WO 2005/ 085384 PCT/ US2004/ 004731 CURABLE LI QUI D COVPOSI TI ONS CONTAI NI NG

Bl SOXAZOLI NE FI ELD OF THE | NVENTI ON [ 0001] This invention relates to liquid
conposi tions containi ng bi soxazoline conpounds that can be rapidly cured to
t her nosetworakgossagss suitable for use as adhesives andcanisapswbhant s.
BACKGROUND OF THE | NVENTI ON [ 0002] A common node of el ectronic packagi ng

i nvol ves affixing sem conductor devices onto substrates by neans of an
adhesive or encapsul ant. The nore prom nent uses are the bondi ng of
integrated circuit chips to |lead franes or other substrates, and the bonding
of circuit packages or assenblies to printed wire boards. Sone of the
performance properties for these applications are provided by the use of
thernosetting materials for the adhesives or encapsulants. [0Q3] U S.

pat ent 6, 265, 530 di scl oses an adhesive conposition for use in electronic
devi ces that conprises theEHBé@t&Uﬁ%§5@$2&; ¢IONSnal nal ei mi de conpounds,

pol yfunctional vinyl conpoune@NTANH PAA/NEring initiators. [0004] It is
known that a nonofunctional 2-oxazoline will react with a nono- functional

vi nyl conmpound such as p-chl orophenyl nal ei m de through a zwitterion

pol ymeri zati ong e ¥asueBevintioganhueza, E. Polymer Bulletin 1999, 42, 281
and references cited tﬁerel Solutlon spontaneous copol yneri zati on of

2- et hyl - 2- oxazolﬁ as the ucle g mpnomer Q
[0001 is mventlonr ates to liquid compo ons contammg Isoxazoline

compounds that can be rapidly cured to thermoset materials suitable for use

as adhesives and encapsulants.

BACKGROUND OF THE INVENTION

[0002) A common mode of electronic packaging involves affixing
semiconductor devices onto substrates by means of an adhesive or
encapsulant. The more prominent uses are the bonding of integrated circuit
chips to lead frames or other substrates, and the bonding of circuit packages
or assemblies to printed wire boards. Some of the performance properties
for these applications are provided by the use of thermosetting materials for

the adhesives or encapsulants.

[0003] U.S. patent 6,265,530 discloses an adhesive composition for use in
electronic devices that comprises thermosetting polyfunctional maleimide

compounds, polyfunctional vinyl compounds, and suitable curing initiators.

[0004] Itis known that a monofunctional 2-oxazoline will react with a mono-
functional vinyl compound such as p-chlorophenylmaleimide through a
zwitterion polymerization (Rivas, B. L.; Sanhueza, E. Polymer Bulletin 1999,
42, 281, and references cited therein). Solution spontaneous
copolymerization of 2-methyl-2-oxazoline as the nucleophilic monomer With

p-chlorophenylmaleimide as the electrophilic monomer in the absence of



p- chl orophenyl mal ei m de as the el ectrophilic nononer in the absence of t WO
2005/ 985384 PCT/ US2004/0(14731 initiator provided |inear polyneric
materials. However, these nmaterials are not thernosetting materials. [0005]
The i nverwongosdisssover ed that the use of a bisfunctionabTasamobing as a
nucl eophilic nonomer in zwitterion polymerization in bul k provides

mat eri al s capabl e of being thernposet. SUVMARY OF THE | NVENTI ON [ 0006] Thi s
invention is directed to a curable conposition that is a liquid at room
tenperature in which the conposition conprises two conponents: at |east one

bi soxazoline resip, B@Qde@tlméa‘?9§%m9ﬁ%%gglst HOR&er, 2S¢ PaARL 8leNi NG One  or nore

reactive carbon to carbon The bi'soxazoline resins are
prepared from apt tedripbsttisy hereaigli nitrile by reaction with an am no al cohol
The |ow viscosity of these |iquid bisoxazoline conpositions significantly

eases the  Brogmpsl nf Al ARBISaDRLN-0b AUBGRINE SMdaRDGEDSU! an

conposi tions ared fromt This conposition of this invention

can be cured t @ naciédpifigmshiner MWl polyinBezaGaiih BPk pR¢iBENI sm occurring by the
zwitterion polynerization of the bisoxazoline resin with the resin

cont ai ni ng one reteriple capable atiteingdheg@mpdedn t o car bon doubl e bonds. The reaction
occurs wthout the need for curing initiators. [0008] The conposition can
be prepared solely fromliquid conponents, or

SUMMARY OF THE INVENTION

[0006] This invention is directed to a curable composition that is a liquid at
room temperature in which the composition co'mprises two components: at
least one bisoxazoline resin and at least one additional resin containing one
or more reactive carbon to carbon double bonds. The bisoxazoline resins are
prepared from an arylalkylene dinitrile by reaction with an amino alcohol. The
low viscosity of these liquid biso‘xazoline compositions significantly eases the
processing and dispensability of adhesive and encapsulant compositions

prepared from them.

[0007] This composition of this invention can be cured to a thermoset
material, the curing mechanism occurring by the zwitterion polymerization of
the bisoxazoline resin with the resin co}ntaining one or more reactive carbon
to carbon double bonds. The reaction occurs without the need for curing

initiators.

[0008] The composition can be prepared solely from liquid components, or
from a solid component dissolved in a liquid component. As examples, both
the bisoxazoline and the resin containing the reactive carbon to carbon
double bond can be liquids; or, a solid bisoxazoline resin can be dissolved in
a liguid resin containing the carbon to carbon double bond; or, a solid

bisoxazoline can be dissolved in a liquid monooxazoline and be blended with



froma solid conponent dissolved in a liquid conmponent. As exanples, both

t he bi soxazoline and the resin containing the reactive carbon to carbon
doubl e bond can be liquids; or, a solid bisoxazoline resin can be dissol ved
in a lidiPa®eésidit contai ning the carbon to carbon douBITé'BHHAPI4St, a solid
bi soxazoline can be dissolved in a |iquid nonooxazoline and be bl ended with
2 WD 2005/ 084; 384 PCT/ US2004/ 004731 a liquid resin containing the carbon to
carbon doubl e bond; or, a solid bisoxazoline and a solid resin containing
t he carbon to carbon double bond can be dissolved in a |liquid bisoxazoline.
[ 0009] These coiupidsedii @nwindaithelzerbus edtadsn adihedore sy, aco@t i ngs and

encapsul ants, especially within the sem conductor fabrication industry as
die attach adfiexpaphee aaAd Splid|rea coR@ingS therfaeer logeraeadeyeiosd such as no-fl ow
underfills, capillary flow un rfilhs and wafer |evel underfills. DETAILED
DESCRI PTI ON OF3i3E F%WE&TVENUESETﬁTOﬁ?yIaIkylene dinitriles suitable as
starting materials for preparing the |iquid bisoxazoline conpounds include
(but are not |08 ethesegompositiopheamHcained astdbrsde® gpatinps @1¢

1, 2- phenyl ene-di acetonitril 1, 3-di (cyano |)-2,4, 6- trinethyl-benzene.
At no ol sohol sTSaRH B estre St TR T Eofror BEBER I he | ul g

bi soxazoline c | - t | M

2- am no- 3- et hyl - %ﬂgég%%ﬁ%Mgggﬁfﬁgwﬁéﬁgﬁ%%ﬁglgkgﬁgn%?%mino-I-butanoI.

[0011] The bi s@xefind tdpdarg 6P ontabiSs, ahewiFeraparadedns. reacting, with heat, an
arylal kylene dinitrile with an am no al cohol in a solvent such as o-xyl ene

DETAILED DESCRIPTION OF THE INVENTION

[0010] Arylalkylene dinitriles suitable as starting materials for preparing the
liquid bisoxazoline compounds include (but are not limited to) 1,4-phenylene-
diacetonitrile, 1,2-phenylene-diacetonitrile, 1,3-di(cyanomethyl)-2,4,6-
trimethyl-benzene. Amino alcohols suitable as starting materials for
preparing the liquid bisoxazoline compounds include (but are not limited to)

2-amino-3-methyl-1-butanol, 2-amino-1-pentanol, and 2-amino-1-butanol.

[0011] The bisoxazoline compounds are prepared by reacting, with heat, an
arylalkylene dinitrile with an amino alcohol in a solvent such as o-xylene
using a heavy metal salt, preferably a soluble zinc, cobalt, or cadmium salt,
as a catalyst. The reaction mixture is cooled and washed with distilled -
water, the organic layer is dried, the solvent is removed, and the product is

collected.

[0012] The following are examples of reaction schemes and syntheses
for making bisoxazoline compounds. One skilled in the art will recognize

and apply the correct stoichiometry.



using a heavy netal salt, preferably a soluble zinc, cobalt, or cadm um
salt, as a catalyst. The reaction mxture is cooled and washed with
distilled water, the organic layer is dried, the solvent is renoved, and .

t he prod¥e@200§0858%| | ect ed. [0012] The foll owi ng are eX&fHNWB84gp4Beacti on
schenmes and syntheses for making bi soxazoline conpounds. One skilled in the
art will recognize and apply the correct stoichionetry. 3 WO 20 O 510 85 3
84 PCT/U S211041t104731 Cd(NO3)2 NH2 , o-xylene, 130 C [0014] In the above
reacti on scheme, 1, 4-phenyl ene-diacetonitrile is reacted under nitrogen

W th 2-anino-3-g§5hyl-l-butanol in o-xylene using cadmum nitrate
tetrahydrate ad catal yst at 130C for 72 hours. The reaction m xture 1is

cool ed and washed twice with distijll ed water. ggﬁéyrganic-layer is dried

over sodium sulfi di aLJﬁifa& | an& 2pr oduct obt ai ned after

removal of sol M&nt N=A/aclGN F0015] gnf%ﬁc)z §%§§W3§L3’NH2 o-xylene, 130 C
e-di

[0016] In the above reaction schene, i;z-phéﬁ cetonitrile is reacted
under nitrogen with 2-am no-1-pentanol in o-xylene using zinc acetate
o\(/—*ifi>_—\T,o
| ] '

N N

[0014] In the above reaction scheme, 1,4-phenylene-diacetonitrile is reacted
under nitrogen with 2-amino-3-methyl-1-butanol in o-xylene using cadmium
nitrate tetrahydrate as a catalyst at 130°C for 72 hours. The reaction mixture
is cooled and washed twice with distilled water. The organic-layer is dried
over sodium sulfate and acidic alumina gel and the product obtained after

removal of solvent in vacuo.

[0015]

NC CN Zn(OAC)
- 2
N \/Y\OH g
, NH, o-xylene, 130 °C
8] o]
/\/E/ \Nj\/\
N
7 N\

[0018] in the abové reaction scheme, 1,2-phenylene-diacetonitrile is reacted

under nitrogen with 2-amino-1-pentanol in o-xylene using zinc acetate
dihydrate as a catalyst at 130°C for 72 hours. The reaction mixture is cooled
and washed with de-ionized water. The organic layer is dried over sodium
sulfate and acidic alumina gel and the product obtained after removal of

solvent in vacuo.



di hydrate as a catal yst at 130C for 72 hours. The reaction m xture is cool ed
and washed with de-ionized water. The organic layer is dried over sodium
sul fate and_aci di c alum na gel and the product obtained_after renoval of
sol vent "W ¢4cU*%% wWo 2005/ 085384 [0017] Cd(NOB)2  + PEIGAHEAMY3Ly| ene, 130
C PCT/ US2004/0(" 731 [0018] In.the above reaction schene,
1, 3-di (cyanonethyl )-2,4,6- trinethyl benzene is reacted under nitrogen with
2-am no-1-pentanol in o- xylene using cadmumnitrate tetrahydrate as a
catal yst at 130C for 72 hours. The reaction m xture is cooled and washed
w th de-ionizegywater. The organic layer is dried over sodiumsulfate and
acidic alumna gel and the product obtained after renoval of solvent in
vacuo. 10019] He stq& ing materi al

2

1, 3-di (cyanonefhyl{) - ,6-tnLgpLQprenzeneCﬁ@K%hrepared by converting
1, 3- bi s(br onone , 4.%-t rimetthy[Benzeme—as—fottows. HOACIHSI/ (CHO) n 7
hr, 90-95 Ca J NH> o-xylene, 130 °C

N

[0018] In the above reaction scheme, 1,3-di(cyanomethyl)-2,4,6~
trimethylbenzene is reacted under nitrogen with 2-amino-~1-pentanol in o-
xylene using cadmium nitrate tetrahydrate as a catalyst at 130°C for 72
hours. The reaction mixture is cooled and washed with de-ionized water.
The organic layer is dried over sodium sulfate and acidic alumina gel and the

product obtained after removal of solvent inn vacuo.

[0019] The starting material 1,3-di(cyanomethyl)-2,4,6-trimethytbenzene is

prepared by converting 1,3-bis{brormomethyl)-2,4,6-trimethylbenzene as

HOAC/HBH/(CHO)n Br Br
7hr,90-95°C

[0020] In the above reaction scheme, 98% pure mesitylene and 95% pure

follows.

paraformaldehyde, glacial acetic acid, and 30% hydrogen bromide in acetic
acid solution are slowly heated with stirring to 90-95°C and held at this
temperature for seven hours, After several hours heating, the product
dibromide compound begins to precipitate from the reaction mixture. The
mixture is allowed to stand at room temperature until precipitation is
complete. The crystalline precipitate mass is broken up and stirred to form a

uniform slurry, after which additional water is added to complete the

I



[0020] In the above reaction schene, 98% pure nesityl ene and 95% pure

par af or mal dehyde, gl aci al acetic acid, and 30% hydrogen brom de in acetic
acid solution are slowy heated with stirring to 90-95C and held at this

t enper at we 2dospsB8ven hours. After several hours heatiP@/uszaerpeeduct

di brom de conpound begins to precipitate fromthe reaction m xture. The
mxture is allowed to stand at roomtenperature until precipitation is
conplete. The crystalline precipitate mass is broken up and stirred to form
a uniformslurry, after which additional water is added to conplete the WO
2005/ 08n384 PCl/ckipizid0d frhd h3:37i8 it whdpbd At Weiter, drlauirskied inya Hosd i | t er ed,
washed with water, and air-dried in a hood to yield

1, 3- bi s( br onometyied ,3-Bistr@rdmethyd2i4ya-timethdreazere0021] KCN 18- Crown- 6, CH3CN
[0022] In the above reaction schene, 1, 3-bis(brononethyl)-2,4, 6-

trimethyl benzepgoi;s reacted with KCN in the presence of a phase transfer
catal yst, commonly known as 18-crown-6, (fromAldrich) in acetonitrile. The
t wo- phase systemis heated to reflux with vigggous gtirring. After two
hours, the reaction m§tufes cookad, filterdedl gnd evaporated to
approximately one- thir une. Pe-c%f'el !Heg:mat -@ added, and the m xture
is extracted with dichl t hane.ffie"di chl of oifetthane solution is dried
over sodiumsulfate and filtered, and the sol vent evaporated under reduced

pressure to ob{b# In the above reaction scheme, 1,3-bis(bromomethyl)-2,4, 6-

trimethylbenzene is reacted with KCN in the presence of a phase transfer
catalyst, commonly known as 18-crown-6, (from Aldrich) in acetonitrile. The
two-phase systeni is heated to reflux with vigorous stirring. After two hours,
the reaction mixture is cooled, filtered, and evaporated to approximately one-
third volume. Distilled water is added, and the mixture is extracted with
dichloromethane. The dichloromethane solution is dried over sodium sulfate
and filtered, and the solvent evaporated under reduced pressure to obtain

1,3-di(cyanomethyl)-2,4 6-trimethylbenzene.

[0023] When solid bisoxazolines are used, a liquid mono-oxazoline can be
used as a solvent or diluent. Commercially available (from Aldrich) liquid

mono-oxazolines include (but are not limited to)

\
\l: CHg
O>—

[0024] (8)-(-)-4-benzyl-2-methyl-2-oxazoline

H4C
N
-0
[0025] 4,4-dimethyl-2-phenyl-2-oxazoline O

[

[0026] 2-ethyl-2-oxazoline O

6



1, 3-di(cyanonethyl)-2,4,6-trinethyl benzene. [0023] Wen solid bi soxazolines
are used, a liquid nono-oxazoline can be used as a solvent or diluent.
Commercially available (fromAldrich) liquid nono-oxazolines include (but
are not MOREHSBYY [ 00241 (S)-(-)-4-benzyl - 2- net hyl - ZEREB2HIHME 3] 0025]

4, 4- di met hyl - 2- phenyl - 2- oxazol i ne [0026] 2-ethyl -2-o0xazoline Cow CHZ, CN
~~-CH3 O 6 WD 2005/085384 PCT/ US204/ 004731 OH [0027)

2-[ 1- (hydroxymet hyl ) et hyl ) - oxazol i ne [ 0028] 2-i sopropenyl -2-oxazol i ne

[ 0029) 2-phenyl -2-oxazoline [0030] 2,4, 4-trinethyl-2-oxazoline Cn C ,and CH3
[ 0031] Although a curing initiator or agent IS not r}e%n-oed for these

[0027] 2-[1-(hydroxymethyl)ethyl]-oxazoline

Bl

[0028) 2-isopropenyl-2-oxazoline o
N
W
[0029] 2-phenyl-2-oxazoline o ,and
HaC
SN N
HsC™1 S—cH,
[0030] 2,4,4-trimethyl-2-oxazoline O )
[0031] Although a curing initiator or agent is not required for these

compounds to undergo polymerization, it may be desirable in some cases to
use initiators. Suitable radical initiators include thermat initiators and
photoinitiators, present in an amount of 0.1% to 10%, preferably 0.1% te
5.0%, by weight of the oxazoline/vinyl system. Preferred thermal initiators
include peroxides, such as buty! peroctoates and dicumyl peroxide, and azo
compounds, such as 2,2'-azobis(2-methyl-propanenitrile) and 2,2'-azobis(2-
methyl-butanenitrile). A preferred series of photoinitiators is one sold under

the trademark Irgacure by Ciba Specialty Chemicals.

[0032] In some formulations, both thermal initiation and photoinitiation may
be desirable; for example, the curing process can be started by irradiation,
and in a later processing step curing can be completed by the application of
heat to accomplish the thermal cure. In general, these compositions will cure
within a temperature range of 60°C to 250°C, and curing wili be effected at a
temperature within the range of ten seconds to three hours. The time and
temperature curing profile of each formulation will vary with the specific

oxazoline resin and the components containing carbon to carbon double



conpounds to undergo pol ynerization, it nmay be desirable in sonme cases to
use initiators. Suitable radical initiators include thermal initiators and
photoinitiators, present in an anount of 0.1 %to 10% preferably 0.1 %to.
5.0% by W& §H08P84 he oxazoline/vinyl system PreferrdWHRPHEPII3AI ti ators
i ncl ude peroxides, such as butyl peroctoates and di cunyl peroxide, and azo
conpounds, such as 2,2'-azobis(2-nethyl-propanenitrile) and 2, 2'-azobi s(2-
nmet hyl -butanenitrile). A preferred series of photoinitiators is one sold
under the trademark Irgacure by Ci ba Specialty Chemicals. [0032) In sone
formul ati ons, bobhie dfltrerforedulation, butdtei paraneres @hetmigyrifleedanda may be desi rabl e;
for exanple, the curing process can be started by irradiation, and in a

| at er processi nigtesmispd bya pragjtiengnskiied dhparovibgutipdeerxpelpipsntadiet i on of heat to
acconplish the thermal cure. In general, these conpositions will cure

Wi thin a tenperatasf estemagelypdatiGiGnitiaor? 5RChe ased. Suikdblk@attdnlcl be effected at a
tenperature within the range of ten seconds to three hours. The tinme and

t enper at ur e curinitigforp inglfi¢ leewist aciig o PHgIagics anet thkit ¢steypmed gk h t he specific

oxazoline resin and the conponents..containing carbon t bon double 7 WD
2005/ 085384 vaagﬁ’?dﬁﬁ?eﬁﬁﬁggimﬁ%‘&ﬁg'1%]"0?‘92’- ‘I”"gﬁemmy%_ﬁ'ybﬁ%‘%%yt he paraneters
of a curing pr%éigsr@pﬁﬁ@omonqg&aef%g%Jb&xeo@m@mats feRNPries 1 led 1n the art

wi t hout undue experinentation. [f Al'ternatively, cationic initiators may
be used. Suit ableRisCids ke BFNALEL ALY, BFi, BFd KIS, PRWISd afdng protiSt rong protic

acids and their esters, and alkyl halides, present in an afount of 0.1%to
10% pref er abl yachis ifduteHEI00%F:89:H, H,SO4, and HBr. Preferred strong protic acid

esters include sulfonate esters, sulfate esters, and suifonic anhydrides, such

as p-MeCgH,;S0;Me, p-O;NCgH,SO3Me, CF3SOsMe, FSO;Me, (Me0).S0;,

and (MeS0,),0. Preferred alkyl halides inculde PhCH,Cl, PhCH:Br, and

Mel. Salts of Lewis acids such as Et;0'BF,’, and alkyl haloformates such as

MeOCOCI, can also be used as cationic initiators.

[0034] Suitable resins having one or more reactive double bonds include
maleimides, acrylates, vinyl ethers, styrenic compounds, cinnamyl
compounds, maleates, fumarates, and polymers with pendant vinyl
functionality. Preferred resins having reactive double bonds are maleimides,
preferred examples of which are the following:

o
N

P

in which Cgg represents a linear or branched hydrocarbon chain, optionally

o 0 0
[:N._/\/\/U\O_(C%).Q’u\/\/\,.

[0035] o

including one or more cyclic structures, having 36 carbon atoms,

Q o)
QNJ\/\)LO/\N\/\/W
[0036] 0 ,



wei ght of the oxazolinelcarbon to carbon double bond system Preferred

Lew s acids include BF3, AICI3, TiCl4, PF5, and SbF5. Preferred strong
protic- acids include HC 4, CF3S8H, H2SO4, and HBr. Preferred strong
protic acY@20484983¥8% include sulfonate esters, sulfate RSWe2804/WhB1sul fonic
anhydri des, such as p-MCoHASOBMe, p- O2NC6HASO3Me, CF3SG3Me, FSO3Me,

(MO 252, and (MeSQ2)20. Preferred al kyl halides inculde PhCH2Cl, PhCH2Br,
and Mel. Salts of Lewis acids such as Et 30 BF4 , and al kyl hal of or nat es
such as MeQOCOCI, can also be used as cationic initiators. [0034] Suitable
resins having one or grore reactive double bonds include naleimdes,

acryl ates, vinyl et S, reffi c cqyrpounds, cinnanyl o conpounds, nal eates,
fumarates, and poly ernda ~ayl unctional My. Preferred resins
havi ng reactive doubl@ bonds are ] lexanpl es of which
are the follom@&g' 000Q N-" ~0O(C36)"ON[0035] ifh which C36 represents
a linear or br nched hydr ocarbon chain, optionally including one or nore
cyclic structures, having 36 carbon atons, [0036] 8 WD 2005/ 085384

PCT/ US2904/ 004731 [0037] [£038] @nd
1 o Q Q
o) /\OJJ\/\Nﬁ

[0038] and o}

[0039] In some compositions it may be desirable to include a filler. Suitable
conductive fillers are carbon black, graphite, gold,; silver, copper, platinum,
palladium, nickel, aluminum, silicon carbide, boron nitride,' diamond, and
alumina. Suitable nonconductive fillers are particles of vermiculite, mica,
wollastonite, calcium carbonate, titania, sand, glass, fused silica, fumed
silica, barium sulifate, and halogenated ethylene polymeré, such as
tetrafluoroethylene, trifluoroethylene, vinylidene fluoride, vinyl fluoride,
vinylidene chloride, and vinyl chloride. When present, fillers will be in

amounts of 20% to 90% by weight of the formulation.

[0040] EXAMPLE 1:  Preparation of 1,3-bis[(4-ethyl-4,5,-dihydro-2-

oxazolyl)methyl]benzene.

[0041]
NC CN Cd(NO3),
OH >
.\Ej‘ * /j\'iz\ o-xylene, 130 °C
0] O
\/E/ \j\/’
N ‘ ~ N
=

[0042] In a one liter four-necked round-bottom flask equipped with a

condenser, N; inlet/outlet, magnetic stirrer, and thermometer, was charged



[0039] In sonme conpositions it nmay be desirable to include a filler.
Suitable conductive fillers are carbon black, graphite, gold, silver,
copper,ﬁ&lattnupl pal | adi um nickel, alum num silicon carbide, boron

nitri de, VEi2ZENPRP3 and al umi na. Suitabl e nonconduct i ve PEFUS04/084781 parti cl es
of vermculite, mca, wollastonite, calciumcarbonate, titania, sand,

gl ass, fused silica, funed silica, bariumsulfate, and hal ogenated ethyl ene
pol ymers, such as tetrafluoroethylene, trifluoroethylene, vinylidene
fluoride, vinyl fluoride, vinylidene chloride, and vinyl chloride. \Wen
present, fill @uss285ld of B8-phBnylchaisaiEniaIE (2E0h®, AB%npys. ved gt of the

formul ati on. [0040] EXAMPLE 1: Preparation of |
, 3- bi s[ (4- et hghind Bytak! KY/RFICon@, Addigh)zand|3.3¢ 9| of caargivrnnifrate] b e n z o n e.
[0041] NC N+ ---r"OH NH2 Cd(NDXB)2 r o-xylene, 130 C [0042] Ina one liter
four - necked r BHANOREPEM TPlagkidyBisppRY OlF tHFng: CBnahEres N, i nlet/outl et
megnetic sty efy SRt D8I RRTRLEI a5 1§2h95Y. ThdBoRA0R4085354

was washed with de-ionized water (2 x 200 mL). The organic layer was dried

over sodium sulfate and acidic alumina gel. After remaoval of solvent in

vacuo, 67.21 g of an amber liquid resin was obtained in a yield of 67%. The

viscosity of ‘this resin at room temperature is 250 mPa.s. 'H NMR {CDCls,

400 MHz): § 7.11-7.19 (m, 4H), 4.20 (t, 2H), 3.91-3.97 (m, 2H), 3.77 (t, 2H),

3.52 (s, 4H), 1.53-1.61 (m, 2H), 1.40-1.47 (m, 2H), 0.86 (t, 6H).

[0043] EXAMPLE 2.  The liquid bisoxazoline compound from Example 1
was formulated into the following Compositions C-F and their thermal cure
profiles compared to those of Compositions A and B containing solid
bisoxazolines. Except for Compound ll, the materials used in the

compositions were liquid and were the following:

[0044] =

Compound i
0 o]
[0045] ( a solid) Compound |l
O 0 o o}
ﬁN./\/\)Lo_(CSE).OJj\/\/\__N;?
[oo46] © 0 Compound I}
O

\)LO/\/\/\/OY\

[0047] 0 Compound IV

160



PCTI1 US2004/ 004731 with 52.65 g of 1, 3-phenyl ene-di acetonitrile (0.337 nol,
Aldrich), 78.13 g of 2- am no-I|-butanol (0.876 nol, Aldrich) and 3.38 g of
cadmumnitrate tetrahydrate (0.011 nol, Aldrich) in_300 of _0-xyl ene.
The mi xt WPSY4E538heat ed to 130C and the reaction was Fﬁﬁ/l%"l’”"ﬁmours The
cool ed m xture was washed with de-ionized water (2 x 200 nL). The organic

| ayer was dried over sodiumsulfate and acidic alumna gel. After renoval
of solvent in vacuo, 67.21 g of an anber liquid resin was obtained in a
yield of 67% The viscosity of this resin at roomtenperature is 250 nPa.s.
"H NWR (CDCl 3,{0044D0 MHz): 8 7.11-7.19 (m 4H), 4.20 (t, 2H), 3.91-3.97 (m
2H), 3.77 (t, 2H) 3.52 (s 4H) 1.53-1 61 (m 2H) 1 40-1.47 (m 2H), 0.86
(t, 6H). [00431 E bdzitidn AThe | i quibghs b senmz m@m@mound from Exanple 1

was formul ated in the TolTow ng COF&)OSI'[IOH % and tTHeir thermal cure
profiles conpared ﬁ&w&ﬁﬁw onrs—A—hHt B-eontaini ng sol id
bi soxazol i nes. Ex¢éptpdund lConpound} 883 the nmat&ri%ls used in the

conpositions were |iquid and were the follow ng: [0044] Conpound | [00451

(a solid) Corrpound 11 [00461 o Compound Il ~O~~O 11 [00471 O Conpound |V
10 [0049] In Composition A, Compound Hl was employed as nucleophilic

monomer and Compound Il was employed as electrophific monomer in a
stoichiometric mixture, i.e., one equivalent of oxazoline monomer per
maleimide equivalent. A DSC thermogram showed temperatures for cure
onset of 240°C and cure peak of 280°C in the absence of any polymerization

initiators. The cure exotherm was 69 J/g.

[0050]
Composition B Parts by weight | Weight Percent
Compodnd ] 48.2 48.9%
Compound IV 50.4 51.1%

[0051] In Composition B, Compound Il was employed as a nucleophilic
monomer and Compound IV was employed as an electrophilic monomer in a
stoichiometric mixture, i.e., one equivalent of axazoline monomer per acrylate
equivalent. A DSC thermogram showed temperatures for cure onset of
179°C and cure peak of 187°C in the absence of any polymerization

initiators. The cure exotherm was 398 J/g.

[0052]

Composition C Parts by weight Weight Percent
Compound | 28.9 25.4%
Compound llI 85.2 74.6%
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WD 2005/ 085384 [ 00481 PCT/ U 520114/0141731 Conposition AParts b
wei ght Wei ght Percent Conpound I120.519. 3% Conpound I1185.380.7%[0049] In

Conposition A, Conpound Il was enployed as nucl eophilic nonomer and
Conmpound Wwbl2owsassmapl oyed as el ectrophilic nononer in @crasesayesetric
m xture, i.e., one equival ent of oxazoline nononer per rmaleimde equival ent

A DSC t hernogram showed tenperatures for cure onset of 240C and cure peak
of 290C in the absence of any polynerization initiators. The cure exotherm
was 69 J/g. [0050] Composition BParts by wei ght Wi ght Percent Conpound
1148.248. 9% Co n V 9 Lt .. Compound || was
enpl oyed as a @gﬁeg‘p%?'ﬁggﬁéﬁ%n%é%?&g#ga%gﬂggﬁ%gHn/h%a}gﬁgcrrpl oyed as an

el ectrophilic pRRASKE ank BoRpousl M vl pHPRY/Ed £ M b Rilic moformer@¥e €qui val ent  of
oxazol i ne nononer per acrylate equivalent. A DSC thernogram showed

t enper at ur es f stoicbivmetriombdre, 6¢., onk ZAGvaerd olbuxealipeatnookr @87C i n t he absence of

any polynerization initiators. The cure exothermwas 398 J/g. [0052]
maleimide equivalent. A DSC thermogram showed temperatures for cure _

onset of 113°C and cure peak of 166°C in the absence of any polymerization

initiators. The cure exotherm was 140 J/g.

[0054]

Composition D Parts by weight | Weight Percent
Compound | 53.3 56.2%
Compound IV 41.5 43.8%

[0055] In Composition D, Compound | was employed as a nucleophilic
monomer and Compound IV was employed as an electrophilic monomer in a
stoichiometric mixture, i.e., one equivalent of oxazoline monomer per acrylate
equivalent. A DSC thermogram showed temperatures for cure onset of 30°C
and cure peak of 110°C in the absence of any polymerization initiators. The
cure exotherm was 295 J/g. This result shows that co-cure of oxazoline
compounds and acrylate compounds does occur. The bisoxazoline
compound from Example 1, by itself, revealed a cure peak at 200°C and a
small exotherm of 30 J/g. Similarly, the cure of acrylate Compound IV, by
itself, occurred at above 200°C. It was also found that Composition D
exhibited longer pot-life than Composition E. No gelation was observed in

Composition D at ambient temperature after one month.

[0056]
Composition E Paris by weight | Weight Percent
Compound | 53.3 55.2%
Compound IV 41.5 42.9%
radical initiator 1.84 1.9%
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Conmp osition CParts by wei ght Wi ht Percent Conpound |28.925. 4% Conpound

I'1'1 85.274. 6% 11 WD 21105/ 085384 PCT/ US2004/ 004731 [0053] In Conposition C,
Compound | was enployed as a nucl eophilic nononer and Conmpound 111 was

enpl oyed v 2@n/0gd3ect rophi | i c nmononmer in a stoichi ometRGTEUSHIGH04781 | . e., one
equi val ent of oxazoline nmonomer per maleimde equivalent A DSC thernogram
showed tenperatures for cure onset of 113C and cure peak of 166C in the
absence of any polynerization initiators. The cure exothermwas 140 J/g.

[ 0054] Conposition DParts b wei ght Wi ht Percent Conpound |53. 356. 2%
Conpound | VA1. 487 8MdoRRedion IENCE&astesi wds@mplyedagragiebhiicwas enpl oyed as a
nucl eophilic nononer and -Conpound |V was enpl oyed as an el ectrophilic
monomer in a sboiedliaoh@emioundivuag p@ployedas an elaetroptjlid werloset ingf  oxazol i ne
nmononer per acrylate equivalent. A DSC thernpgram showed tenperatures for
cure onset of SBENCHeRIHC BN e gRe BIUIVEIEDIE! PFZPIRE MRBYBT PE Y Eahy

pol ynmeri zation initi [S.. . r | §efRhis result shows
that co-cure quuévfgggﬁji%ﬁéadlc;'égﬁtpx@a(t)oﬁ%%Tr%ﬁ&%r(ﬁ%gmﬁg%gu%gssgdoes occur. The

253‘3‘2?,3' ;ne HRARRIHAASHo LA RS IE fol cur@¥nskt 5 BbI0 antiRURkACra cure peak at

76°C in the presence of a radical polymerization initiator. The cure exotherm
was 322 J/g. This result shows that co-cure of oxazoline compounds and

acrylate compounds can be accelerated by radical initiators.

[0058]
Composition F Parts by weight | Weight Percent
Compound | 51.8 55.2%
Compound IV 40.3 43.0%
methy! p- 1.65 1.8%
toluenesulfonate

{0059] In Composition F, Compound | was employed as a nucleophilic
monomer and Compound IV was employed as an electrophilic monomer in a
stoichiometric mixture, i.e., one equivalent of oxazoline monomer per acrylate
equivalent. Methyl p-toluenesulfonate (a cationic initiator from Aldrich) was
used as a catalyst. A DSC thermogram showed temperatures for cure onset
of 112°C and cure peak of 139°C in the presence of a cationic polymerization

initiator. The cure exotherm was 179 J/g.

[0060] The Differential Scanning Calorimeter thermogram results are
tabulated below and show that the liquid bisoxazoline compositions give a
rapid cure as shown by the low cure onset and peak temperatures, and also

a good thorough cure as shown by high delta H values.
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smal | exothermof 30 J/g. Simlarly, the cure of acrylate Conpound IV, by
itself, occurred at above 200C. It was al so found that Conposition D

exhi bited |l onger pot-life than Conposition E. No gel ati on was observed in:
Conposi t waoy/@ssanbi ent tenperature after one nont h. PHOOOBEW4@6+73bsi ti on
EParts by wei ght Wei ght Percent Conpound | 53. 355. 2% Conpound |V41.542. 9%

radi cal initiatorl.841.9% 12 WD 2005/ 1185384 PCT/ US200 4 /004 7 31 [0057] In
Composition E, Conpound I was enpl oyed as a nucl eophilic nononer and
Compound 1V was enpl oyed as an el ectrophilic nononer in a stoichionetric

m xture, i.e., one equivalent of oxazoline nononer per acrylate equivalent.

The radical irP@thtor was Trigonox 23 (from Akzo Nobel). A DSC thernopgram
showed tenperaturesfor cure onset of 63C-andcure peakof 76C in the

presence of a radi ,@bmmlnyquning'Bﬂ ﬁ?“%sgff“& r“ﬁg@gg exotherm was 322

J/g. This result shews—thatt+eco—<ctre—qgf—oxazotthe—eot ds and acrylate
conpounds can be agcel érat ed by240adi dal 289t afors.69 005B8] Conposition

FParts b weightWei ght Bercent Coppound | 537 855]2% gggrpound |V40. 343. 0%

C 113 166 140
D 90 110 295
E 63 76 322
F 112 139 179
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met hyl p- 1.651.8%tol uenesul fonate [0059] In Conposition F, Conmpound I was
enpl oyed as a nucl eophilic nononer and Conpound IV was enpl oyed as an

el ectrophilic nononmer in a stoichionetric mxture, i.e., one equival ent of
oxazol i nevorangnessiper acryl ate equival ent. Methyl p-teruspeswbionate (a
cationic initiator fromAldrich) was wused as a catalyst. A DSC thernogram
showed tenperatures for cure onset of 112C and cure peak of 139C in the
presence of a cationic polynerization initiator. The cure exothermwas 179
J/g. [0060] The Differential Scanning Calorinmeter thernogramresults are
“tabul ated bel ow and show that the |iquid bisoxazoline conpositions give a
rapi d cure as VYtoWe BNMER | ow cure onset and peak tenperatures, and also a
good t horough cure as shown by high delta H values. 13 WO 2005/ 085384

PCT/ US2004/ 0( 14731 [ 00611 Conpositi onO'lset Tenp Peak Tenp Delta H CHJ/91
A24029069 B179187398

1. A curable liquid composition comprising a bisoxazoline resin and a

resin having one or more reactive carbon to carbon double bonds.

2. The composition according to claim 1 in which the bisoxazoline resin

LA

3. The composition according to claim 1 in which the bisoxazoline resin

has the structure

has a structure selected from the group consisting of
!
N
8] O
/\/[ % \1/\
N N

and



C113166140 D90110295 E6376322 F112139179 14 WO 2005/ 08384 PCT/ US2004/ 004731
WHAT IS CLAIMED 1. A curable liquid conposition conprising a bisoxazoline
resin and a resin having one or nore reactive carbon to carbon doubl e bonds.

2. The cogRrPsbiesasksaccording to claiml in which the bipggxasz®sgesf €sin has
the structure 3. The conposition according to claiml in which the

bi soxazoline resin has a structure selected fromthe group consisting of and
15 WO 2005/085381 PCT/US2(10 4 /0114 7 3 1 4. The conposition according to
claiml in which the resin having one or nore reactive carbon to carbon

doubl e bonds i a b'ﬁ%&%ﬂngﬁa Brdﬁ [o\’éxa?rh‘%‘;nxk}rﬁé;'tﬂe re?n hl\lﬁr‘?g &RMposi tion

according to cIa|n14 I'n I ch S|n avi ng one nore reactive carbon

to carbon doubl® reendsctilScatodimg @rmntaeurs@dma& ed bfsmramuam agfyrwp of mal ei m des
havi ng the structures 0 O
resin.

5. The composition accarding to claim 4 in which the resin having one
or more reactive carbon to carbon double bonds is a maleimide selected from

the group of maleimides having the structures

o) 0 o 0
E:EN-/\/\)LO—(C%)-OJK/\/\__N»P'
o

0

[SUEITI
Pt b
O and
(X
E: @E@AJLAS;

6. The composition according to claim 4 in which the resin having one

or more reactive carbon to carbon double bonds is 1,6-hexanediol diacrylate.

7. A bisoxazoline compound selected from the group consisting of
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N OO I and 6. The conposition according to claim4 in which the resin

havi ng one or nore reactive carbon to carbon double bonds is 1, 6-hexanedi ol
diacrylate. 7. A bisoxazofne conpound sel ected fromthe group consisting of
16. WO 2095%) B83@8as4PCT/ US2004/ 004731 , and 17 PCT/US200-4/004731

N N
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