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OXETANE COMPOUNDS CONTAI NI NG CI NNAMYL FUNCTI ONALI TY FI ELD OF THE | NVENTI ON
[ 0001] This invention relates to oxetane compounds contai ning cinnanyl
funct i onabizboa/10BACKGROUND OF THE | NVENTI ON [ 0002] OxePGHES208/@2Hi0gh| vy
reactive cyclic ethers that can undergo both cationic and anionic ring
openi ng honopol yneri zation. C nnanyl conpounds are capable of free radica
pol ymeri zati on. SUMVARY OF THE | NVENTI ON [0003] This invention relates to
conmpounds that contain an oxetane functionality and a ci nnanyl
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 with conpounds such as el ectron ageeptioorempounds. The dua
functionality allows for dual cure processing, both thermal cure or
radiation cure. This capability makes themattractive for use in many
applications, such as, adhesives, coati § enca sul ants, and conposites.

DETAI LED DESCRI PTI ON OF @METM{WP%%S T‘HN ne enbodi ment, the
conpounds of this i nvent i on &

ed by the formul a

FIELD OF THE INVENTION
[0001] This invention relates to oxetane compounds containing

cinnamyl functionality.

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

compounds are capable of free radical polymerization.

SUMMARY OF THE INVENTION
[0003] This invention relates to compounds that contain an oxetane
functionality 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, coalings, encapsulants, and

composites.

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

representéd by the formula



24 May 2006 WO 20041101 542 2 PCT/US2004/ 1112490 0,1 in which R im% S84 hyl
or ethyl group. X and Y independently are a direct bond, provide oth are
not direct bonds, or an ether, ester, or carbamate group, and Qis a
dlvalentvﬂygﬁgﬁﬁgaon The actual configuration of the pQrasdsoernon |1 depend
on the configuration of the startingzconpounds. [0005] The starting cinnanyl
conpound can be small nolecule, for exanple, cinnanyl alcohol or cinnanyl
chl oride, or can be an oligoneric or polymeric nolecule, prepared by
reacting cinnanyl alcohol or cinnanyl chloride with one functionality on a
di functional oligomer or polymer. [0006] Whether the starting cinnanyl
conpound is a small nDIecuIe or an oligoneric or polyneric material, it

will contain a cinnanyl fu onallty represe by the structural formula
and a second functlonallcg Eﬁ

N functionality on the
starting oxetane conpoun panyl starting materials
di scl osed above contain hal ogen unctionality in addition to
the cinnanyl functionality. [0007] The starting oxet ane conpound can be a
smal | nol ecul an @hich R OhétBO BedthiyCgrotp, fahy Verdegenaeitie atdl £direpr epar ed, for
exanple, by reacting one of. the small nolecule oxetane starting conmpounds
di scl osed bel dwneirrdyidetheoth aramettdireriabridsyor@n etierd pstermeitcebambteol i goner or

polymer. In either case, it will ON C
group, and Q is a divalent hydrocarbon. The actual configuration of the Q

portion will depend on the configuration of the starting compounds.

[0005] The starting cinnah"ny! compound can be small molecule, for
example, cinnamyl alcohol or cinnamyl chloride, or can be an oligomeric or
polymeric molecule, prepared by reacting cinnamyl alcohol or cinnamyl!
chloride with one functionality on a difunctional oligomer or polymer.

[0006] Whether the starting cinnamyl compound is a small molecule
or an oligomeric or polymeric material, it will contain a cinnamy! functionality

Hy
/fC~Y;§\\<:::>

and a second functionality reactive with a second functionality on the starting

represented by the structural formula

oxetane compound. For example,' the cinnamyl starting materials disclosed
above contain halogen or hydroxy! functionality in additicn 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

9%
C e
Ho

contain an oxetane functionality represented by the structure



contain an oxetane functionality represented by the structure H2,24 2?562006
WO 2004/ 101542 PCT/ U5 2 0111 /111 2 4 9 0 3 and a second functl on
reactive with the second functionality on-the cinnanyl starting corrpound

[ 00081 Suwopad0sHarti ng oxet ane conpounds that are snBET/US2pi/ e es

i nclude, for exanple, [0009] (a) alcchols, such as,

3- net hyl - 3- hydr oxynet hyl oxet ane, - 3- ethyl-3-h yd roxynet hyl oxetane; o' OH OH
[0010] (b) halides, such as, 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; Br [0011] (c) alkyl

hal i des, such as, 3-nethyl-3- al kyl brononet hyl oxet ane,

3- et hyl - 3- al kyidndraaereometiinglicoxiyt @adive with tbdsecami foetiorplitgpathed from t he reacti on
of an al kyl di brom de conpound with an oxetane alcohol from(a) as is known
inthe art; O(CﬂDﬂEMBﬁaW*GCOWC@(IWZMBr [ 00121 and (d) tosyl ates, such as,

3-net hyl - 3-t osyl net hyl oxet ane, 3-ethyl -3-tos th f<et ane, which can be
prepared fr om[ﬁ 151 uenesTHTUHSA TG F%@mpou PR e

molecules include, for exampie,
[0009] (a) alcohols, such as, 3-methyi-3-hydroxymethyloxetane, 3-

ethyl-3-hydroxymethyloxetane;

L o O on

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

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

O©</ Br ’ Oy/ 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;

OQ</O(CH2)4Br OQQ/O(CHQ)J,Br

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

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

chloride:
0 0
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When a | onger chain and hi gher nol ecul ar wei ght -conpound contai ni ng

ci nnanyl and oxetane is desired, either the starting cinnanyl conpound or

t he startwagomwexnetsane conpound, or both, may be react edpad/tigroayoididhunct i ona
oligoneric or polyneric material. The second functionality on this
oligoneric or polyneric material nust be reactive with the oxetane starting
conmpound if the first reaction was between the cinnanyl starting conpound
and the difunctional oligoneric or polynmeric material, and with the cinnanyl
starting conmpound if the first reaction was between the oxetane starting
conpound and the difunctional oligoneric or polyneric material. Exanples of
sui tabl e and quoAger ci al ey Rinh@lkhen ald ropeernsleand wpightyompsni ncl ude di mer
di ol and pol y(butadi ene) with term nal hydroxyl functionality. [0014] In the
case in mhichCUﬁ@NngﬁemUWEmaneﬂawﬁs@ﬁhﬁhdﬁmr@ﬁamﬁmmgmn@mnpounds are

ol igoneric or polyneric may al so contain a functionality, for exanple,

an ether, est &PMPAY Bréhea?t@*‘”goﬁ‘xe@P"e%P"prW&f’b P'dﬁ%n My be readeq ‘f"fhn?g from the
reaction of t G‘?uncWal ohg e%ér:fcodr emPr‘H%tX{%?”rt% s%&gldtfun@%na thal s. [0015) In

general, the i'nven contal ni ng oxetane an C|nnanyl

functionality oﬁdo%eﬁé &'%{yﬁgncbﬂatér%@ﬁhét B reb Qe AR The BxtirRIstdrihg conmpound
cont ai ni ng oxetane functionality and a second functionality and a starting

compound if the first reaction was between the cinnamyl starting compound
and the difunctional oligomeric or polymeric material, and with the cinnamyl
starting compound if the first reaction was between the oxetane starting
compound anci 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] in the case in which both the oxetane and cinnamy! starting
compounds are oligomeric or polymeric, Q may also contain a functionality,
for example, an ether, ester, carbamate, or urea functionality, resulting from
the reaction of the two oligomeric ar polymeric starting materials. '

[0G158] In generai, 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 cinnamy! 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 invention
include polymeric compounds that contain more than one oxetane and more
than one cinnamyt 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,



conpound contai ni ng ci nnanyl functionality and a second function%ﬁv?&mms
reactive with the second functionality on the oxetane conpound. Typi cal
reactlon\§8F§g§z;5?clude wel | known addition, substit uidmofso@nd2oendensati on
reactions ﬁ n a further enbodisnent, the conpounds of this invention

i nclude polymeric conpounds that contain nore than one oxetane and nore

t han one cinnanyl functionality. Such conpounds are prepared from a

pol ymeric starting conmpound from which depend functionalities that are
reactive with the starting oxetane conpound and the starting cinnanyl
compound. 24 May 2006 MD 2004/ 101542 P CT/ U S2094/ 012490 [0017] The

pol yneric Corrpgm Wil havRiykieee Spd@iduilenavdthe Biiiré . pol ymer represents a
pol ymeri ¢ backbone fron1mh|ch depend the oxetane and cinnanyl

functionalities, m agR tegers that will vg th the | evel of
oxet ane and cinnany {:bng ty add % by the g ijtioner and typically
each will be from 2 |to¥00 ' Wand Z are

i ndependently an ether, ester, carb nate group offmed through the
reacti on of a pendant functionallty on the polyner and a correspondi ng
reactive functMQmahmbWmaﬂethnSEamWMn@HEm@man@rmwhﬁuﬂmdxbhestarting ci nnanyl
conpound) . [00181 The pendant functionalities on the P ynmer nmay be
connect ed to t REFHERYHEIEYHERAPGHIES IY 2% THiTE ingaE Hishwil %YW@kanple one

having one to %hvwfeve Pof 8>?ertap1ggr§d CIrtmg‘frﬂntyl funcﬁc%laflty a(?deg%?%”%:ea’éttnt.oﬁér%rﬂ the polymeric

typically each will be from 2 to 500, R is methyl or ethyl, and W and Z are

independently an ether, ester, or carbamate group (formed through the
reaction of a pendant functionality on the polymer and a corresponding
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 cinnamyl 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 hydroxyi 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.



backbone. For purposes of this specification, those dependent mojgefbesoont | !
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 pevalant/iémgar oxyl groups. The pendant hydroxyl REFBU§PEO-CHERBe react ed
with the oxetane starting conpound ¢ontaining the tosyl |eaving group and
with cinnanyl chloride. In this case, the linking groups Wand Z will be an
ether functionality. [0020] As a further exanple, 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 cinnanyl alcohol. In this case, the Wand Z
groups wi |l bejoagn)est er poyrad staiey ratyrial b byByrcRERE cOMh oM/ 101542 6
PCT/ US2004/0 t 249(1 [0021] Polyneric starting material can be purchased
commerci al | 'y, fof exameleathpt ere avileble actylenitdiedidadibherubkaryamZeani | e- but adi ene
rubbers from Zeon £ Chem cals and styrene- acrﬁrlé%c cogolné_rrers from Johnson

¥

Pol ymer. The pe&ficaant iers -8y ceRcleerom JoResr PaY P& are hydroxyl or
car boxyl i a-Ci 9end£ lt'?u%&tio(r?erl}iﬁ(l:‘si fpc% this%gzéﬁ%ergag%ry r%%;@grtéa%xﬁglayigeri ¢ materials
can be synt hesi Zed fTom - acr yl'r ¢ and/ or " vi ny1j noners using standard
pol ymeri zat i onyh&ehuniydues known to those skilled in the art. Suitable
acrylic nononers include a, (3- unsaturated nono and di carboxylic acids
havi ng t hree t[oof2] ve cardien sattiagrsolyreanid maeriyth edrebeasyhtessizeonomer s (al kyl esters
of acrylic and nethacrylic acid in

acrylic and/or vinyl monomers using standard polymerization techniques

known to those skilled in the art. Suitable acrylic monomers include «,f3-

unsaturated mono and dicarboxylic acids having three to five carbon atoms

and acrylate ester monomers (alkyl esters of acrylic and methacr‘ylic 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 chioride, vinylidene chioride,

acrylonitrile, maleic anhydride, and styrene,

[0024) Other polymeric starting materials can be prepared from

conjugated diene and/or vinyl monomers us_ing standard polymerizaﬂoﬁ

technigues known io t‘hose 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

chioride, 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



whi ch the al kyl groups contain one to fourteen carbon atons). [ 028dy 2006
Exanpl es are nethyl acryate, nethyl nethacrylate, n-octyl acrylate, n-nonyl
nmet hacryl ate, and their correspondi ng branched i sonmers, such as,

2- et hyl hexgrooageni#2at e. Sui tabl e vinyl nonomers incl uddGISgP4Q838Y s vi nyl
ethers, vinyl halides, vinylidene hal'ides, and nitrites of ethylenically
unsat ur ated hydrocarbons. Exanples are vinyl acetate, acrylam de, 1-octyl
acrylam de, acrylic acid, vinyl ethyl ether,- vinyl chloride, vinylidene
chloride, acrylonitrile, maleic anhydride, and styrene, [0024] O her
polymeric starting materials can be prepared from conjugated di ene and/ or
vinyl nmononers using standard pol ynerization techniques known to those
skilled in thepagdie toBdd betlah@ fGQRHNHIGA tR exHHpRN Bydrd¥PrRAEE SoxyiNCl ude

but adi ene-1, 3, 2- chl or obut adi ene-1, 3, isoprene, piperylene and conjugated
hexadi enes. Sufuhetibhadityyiongddingtreanetes: andcinnatey! 8nytivezidss a-disaesdiy| st yr ene,

di vi nyl benzene, vinyl chloride, vinyl acetate, vinylidene chloride, nethyl
met hacryl ate, Bthg$reabsferat e, vinyl pyridine, acrylonitrile,

met hacryl onitrj met h i c.acjd, -Ltaconic acid and acrylic acid. [0025]
Those skilled |Oh§q]he art eL%s1U1Smeip§|rag%'{é%%%"?ﬁ?%ﬂO)t(ean@hoose t he
appropriate conbination of thase nononers and subsequent reactions to 24 May
2006 WO 2004/ 101542 7 PCT/ 49 e to add pendant
functionality, for exanple, car, @l functionality, for adding
t he oxetane and cinnanyl functionalities @s disclosed in this

specification. [0026] EXAMELE 1. Rr SBRALAELODs 9T KONV, gly! oxetane.

(100 ml), tetrabutyl ammonium hydrogen sulfate (17.38 g, 0.0512 mole) and

50% sodium hydroxide solution (300 ml) were combined in a 1L 4-neck round
bottom flask equipped with a condenser, mechanical mixer and oil bath. The
mixture was stirred vigorously and the oil bath was heated to 90°C at which
temperature the solids were totally dissolved.

[0037] Cinnamy! chloride (35.50 g, 0.2326 mole) was added over
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 (60 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).



[0036] 3-Ethyl - 3- oxet ane methanol (27.03 g, 0.2326 mole), tol ueng* MPA#%m ),
tetrabutyl ammoni um hydrogen sulfate (17.38 g, 0.0512 nole) and 50% sodi um
hydr oxi d%ég},(ﬁylbg%(soo m) were conbined in a 1 L 4-npgfukauyiehadaot tom
flask equi pped wth a condenser, nechanical mxer and oil bath. The mxture
was stirred vigorously and the oil bath was heated to 900C at which
tenperature the solids were totally dissolved. [0037] G nnanyl chloride
(35.50 g, 0.2326 nole) was added over approximately 35 m nutes. The
reaction was fweagjed at A0QMRI &h.18I72610Y, dH)re.1226128@diH)| @B@b.43. 25 hour and then
allowed to cool to roomtenperature. The organic phase was isolated in a
separ at ory fufméIH) <';{1|r15(‘]-4«/\2113(Iﬁi/c:?dﬂ)f4o"t]r4 & (e, AniSt42 50088 otf%uim B ori de sol uti on
(200 mM each). he washes changed from cl oudy yell ow to hazy
col orl ess andHBﬁé QBWO%H)'t%%s \A%?S(HQE‘) dropped from12 to 6. The last of four
nore washes (200 m) using distilled water was an emul sion, which separated
over night. After the enulsion separated, a clear orange organic fraction
was collected 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
analysis (TGA). 24 May 2006 WO 2004/ 101542 PCT/ U S2004/ 012490 8 [00381
H-NVW 5 7.15-7.51 (m 5H), 6.12-6.25 (d, 1 H), 6.30-6.42 (m 1 H,
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. 24 May 2006 A



WO 21104/ 1015-12 9 PCT/ US20041012490 WHAT IS CLAIMED IS: 1. A CQQR&HQQO
cont ai ni ng oxetane and ci nnanyl functionality having the structure rn f%ich
Ris a nethyl or ethyl group, X and Y are independently a direct bond, an

et her, eswerzoogroisiar bamate group, Qis a dival ent hydP&ETASBYHIHNY provi ded
that X and Y will not both be direct bonds. 2. The conpound according to
claim1 having the structure 3. A conpound containing cinnanyl and oxetane
functionality having the structure in which polyner is a polyneric backbone,
mand n are integers for 2 to 500, carbamate group, R is nethyl or ethyl |,
and ' Wand zZ WHATISgei¥RBest |y an et her, "ester, or carbamate group.

1. A compound containing oxetane and cinnamyl functionality having

R
X S
, X{Q,YJY/\/@
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,
Q is 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
2
IR
3. A compound containing cinnamyl and oxetane functionality having

the structure

[ O%Wl polymer ZW@

m n
in which
polymer is a polymeric backbone,
m and n are integers for 2 to 500, carbamate group,
R is methyl or ethyl ,and '

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



