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OXETANE COVPOUNDS CONTAI NI NG Cl NNAMYL FUNCTI ONALI TY
WO-REWDOBH2 THE | NVENTI ON [ 0001] Thi s inventi on PEI/EBIE4/012490
to oxetane conpounds contai ming cinnanyl
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. Ci nnanyl conpounds are capabl e of
free radical polynerization. SUMWARY OF THE | NVENTI ON
[0003] This invention relates to conpounggmﬁggbzlEEM
contain an oxetane functionality and a cInnamny ?
functionality. These conmpounds can be
honmopol yreri zabl e in reactions in which the oxetane
can under go cat DBATANDCOMRUUNDSCCONTANNEENI ng, or
pol ymeri zabl e wi t h GNNAIGYINBYINSTUONAET Yel ect r on
acceptor conpounds. The dual functionality allows for
dual cure processing, both thermal cure or radiation
cure. This capability nakes them attractive for use
i n many applications, such as, adhesives, coatings,

encapsul ants, and i ED DESCRI PTI'ON OF
THE | NVENTI ON [0004'%F§9%ﬁgﬁéﬁggg%6 nt, the conpounds

of gmo@;‘ nventTmn\%ﬁorh%IateEW&@%ﬁ@%ﬂpo@%dg&ﬁtafnﬁ)r{g”ul a
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cinnamyl functionality.

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

compounds are capable of free radical polymerization.

SUMMARY OF THE INVENTION
[0003] This invention relates to compounds that contain an oxetane
funetionality and a cinnamy! 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 fqr 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

compoaosites,

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

representéd by the formula



20RXYO0,1 inwiich Ris a nmthyl or ethyl group,

X and Y independently are a direct bond, provided
whodoh/1ers¢2 not di rect bonds, or an ether, esterPCDUS2004/012490

carbamate group, and Qis 2 dival ent hydrocarbon. The

actual configuration of the Q portion will depend on

the configuration of the starting conpounds. [0005]

The starting cinnanmyl conpound can be snmall nol ecul e,

for exanple, cinnanyl alcohol or cinnanyl chloride,

or can be an oligoneric or polyneric nolecule,

al cohol —ar. ci nnanyl

prepared by reactjng,ci nnanyl

chloride with dgééggﬁg%i na# ncti ona
ol i gomer or pol r. 1| gtarting
ci nnanyl conpound is a skalldn®{ ecul e—0r an

oligoneric or polyneric material, it will contain a

ci nnamylch Rune rethpedrietryl grétd, X e@v ariepsrRenty¥ard H8irect
structural formula.and a second functionality reactive

wi t hooad qeevided bbirees hap disdct banderorahethst, astér orgartax@teane
conpound. For exanple, the cinnanyl starting materials

di sdrePednd QFA/Evaiashbdrasaman.ofesaceiel ¢eptigusstiph of the Q
f ti L] ' dition fo the cinnanyl
R LR R

I I ' | [ 0 ric
ol 4ol o e TP cinghu oBa Sk AR rfa REp i B
t he sxamble, dHaRGIHIRhO6ELIARE PRk Y c&%%%gémeric or

di scl osed bel ow with one unctionality on
di f ynitriednableallé, gapeted 6y reactinghamy Aicehd] Bedinraase, |t

will 0/ R
chloride with one functionality on a difunctional oligomer or polymer.
[00086] Whether the starting cinnamyl compound is a small molecule

or an oligomeric or polymeric material, it will contain a cinnamy! functionality

Hy

,/C\%¢¢\\<:::>
represented by the structural formula

and a second functionality reactive with a second functionality on the starting
oxetane compound. For example,. the cinnamyl starting materials disclosed
above contain halogen or hydroxyl functionality in addition to the cinnamyl
functionality.
[0007] The starting oxetane compound can 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



C contain an oxetane functionality represented, by

the structure H2 WD 2004/ 101542 PCT/ US2004/ 012490 3
wapasaosezond functionality reactive with the BEDUSIH04/012490

functionality on the cinnadyl starting conpound.

[0008] Suitable starting oxetane conpounds that are

smal | nol ecul es include, for exanple, [0009] (a)

al cohol s, such as, 3-nethyl-3-hydroxynet hyl oxet ane, 3-

et hyl - 3- hydr oxynet hyl oxetane; OCK OH O OH [0010] (b)

hal i des, such as, 3-nethyl-3-bronomethyl oxet ane, 3-

o8 e LRI KBRS MU SO g DY
knowmn@ﬂwggﬁ, @gmpgﬁe O Br [0011] (c) alkyl halides,
such ? - al kyl brononet hyl oxet ane,

3- et[erpB}S al k}&hémmh@wewhetcaﬂmunmmweﬁur@aﬁaxbe
prepared fromthe reaction of an al kyl dibrom de
conmaundb&hthdamxemehm@e al cohol from (a) as is known
in the art; A CH2) 4Br 00 CXC}Q)4B%Wg$01%% and
(d)[ngklates(aéa@ﬁw§s&m33ﬁé%ﬂﬁhw§fW@§@1 Welas@tBane,

I-pxetane whi ch can be prepared
frorﬁ%’%gﬁ‘@%é&{j‘s * chloride: O 0~ 11 11

VL or O o

[0010] (b) halides, such as, 3-methyl-3-bromomethyloxetane, 3-
ethyI-S-bromomethyloxetane, which can be prepared by the reaction of an

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

Q;:&<;,Br q;:>£i/8r

[0011] (c) alky!l 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;

OQ</O(CH2)4Br OQQ/O(CHQ)LlBr

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

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

O el

chloride:

@)
O

O

O:CD
O:C/)



0 O WD 2004/ 101542 PCT/ US2004/ 012490 4 [0013] Wen a
| onger chain and hi gher nol ecul ar wei ght - conpound
w@otadrseng ci nnamyl and oxetane is desired, ePCTIES2004€12490
starting cinnanyl conpound4or the starting oxetane
conmpound, or both, may be reacted with a difunctiona
ol igoneric or polyneric material. The second
functionality on this oligoneric or polyneric
material nust be reactive with the oxetane starting
conpound if the first reaction was between the
Ci nigyTy] St ar g 2GOIROsHRRA an@ﬂ@hérhﬁoléﬂufaﬂﬂ@xblthB@abound
oligoneric or polyneric material, and with the
Ci NRaMihing Shidiniyl £1@ cxeBPOIsndsitet, éntlher thé statting emodrngn was
bet ween the oxetane starting conpound and the
di f eompéundat the btagiogrexstanesempelngner o), may g i eaqzted with a
Exanpl es of suitable and comrercially avaj

ol i gmﬁ@amileorpﬁlcmwmﬂw%@‘ diffpspeongf wcf'%‘ﬁﬁy on tis

pol y butadlen}%5 with t dro % ct| nality.

PO P el PR e arEE REY g oY% d
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ona

pol y 0 contain a func
exargpb fhe dﬁumcﬁ‘&nla%hgorﬁ&k% polFrRERINRER, aBd witf 88 cinnamyl
functionality, resulting from the reaction of the two
ol i germEicempyung B khermiest reactidnaasibavemmtheroxettise stird@L5] | n
general, the inventive conpounds contai ni ng oxetane
and compmanw the difinciianakdligeryerigroe pplyregigmesierisy E@@@F‘ﬁ ng
together a starting conpound contalnln% oxet an

f unef swinRle ﬁwoawafr%a"x VG PIEETRAIPPY e plde dimer

tart t f |
and e QBSOS P DR HERRR " he sacons
f ung&d%f;al I Uy | PRe ERS 19%@&:}@&?&1 %@@QQH%nd%brﬁﬁlstamng

rea schenes i ncl known addi ti on,
Subsgbinpélint®fre ofigdehefi® BdRIAREL, Amay S&Ctdn@isa 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
cinnamyl functionality are prepared by reacting together a starting compound
containing oxetane functionality and a second functionality and a starting
compound containing cinnamyl 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.

[00186] In a further embodiment, the compounds of this invention
include polymeric compounds that contain more than one oxetane and more
than one cinnamyl 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 cinnamyl

compound.



[0016] In a further enbodi ment, the conpounds of this

i nvention include polyneric conpounds that contain
wOoree0e/10153 one oxetane and nore than one ci nnNEEWIUS2004/012490

functionality. Such conpoundls are prepared froma

polymeric starting conmpound from which depend _

functionalities that are reactive with the starting

oxet ane conpound and the starting cinnanyl compound.

WD 2004/ 101542 PCT/ US2004/ 012490 5 [0017] The

pol ymeric conpound w || -have the structure p RW

pol y1eet7IM n i mhévbdigherio@byipaind eIHERSBBbSucPOl YNeri c
backbone from whi ch depend the oxetane and ci nnanyl

functionalfi ti s,F?1a d n arefintegers tha i | vary
with the |l evel\fo etane a dZC|n 3 {tji onal ity
added by tlhe “pr attl t ifopaiyras A will be

from2 to 500, Ris hyl or ethyl , and nd Z are
i ndependently an ether, ester, or carbamate group

(T orimediich polgugtre progenty £padiniedid bedikbehelRADANM N depend the
functionality on the polynmer and a correspondi ng

r eac®etpge pushenriagwhiungtipnaliies; neang nard integers that wift @ary with
conpound or starting cinnanyl conpound). [0018] The
pend3fEVe GhertaaRand eneanvbiynetivealiyadgerhy theyraptioner and

for PR Wi Rind Fgorh 8 Ham Mt Savbavas sehat
[ j I ' ackbone. For
ur pdepe MeBRURT cold Wk B RO LHIE [ e DR GE R

MOi @badtion Wid dendHe fAGRIFBIY bothBBolRAEtan@h cbi&pRRinger i C

backbone.
reactive functionality on the starting oxetane compound or starting cinnamyl

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 mo.ieties 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
containing the tosyl leaving group and with cinnamy! chloride. In this case,
the linking groups W and Z will be an ether 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 hydroxyl functionality
on cinnamyl alcohol. In this case, the W and Z groups will be an ester

functionality.



[0019] An exanple of a commercially available and
sui tabl e polyneric backbone is pol y(butadi ene) having
w@endams4+hydr oxyl groups. The pendant hydr oxyPCTYUS20p£012490

can be reacted with the oxeéane starting conmpound

contai ning the tosyl |eaving group and with ci nnanyl
chloride. In this case, the linking groups Wand Z

wi Il be an ether functionality. [0020] As a further
exanpl e, a pol y(butadi ene) having pendant carboxylic

acid functionality can react with the hydroxyl

funcippopal ity gy rﬁérk@%rrtmg%tetnﬁlecaﬁ g Q%N%se? X&h AR Gian Iy ¢

startlng naterla S an nction

on clordample, RbeeRDhvaildbn éoﬁllcﬁlltm@&@tadléﬁb&uW@QﬁonZZ%noupS
will be an ester functionality. WO 2004/101542

PCT/ US04 0 34 Be-abry [DRAYmEs Frgmeibirsos Pelyhen ghe

mat eri al can be purchased commercially, for exanple,
t herrengans fuaotianpliiss soraihepe paiimars are-hipdroxd pravaebokyib beid s
from Zeon Chem cals and styrene-acrylic copol yners
f r onFERREN Pol ymer. The pendant functi onal ities

i d
FundbFahar by, PG6TfaGe N o g sy 6o o
Mat efch@d Sndf@DinPenchBRERESIE @lgnd‘aﬁ'cpw yyn?e(ﬁ%é(t'oh (fecﬂmﬁhe%r

V|nyI nononers usi ng st andard meri zati on

t echib@ivhosk RRNEY if %etah()%@ntél‘@ alc mbﬁbn‘ie’@méﬁ&e a,B-
Suitabl e acrylic nmonomers inclu - unsat urat ed

nonanaditdratdid eranb axy ditehaglicdsidh a.-wm@ghrfeb Ecﬁfﬁ‘/etcﬁrbf)ﬂx ¥Bms

carbon atoms and acrylate ester nonomers (al kyl

est éand agf/lateesielr moncreds (@i eatersydfaerylcind methacwiid azhi ih he

al kyl %roups contain one to fourteen carbon atons).

[ ooz“sh]'C B %rgupo%rfénfﬁr@torﬂ? Ofalcrieyaﬁ%rborn%@mgm

| at e, oct non é nmet hacryl at e,

andr@%w r cor rég%'% ﬁ%f‘rﬁ gﬂ"aﬁ}yg g‘éﬁ'rfﬁ%/ tgacrylate, n-octyl
acrylate, n-nonyl methacrylate, and their correspondlng 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 ethy! ether, vinyl chloride, vinylidene chloride,
acrylonitrile, maleic anhydride, and styrene.
[0024] 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, o~
methylstyrene, divinylbenzene, vinyl chloride, vinyl acetate, vinylidene
chloride, methyl methacrylate, ethyl acrylate, vinylpyridine, acrylonitrile,
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



such as, 2-ethyl hexyl acrylate. Suitable vinyl

nmononers include vinyl esters, vinyl ethers, vinyl
whadoudess2 vi nyl i dene halides, and nitriles of PCT/US2004/012490

ethylenically unsaturated fhydrocarbons. Exanples are

vinyl acetate, acrylam de, 1-octyl acrylam de,

acrylic acid, vinyl ethyl ether; vinyl chloride,

vinyl i dene chloride, acrylonitrile, naleic anhydride,

and styrene, [0024] Ot her polyneric starting materials

can be prepared from conjugated di ene and/ or vinyl

d i zat] h
nont 13 P de T HEaerd, KEBRrER effeuisd cebmftgat ed
di enﬁnctﬂﬁé‘%r%ddwﬁ%é‘@%tane d cmnsinyéfunct?g%hrtlgsn as disclosed

. but adi ene- robuta I ene-
pi penyhiearcabddiosonj ugat ed hexadi enes. Suitable vinyl
nmononers i nclude styrene, a- nethylstyrene,
di vi [a92e)enzeneEXANIRYE 1.CRleparatibe,of vinmashyl 86 @loRdtene.
vi nyl i dene chloride nmet hyl net hacryl ate, ethyl

acryl ate, vinyl pyr /e, ~Q§r lonitrile,
nmet hacrylonitril e rac | (@Q aconi c acid and
acrylic acid. [002A3 hose skill Pne art have

sufficient expertise to choose the appropriate

conbyooes] i on of 3 ERYSEoNERINE FREHENG 90auehbf, &AkhL ONS
to WD 2004/ 1015429PCT/ Us2004/ 013217%@7 be able{e to add

pendadl mf)usicabutyhahbniym fipirogex anifzkee17 8y gr @081k moddyend

carboxyl functionality, for adding the oxetane and
ci nridifysodiumipdrasida seltiioad3@midivere cowbided ihm 1t Hirck round
spe %tl 002 EXAMPLE 1: Preparation of

g R Condefrt%'sG’FC@”E?'HWQ@D%R'&%eThe

ot naRoty = S R ar R B v e%i"?tofégc b1 2
ol Qimahshre IO EIRILRX AR ol ution (300 m ) vere
conbined in a 1 L 4-neck’round bottom flask equi pped
Wi t HoG87t ondens@finanyesinaine (331501 X 235263R6le)Qids sB@dbyerThe
approximately 35 minutes. The reaction was heated at 90°C with mixing for
an additional 1.25 hour and then allowed to cool to room temperature. The
organic phase was isolated in a separatory funnel and washed four times
with 20% sodium chloride solution (200 ml each). As a result, the washes
changed from cloudy yellow to hazy colorless and the pH of the washes
dropped from 12 to 6. The last of four more washes (200 ml) using distilled
water was an emulsion, which separated over night. After the emulsion
separated, a clear orange organic fraction was collected and mixed for one
hour with silica gel (80 g). Solids were then filtered out, and the reaction
solution was stripped of toluene in vacuo resulting in a clear orange liquid

with a viscosity of <100 cPs at 25°C, and a volatility of 93% at 200°C as

measured by thermogravimetric analysis (TGA).



m xture was stirred vigorously and the oil bath was
heated to 90C at which tenperature the solids were

wao odoahtdmp4di ssol ved. [0037] G nnanyl chl oride (BSI/682094/012490

0. 2326 nole) was added over8 approxi mately 35 m nutes.
The reaction was heated at 90C with m xing for an
addi tional 1.25 hour and then allowed to cool to room
tenperature. The organic phase was isolated in a

r epi@P28lory f uhh&IMRardd . 15ek Siech, BH) 6. 1RiGrREgd, ) h3Re%a
sodi um chl oride sol ution iZOO m each). As a result,

t helMhd SheésS1-Lhalg@: 44 bb & (oAl 4y E14128WH. 1261 FelBy(s, 2H),
I t f. Lh hes d d f 12 t
o, TR ! PP hrabuaches (200 mi) using ¢

distilled water was an enul sion, which separated over
night. After the enul sion separated, a clear orange
organic fraction was coll ected and m xed for one hour
with silica gel (60 g). Solids were then filtered out,
and the reaction solution was stripped of toluene in
vacuo resulting in a clear orange liquid wth a
viscosity of <100 cPs at 25C, and a volatility of 93%
at 200C as neasured by thernogravinetric anal ysis
(TGA). WO 2004/101542 PCT/ US2004/ 012490 8 [0038]
HI-NVR S 7.15-7.51 (m 5H), 6.12-6.25 (d, 1H),
6.30-6.42 (m 1H), 4.51-4.71 (d, 2H), 4.41-4.51 (d,
2H), 4.15-4.25 (d, 2H), 3.65 (s, 2H), 1.85-1.90 (m
2H), 1.85-1.95 (t, 3H). WD 2004/101542

PCT/ US2004/ 012490 9 WHAT IS CLAIMED I S: 1. A compound
cont ai ni ng oxetane and ci nnanyl functionality having
the structure



~R- XQY [/ 0,1in which Ris a nethyl or ethyl

group, X and Y are independently a direct bond, an
we@edvengisester, or carbamate group, Q is a di VREENS2004/012490

hydrocarbon, and provided that X and Y will not both

be direct bonds. 2. The conpound according to claiml

having the structure QO ~co 3. A conpound contai ni ng

ci nnanyl and oxetane functionality having the

st r WA © GRIMERGS:ymer min whi-ch polynmer is a

polynmeric backbone, mand n are integers from2 to

500, Ris nethyl or ethyl , and Wand Z are

[ an ether, ester, or carbanmate group.
! ndqpend%ngol pound containing oxetane and cinnamyl functlonalityg havin%

R
T N
W,
0,1

R is a methyl or ethyl group,

the structure

in which

X and Y are independently a direct bond, an ether, ester, or
carbamate group,
Qs a divalent hydrocarbon, and

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

2, The compound according to claim 1 having the structure
~
LR
3
3. A compound containing cinnamy! and oxetane functionality having

the sfructure
R
O
m

polymer is a polymeric backbone,

in which

m and n are integers from 2 to 500,
R is methyl or ethyl , and

W and Z are independently an ether, ester, or carbamate group.



