous colorless liguid; however, over time it crystallized into a
white solid with a m.p. of 52°C.

[0026] HI-NMR: § 7.21-7.681 (m, 4H), 5.45 {s, iH), 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), 0.65 —1.01 (bm, 3H).

[0027] EXAMPLE 2. Preparation of styrene carbamate methyl

oxstane.



oxet ane, NOO 3-Et hyl - 3- hydr cxynet hyl - oxet ane (40.00 g, 0.3442 nole) and
mTM (69.43 g, 0.3442 nole) were conbined in a 250-m four-neck round
bottom flask equi pped with a condenser, mechani cal m xer, nitrogen purge
and oil bath. The reaction was placed gnder nitrogen with stirring and
heated to 65C in the oil bath. A single drop of dibutyltin dilaurate was
added, thereby causing an exotherm c reaction which peaked at 125C. The oi
bath was renoved and the reaction tenperature dropped to 65C within 15
mnutes. At this point, the reaction was conplete based on the depletion of
the FT-1R isocyanate peak at 2254 cm-'. The product was then renoved from
the flask as a viscous colorless Iiquid; however, over tinme it crystallized
intoa white solid with a mp. of 52C. [0026] H-NVR 3 7.21-7.61 (m 4H)
5.45 (s, 1H), 5.23 (bs, 1H), 5.%2Z(s, 1 H), 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). [0027] EXAMPLE
2. Preparation of styrene carbaph nmet hyl oxetane. 9 NYO\~O O

3- Met hyl - 3- oxet ane net hanol (20 g, P. 1958 and mTM (39.49 g,

0.1958 nole) were conbined in a 2 Ntﬁub- ound bottom fl ask
nioer, t hernoneter, nitrogen purge

equi pped with a condenser, nmechan
3-Methyl-3-cxetane methanol (20.00 g, 0.19568 mole) and m-TMt (38.49 g,

q

0.1958 mole) were combined in & 250-ml four-neck round bottom flask
equipped with a condenser, mechanical mixer, thermometer, nitrogen purge
and oil bath, 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 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: &7.81 (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).



and oil bath. The reaction was placed under nitrogen with stirring and
heated to 65Cin the oil bath. A single drop of dibutyltin dilaurate was
added and w thin 5 hours the reaction was conpl ete based on depl etion of
the FT-1R isocyanate peak (2254 cnml). The product was then renoved fromthe
flask as a colorless liquid with a vi scq ity of 21,000 cPs. [0028] H -NWVR
6 7.61 (s.1 H, 7.42 (s, 3H), 5.45 (s, 1 ﬁ—!) 5.31 (bs, 1H), 5.15 (s, 1H),
4.61 (bm 1H), 4.39 (big, 1H), 4.12 (s, 4H), 2.21 (s, 3H), 1.72 (bs, 6H),
0.95-1.35 (bm 3H). 10 CLAIM 1. A conpound containing oxetane and styrenic
functionality having the structure. Heyp g N~ 0~/ 0 or NO O

1. A compound containing oxetane and styrenic functionality having the structure.
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