OXETANE COMPOUNDS CONTAI NI NG MALEI M DE FUNCTI ONALI TY FIELD OF THE

| NVENTI ON [ 0001] This invention relates to oxetane conpounds contai ni ng
mal ei m de functionality. BACKGROUND OF THE | NVENTI ON [ 0002] Oxetanes are

hi ghly reactive cyclic ethers that can undergo both cationic and anionic
ring openi ng honopol yneri zation. Ml ei mde conpounds are capable of free
radi cal pol ynerization. SUMVARY OF THE | NVENTI ON [0003] This invention

rel ates to conpounds that contain an oxetane functionality and a nal ei m de
functionality. These conpounds can be hornopol ynerizable in reactions in
whi ch the oxetane can undergo cationic or anionic ring opening,
pol yneri zable with conpounds such as electron donor conpounds.

functionality allows for gE htherrral cure or
radi ati on cure. This ca 91 ‘E’i'{f]} P%igg% 5‘4 ve for wuse in many
applications, such as, adhe a capsul ants, and i

DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0004] In one enmbodi ment ,

The dual

conposi tes.

conmpounds of this invention can represented by the formula 1 O \ QIY R2 N

0,1 inwhich R is a nethyl F@LD%I*WHE%%IOW is a dival ent hydrocarbon;

and Y
[0001) This invention relates to oxetane compounds containing

maleimide functionality.

BACKGROUND OF THE INVENTION
{0002} Oxetanes are highly reactive cyclic ethers that can undergo
both cationic and anionic ring opening homopolymerization. Maleimide

compounds are capable of free radical polymerization.

SUMMARY OF THE INVENTION
[0003) This invention relates to compounds that contain an oxetane

functionality and a maleimide functionality. These compounds can be

homopolymerizabie in reactions in which the oxetane can undergo cationic or

anicnic ring opening, of polymerizablé with compounds such as electron
donor 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, adhesives, coatings, encapsulants, and

composites,

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

represented by the formula

X



i ndependently are a direct bond, or an ether, ester, am de, or carbamate

group; and Qis a dival ent hydrocarbon.

[ 0005] The starting nal ei mde

conpound may be small nol ecule, for exanple, 6-nmnaleimdocaproic acid,
3-mal ei m dopropi onic acid, N-(6- hydroxyhexyl) nalei m de,
N- ( 3- hydr oxypr opyl ) mal ei m de, and N-(5- isocyanatopentyl) maleim de, or may
be an oligoneric or polyneric material containing prepared by reacting, for
6- mal ei m docaproic acid or 3- rmal ei m dopropionic acid with one
functionality on a difunctional oligoner or pol r. [0006) Whether the

starting nmal ei m de corrpaﬁg i sSRA small ol ecul e W an oligomeric or
polyneric material, it | deont & n a«"b eimdepn O N functionality
al “Yor

exanpl e,

represented by the struct

?a/se}on functionality reactive

with a second functionality on the artj ng oxegane conpound. For exanple,
the mal eimde starting nmaterials disclosed aboge contain carboxyl,

i socyanato functionality in addition to the naleimde

functional i t yn whRA®lis ZReteyll 8F sthy GravpeRaBe dageUidocaRyo & dhdsmal | nol ecul e
or an oligoneric or polyneric nolecule, prepared, for exanple,
one of the sfRipkndEitycud & ddxdbans of bmethien @sienpodd) dscatbaehiesed bel ow with
one 2 functionality on a difunctional oligoner or polyner. In either case,
it wll 1 O grsugRanfiCeis a divalent hydrocarbon.

hydr oxyl ,

or

[0005) The starting maleimide compound may be small molecute,
for example, 6~maleimidocaproic acid, 3~maleirﬁidopropionic acid, N-{6-
hydroxyhexyl) maleimide, N-{3-hydroxypropyl)maleimide, and N-(5-
isocyanatopentyl) maleirﬁide, or may be an oligomeric or polymeric material
containing prepared by reacting, for exampie, 6-maleimidocaproic acid or 3-
maleimidopropionic acid with one functionality on a difunctional oligomer or
polymer.

[0006] Whether the starting maleimide compound Is a small
molecule or an oligomeric or polymeric material, it will contain a maleimide

9]
—N }

functionality represented by the structural formula O

and a second functionality reactive with a second functionality on the starting
oxetane compound. For example, the maleimide starting matetials disclosed
above contain carboxyl, hydroxyl, or isocyanato functionality in addition to the
maleimide 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

by reacting



contain an oxetane functionality represented by the structure H2 and a
second functionality reactive with the second functionality on the
mal ei m de starting conpound. [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- et hyl - 3- hydr oxynet hyl oxet ane; 0---\/ OH
0O OH [0010) (b) halides, such as, 3-nethyl-3-brononethyl oxetane, 3-

et hyl - 3- bronomet hyl oxet ane, which can be prepared by the reaction of an

al cohol fro it h [.4 [ Br [0011] (c)
al kyl hali dg]%’,(‘%g’ﬂ%\fﬁy 8%‘%@‘!%7@ | Pidghi ﬁ?kb@%rb%‘endﬁett%e)ﬂcgieetﬁa@é

3-et hyl - 3-al kyl br ononet hyl oxet ane, which can be prepared fromthe reaction
of an al kyl di brom de conmpound with an oxetane alco frbm (a) as is known
inthe art; OV QCH2)4Br O-Q(CH2)4Br [0012] and (d)+t | ajes, such as,
3-net hyl - 3-t osyl net hyl oxet ane, 3-et hyl - 3-t osyl net hyl - bxet &ne, whi ch can be

F(r)ggg]r e%gﬁ%ghﬁoigﬁgw %Egﬁﬁélh Feﬁl-é%;ﬁt%?%e%ﬁeaq’rtgﬁg{%hg Q)Inpozﬁnél I(:ontoaioni ng
mel ei m de ang,JoxXed A rirsidRl rebtiveiiNek stbshShiAcbhAly Slhel m de

maleimide starting compound.

[0008] Suitable starting oxetane compounds that are small

molecules include, for example,

[0D0%] {a) alcohols, such as, 3-methyl-3-hydroxymethyloxetane, 3-

ethyl-3-hydroxymethyloxetane;

X _on 2 OH

(0010} (b) halides, such as, 3-methyl-3-bromomethyloxetane, 3-
ethyl-3-bromomethyloxetane, which can be prepared by the reaction of an

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

O% Br 032“ Br

[0011] (c) alkyl halides, such as, 3-mathyl-3-
alkytbromomethyloxetane, 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;

OQ</O(CH2)4Br OQQ/O(CHZ)A,&

j0012) and (d) tosylates, such as, 3-methyl-3-tosylmethyloxetane,

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

chloride:



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
mal ei m de starting conmpound and the difunctional oligonmeric or polyneric
material, and wth the naleimde starting conpound if the first reaction
was between the oxetane starting conpound an t he di functional oligoneric

d

or polynmeric terial. @xanples of suitableand c@mercially available
ol i gomers andQ” palynmers Pncl/ude \di ner di@T pal W but adi
hydroxyl  funcW YR o844] /A n the c | i h

ne) with term nal

he oxet ane and
mal ei m de conpounds ar e{Qext énded by reaction with( di ctional oligoner
or polymer, Q may also contain a functionality, for exanple, an ether,
ester, carbamate, or urea functionality, resulting fromthe reaction of the
two oligoneric or polyneric starting nmaterials. [0015] In general, the

i nventive corpeiyjds Contv%éHmngef%hém%n@n@hembie&mr%ig{wesﬁ]b&nﬁi ity are
prepared by reacting together a starting “conmpound containing oxetane

functional i th:oﬁ_ﬂﬂwiﬁq aeRRde bHNGdHAs bEredNhar the bRFngHeaiIsiIRAROUNd cont ai ni ng
mal ei m de functionality and a second functionality reactive with the second

functi onal i t YooaihohRE oPHe lsBiMhgCXBRAY BEmpouhdPbrasdth, etk skitngedeyes i ncl ude
wel | known addition, substitution, and condensation reactions. 4 [0016] In
a further enbeditmdnith 4 fiRinciNROMNGES e ortdaiymerio viesdriab Nhei saebnide pol yneri ¢
conpounds that contain nore than one oxetane and nore than one nal ei m de
functional i t yiunSisohlitg onfrosinidsmarieopyobparie dnfteraimast be reactive with the

oxetane starting compound if the first reaction was between the maleimide
starting compound and the difunctional oligomeric or polymeric material, and
with the maleimide starting compound if the first reaction was between the
oxetane starting compound and the difunctional oligomeric or polymeric
material. Examples of suitable and commercially available oligomers and
polymers include dimer diol and poly{butadiene) with terminal hydroxy!
functionality.

[0014] I the case in which both the oxetane and maleimide
compounds are extended by reaétion with a difunctional cligomer or polymer,
Q may also contain a functionality, for example, an ether, ester, carbamate,
or urea functionality, resulting from the reaction of the two oligomeric or
pelymeric starting materials.

[0015] In general, the inventive compounds containing oxetane and
maleimide functionality are prepared by reacting :cogether a starting
compound containing oxetane functionality and a second functionality and a
starting compound containing maleimide 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.



pol yneric starting conpound from which depend functionalities that are
reactive with the starting oxetane conpound and the starting mal ei m de
conpound. [00171 The pol yneric conmpound will have the structure O R OO ~i
Wpolymer Z-Rz-N IMOn in which polymer is a polyneric backbone from

whi ch depend the oxetane and nmaleimde functionalities, mand n are
integers that will vary wwth the |evel of oxetane and nal ei m de
functionality added by the practitioner and typically will be from2 to
500, Rl is n@oiB)l or etihglfyritie embodimeénty Heantmpoinydirad dthes bbeentioand Wand Z are
i ndependently a |inking functionality, such as, an ether, carboxyl, ester,
carbamat e, omnclude golymiaiic tonusdeihatedntdin mgwtharhene oxstaneiand rafre a pendant
functionality on the polymer and a corresponding reactive functionality on
the starti ngtmﬂ@nami@mi@é&mﬂormhtystswﬁhpfmgpmrﬂearﬁ rieparedfipowend. [ 0018] The
pendant functionalities on the polynmer may be connected to the polyneric
backbone by Bolyeiioaribeaompaind deaygie) denead funglionagtiesreatiase t went y car bons,
that itself is dependent fromthe polymeric backbone. For purposes of this
speci fi cat i offactfouith Qﬂéﬁéﬁﬁtﬂ’ér@‘eﬁ@ﬁ?é?mﬁ@mﬁnaﬂﬁ thepdarieemalgineide be part of the
pol yneric backbone. [00191 An exanple of a commercially avail abl e and
suitabl e poFYRYYE- backbone is pol y(but adi ene) havi ng pendant hydr oxyl

groups. The geadant hgLoxyl, g oURS SANRE.ISASLEG AN the oxetane

Q
1
Q R 2
W+ polymer- Z=R—N |
m
N @)

=n

in which polymer is & polymeric backbone from which depend the oxetane
and maleimide functionalities, m and n are integers that will vary with the
level of oxetane and maleimide functionalify added by the practitioner and
typically will be from 2 to 500, R' is methyi or ethyl, R? is a divalent
hydrocarbon, and W and Z are independently a linking functionality, such as,
an ether, carboxyl, ester, carbamate, or urea, which is created through the
reaction of a pendant functionality on the polymer and a corresponding
reactive functionality on the starting oxetane compound or starting maleimide
campound.

[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 commercially available and suitable
polymeric backbone is poly(butadiene) having pendant hydroxyl groups. The

pendant hydroxyl groups can be reacted with the oxetane starting compound



5 containing the tosyl |eaving group and with 6-nmal ei m docaproic acid. In
this case, the linking group Wwill be an ether functionality and Z w ||
contain an ester functionality. [0020] As a further exanple, a

pol y(but adi ene) havi ng pendant carboxylic acid functionality can react with
t he hydroxyl functionality on either of the hydroxyl oxetane starting
materials and wth the hydroxyl functionality on N-(6-hydroxyhexyl)

| ei m de, --hyd I | ei : hi . d

Wit be an cermntgie vonaerny oFEE e el Rt AR ol openty )
| ei m de i ( W 1N ] - : il b

ami de funct ; 515 TRy o Bt VRTRE, SN Aitondfify MlFonBr e D M hacea

comerci al |y, elfi%ot@ﬁgl |l e, there are avail able acrylonitrile-butadiene
rubbers fromséeon em'cal s and styrene-acrylic copolyners from Johnson

Pol yner. The@iogglndant THQ&?‘%@E%%%%%]JF&%ﬁtg@éﬁgm%b{m@aﬁ{e hydr oxyl or

carboxylic a functi onal starting polyneric materials

can be synt h@&h&g@ﬁaétemncﬂ&q(a#gic%n?@&dt%h WHeWWhrXPambSaitadgnst andar d

pol yneri zation t ni ques - wn to those sKilled in the art. Suitable

acrylic mnoap%@ihg&bkngaaﬁe}stamng%éﬂéraé:%drmmwﬂphr@biyc@ha%ﬁh' ¢ acids having
three to five carbon atons and acrylate ester nononers (al kyl esters of

acrylic and Bﬁn\h@mynngh@g%dnd!é&nidwﬂquhydi\ex@rdrml) ngEMIdS. aRkai n one to
fourteen carbon atons). [0023] Exanples are nethyl acryate, nethyl

met hacryl at ecage, @@t Wland Zegrylidvaill bBaR@alel fufilidhamtyy Ingthe castiwherd 8i-r
correspondi ng branched isoners, such as, 2-ethyl hexyl acrylate. Suitable

vi nyl nonome(sisotginatbeemiyinpialeiidelsreacted mth agiehédars hydroxyy robplthees,
vinylidene halides, and nitriles of ethylenically
Z group will be an amide functionality.
[oo21 Palymeric starting material can be purchased commercially,
for example, there are available acrylonitrile-butadiene rubbers from Zeon
Chemicals and styrene-acrylic copolymers from Johnsen Polymer. The
pendant functionalities from these polymers are hydroxyl or carboxylic acid
functionality.
[0022] Other starting polymeric materials can be synthesized from
acrylic andfor vinyl monomers using standard polymerization techniques
known to those skilled in the art, Suitable acrylic monomers.-inslude o, B~
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 alky! groups contain one to fourteen carbon atoms).
[0023] Examples are methyl acryate, methyl methacrylate, n-octyl
acrylate, n-nonyl methacrylate, and their corresponding branched isomers,
such as, 2-gthylhexyl acrylate. Suitable vinyl monomers include viny! esters,
vinyl ethers, viny! 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.



unsat urated hydrocarbons. Exanples are vinyl acetate, acrylam de, 1-octyl

acrylam de, acrylic acid, vinyl ethyl ether, vinyl

c

hl ori de, vinylidene

chloride, acrylonitrile, maleic anhydride, and styrene. 6 [0024] O her
polymeric starting materials can be prepared from conjugated di ene and/ or
vi nyl nononers using standard pol yneri zation techniques known to those
skilled in the art. Suitable conjugated diene nononers include

but adi ene-1, 3, 2- chl or obut adi ene-1, 3, isoprene, piperylene and conjugated
hexadi enes. [8024labl e viQtpér pelymmmestaringcnatgdals e keerepared ffefthy | st yr ene,

di vi nyl benzene, vinyl chloride, vinyl acetate, vinylidene chloride, mnethyl
met hacr yl at eSongidatad dirneyangios Vinyl mgnasmaTs dsingstapdary pemerizatien

met hacrylonitrile, nethacr%lic acid, itaconic acid and %é%%lic acid. [00251

Those ski | | el§chHayas&nawh t
appropriate conbination t hose nmpnoners and subse

f
able to add PeRYEFE iWW@%”W@I”PTTy?'z‘FB'PrOQHE‘HjﬁP%",1'e’mﬂfﬁ

o Hlediethemt Sufable padugaied

P

e the
uent reactions to be

[5RG1 PRFYECREr boxy|

functionality, for adding the oxetane and mal ei mi de functionalities as

di scl osed i 23 FIugass;heradignesn SULSQR/BIES oNPoEsHTClRIeRA

ethyl oxetane maleimde. ~~O O N ~ ﬁ O .
bot t om f | askMREYSEERNSpBERYRPTASNE: VIR EMBRACe 4Ny SEPIRIE
b1 975" ol o) SHa gt meactiie: Sinl Sttt iRyl

C

ne, acry

BE® 1% Preparation of

0027‘1E A 250-m 4-neck round
taleeVNYHIRBS romet er, ni trogen

5kl (NC (2559 0

methacrylonitrile, methacrylic acid, itaconic acid and acrylic acid.

{0025] 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 carboxy!

functionality, for adding the oxetane and maieimide functionalities as

disclosed in this specification.

EXAMPLES

[0028] EXAMPLE 1: Preparation of ethyl oxetane maleimide.

QN /\/\/\gﬂ%o

[0027] A 250-mi 4-neck round bottom flask was equipped with a

mechanical stirrer, thermometer, nitrogen purge and slow-addition funnel. 6-

Maleimideocaproic acid (MCA) (25.58 g, 0.1213 mole), 3-ethyl-3-oxetane

methanol (14.10 g, 0.1213 mole), 4-dimethylaminopyridine (1.5 g, 0.0121

mole) and toluene (60 ml) were charged to the flask resulting in a dark gold

solution with a minor amount of undissolved solids. The flask contents were

chilled to 0-6°C with mixing. A solution prepared from 1,3-dicyclohexyl-

carbodiimide (BCC, 25.00g, 0.1213 mole) and toluene (20 ml) was then

charged to the slow-addition funnel. The DCC /toluene solution was added



met hanol (14.10 g, 0.1213 nole), 4-dinethylam nopyridine (1.5 g, 0.0121

nol e) and toluene (60 mM) were charged to the flask resulting in a dark gold
solution with a m nor anmount of undissolved solids. The flask contents were
chilled to 0-5C with mxing. A solution prepared from 1, 3-di cycl ohexyl -
carbodiimde (DCC, 25.00g, 0.1213 nole) and toluene (20 nml) was then
charged to the slowaddition funnel. The DCC ! toluene solution was added 7
to the flask over 30 mnutes while maintaining a reaction tenperature

bet ween 10 affdheBrsk C["@‘b*’é%’]”'“ﬂfeisr"t"?”ﬁd"%@“‘@@ﬁ‘trf"%qﬁ'@ﬂtel“?)orer%tl'"i? hours at 10-15C

after which ttl nme Itl][p i er chromat ography (1/1 ethyl acetate/hexane)
i ndi cat ed t h2EWBB? 0 28% &% bxet ane and DCC were consumed. The reaction was

R b@ﬁﬁ%&%ﬁ#@ e
e o VT N R B R
1/1

HRAT s e St

oA P Ayt oA G 0091

-3.52 (t, 2 a1 aH),
0530 06 (1 s REatnE b SRR e St G a(nren k

mei ei mde.  BeaBohat®sofkion. Toluene was then stripped from the reaction in vacuo

and replaced with a solution of ethyl acetate and hexane (1/1 by volume). A
chromatography column was then utilized to isolate a qualitative amount of a
clear yellow oil with a viscosity of 270 cPs. The compound had a weight loss
of 15% at 200°C as measured by TGA.

[0029] H'-NMR: & 6.55 (s, 2H), 4.55 (d, 2H), 4.45 (d, 2H), 4.21 (s,
2H), 3.41 -3.52 (t, 2H), 2.25 —2.42 (t, 2H), 1.51-1.79 (m, 4H), 1.11~1.41 (m,

4H), 0.83-0.95 (t, 3H).

[0030] EXAMPLE 2: Preparation of methyl oxetane maleimide.

o]

0
Y
I Nw
O

0O

[0031] The starting compound for methyl axetane maleimide is

maleimidocaproic chloride having the structure

O
Danas
0
O
and prepared as follows: A 500-mi 4-neck round bottom flask was equipped

with a condenser, mechanical mixer, thermometer, and hot oil bath and then

charged with maleimidocaproic acid (MCA) (40.00 g, 0.1886 mole), dimethyl-



[ 0031] The starting conpound for nethyl oxetane naleimde is

mai ei m docaproi ¢ chloride having the structure NCI O O and prepared as
follows: A 500-m 4-neck round bottom fl ask was equi pped w th a condenser,
mechani cal m xer, thernmoneter, and hot oil bath and then charged with

mal ei m docaproic acid (MCA) (40.00 g, 0.1896 nole), dinmethyl- 8 formam de (3
drops) and tol uene (125 m). The flask contents were heated to 85C and

i xed unti 1 ghlorsol o088 odiiael Rty SYRS RIERhIdHs e 1Rk 150! UL T on ves

decanted into a si Iar ask wth a msc ani cal m xer, bubbler

sl ow-addi ti %"é‘éﬂ&‘ﬁ |xe%’]ﬁ1tl| Qr?soi?@st\pereEﬁ%ol(f@cﬁ%ulﬁ%@qﬁﬁtlwth@ﬁow"as then chilled
with mxing. [0032 chlorirde (36.09 g, O. 4 nole) was added to the

reaction fl aglutivh ¥as h%r@é’dihﬁol epg;mﬁé#magl fitekivki@ mba{a@ucan Me@ reaction
temperature of 5-10C. Follow ng the oxalyl chloride addition, the ice bath

was removed @nmbdiet RwW-ERFdnGonEREnEIL: MR The rdtRA sdutfoAVastiedper ature. As
the reaction tenperature increased, the bubbler indicated that gas was bei ng

gener ated. ThlcHeaBmigAigWwas | eft to mx over night resulting in a very dark
solution. It was then decanted into a 1 L single-neck round bottom flask and
stripped of [poB2jene undBelyatoride (36008 geh2844200leWas sdiedtditie added to the

flask and stripped three tinmes to reduce acidity. The product was.
mal ei m docapmrationdhtlovie dew-3didias funBeMiikyhairdaioingtaaeactivet hanol (19. 36 g,
0.1896 nole), triethylamne (19.19 g, 0.1896 nole), 4-dinethylam nopyridine
(2.32 g, temperature of 5-10°C. Following the oxalyl chloride addition, the ice bath

was removed and the reaction was allowed to warm to room temperature. As

the reaction temperature increased, the bubbler indicated that gas was being

generated. The reaction was left to mix over night resulting in a very dark

solution. 1t was then decanted into a 1L single-neck round bottom flask and

stripped of toluene under vacuum. Toluene (200 mi) was then added to the

flask and stripped three times to reduce acidity. The product was.

maleimidocaproic chloride.

10033] 3-Methyl-3-oxetane methanol (19.36 g, 0.1896 mole),

triethylamine (19.19 g, 0.1896 mole), 4-dimethylaminopyridine (2.32 g,

0.0120 mole) and dichloromethane (175 mi) were combined in a 500-ml 4-

neck round bottom flask equipped with 2 magnetic stir bar, slow-addition

funnel, drying tube and ice bath. A nifrogen purge was used to displace

humid air within the flask. The reaction solution was then chilled with mixing

to 10°C and a solution of maleimideocaproic chloride (43.4 g, 0.1896 mole) in

25ml dichloromethane was added at a rate slow encugh to maintain this

temperature.

[(0034] Following the addition, the resulting dark brown solution was

mixed at room temperature over-night. Thin-layer chromatography (1/1 vol.,

ethyl acetate/hexane) indicated that the reaction was complete based on the

depletion of maleimidocaprelc chioride. White solids were filtered from the



0.0190 nol e) and dichl oronet hane (175 m) were conbined in a 500-m 4- neck
round bottom fl ask equi pped with a magnetic stir bar, slowaddition funnel,
drying tube and 'ice bath. A nitrogen purge was used to displace humd air
within the flask. The reaction solution was then chilled with mxing to 10C
and a sol ution of mal ei m deocaproic chloride (43.4 g, 0.1896 nole) in 25ni
di chl oronet hane was added at a rate slow enough to maintain this

A s
chroma: oo oGk sy 10V AESVEELIBHTRT LA SR 1 (e geact on

via . .
was conpl ete ocaprol ¢ chloride. Wite

solids were fi h I i j i G t hen washed four
times with dgogc{b%ﬁpggﬂ@gt% gari %bg%%d “ﬁqﬂ%ae@m .gg%\t)gltgﬁ%f?aeﬁrgego@ﬁ'fﬂﬁ?gfe was stripped
fromthe reaghLiQh [ Wit i r = i ith an et hyl
acet at e/ hexa%%bésggllvél i%\yo?g?%)l 6\Fhre %ﬁ@ﬁ@gﬁgﬁﬁﬁ%ﬁﬁﬁ%@hﬁgg%ﬁ k brown g
sol ution wasg E&@Rm%%‘rﬁ@éjgéi% @égg .ONéxt,Clea:s‘,HﬂOerﬂfwa%'s'tﬁpgléd Gelach@ purify. Next,

the solvent was stripped’in resulting in a'clear orange product wth
a viscosity @sulﬁﬁ%’ir@@leaﬁ&ﬁ%@&%%h bagbcasiiyir 956 chDSPhedf 8% at 200C as
nmeasured by TGA. 700351 H - - 8 6.65 (s, 2H), 4.45 (d, 2H), 4.31 (d, 2H),

4.06 (s, 2Hom %@‘@d%fﬁhtl@dﬂ)oﬂ%éﬁhoﬁ‘b a@ifbasutedby TcRS (m 4H), 1.16-1.29
(m 5H). 10 T IS CLAIMED: 1. A conpound contai ning oxetane and mnal ei m de
functional it poBsvi ng t hg'-NstR: Ut 85 €5, @H), 4.45 (d, 2H), 4.31 (d, 2H), 4.06 (s,

2H), 3.46-3.61 (m, 2H), 2.31 {t, 2H), 1.45-1.85 (m, 4H), 1.16-1.29 (m, 5H).
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RLR2ZN OO0, O inwhich RLis an ethyl or nethyl group R2 is a divalent
hydrocarbon Qis a divalent alkyl group X and Y are independently a direct

bond, or an ether functionality, -OOO Il Il an ester functionality, -CGO
or -OC OO Il HHII an amde functionality -CN or NNC or a carbamate
functionality, 0 O Il HHII -OCNor -NCO- and provided that X and Y are

not bot WIHAEES ChéviblieED:11 2. The conpound according to claim |1 having the
structure O OO

1. A compound containing oxetane and maleimide functionality having the
structure
0]
R1
Q R2—N /
/
OQ/\X SN
8)
in which

R'is an ethyl or methy! group
RZis a divalent hydrocarbon
Q is a divalent alkyl group

X and Y are independently a direct bond, or

an ether functionality, —O——
1 i
an ester functionality, C 0 or 0—=C

—0
o

ZI
O

H
an amide functionality C—N or

or a carbamate functionality,

o

O
[T H
Cc N—C—0O

N or

o)

and provided that X and Y are not both direct bonds.
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0Ol Oor OO/"O 1 NO O 3. A conpound containing oxetane and mal ei m de
functionaltiy having the structure O Rl B3 IMpolyner Z-RZ-41 J O in

whi ch polymer is a polyneric backbone, mand n are integers from2 to 500,
Rl is methyl or ethyl, R2 is divalent hydrocarbon, Wand Z are independently

an ether,p car b@ﬁé’bmmﬁ&ln@racccﬂﬂmg% cl&m 1 f‘?e@fn@@l'i@&tﬁ)cﬁlﬂémt ionality. 12
O
O
I N/MODQ
0O
0]
or

QN/\N\Q/O%O

3. A compound containing oxetane and maleimide functionaltiy having

the structure

1
R
OQQ/W polymer—
m

in which
polymer is a polymeric backbone,
m and n are integers from 2 {o 500,
R' is methy! or ethyt,
R? is divalent hydrocarbon,
W and Z are independently an ether, carboxyl, ester, amide, or

carbamate functionality.
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