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Bl SO

D OF THE I NVENTION [0001] This invention rela

{‘W\HAI NI NG

es to liquid

conposi tions containi ng bi soxazoline conpounds that can be rapidly cured to
thernoset materials suitable for use as adhesives and encapsul ants. f
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 |ead frames or other substrates,
bondi ng of circuit packages or assenblies to printed wire boards. Sone of
the performance properties for these applications are provided by the use

of thernosetting materi al SURHBLE HQUHHAEMRETIONS Ncapsul ant s.

patent 6, 265,530 di scl oses &PNIMBIHG/BISEFAEOEING on for use in

devi ces that conprises thernosetting pol yfunctiona

mal ei m de

and the

[ 0003] U.S,
el ectronic
conpounds,

pol yfunctional vinyl conpounds, and suitable curing initiators. [0004] It
is known that a nonofunctional 2-oxazoline will react with a nono-
functional v LorIEINYENEEHN as p- chl or ophenyl mal ei ni de through a
zwitterion polynerization (Rivas, B. L.; Sanhueza, E. Polyner

42, 281, andiooefEermercetentibl REtENRNGLI tomBeditivhs 0ontSRRBLRIRSASNe

Bul l etin 1999,

copol ynmeri zati on of 2-methyl-2-oxazoline as the nucl eophilic nmononer with
p- chl or ophenydmedunidsirdecashd fapids cucdd to urinb et Matomer suitablé ke uedsence of

as adhesives and encapsulants.

BACKGROUND OF THE INVENTION

[0002] A commeon 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 hoards. 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 viny! compound such as p-chlorophenyimaleimide through a

zwitterion polymerization (Rivas, B. L.; Sanhueza, E. Pclymer Bulletin 49989,

42 281, and references cited therein). Salution spontaneous

copolymerization of 2-methyl-2-oxazoline as the nucleophilic monomer with

p-chiorophenylmaleimide as the electrophilic monomer in the absence of



t WO 22,?@{29 ﬂ%ggfsJ‘PCT/ US2004/ 004731 initiator provided lr#g(n’erfﬁg%'ﬁ?)é{f@%” C

mat er i wever, these materials are not thernosetti ][0005)
The inventors discovered that the use of a bisfunctional oxazoline as a
nucl eophilic nonomer in zwitterion polymnerization in bul k provides
materi al s capabl e of being thernpbset SUMVARY OF THE | NVENTI ON [ 0006) This
invention is directed to a curable conposition that is a liquid at room

temperature it hiddagine A RNESricORMERNPHER el WMes6 AERaRANSE: at | east one
bi soxazoline resin and at | east one additional resin containing one or nore

reactive car henmbmmeathgmatoiakl e bonds. The bi soxazoline resins are
prepared froman aryl al kylene dinitrile by reaction with an am no al cohol.

Th I i ' f. th Iiquid, . bi i it ignifi tl

caces the praRsbel i ar sl B RO e e de Ol
iti £ t. A 00 bJ [y f this i ti

can be cur ed 3T EOPHE aR e Rtk B R BRRBIMAD T ecur i ng by the

Zwitterion p%é{mé L EiRs Béin%{hgﬁ“g)%eioxazol ine resin with the resin

containing one or nore reactive carbon to carbon double bonds. The reaction
occurs without the need for curing initiators. [0008) The conposition can
be prepared solely fromliquid conponents, or froma solid conponent
dissolved in a liquid conponent. As exanples, both the bisoxazoline and the

resi n cont ai rginenvibRe deagt nyweei¢aohon to carbon doubl e bond can be |iquids;
or, a solid bisoxazoline resin can be dissolved in

[0G08] This invention is directed to a curable composition that is a liquid at
room temperature in which the compasition comprises 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 ailcohol. The
low viscosity of these liquid bisoﬁazoline compositions significantly eases the
processing and dispensability of adhesive and encapsulant compositions

prepared from them.

[0007] This composition of this inventicn can be cured to a thermoset
material, the curing mechanism occurring by the zwitterion nolymerization of
the bisoxazoline resin with the resin cqntaining one or more reactive carbon
tc 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 componernt 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 dissoived in
a liguid resin containing the carbon to carbon double bond; or, a solid

bisoxazcoline can be dissolved in a liguid monooxazoline and be blended with

2



aliqu hi.epntai ning the carbon to carbon double HQPH' r lid

bi soxazo ?ﬁémggﬁpbe di ssolved in a liquid nonooxazoline aanﬁﬁ“%ﬁgﬁged wth
2 WD 2005/ 485384 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 conpositions can be used as adhesives, coatings and

encapsul ant s [iq@Riesih abityining tHei cariidneo sembec enduckicl; drabsbeat i on i ndustry as
die attach adhesives and filnms and as underfill materials, such as no-flow
underfills, tapéidiasynd & eeliduesdecdritdihisg trendriwafiecarbevedublmistewf i | | s. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON [ 0010] Aryl al kyl ene dinitriles suitable as
starting matenibaldssbiged pradigsidibisgxadedne.| i qui d bi soxazol i ne conpounds i ncl ude
(but are not limted to) 1, 4-phenylene- diacetonitrile,

1, 2- phenyl engogly afelgtbhbbdifins Larnd LAHRANORELRKI docfinds Big L1 Mt hyl - benzene.

Am no al coh uita s starting materi o preparing the liquid

bi soxazol i neenem%%@ésdee@hmﬁm( PtseRiBndRtor kuREARA ik Qktry as die
2- am no- 3- et hyl - 1- but anol ,” 2-am no-| - pentanol, and 2-ani no- 1- but anol .

[0011] The bigexadftsiveSakOMAoUREss af@riineRanRd sidh 4Lachdng, W th heat, an
arylalkylene dinitrile with an am no al cohui in a solvent such as o-xyl ene

usi ng a heawnds®illalcagmdry flowtefeetiapdng viaferadvebliieriliac, cobal t, or cadmi 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
the product is collected. (0012] The follow ng are exanples of reaction

(schenes and synt heses
~ DETAILED DESCRIPTION OF THE INVENTION

[0010] Arylatkylene dinitriles suitable as starting materials for preparing the
liguid 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 hisoxazoline compounds are prepared by reacting, with heat, an
arylalkylene dinitrile with an amino alcohui in a sclvent such as o-xylene
using a heavy metal sait, preferably a soluble zinc, cobatt, or cadmium salt,
as a catalyst. The reaction mixture is cooled and washed with distilled
water, the organic layer is dried, the salvent is removed, and the product is

collected.

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

and apply the correct stoichiometry.



for zoIine conmpounds. One skilled in the a n|ze
and ap @9?( é)% rect stoichionetry. 3 WO 2005/085384 P /\&‘lzh‘bﬁﬁ‘d
[0013] / \ Cd(NO3)2 NCCN + OH NH2 o-xylene, 130 C OO N N [0014] I'n

t he above reaction schene, 1, 4-phenyl ene-diacetonitrile |s react ed
nitrogen wth 2-am no- 3-nethyl -1 -but anol

under

in o-xylene using cadmium nitrate

tetrahydrate as a catalyst at 130C for 72 hours. The reaction mxture 1is
cool ed and vvas gd twice with distilled water. The organic layer is dried

over sodi um £}

hte and acidic al unina get and the product obtained after

removal of solvent in vacuo. [0015] NC CN Zn(QAc)2 NH2 o-xylene, 130 C OO
N [0016] In the @ reacti on sghe 1, 2- ph&i@ne- di acetonitrile is
reacted undg-ni txagén w-jh 2-am ng- I -‘pent = e using zinc

acetate
is cool ed

di hydrate as a catal yst at NH3OC for #idreut3d “The reaction m xture

O\K_Q_\ro
l I

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
+ \/\|/\OH -
NH, o-xylene, 130 °C
0 0
N
7 N\

[0016] In the above 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.



and wagheshoshkisgge-i oni zed water. The organic |ayer isdldé#/%gz(m@ﬁ”%pdl um
of

sul fate and acidic alum na gel and the product obtaine ter renoval
solvent in vacuo. 4 WD 2005/ 085384 PCT/ US20041004731 (0017] CN CN Cd(NX) 2
+ "~OH NH2 o-xylene, 130 C OOV 'N N [0018] In the above reaction schene,
1, 3-di (cyanonet hyl )-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 @g%ﬁ for 72 hours. The reaction mxture is cooled and washed
Wi th de-ioni ter. The organic layer is dried over sodiumsulfate and
acidic alum na gel and the product obtained after renoval of solvent in
vacuo. [0019PNThe stGtting materi al 1 3- d(hﬂgﬁgklonethyl) 2,4,6-trinethyl
benzene is L ed by ,con

1, 3- bi s(bronmong 1)-2,4,6-tri %Ibenze3§ 9§e158hb0“5 HOAr, 90 Sr Br 7
hr, 90-95 95 X 0020] In the ove reac ron schene, 9896pure mesi tyl ene
and 95% pure parafornmal dehyde, glacial acetic acid, and 30% hydr ogen

brom de in acetic
G O
N N

[0018] In the above reaction scheme, 1,3-di(cyanomethyl)-2,4,6~
trimethylbenzene is reacted under nitrogen with 2-amino-1-pentancl 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-icnized water.
The organic layer is dried over sodium sulfate and acidic alumina gel and the

product obtained after removal of solvent in vacuo.

{0019] The starting material 1,3-di(cyanomethyl}-2,4,6-trimethylbenzene is

prepared by converting 1,3-bis(bromomethyi}-2,4 B-trimethylbenzene as

HOACHBI/(CHOR Br Br
7hr,8095°C

n the above reaction scheme, 98% pure mesitylene an b pure
0020] Intheab ti h 98% ityl d 95% p

foliows.

paraformaldehyde, glacial acetic acid, and 30% hydrogen bromide in acetic
acid solution are slowly heated with stirring to 80-95°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 fc 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 {o complete the



acid sglutiaq > slowy heated with stirring to 90-95C, _ this
terrperg"t(ﬁ%(gb?%‘?isgeven hours. After several hours heati né?qﬂh%ﬁ%?‘g'g&]t

di brom de conpound begins to precipitate fromthe reaction m xture. The

m xture 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/ 085384 B0 4hO i3k filtBle@Clatnbahite WatcF N asdiritried ih § hbdd t ered, washed
with water, and air-dried in a hood to yield

1, 3- bi s( br omeglayi, 3-bidibhorBerhethyps hytthesinghenzeng 00211 Bt Bt KCN CN CN

18- Crown-6, CH3CN [0022] In the above reaction schene,

1, 3-bi s(brorrg tﬂgyl )-2,4, 6- trinethylbenzene is reacted with KCN in the
presence of d@ se transfer ~ catal yst, commonly known as 18-crown-6, (from
Aldrich) in acetonitrile. The two-phase systemis heated to reflux with
vigorous stirring. After {woeshours, . the react nf mSture is cool ed,
filtered, and evapor at &g i volune. Distilled water
i s added, and the m xtur ( omet hane. The

di chl or onet hane sol uti on dried over sodiumsultate and filtered, and the
sol vent evaporated under reduced pressure to obtain 1, 3-di(cyan

onet hyl) - 2, 46020y | WREd¥ovb eszanescheM@2B8h-bidiebmsenking)-bissexazol i nes are used,
a liquid nono-oxazoline can he wused as a solvent or diluent. Commrercially
avai | abl e (f moretAliderzehs isl regtiediwitiTRON-otha pedsen@sofiatlase eafdiet are not
limted to) N
. catalyst, commonly known as 18-crown-6, {from Aldrich} in acetonitrile. The

La

two-phase system is heated to reflux with vigorous stirring. After fwo hours,
the reaction mixture is cooled, filtered, and evaporated o approximately one-
third volume. Distilled water is added, and the mixture is exiracted 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)-2,4,8-trimethylbenzene,

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

mono-oxazolines include (but are not limited to)

@"CHz N
I )—CHs
o]

[0024] (S)-(-)-4-benzyi-2-methyl-2-oxazoline

H4C
N
B0
[0025] 4 4-dimethyl-2-phenyl-2-cxazoline O

N

2N

[0028] 2-ethyl-2-oxazoline O

6



ARGEB54[ 00241 (S)-(-)-4-benzyl - 2- net hyl - 2- oxa R3S, HCG
0 25] ;{)% di netsﬁyl 2- phenyl - 2-oxazoline 0 N [0026] 2- e hlg% !oxazcl)l I ne C~

/

gl

6 WD 2005/ 085384 PCT/ 1JS20114/ 094731 CNN OH [0027]

2-[1- (hydroxynet hyl ) et hyl ] - oxazol i ne O [0028] 2-isopropenyl-2-oxazoline 0O N
[ 0029] 2-phenyl -2-oxazoline CO" / , and HBC N H3C '>-CH3 ( [0030]
2,4,4-trinmethyl-2-oxazoline 0 [00311 Although a curing initiator or agent is

not required for these conpounds to undergo pol yneni za it may be
desirable in sonme cases to wuse initiators. U|ta%i ical initiators
esent>in an anount of 0.1

i ncl ude t her mab7) IQL[tﬂ(ﬁ}td@cE)@mamﬂt)etﬁﬁp&)@h@lnbl ators
%to 10% preferably 0.1%to 5.0% by weight of the oxazol i ne/ vi nyl system
Preferred thermal initiators include perr&)m des, such as butyl peroctoates

and di cunyl peroxide, and azo l: N
[0028} 2-isopropenyl-2-oxazoline O
N
S
[0029} 2-phenyl-2-oxazoline O ,and
HaC
NN
HC T 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 injtiators. Suitable radical initiators include thermal initiators and
photoinitiators, present in an amount of 0.1% to 10%, preferably 0.1% téa
5.0%, by weight of the oxazoline/vinyl system. Preferred thermal initiators
include peroxides, such as buty! peroctoates and dicumy! 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 precessing step curing can be completed by the application of
heat to accomplish the thermal cure. 1n general, these compositions will cure
within a temperature range of 60°C fo 256°C, and curing will be effected at a
temperature within the range of ien seconds o 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



{

CONMPOURHS o osWfzb;53S 2,2'-azobis(2-nethy|-propanenitriIe)P%qﬂﬁgh&hmﬁggpis(z-
met hyl -but'anenitrile). A preferred series of photoinitiators 1s one sold

under the trademark Irgacure by Ci ba Specialty Chemi cals. [0032] In sone
formul ations, both thermal initiation and photoinitiation may be desirable;
for exanple, the curing process can be started by irradiation, and in a
| at er processing step curing can be conpleted by the application of heat to

acconpl i sh t Bghdshe thaBbrrfuiEten, Huh tr@eaeimetersidn@ s rikPpremschh Bas will cure
within a tenperature range of 60C to 250C, and curing will be effected at a

t enper at ur e wbtbimined hea pabgienef skilled irsibe ardsthba Undue exgeomestatidhe time and
tenperature curing profile of each fornmulation will vary with the specific

i ' h { . j . bon double 7 WO
2005/ 085354 PETDAIBGA 604 TA L INeIe AP AL BB S BoFBL “The par amet or <
005/ 085384 PET/! 730 ut the para
i thout - unaul ks PR s 088 RRL e Fu e PR A 0%, L A or s

ray b used. Sk bl Rk OMdin: Y194 8 05, g Bk Lo 8 acids, St rong

protic acids an elr esters, and al kyl a present 'ih an anount of

0.1% 0 10% Rephesiahs ¥xRoik¥dafoon 19 %rbBY dol H Qbtekereag®! i nel carbon to
carbon doubl e bond system Preferred Lew s acids include BF3, AIC 3, Tid 4,

PF5, and SbFpewiBreheiicRde B, 0NQL, PNOK,irtF s, A6 Sk, pedrerek)y di6h@rotieF3SBH, H2SO4,
and HBr. Preferred strong protic acid esters include sulfonate esters,

sul f at e est eksids mBEds HICI@NTE; SOy Bk $Oesnd BBE hPredsredsibiphtd e,
p- 02NC5H4S03Me, CF3SBMe, FSGBMe, (MeO 2SQ2, and (MeSQ2) 20. Preferred al kyl
hal i des i nculestershinGid2GiulfofRhCkRBrS, sudfath eshdes, .anBalbiFeniodnhlyéndes, achds such as
Et 30 BF4, and al kyl hal of ormates such as
as p-MeCsH,SOsMe, p-O,NCsH,S0;:Me, CF350;Me, FSOsMe, (Me0),S0;,
and (MeS0,),0. Preferred alkyl halides inculde PhCH,Cl, PhCH:Br, and
Mel. Salis of Lewis acids such as Ets0"BFy, and alkyt haloformates such as

MeOCGCCI, 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 vinyi
functionality. Preferred resins having reactive double bonds are maleimides,
preferred examples of which are the following:

@)
N

%

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

P 0 0
[:N_/\/\/ILO_(CSG)'OJ\/\/\'—

[0035] O

including one or more cyclic siructures, having 386 carbon atoms,

2 0
qN_/\/\)LO/\/\/W
[0036] o ,



MeOCOG0 SRR/ 0d;39 Pe used as cationic initiators. [003411,(:12%‘1;_[%1;]}0@4{3?5 ns
havi ng one or nore reactive doubl e bonds include naleindes, acrylates,

vinyl ethers, styrenic conpounds, cinnanyl conpounds, mnal eates, funarates,
and polyners with pendant vinyl functionality. Preferred resins having
reactive doubl e bonds are mal ei m des, preferred exanples of which are the

followng: 0 OO0 ~I NO(C36)-ON1 [0035] 0 O in which C35 represents
a linear or brancheg hydrocarbon chain, optionally including one or nore
cyclic structures aving 36 garbonjatons, OO Il NO[Q036] O, 8 WO
2005/ 085384 PCT/ U 0O 0O0~p/ v v VIN[00371 0 OfO
N~~0 iy 00 OO0% NI (0038] PN N

[0037] 0

ol L,

[0039] In some compositions it may be desirable to include a filler. Suitable

[0038] and

conductive fillers are carbon black, graphite, gold,‘ silver, copper, platinum,
palladium, nickel, alurminum, silicon carbide, boron nitride,_ diamond, and
alumina. Suifable nonconductive fillers are particles of vermiculite, mica,
wollastonite, calcium carbonate, titania, sand, glass, fused silica, fumed
silica, barium suifate, and halogenated ethylene polymers, such as
tetrafluoroethylene, trifluoroethylene, vinylidene fluoride, vinyl fluoride,
vinylidene chloride, and vinyl chicride. When present, fillers will be in

amounts of 20% to 90% hy weight of the formulation,

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

oxazolyl)methyllbenzene. '

(0041}
NC CN Cd(NOg)z
OH >
‘\[j- * /\IL;\ o-xylene, 130 °C
0 o
L S
N S 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] wihadmRRsmenMpositions it may be desirable to incl Y
Sui tabl e condTJctl ve fillers are carbon black, graphi te%@q‘ﬂ?sc} bt Ftrm

copper, platinum palladium nickel, alum num silicon carbl de, bor on
nitride, dianond, and alum na. Sui tabl e nonconductive fillers are particles
of vermculite, mca, wollastonite, calciumcarbonate, titania, sand,

gl ass, fused silica, funed silica, bariumsulfate, and hal ogenated ethyl ene
pol ynmers, sugith 52565 ¢ 6f 1, 8bheityi@etdiatdeentsie (0.337 mor ealioy), 2883 g\rpyl i dene
fluoride, vinyl fluoride, vinylidene chloride, and vinyl chloride. \Wen
present, fi l4reins-1vdutdnobi@ 876 mapmiumthg, z0fl 328% ¢fcad6fnyitrae ght of t he

formul ati on. [0040] EXAMPLE 1: Preparation of

1, 3- bi sj ( 4- etehgtiyorgts (0-@iydr sldgeh) dx3B0obhly b o-rserey | Tisemixtnewag 0041] NC CN
Cd(N0O3)2 ---~OH NHz o-xylene, 130 C OONI N 1XI [0042] In a one liter
f our - necked haatetded0ttoand thaskaciguwpper fai72hoars. chedmaledmixtde i nl eti out | et
magnetic stirrer, and thernoneter, was charged 9 WO 2005/ 085384

PCT/ US2004/ 0@asr8dshediwtith d@ﬂorﬁ&dgmaier (2 x20p dny Temerginadateowes diide (0. 337 nol ,
Al drich), 78.13 g of 2- am no-1-butanol (0.876 nol, Aldrich), and 3.38 g of
cadm um ni t r exessedie sHiale ardagidic guminadel. AffedreroeNal PRS0t L of o- xyl ene. The

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

viscosity of this resin at rcom temperature is 250 mPa.s. "H NMR {CDCl;,
400 MHz): 6 7.11-7.19 (m, 4H), 4.20 (t, 2H), 3.91-3.97 (m, 2H), 3.77 (1, 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 bisoxazcline 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 i, the materials used in the

compositions were liquid and were the following:

[0044] 7

Cormpound |
O O
[0045] ( a solid) Compound i
O 's) o 0
!E“«N_/\/\/u\o_(caa).o’u\/\/\__l\!ﬁ
[0046] O 0 Gompound 1
O

\/‘LO/\/\/\/O\H/\

[0047] O Compound IV

16



heat edyphogd3f¥cz@nd the reaction was run for 72 hours. THegomhedosbxture
was washed with de-ionized water (2 x 200 nL). The organic |ayer was dried

over sodiumsulfate and acidic alum na 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,
400 MHz): 8 7.11-7.19 (m 4H), 4.20 (t, 2H), 3.91-3.97 (m 2H), 3.77 (t,
2H), 3.52 ({9p48H), 1.53-1.61 (m 2H), 1.40-1.47 (m 2H), 0.86 (t, 6H)
[0043] EXAMPLE 2. _The ljiquid bisoxazoline conpound fromExanple 1 was
formul ated into jthe fokbpw ng CompasifiRnwidn i Wekhifgtd, t hermal cure
profiles conpar to those of —Compost LIUIIb A gna ng solid

bi soxazol i nes. Bxewppoupdli Conpound 345 the matiet93bs used iin the
conpositions wer nd were fol | ow nigg O NI + N [0044]
Compound I O N %i&lﬂjégg? ta :ﬂﬂTGﬁ?j%wnpuunu ?GTOP@ 0606+ , N~O (C36) - O-N)
| [0046] 0 O Conpound 1N j0047] O Conpound IV 10 WD 2005/ 085384

PCT/ U8200410B619%1 In éggé&ltion A, Compound il was employed as nucleophiiic

monomer and Compound Il was employed as electrophilic monomer in a

stoichiometric mixture, i.e., one eguivalent of oxazoline monomer per
maleimide equivalent. A DSC thermogram showed temperatures for cure
onset of 240°C and cure peak of 290°C in the absence of any polymerization

initiators. The cure exotherm was 69 J/g,

f0050]
Composition B Parts by weight | Weight Percent
Compound 48.2 48.9%
Compound IV L50.4 51.1%

60511 In Composition B, Compound I} was employed as a nucleophilic
monomer and Compound |V was emploved as an electrophilic monomer in a
stoichiometric mixture, i.e., one equivalent of oxazoline monomer per acrylate
equivalent. A DSC thermogram showed femperatures for cure onset of
175°C and cure peak of 187°C in the absence of any polymerization

initiators. The cure exotherm was 398 J/g.

[0652]
Composition C Parts by weight Weight Percent
Compound | 28.8 25.4%
Caompound 1l 85.2 74.6%
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Conposiy}, Parts b weight Weight Percent Conpound |1 9,.3% Com ound
Il 85.\%638(.}5%03‘ 049] I'n Conposition A Conpound |1 was 'éﬁ%Pg@ﬁ“@%&@

nucl eophilic rmononer and Conpound 111 was enpl oyed as el ectrophilic nononer
in a stoichionmetric mxture, i.e., one equival ent of oxazoline nononer per
mal ei m de equi val ent. A DSC t her nrogram showed tenperatures for cure onset
of 240C and cure peak of 290C in the absence of any pol ynerization
initiators. JHB3FUREcmpRLHET 0) ®&EpEMI] s e[ﬁ%ﬁ@@&i aCaRu@sddrien B Parts b
wei ght Wei ght Percent Conpound |1 48.2 48.9% Conpound IV 50.4 51.1% [ 0051]
| n Conposi ti emrBmeCamposmpounk iNaas enplayyeds aselactfiptliie aphbhiecin aronomer and
Conmpound 1V was enpl oyed as an el ectrophilic nononer in a stoichionetric
m xture, i.estoidimnaduiixhirene., ofie eyazadnit nbormolowenorperer aer yl at e equi val ent .
A DSC t her nogram showed tenperatures for cure onset of 179C and cure peak
of 187C i n t helkitnkEreseivelentadyDPo tyermopzat stowetl teropesgtores fordues cur e exot herm
was 398 J/g. [0052] Conposition C 1 Parts by weight Weight Percent
Conpound | 2®n9:t25 113 =00 epELREak fof N16686.iRthe abgergtoof anRiRoeEe08538- t
PCT/ US2004/ 004731

initiators. The cure exotherm was 140 J/g.

[0054]
Compasition D Parts by weight [ Weight Percent
Compound | 53.3 56.2%
Compound IV 41.5 43.8%

[0055] In Composition D, Compecund | was employed as a nucleophilic
monomer énd Compound 1V was employed as an elecirophilic monomerin a
stoichiometric mixture, i.e., one equivalent of oxazoline monomer per acrylate
equivalent. A DSC thermogram showed temperatures for cure onset of 80°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 |V, by
itself, occurred at above 200°C. 1t was aiso found that Composition D
exhibited longer pot-life than Composition E. No gelation was observed in

Composition D at ambient temperature after one manth.

[0056]
Composition E Paris by weight | Weight Percent
Compound | £3.3 55.2%
Compound 1V 415 42.8%
radical initiator 1.84 1.8%
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[ 0053] %@a%%$$4tl on C, Conpound |I was enpl oyed as a nyﬁcjjrﬁ%g‘ghlﬂiﬂ%ﬂnnorrer

and Co was enpl oyed as an el ectrophilic nonone
stoichionetric mxture, is., one equival ent of oxazoline nononmer per
mal ei m de equi val ent. A DSC t her nogram showed tenperatures for cure onset
of 113C and cure peak of 166C in the absence of any pol ynerization
initiators. The cure exothermwas 140 J/g. [0054] Conposition D Parts b
wei ght Wei hiodBeT a8 it mpCeitigyolribmpobdd Brvasberdfloeansaumndldoghid. 5 43. 8% [ 0055]
In Conposition D, Conmpound | was enpl oyed as a nucl eophilic nonomer and
Conpound |V wasoewpbay@dnpsindfl ekeetnpiopdt 45 an efectmpiitic monamesit@i chi onetri c
m xture, i.e., one equival ent of oxazoline nononer per acrylate equivalent.
A DSC t her nogteahicsirtivetlixtussnper enaeqdaiest ofcyazolionsenomer g@crviatel cure peak of
110C in the absence of any polynerization initiators. The cure exotherm was
295 J/ g. Thi sapisaant T@ﬁmvgcafmﬁtowa%ﬁﬁwn@* 23 o bkidNobebnpdbliffs and acryl ate
conpounds does occur. The bisoxazoline conpound from Exanple 1, by itself,
reveal ed a clbresmpegr diowedEmpgmivras fof peelonatef ARChansfocusopeRkf Sinmilarly, the
cure of acrylate Conpound IV, by itself, occurred at above 200C. It was
al so found t W&tC dhpprekeicse’ BradisehpBynierigaliaghigigietop othe sueexdiizeimConposi ti on E.
No gel ati on was observed in Conposition D at anbient tenperature after one
mont h. [ 0056]wascABd&i tTihsresultapys thelcarirg it oRzelipe grmpPerdsent  Conpound |

0,
°3.3 55. 2% 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 1V was employed as an electrophilic monomerin a
stoichiometric mixture, ie., one equivalent of oxazoline monomer per acrylate
equivalent. Methyl p-toluenesulfonate (a cationic initiator from Aldrich) was
used as a catalysf. 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.

[0080} The Differential Scanning Catorimeter 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 aiso

a good thorough cure as shown by high delta H values.
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Corrpoun%biﬁ){ag%{?giﬂ. 9% radical initiator 1.84 1 1.9% 1@@9&&%&9&?384

PCT/ USY [ 0057] In Conposition E, Conpound I npl'oyed as a
nucl eophi | i ¢ nonomer and Conpound |V was enpl oyed as an el ectrophilic
nmononmer in a stoichiometric mxture, i.e., one equivalent of oxazoline
nononer per acrylate equivalent. The radical initiator was Trigonox 23
(from Akzo Nobel). A DSC thernogram showed tenperatures for cure onset of
63C and cure peak of 76C in the presence of a radical polynerization
initiator. TRE6Bure exotherm was 322 J/g. This result shows that co-cure of
oxazol i ne conpounds._and acrylate conpounds.can _be accelerated by radical
initiators. [OOSSPC&QMQ%ti‘é‘ﬂﬁeFTﬁ‘HPtsPS§}§T Bht WEPHH pdrcent ~ Conpound 1
51.8 55.2% Conpdund 1V 4013 48P0, ot hylC@l 1 65 1(#0% 1 dl uenesul fonat e
[00591 In ConposiijtionsF, Canpound | s empl oyed as @ nucljeophilic nononer
and Conpound |V was—enpiroygd as_an eljectrophiI'i ¢ nononer ijn a
stoichiometric mikturd j a8 equival Bt of [ oxaZ8Bi ne Imononer per
acrylate equivalent. et hyl p-{@l uenesul {ggnate| (a ggpi onijc initiator from
Al drich) was usgd—as—a catfatyst. A OSC thernogiant showed |t enper atures for
cure onset of 112C afd curle pe8& of 139C!10% the pr@88nce lof a cationic
polynmerization ijnitigor. |The gyre exothegmwas 17%,4/g.

F 112 139 178
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[0060] The Differential Scanning Calorinmeter thernogramresults are

t abul ated bel ow and show that the Iiquid bisoxazoline conpositions give a
rapid cure as shown by the | ow cure onset and peak tenperatures, and also a
good t horough cure as shown by high delta H values. 13 WO 20115/ 085384

PCT/ US2004/ 004731 [0061] Conposition Onset Tenp Peak Tenp Delta H C C (J/
A 240 290 69 B 179 187 398 C 113 166 140 D 90 110 295 E 63 76 322 F 112
139 179 14 WHAT IS CLAIMED 1. A curable liquid conposition conprising a

bi soxazoline resin and a resin having one or nore reactive carbon to carbon
doubl e bonds, whesEISTCLAIMED DI soxazoline resin has a structure selected from
the group consisting of OOI I NN OO OO

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

resin having one or more reactive carbon to carbon double bonds, wherein

the bisoxazoline resin has a structure selected from the group consisting of

O\‘rQ__YO
l |

N N

1

and
Q 0
/\I 7 \3\/\
N N
2. The composition according to claim 1 in which the resin having one

or more reactive carbon to carbon double bonds is a bismaleimide or acrylate

resin.
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NN and OO NI ~ N 2. The conposition according to claim1 in which the
resin having one or nore reactive carbon to carbon double bonds is a

bi smal ei mde or acrylate resin. 15 3. The conposition according to claim 2
in which the resin having one or nore reactive carbon to carbon double
bonds is a maleim de selected from the group of nal ei m des having the
structures 0 OOO UNO (B6)'ONI 00O OOL,NO 0O0OO0O 1 NOO Il O
ONIl 0and OO0 OOK'~ N

3. The composition according to claim 2 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

4. The composition according to claim 2 in which the resin having one

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

5. A curable liquid compeosition comprising a bisoxazoline resin and a
resin having one or more reactive carbon to carbon double bonds, wherein
the resin having one or more reactive carbon to carbon double bonds is a

maleimide selected from the group of maleimides having the structures
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O 4. The conposition according to claim2 in which the resin having one or
nore reactive carbon to carbon double bonds is 1, 6-hexanediol diacrylate.

5. A curable liquid conmposition conprising a bisoxazoline resin and a resin
havi ng one or nore reactive carbon to carbon doubl e bonds, wherein the
resin having one or nore reactive carbon to carbon double bonds is a
mal ei m de sel ected fromthe group of mal ei m des having the structures 16 O O
O0O 0 O1IN-"~OOOONI Oand O OOKv "N O 6. The conposition
according to claim5 in i ch the bisoxazoline resinohas the structure OO

N N 7. The conposition cording claim$ in whichyfhe bi soxazoline resin
has a structure sel ectjpdy HOER,) s

O 0

6. The composition according to claim 5 in which the bisoxazoline resin

7. The composition according to claim 5 in which the bisoxazoline resin

has the structure

has a structure selected from the group consisting of

OTF%O

N N
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NN 17 and OO N f

and

~ N 18
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