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wo bMENTISEN [ 0001] This invention relates to OXeCBDS2004/012385
conmpounds containing mnaleimde functionality.
BACKGROUND COF THE | NVENTI ON [ 0002] Oxetanes are highly
reactive cyclic ethers that can undergo both cationic
and ani oni c ring openi ng honopol yneri zati on. Mal ei m de
conpounds are capable of free radical polynerization.
SUMVARY OF THE | NVENTI ON [ 0003] This invention rel ates
to conpounds that contain an oxetane functionality
and a mal eimi de functionality. These conmpounds can be
honopol yneri zabl e in reactions in which the oxetane

can under go cati@g&&}é\%ooﬁgbenbgcrdm”]%gni ng, or

pol yneri zabl e W ectron donor
conmpounds. The dual fun@#ﬁ%ﬁéllthgﬁrgms for dual cure
processing, both thermal cure or radiation cure. This
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applications, such SRELAORTEEWSSENTIOHL | NS,

encapsul ants, and conposites. DETAI LED DESCRI PTI ON OF
THE [MOENTI ON [Tosoention relaies ervsefehaeampoundseconigitisounds
of this invention can represented by the formula 1 WO
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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
homopolymerizable in reactions in which the oxetane can undergo cationic or
anionic ring opening, or polymeérizable 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



OVXOYRj) N 0,2 0inwhich R is a nethyl or
ethyl group; R2 is a divalent hydrocarbon; X and Y

w0 peepersdent |y are a direct bond, or an ether, PERUS2004/012385
am de, or carbamate group; and Qis a dival ent
hydr ocar bon. [0005] The starting mal ei m de conpound
may be small nolecule, for exanple,
6- mal ei m docaproi c acid, 3-nalei m dopropionic acid,
N- (6- hydroxyhexyl) mal ei m de,
N- ( 3- hydr oxypr opyl ) mal ei m de, and N-(5-
i socyanat opentyl) mal ei mide, or nmay beQGan oligoneric
or pol ymeric matesial R'cont ai ni ng prepaled by
reacting, for e , _§-ual ey docapggi cjjacid or 3-
mal ei m dopr opi oni € actd w one R%ﬂ’ opality on a
di functional oligonmer or oly . [00Q6] Whet her the
starting mal ei m de conpound |s(h'snalp nol ecul e or an
oligoneric meric material, it will contain a
mal eilAvgish R%'%m@%yl@h%thyl PPUPE e e hygijoqapken; X and Y

t -t la_ 0 d t lit
st B AR R e
oxetﬁ¥ w% @P {deggﬁh e, the maleimde starting

mat e ose ove contaln car boxyl, hydroxyl,

or i sgosanat o feRCdd aRghdiéivide BorApling h2 bk 9 E@oleou
naleﬁ#?gg functionality. fObO?? he stgrtlﬁg oigﬁéze

conpoidngkanale, Benateirsio®iaprolzakie cClineleiatidopaipiodiciagometd-c  or
pol ymeri c nol ecul e, prepared, for exanple, by reacting
one fyfroxyhexehmplimis Ndiherayepanealsinids, iang Ndbnpounds
di scl osed bel ow wi th 2 WD 2004/ 101550
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oli goc%{am?ng p? laye%eo reacpng, otr h)?amp? g%‘lalelmldocaplmc acid or 3-

maleimidopropionic acid with one functionality on a difunctional cligomer or
polymer.

[0008] Whether the starting maleimide compound is a small
molecule or an oligomeric or polymeric material, it will contain a maleimide

O
—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 materials 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



0~~R contain an oxetane functionality represented by
the structure H2 and a second functionality reactive
WO/ 101560 second functionality on the nal ei m BET/US2004/012385
starting conmpound. [0008] Suitable starting oxetane
conmpounds that are small nol ecul es include, for
exanpl e, [0009] (a) al cohols, such as,
3- et hyl - 3- hydr oxynet hyl oxet ane, 3-
et hyl - 3- hydr oxynet hyl oxet ane; OC0~"O H 00 O H [ 0010]
(b) halides, such as, 3-nethyl-3-brononethyl oxet ane,
3-  etilmelion3tit) be ARIR{chHa0Nigbasar pYthel 1€ atheb&sprie@ar ed
by the reaction of an alcohol from(a) with CBr4 as
is known in the art; OBr O _ Br [0011] (c) alkyg
hal i des, such as, 3-nethyl-3- al kyl brononet®yl gxet ane,
3-et hyl - 3- alkylbronnnethyloxetane mhich can\ge
prepared fromthe reaction of an dlbron1de}4

conp&BWa’”\féPtoheté'P? fenclipnaiy repawaﬁ&bvﬁeoww)e as is known
in t%ﬁggsgcongf ct%ncllx?c% eag{vlg%t%w tosAi]% fu cgoqaﬂtz]g %d (d)

tosylate U ane,

3- ethMﬁaﬁmgg%thggaMﬁm@xetane mhlch can be prepared
from p-tol uenesul fonyl chloride: 3 WO 2004/101550

PCT/ 32804/ 01238 ftabld sthrtikd oxeldO E3hpihanthat dr@Bgar chain
and hi gher nol ecul ar wei ght conpound cont ai ni ng
mal einmleteleandiudx éeramampls desired, either the starting
mal ei m de

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

ethyl-3-hydroxymethyloxetane;

P o O o

[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;

C<:><<¢z8r C<:><}¢/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 oxetane

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

O%O(CHQ)@ OQQ/O(CHZMBr

[0012] and (d) tosylates, such as, 3-methyl-3-tosylmethyloxetane,
3-ethyl-3-tosylmethyl-oxetane, which can be prepared from p-toluenesulfonyl

chloride:



conmpound or the starting oxetane conpound, or both,

may be extended by reaction with a difunctional
w@biogamsso c or pol ynmeric material. The second PCT/US2004/012385

functionality on this oligomeric or polyneric nmateri al

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

polymeric material, and wth the maleinmde starting

conmpound if the first reaction was between the

oxetane starting conpound and the o functional

ol i gone cor p p
sui t ab’ nd O RBK
pol ymer uddl di Re

term nal hydr oxﬁ functl onality. [0014] ¥n thecase
in which both the oxetane and nal ei m de conpounds are
extended by reaction with a difunctional oligoner or

pol mé13 Q may ler‘?’ggoﬁgeq’tcﬁam ar?dh an o%c riv&%qht I:o%pound

exa an eth car ba
funct i pnakid Malelﬁw%i%léln& bk iOMmsl-e eﬁl%?ﬁw%'s%ﬁm@fma'iehﬁsd& WO
ol i goneric or yneric starting nmaterials. I n

generéﬁmpohrﬁtﬁorlt}ﬂé@iﬁlmg\/@(e@ﬁmb’ded,©Obﬁtl&l,lnﬁblyrb@ e&mﬁde@n@
and maleimde functionality are prepared by reacting
t oget teection with adifinepnacdigppoeritdr pgyrericrmatgyiab Xidie aeend
functionality and a second functionality and a

st ar tf“ﬁﬁ"’&%‘ﬁ‘mﬁuﬁa OYISREHS P1iPRYMRES BRI @Uﬁtth?dﬁcé\‘f‘a‘f” ht’fpe

d f ti t h
f unct PERLR %ylnaﬁgq‘%oﬁ@ﬁh}'egﬁs&e%%‘v%aé%ﬁ ol P Efeiar
react éth'ﬂ v érﬁglb) nﬂﬁn%’wél o!ﬂ%ﬂw‘@ﬂc adp@| Heﬁ@m\a/@rlal, and

substit ulﬁs and ensati on reacti

2004/ Aghlps EvhaBiﬁT 4 200 RALEFRO thé %%&ot;bﬂﬂwas badrvddnare

enbodi ment, the conpounds of this invention include

pol yn@rercamestartmgmdsouhhamd tbe difuactivneiodligontdnalor paensdixet ane

and rrrg:rateerial. Examples of suitable and commercially available oligomers and
polymers include dimer diol and poly(butadiene) with terminal hydroxyl
functionality.
[0014] In the case in which both the oxetane and maleimide
compounds are extended by reaction with a difunctional oligomer or pelymer,
Q may also contain a functionality, for example, an ether, ester, carbamate,
or urea functionality, resulting from the reaction of the two oligomeric or
polymeric starting materials.
[0015] In general, the inventive compounds containing oxetane and
maleimide functionality are prepared by reacting jtogether 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.



than one mal ei m de functionality. Such conpounds are
prepared froma polyneric starting conpound from
wokioshodepend functionalities that are reactiRET/MS1004/012385
the starting oxetane conmpound and the starting
mal ei m de conpound. [00171 The pol yneric conpound
wi Il have the structure O Of, 1 R Wpolynmer Z-R--N
imOnN in which polynmer is a polyneric backbone from
whi ch depend the oxetane and nal ei m de
functionalities, mand n are integers that will vary
wi t h [odws] | evel inafurbyesreingne teedomiboirde of B aivestral i ty
added by the practitioner and typically will be from
2 t o iBO@e pRiymiedc coptphyridsdirat eertigih moRZhansona odétard @witmore
hydrocarbon, and Wand Z are independently a |inking
f unctthaneingleimisig &pctipgality. ofiica CRBPOUNERAB dHepRTed demd |
carbamate, or urea, whjch is creat t hrough t he
o BHeGE Sere b R e bRGRaREDS oA B R AR and
a cor - ; [ i 2
ot ar reaavo i 88 R RRClE CBS RRE e
CoONpaitRfloudd018] The pendant functionalities on the
pol ymer may be connected to the polyneric backbone by
a hydpowar bon, Trerpogxanpdeenpoomewill haveitigstantret 0 t wenty
carbons, that itself is dependent fromthe polyneric

backbone. For purposes of this Epecificapion] those
dependent ieties_wl be deefred to be\\par{ of the

pol yneric b c@%ﬁﬁﬁibhg 1§éwﬁprggggggg_ a
commerci al | | avei a suith p ric
backbone i s "ol y(but adifeme) havi{ng pendght hydroxyl
groups. The pendant hydroxyl gLoups cd&h be fgacted
with the oxetane starting conpound

in which polymer is a 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 functionality added by the practitioner and
typically will be from 2 to 500, R" is methyl 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
compound.

[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 hydroxy! groups can be reacted with the oxetane starting compound



5 WO 2004/ 101550 PCT/ US2004/ 012385 containing the
tosyl leaving group and with 6-nmal ei m docaproi c acid.
WO posthdsscase, the linking group Wwi Il be an BCTE82004/012385
functionality and Z will contain an ester
functionality. [0020] As a further exanple, a
pol y( but adi ene) havi ng pendant carboxylic acid
functionality can react with the hydroxyl
functionality on either of the hydroxyl oxetane
starting materials and with the hydroxyl functionality
on Ncbftaihiygl teXxydyaxating gidipeingiwae 6-riidjmidboegfomasl opyils)
maleimde. In this case, the Wand Z groups will be
an esass, theldinidtg ol Wiwil bel an et funatimmalithendZ W contain an
(5-isocyanatopentyl) maleimde is reacted wth a
pend&fie’ WdPeait group, the Z group will be an anide
func lity. [.O PoI ic starting mterial
can &eogﬂﬁr chasé ac%%‘ﬁéil’ ﬁ pOW&Bth‘S')‘(%rtr‘BYq@ petnﬁ%r}te are
avai lcgrt?)l %l!@g%él ﬁ&fohély c%npé%c?\gﬁfﬁtﬂghrdﬂﬁgﬁﬁﬁ‘c xgr{a‘ﬂ CRkr

Chem ca acryli1c copo rom ohnson

Pol y BRthe hjdiSxyl @@%aefartw Retdrian @ha Wittede hj Pyt A18SBnality
pol ymers are hydroxyl or carboxylic acid

f unctohonh@lhytingxyhkeQ022dicibtda gx-(Shyairdxypropyh ohajeireite.dn this
materials can be synthesized from acrylic and/or

vi nylcasmHevéred ZgioHes witl Amamederduiojenally z ki’t'fh@)?ﬁse where N-
t echni gues knovvn to those ski]| Ig\d in the a

Sui t b ecvge?’fgmneﬂ MRARINER ISTe3RA wilhe rgnfient n%%kﬂwewe

nono r box having three to five
carbo pr nfiee Aht ldé%n% bgﬁ}éster nononers (al kyl

est engyqf acr yl#oﬁm‘@ﬂ@st%ﬁc{'%@@’él'eﬁn BEhfcHaBed Mn@?céllt]e :

al kyI groups cont'ain one fourteen carbon atons)
[ 00234r dexapip)|tiese aleavambBekrypakabfadidnetribbers from Zeon

net hacryl ate, n-octyl acrylate, n-nonyl methacrylate,
and tdhemicas@nd elgposrddryiy copayredietion dgmeersPolynaic fhas,
2- et hyl hex acryl ate. Suitable vinyl nononers include
vi ny |pe@<§a(ng%§ctlonah¥es from these polymers are hydroxy! or carboxylic acid
functionality.
[0022] Other starting polymeric materials can be synthesized from
acrylic and/or vinyl monomers using standard polymerization techniques
known to those skilled in the art. Suitable acrylic monomers-include o,p-
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).
[0023] Examples are methyl acryate, methyl methacrylate, n-octyl
acrylate, n-nonyl methacrylate, and their corresponding branched isomers,
such as, 2-ethylhexyl acrylate. Suitable vinyl monomers include vinyl esters,
vinyl 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.



vinyl ethers, vinyl halides, vinylidene halides, and

nitriles of ethylenically unsaturated hydrocarbons.
waEx@aphisso are vi nyl acetate, acrylam de, 1-octBET/US2004/012385

acrylam de, acrylic acid, vinyl ethyl ether, vinyl

chloride, vinylidene chloride, acrylonitrile, maleic

anhydri de, and styrene. 6 WO 2004/ 101550

PCT/ US2004/ 012385 [0024] O her polyneric starting

materi al s can be prepared from conjugated di ene and/ or

vi nyl nmononers using standard pol ynmerization

t echnogpups Knowndr@olynesestaiind heerididicdnte prddaredaint abl e

conj ugat ed di ene nononers include

but adosingsiel Bsn2-aotybovinb mbaches esidg Sandasigpiyeezation

pi peryl ene and conjugat ed hexadi enes. Suitabl e vinyl

nonoreghgidpgsdinoueiodiiqee sliled ia therpst @yﬁ@aﬂwjﬁléated diene

Vi ny PRRBRE i PHERnss oo A B RAEN 1 S P e rpfenions
et nah gt Bl R 'eﬁﬁr'@‘némers ISRGRFYBE and
acry'nh&l ey@s,WrQTe i I%l]ﬁbrlolefwﬂ eJl BedidlE Afaehave

sufficient’ expertise to' choose propriate

conbicArkided el rhAIRRR) 11D RETYRIHy AN in§l ﬁmugdaylorrta@ct i ons
to be able to add pendant functionality, for exanple,

hydr oxathacevditria miethagtylic 4did) ¢ddooiatit byd adrgic aaiddi ng t he
oxet ane and mal ei mide functionalities as disclosed in

t hi s [8P€Li f i catTingse skitxohirheest have pBgiertxperisE tojchoose
Preparation of eth ane maleimde. OQ1N: O
0 [Qg%ﬁp%pﬁ%c‘?ﬁ‘b' at'ﬂ%x?ﬁ%?s(?d%‘o%fsta@ 3?‘?55%%%\%0“0“5 fo
equi %%gle% é&i p%ndant functionality, for example, hydroxyl and carboxyl
functionality, for adding the oxetane and maleimide functionalities as

disclosed in this specification.

EXAMPLES
[0028] EXAMPLE 1: Preparation of ethyl oxetane maleimide.
(0]
0]
l N/\/\/\H,OB/\\/
@)
0
[0027] A 250-ml 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 0-5°C with mixing. A solution prepared from 1,3-dicyclohexyl-
carbodiimide (DCC, 25.00g, 0.1213 mole) and toluene (20 ml) was then

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



mechani cal stirrer, thernoneter, nitrogen purge and

sl ow addition funnel. 6- Ml ei m deocaproic acid (MCA)
W@ 24581560 0. 1213 nole)., 3-ethyl-3-oxetane neCTTERNIN4/012385

(14.10 g, 0.1213 nole), 4-dimethylam nopyridine (1.5

g, 0.0121 nole) and toluene (60 mM) were charged to

the flask resulting in a dark gold solution with a

m nor anount 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. 12 18thedhsx)ovarad rhiolisewsile(2intahihy aeemclidnégmpardiareged to

the slow addition funnel. The DCC / toluene solution

was &ghean 17an0 004/ 101550 PCT/ US2004/ 012385 to the

flas n area}t%tlon

terrpgqoé\éﬁesgetrgﬁﬁg‘tﬁ%%é\éh%{h{ﬂsﬁ%s"f@ﬁ%ﬁt & P ARGV

i n gy B BldeBens P e Shat e
i ndi q}?et&gtahggﬁd BEE Nerd LRs Rl &ﬂ@re%&%n nggsf&?ﬁé:d and Whlte

consumed. The reaction was stopped and solid

wer e sblids tnereikefet gt the rad Fng e @M@@nSNbMIthIQFeacN@@olutlbrhl S
reaction solution was washed three tines with an

equi web enasheddhreertmed with aetauivalemdolymd plamsatiyaied pisimat e
sol ution. Toluene was then stripped fromthe reaction
in v&@@@ona&ﬁa"“ﬂt@ﬁi aeldenaasrhes %@P%ﬁﬁ%théfeséf"wp vacuo

col uThe RGN 9P BEes A R Rens A Py Qe R
__ i
o P Rhyoftetcraphy &y fac fh Qizedh kB 236 ol 08D

meas Weatydnyw JiGhith 4 Q6:281y drik7d\NMR; The &%uﬁ@had&@lelglﬂ 158
(d, 2H), 4.45 (d, 2H). 4.21 (s. 2H). 3.41 -3.52 (t,
OH) . oR1Pbat BOUDaq measRidd by TCAI- 1. 79 (m 4H) 1.11-1. 41
(m  4H), 0.83-0.95 (t, 3H). [0030] EXAWPLE 2:

Pr epéqogﬂ on of H‘réi"ﬂ&ﬁ@ﬁ@f%?\@ #ad & Aidé 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.

0

0
o
W G
0

0

[0031] The starting compound for methyl oxetane maleimide is

maleimidocaproic chloride having the structure

O
| NSO
@]
0]
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, 0.1896 mole), dimethyl-



OO0 NO O[0031] The starting conpound for nethyl
oxetane maleimde is nal eimdocaproic chloride having

wo b@4gorsect ure O N Q Cl O O and prepared asp¢DUSIINE012385
A 500-m 4-neck round bottom flask was equi pped wth
a condenser, nechanical m xer, thernoneter, and hot
oil bath and then charged with nmal ei m docaproic acid
(MCA) (40.00 g, 0.1896. nole), dinethyl- 8 WD
2004/ 101550 PCT/ US2004/ 012385 formam de (3 drops) and
toluene (125 m). The flask contents were heated to
85C #&inamids éddraps) ehd falupnes@RF 8- Wes daslicerelity were heated fo

Subseguent |y, the hot solution S deca nto a
si i ISQP @P&E’kedfui”%"taéao'kﬂft"’ﬁreéj‘%B‘X Ll'?é?q“ﬁ?ik' g o
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added to the reaction via slow addition funnel

whi | enimsiwihaiiahdlg a r eact | on tenperature of 5-10C.

Foll ow ng the oxalyl chloride addition, the ice bath

was (08AZlved an@xalpehiodde6.08 gvBaB4dInarlwds eddedde thet o

' oomretagtr]‘gl)jeﬂ;gkt \l/allazr s?low—égdltlon funnel while maintaining a reaction
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. It 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.
[0033] 3-Methyl-3-oxetane methanol (19.36 g, 0.1896 mole),
triethylamine (19.19 g, 0.1896 mole), 4-dimethylaminopyridine (2.32 g,
0.0190 mole) and dichloromethane (175 mi) were combined in a 500-ml 4-
neck round bottom flask equipped with a magnetic stir bar, slow-addition
funnel, drying tube and ice bath. A nitrogen 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 enough 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 maleimidocaproic chioride. White solids were filtered from the



the reaction tenperature increased, the bubbler
i ndi cated that gas was being generated. The reaction
woa@4iefsso t o m x over night resulting in a verpCTHER1004/012385
solution. It was then decanted into a 1 L single-neck
round bottom flask and stripped of toluene under
vacuum Tol uene (200 mM) was then added to the flask
and stripped three tines to reduce acidity. The
product was. mal ei m docaproic chloride. [0033]
3- Met hyl - 3- oxet ane net hanol (19.36 g, 0.1896 nvole),
tri erduplicandonBor WchlQaDtheDwddhO® folPlirBgs, with distilled water (300
4-di met hyl am nopyridine (2.32 g, 0.0190 nole) and
di chimbearmpt Metylepd #5orte wansiriepaidrn the deaciionasobo vid  4-
neck round bottom fl ask equi pped with a magnetic stir
bar , "de-everaEien arskreplpgedméh an GF‘M %?gfaieti@éar@rﬁ@mi'@‘e(%at h.
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25m vl GhY WaCH‘@Datr bRh§e ¥Bsu c@\gﬂ@éjw%os% drab®crs e enough
to mintain this tenperature Fol I owi ng the
addi tbrapyuntl hed & @Ridht b3 f elfarakzdmow maiuuéd wreras  m xed
at roon1tenperature over-night. Thin-|ayer

chr off@88igr aphy H' NMR:v©8.65 (s, Bthh4:45 aic ithat.81 b RERE)6 (s

i ndicated that the reacti on was conpl ete based an the
depl &t} 8rfocx6 1l éih? dd efilof 65 &ﬁﬁéﬁ‘w% 1.1 -2 S ds
were filtered fromthe 9 WO 2004/ 101550

PCT/ US2004/ 012385 reaction solution which was then
washed four tinmes with distilled water (300 m each).
Met hyl ene chl oride was stripped fromthe reaction
solution via roto-evaporation and replaced with an
et hyl acetate/ hexane solution (2/1, respectively, by
vol unme). The dark brown sol ution was then passed
through a columm of silica gel to purify. Next, the
sol vent was stripped in vacuo
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resulting in a clear orange product with a viscosity
of 750 cPs. The conpound had a wei ght |oss of 8% at
wQo@1essoneasur ed by TGA. [0035] Hl--NVR 5 6. BGI/{(S2004/012385
2H), 4.45 (d, 2H), 4.31 (d, 2H), 4.06 (s, 2H),
3.46-3.61 (m 2H), 2.31 (t, 2H), 1.45-1.65 (m 4H),
1.16-1.29 (m 5H). 10 WD 2004/ 101550 :
PEVAASIEOOAIBER385 WHAT IS CLAIMED: 1. A conmpound
cont ai ni ng oxetane and mal ei m de functionality having
t He st rAgdmpoendonfining cxptenggnd maleimide furckipnalify BV i s a
m%th | or ethyl group, R2 is a divalent hydrocarbon,
X §hd ¢S dependent |y are a direct bond, or an et her,
ester, amde, or carbamate functionality, and Qis a
di val ent organic gépup, and providegy that X and Y w ||
not both be gdyTgci™bongs. 2y The coppund according to
claim!| havin X ct uY: RQ}LNor[ N O
Q
0,1
in which

R' is a methyl or ethyl group,

R?is a divalent hydrocarbon,

X and Y independently are a direct bond, or an ether, ester, amide, or

carbamate functidnality, and
Q is a divalent organic group, and

provided that X and Y will not both be direct bonds.

2. The compound according to claim 1 having the structure
0O
0O
I N/W\rrOD/\\/
0
0
or

QN/\/\/\Q/OJCO

3. A compound containing oxetane and maleimide functionaltiy having

the structure

11



iD 0 3. A conpound containing oxetane and nal ei m de

functionaltiy having
wEOALEASN4/ 012385 O R (r) Wpolyner f-

the structure 11 WD 2004/ 101550

R2_ PCT/O81004/012385

n in which polyner is a polyneric backbone, mand n

are integers from2 to 500,
i s dival ent hydrocarbon,

et her,

functionplity. 192
8] R 2
W~ polymer— Z—R*—N

in which

car boxyl, ester, am de,

m

polymer is a polymeric backbone,
m and n are integers from 2 o 500,
R" is methy! or ethyl,

R?is divalent hydrocarbon,

or

Rl is nethyl
Wand Z are independently an

or ethyl, R2

cey barmpt e

4
O

l

W and Z are independently an ether, carboxyl, ester, amide, or

carbamate functionality.
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