
WO 2004/101541 PCT/US2004/012489  1 Patent #3001. EEM  OXETANE COMPOUNDS
CONTAINING STYRENIC FUNCTIONALITY  FIELD OF THE INVENTION [0001] This
invention relates to oxetane compounds containing  styrenic functionality.
BACKGROUND OF 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
compounds that contain an oxetane  functionality and a styrenic
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 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 be  represented by the formula WO
20041101541 PCTIUS2004/012489  2 



R2  H a R1 X f Q~Y R 0.1 0,1 in which R1 is a methyl or ethyl group; R2 and
R3 are H or a methyl or ethyl  group; R4 is a direct bond or a divalent
hydrocarbon; X and Y are  independently a direct bond, provided both are not
a direct bond, or an ether,  ester, amide, or carbamate group; Q is a
divalent hydrocarbon (which may  contain heteroatoms of N, 0, or S); and G
is -OR', -SR', or-N(R2)(R3), in  which R7, R2 and R3 are as described above;
provided that X will not be 0  I --0-C- when R4, Q and 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 will
depend  on the configuration of the starting styrenic compound. [0005) The
starting styrenic compound may be small molecule, for  example,
3-isopropenyl-a,a-dimethyl-benzyl isocyanate (m-TMI), 4-vinyl- benzyl
chloride, the reaction product of m-TMI with a dial, the reaction  product
of m-TMI with the hydroxyl functionality on a carboxylic acid  containing a
hydroxyl group, and isoeugenol. The starting styrenic  compound may also be
an oligomeric or polymeric compound, prepared by  reacting, for example,
m-TMI or 4-vinyl-benzyl chloride with one functionality  



on a difunctional oligomer or polymer. [0006) Whether the starting styrenic
compound is a small molecule  or an oligomeric or polymeric material, It
will contain a styrenic functionality WO 2004/101541 PCT/US2004/012489  3 R2
H \ /R3  -G represented by the structural formula in which R2 and R3 are  H
or a methyl or ethyl group and G is -OR', -SR', or-N(R2)(R), in which  R1 is
a methyl or ethyl group and Rz and R3 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 disclosed above contain halogen, hydroxyl, 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 one  functionality
on a difunctional oligomer or polymer. In either case, it will OR  C
contain an oxetane functionality represented by the structure H2  and a
second functionality reactive with the second functionality on the  styrenic
starting compound. [0008] Suitable starting oxetane compounds that are small
molecules include, for example, 



[0009] (a) alcohols, such as, 3-methyl-3-hydroxymethyloxetane, 3-
ethyl-3-hydroxymethyloxetane; O OH  OH WO 2004/101541 PCT/11S2004/012489  4
[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 CBr4 as is known in the art; Br 0;1 Br  [0011] (c)
alkyl halides, such as, 3-mneet``hyl~~-3- alkyibrcmomethyloxetane,
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(CH2)4Br 0V 0(CH2)4Br  (00121 and (d) tosylates, such as,
3-methyl-3-tosylmethyloxetane,  3-ethyl-3-tosylmethyl-oxetane, which can be
prepared from p-toluenesulfonyl  chloride; O~ O-8 / 00 O  O O  [0D13] When a
longer chain and higher molecular weight compound  containing styrenic and
oxetane is desired, either the starting styrenic  compound or the starting
oxetane compound, or both, may be extended by  reaction with a difunctional
oligomeric or polymeric material. The second  functionality on this
oligomeric or 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 WO
2004/101541 PCT/US2004/012489  5 material. Examples of suitable and
commercially available oligomers and  polymers include dieter diol and
poly(butadiene) with terminal hydroxyl  functionality. [0014) In the case in
which both the oxetane and styrenic  compounds are extended by reaction with
a difunctional oligomer 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  polymeric starting materials. [0015]
in general, the inventive compounds containing oxetane and  styrenic
functionality are prepared by reacting together a starting compound
containing oxetane functionality and a second functionality and a starting
compound containing 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 invention
include polymeric compounds that contain more than one oxetane and more
than one styrenic 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 styrenic
compound, 



[0017] The polymeric compound will have the structure r R2 R3  H [o34
polymer Z',R -G M 0,1 n WO 2004/101541 PCT/US20041012489  6 in which polymer
is a polymeric backbone from which depend the oxetane  and styrenic
functionalities; m and n are integers that will vary with the level  of
oxetane and styrenic functionality added by the practitioner and typically
will be from 2 to 500; R1 is a methyl or ethyl group; R2 and R3 are H or a
methyl or ethyl group; R4 is a direct bond or a divalent hydrocarbon; Wand
Z independently are an ether, ester, amide, or carbamate group (formed
through the reaction of a pendant functionality on the polymer and a
corresponding reactive functionality on the starting oxetane or starting
styrenic compound, respectively); and G is -OR', -SR1, or-N(R2)(R3), in
which R1, R2 and R3 are as described above. [0018] The pendant
functionalities on the polymer maybe  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  



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 poly(butadiene) having pendant
carboxylic and functionality can react with the hydroxyl functionality on
either  of the hydroxyl 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. [0021]
Polymeric starting material can be purchased commercially,  for example,
there ard available acrylonitrile-butadiene rubbers from Zeon WO 2004/101541
PCT/US2004/012489  7 Chemicals and styrene-acrylic copolymers from Johnson
Polymer. The  pendant functionalities from these polymers are hydroxyl or
carboxylic acid  functionality. [00221 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 a,j3- 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 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. (00231 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, a- methylstyrene, divinylbenzene, vinyl chloride, vinyl
acetate, vinylidene  chloride, methyl methacrylate, ethyl acrylate,
vinylpyridine, acrylonitrile,  methacrylonitrile, methacrylic acid, itaconic
acid and acrylic acid. [00241 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 carboxyl WO 2004/101541 PCT/US2004/012459  S functionality, for
adding the oxetane and styrenic functionalifies as disclosed  in this
specification. EXAMPLES  [0025] EXAMPLE 1: Preparation of styrene carbamate
ethyl  oxetane. N O \/ "O  0 3-Ethyl-3-hydroxymethyl-oxetane (40.0D g,
0.3442 mole) and m-TMI (69.43  g, 0.3442 mole) were combined in a 250-m1
four-neck 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 65C in  



the oil bath. A single drop of dibutyltin dilaurate was added, thereby
causing  an exothermic reaction which peaked at 125C. The oil bath was
removed  and the reaction temperature dropped to 65C within 15 minutes. At
this  point, the reaction was complete based on the depletion of the FT-IR
isocyanate peak at 2254 cm -'. The product was then removed from the  flask
as a viscous colorless liquid; however, over time it crystallized into a
white solid with a m.p. of 52C. [0026] H'-NMR: 8 7.21-7.61 (m, 4H), 5.45 (s,
1H), 5.23 (bs, 1H),  5.12 is, 1H), 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). [00271 EXAMPLE 2.
Preparation of styrene carbamate methyl  oxetane. WO 2004/101541
PCTIUS2004/012489  9 3-Methyl-3-oxetane methanol (20.00 g, 0.1958 mole) and
m-TMI (39.49 g,  0.1958 mole) were combined in a 250-mi 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 65C 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-1). The product was then
removed from the flask  as a colorless liquid with a viscosity of 21,000
cPs. [0028] H1-NMR: 57.61 (s.1H), 7.42 (s, 3H), 5.45 (s, 1H), 5.31 (bs,
1H), 5.15 (s, 1H), 4.61 (bm, 1H), 4.39 (bm, 1H), 4.12 (s, 4H), 2.21 (s, 3H),
1.72 (bs, 6H), 0.95-1.35 (bm, 3H). 10  



WHAT IS CLAIMED IS: A compound containing oxetane and styrenic functionality
having the  structure R2 R3  H o R L rW~ polymer ~ G M 0,1 n  in which
polymer Is a polymeric backbone from which depend the oxetane and  styrenic
functionalities; m and n are integers from 2 to 500;  R1 is a methyl or
ethyl group; R2 and R3 are H or a methyl or ethyl group;  R4 is a direct
bond or a divalent hydrocarbon; W and Z independently are an ether, ester,
amide, or carbamate  group; and G is -OR', -SR1, or -N(R2)(R3), in which R1,
R2 and R3 are as  described above. 


