WD 2005/ 085384 PCT/ US2004/ 004731 CURABLE LI QUI D
COVPCSI TI ONS CONTAI NI NG BI SOXAZCOLI NE  FI ELD OF THE

wo bbENS33RN [ 0001] This invention relates to |i BOT/AS2004/004731
conposi tions contai ning bi soxazoli ne conpounds that
can be rapidly cured to thernoset materials suitable
for use as adhesives and encapsul ants. 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 tderi@rdiiqoirtompPosmidngackages  or
assenblies to printGNTAINRCBESONSZOIEE of the
performance properties for these applications are
provi ded by the use of thernosetting materials for
t he adhesives or encapsul ants. [0003] U S. patent
6, 265IE5B@FAT e INYEAY @M adhesi ve conposition for use in
el ectronic devices that conprises thernosetting
pol yfooott iThis @vertigh edlateshe liqud egpaussitens dontalifng Misbikbie
vi nyl conpounds, and suitable curing initiators.
[ 0004dmpocundssthitieemhe tepily careddmibeuneseti noaierialssuiae ol usse
wll react with a nono- functional vinyl conpound such
as paEHINGPRSRIEPNERESEAME-de through a zwitterion
pol ymeri zation (Rivas, B. L.; Sanhueza, E. Pol yner
Bul letin 1999, 42, 281, and references cited
therein). Solution spontaneous copolynerization of
2- MebArkROBKBAR! THINENTIG Nuc! eophi | ¢ monomer wi th
p- chl or ophenyl mal ei m de as the el ectrophilic nononer

in the abience of % . i >
[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] It is 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., éanhueza, 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



WD 2005/ 085384 PCT/ US2004/ 004731 initiator provided

linear polyneric materials. However, these materials
w@e@s/083384 her nosetting materials. [0005] The | POEDSTING004731

di scovered that the use of a bisfunctional oxazoline

as a nucleophilic nmononer in zwitterion

pol yneri zation in bulk provides materials capable of

bei ng thernoset. SUMVARY OF THE | NVENTI ON [ 0006] This

: i s di Ced t I T .
a1 QP oo b e oA MR e R 3Rt o
CO”DE&%%%ﬂ&%ﬂTSQE@QQEntS: at | east one bisoxazoline

a

resin an east one additional resin containing one
or npre reactive carbon to carbon doubl e bonds. The

b1 SoRAIS! | RomtesEys Geciraret SRR Pt RraIP R SRS Fene
dinitrile react i Lth a ] Igmhg Lhe | ow
Vi sc%&"ilifp%%{c THEE" ﬁ'lnzﬁvmetr O%Fihb@%%%g) I ﬂie corr%%%el-gt i ons

Si gnh%{eggggép\éblg%géngttngrmogétpcess| ng and dispensability
of adhesive and encapsul ant conpositions prepared
fromthem [0007] This conposition of this invention
can be cured to a thernoset naterial, the curing
mechani sm occurring by the zwitterion polynerization
of BHBMARYOEHYE INVENTERN N with the resin containing
one or nore reactive carbon to carbon doubl e bonds.
The [0e66t TR IN&GRELH & dibétbidta duRBleeRPoditdh tHad sl @uid at
initrators. [0008] The conposition can be prepared

sol elognifteraparhtugun @hiclothpea@pdsition osmpriseotmoaospbietits: at
conponent dissolved in a |iquid conponent. As
exanjshgone bistAazoling eesin andehizait oneadgifi@nal ksin eesiaining one
contai ning the reactive carbon to carbon doubl e bond
can BENPIRfRFCtNe cappn tocaghandquitie besdsz b higoxpzaling regignatge
di ssol ved n_cont.ai ni the carb

car bgrﬁpﬂsﬁh&g ag 8[5{1?%}"88? Eiigi?'rigeol?)/i rgaction w1thnaqn amino alcoho? nI'hteo

low viscosity of these liquid bisoxazoline 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 cojntaining 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 liquid resin containing the carbon to carbon double bond; or, a solid

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



bi soxazoline can be dissolved in a liquid

nonooxazol i ne and be bl ended with 2 WD 2005/085384
wEONs10823804/ 004731 a liquid resin containi ng POEUS2004/004731

carbon to carbon doubl e bond; or, a solid bisoxazoline

and a solid resin containing the carbon to carbon

doubl e bond can be dissolved in a liquid

bisoxazoline [ 0009] These conpositions can be used as

|
ot 0 e S e P o PR e Hen SRR AT i
att a&&x%ﬁf%ﬁ@soﬁ@%s chﬁlnﬁﬁ%e%%rbldﬂ%é’arﬂdnldom B&rqal s,

such as no-tlow underfil capi |

undegzhipkeldfssoipdidn wagud bissxesdinginder fil l's. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON [ 0010] Aryl al kyl ene

din Ip[géqg:]] eﬁ{e%g Icé olsﬁ’ or% an tb@ %é a{aﬁés%fels at!ogtngg Ging

pre -quil B'Soxazoline compounds 1 ncl ude

( bmer@éﬁsu%ﬂ{s éépgélél %tﬁlﬁ)(he]seﬂm%hmr ffdRcation industry as die

di acetonitril g phenyl ene-di acetonitrile

1, 3- éita(:wmexmakhxalﬁ)ms2anﬁ,a§unaerrﬂn|n‘ﬁéténa\s BenzeRefioTi No
al cohols suitable as starting materials for preparing

t he dridgills] céyilrox@woinderéliscamipeaierdevel undbiditke (but are not
limted to) 2-am no-3-nethyl-1-butanol,

2-am no- 1- pentanol, and 2-am no-1-butanol. [0011] The
bi soxazol i ne conpounds are prepared by reacting, with

e oDE Bl PE R e TR ol "o Neavy el

salt, preferably a soluble zinc, cobalt, or cadm um
sal t[,001%sAralathraﬂ girjtriles SHibleastarting meteceisfer prepatngthed
and washed with distilled water, the organic |layer is
ort dsdHeTalreATSner Bhtel ahackimEshPhdeteniene:

ConcT i dradenta ey REiatie . Py Ry f2 42
bi S%ﬁéﬁ%@' L6, GRMRAH SR on SO bb 8th g muRGafd: Wil |

reco
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.



and apply the correct stoichionetry. 3 WD 2005/ 085384
PCT/ US2004/ 004731 [0013] / \ Cd(NO3)2 NC CN + OH NH2
wo@200%/08336¢4 130 C O 1 O N N [0014] In the aboR€r/US2004/004731

reacti on schene, 1, 4-phenyl ene-diacetonitrile is
reacted under nitrogen with

2-am no- 3-net hyl - 1- but anol in o-xylene using cadm um
nitrate tetrahydrate as a catal yst at 130C for 72
hours. The reaction mxture is cooled and washed

twi cl0MWIth distilled water. The organic-layer is dried

over sodlun1sulfate and gcidic alumna gel and the
pr oduct o ned after enpyal of sddwedd), i h vacuo.
[ 001 Zﬂ(Cﬁa\fqu OH+H-p—NH2—o-w¢y | ene,
130 C'N N' 0016 In t he aldyve react-kypenestiveite,
1, 2- phenyl ene-di acetonitrile is reacted under

nitrogen with 2-am no- 1- anol in o-xylene using
zinc acetate dihygya tahyst at 130C for 72
hours. The reacti 1 Xt u is @goojed and washed with

de-i oni zed mater & organic I¥y€r is dried over
sodi um

[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),
z{ r Y on -
NH, o-xylene, 130 °C
o] @]
/\/EN/ \Nj\/\
7\

[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.



sul fate and acidic alum na gel and the product

obtai ned after renoval of solvent in vacuo. 4 WO
wQo@5/0885884 PCT/ US2004/ 004731 [0017] CN CN Ce(™NMOB)0B4/004731

+ "--~0H NH2 o-xylene, 130 C [0018] In the above

reaction schene, 1, 3-di(cyanonethyl)-2,4,6-

trinmethyl 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

reacioDofy m xture i s cool ed and washed with de-ionized

water. The organic layer is dried over sodiumsulfate

and g di ¢ gum na gel and the p&?% obt ai ned after

renmo\Val lof $ol vg(::nt i H [ 001 starting
mat er | 73-di (cyanonethyl")-2,4,6-tr1net enzene is
pr epac converting Nﬂz 6-Xjien, 150 J&ﬁ’b

1, 3-bi s(brononet hyl ) -2, 4, 6-tri met hyl benzene as
follows. HOAc/HBr/(CHOn Br Br 7 hr, 90-95 C/ [0020]

I n the above reactipon schene, % pure nesityl ene and
95% pure parafornne ylqcil\al acetic acid, and
30% hydr oge ride | gt i c Naci lution are

slowy heated with stighigg to 90-95C and held at this
tenperature for seven hours. After several hours
heating, the product dibrom de conpound begins to

pr ec[opié] alnghd almve rdzetianesalodnian i, rdi(stanemethilha4,6rmi xture i s

allowed to stand at roomtenperature until _
pr eclripiethylopryene i 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 in vacuo.

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

prepared by converting 1,3-bis(bromomethyl)-2,4,6-trimethylbenzene as

HOAG/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



conplete. The crystalline precipitate nmass i s broken

up and stirred to forma wuniformslurry, after which
wadasnsssal water is added to conplete the 5 VELT/US2004/004731

2005/ 085384 PCT/ US2004/ 004731 precipitation. The

slurry is filtered, washed with water, and air-dried

in a hood to yield

1, 3-bi s(brononet hyl )-2, 4, 6-trimet hyl benzene. [0021]

abov B REPr RSyt R g el P b o oo
tri ”FJJB(JI b@%@dﬂ&nérﬁetmaﬁ e@rm\mﬂtyﬁe@Nel n the presence

a phase transfer ‘catalyst, ‘commonly known as

18 c 2@ , (fromAldrich) in acetonitrile. The
kﬁ e systemis heated to reflux with vigorous

stlrrlng After two hours, the reaction mxture is
cool ed, filtemed, amd evagg&ated to pr oX&iNmat el y one-
third vol une. D | edwater s sadd d the
m xture is extr ed w tsktrowels,chicar one . The
di chl oronet harie Solution is dried over sodiumsulfate
and filtered, and the sol vent evaporated under reduced
pr es®U2y trgheghak reactiongscheme, 1,3- bis(bromomethyl)-Z 4, 6-

i (cyanonethyl)-2,4, 6-tr |neth¥Ibenzene [ 0023] When
sol | Mty lheazeBe sierctegvath KGN the Hr‘?sﬁﬂ?%"fﬁt?ﬁaseotﬁ"@é‘ff@fl ne

oo P Brelhy i S e Bl RS el e
i ncl H\% h(a?éj%yseﬁﬁs E@aﬁe& o%fﬁj?%tﬁ Q?;oréusq_f?rmgl f\ﬁ&'tmours,
il I ne

[ 002 (S enzy -2- et hy oxaz
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 fittered, 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)

O
T Y-—om
O

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

HaC,

-0
[0025] 4,4-dimethyl-2-phenyl-2-oxazoline

N

N

[0026] 2-ethyl-2-oxazoline



H3C H3C-N [0025] 4, 4-di nethyl -2-phenyl -2-oxazoline 0
N>\ CN [0026] 2-ethyl-2-oxazoline 0 6 WD

wQoe@5/0888884 PCT/ US2004/ 004731 CN~OH [0027] PCT/US2004/004731
2-[1- (hydroxynet hyl ) et hyl ] - oxazol i ne O ([ 0028]
2-isopropenyl -2-oxazoline OCN 11 -0 [0029]
2- phenyl - 2-oxazoline O, and H3C N H3C ~-CH3 [0030]
2,4,4-trinmethyl -2-oxazoline 0 (00311 Although a curing
initiator or agent is not required for these OH
conmpounds to undergo pol ynerization, it b

desi e,ipn.s to__use initiat / SN tabl e
radi@QFhi%ﬁ?ﬁgﬁggggﬁﬁﬁﬁﬂ%%”?ﬁépﬁaI initiators and
photoinitiators, present in an amount of 0.1 %to 10%
preferably 0.1 %to 5.0% by[ﬁé;g of the
oxazol i ne/vinyl system Prefer eé‘?{érn&l initiators

i ncl 19628] petsoriopenyl-2-expepings but yP per oct oat es and

di cunyl peroxide, and azo conpounds, such-as

2,2' -azobi s(2-net hyl - propaneni tNil e nd
2,2' -azobi s(2- N
o ,and

[0029] 2-phenyl-2-oxazoline

H3C N
H3C>|: P—CHj
[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 thermal initiators and
photoinitiators, present in an amount of 0.1% to 10%, preferably 0.1% t(;
5.0%, by weight of the oxazoline/vinyl system. Preferred thermal initiators
include peroxides, such as butyl peroctoates and dicumyl peroxide, and azo
compounds, such as 2,2'-azobis(2-methyl-propanenitrile) and 2,2'-azobis(2-
methyl-butanenitrile). A preferred serigs 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 will be effected at a
temperature within the range of ten seconds fo 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



nmet hyl -butanenitrile). A preferred series of
photoinitiators is one sold under the trademark

wo e@amssses by C ba Specialty Chemcals. [0032] POT/S562084/004731
formul ati ons, both thermal initiation and
photoinitiation my be desirable; for exanple, the
curing process can be started by irradiation, and in
a later processi ng step curing can be corrpl et ed by the

[ h the th
T g o Re Preue R B PArB R A e e
tenpg {t&@ 8 b&@%%tl%e@ﬁ%a iRt it ind é@grlﬁ’l\éﬂtétlohe
effe errperaturevm |nt e range of

seconds to three hours. The t erature

cur i R§3Pr ofsratively. catiopis "?'?ﬁt%mlé‘i/ P%HS% ISIL“%P PUME h t he

o bt BiiHEre B ek BobE S e s ans S VRN S0 p e
PCT/ { £aQ0 ﬁn[eggrﬂ froah anRRAs 0Qbs, tBh@%f SefHpRtd. PRt Datk, dyhe

paraneters of a curing profile can be determ ned by a

pr ackéight@nde osdcolidef@rdon td daeboRrdoué botaliystemd Besferred
experimentation. [0033] Alternatively, cationic

i ni t LextiDacdsipyudedFu @l TEl PBobied Siesi Breferredismortg mttor s

include Lew s acids, st ron% protic acids and their
est eraids inghisiedIHG) CFifg:HJdSO. sind $Bht Plieferan stapgpratic geid

0.1 %t 109 f bl %t 5.0% . b

the e5els BRkAes fé?%%%g%rayseg%sﬁeragqmself%%h%@@%ﬁﬂlch
Pr ef I ] PE5,
o & feflounEPufle 30821, 3008 SrbSmdrSoile, Middyso,
HC104{4 (#3801 pﬂél%ﬁ%|k;ﬁngldsﬁncu|5’é Bl &L, 68 BnelIER Nhd

protic acid  esters include sulfonate esters, sulfate

est eggl. Sanslorelvis@Rids sanhy BE,0UBES,, asdiglky| h&lsformates such as
p- MeC6HASO3Me, p- C2NC6HASOBMe, CF3SCBMe, FSOBMe,

( MeQMBSCRCI, camalsq e Bea poertioRe eftietored al kyl. hal i des
i ncul de PhCH2Cl, PhCH2Br, and Ml . Salts of Lew s

aC' d@b 4e au@%lel?&s?a%l%ﬂ%onea&%@é tesktivB ab@fiobdRas Reiugdich
can al so be used as cationic initiators.
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 : 0 0o 0]
[:N—/\/\)LO—(C:,» 6).OJJ\/\/\__N;\]
[0035] 0O

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

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

o o)
I N_/\/\/u\o/\/\/\/\/\/\/\/\<
[0036] 0 .



[0034] Suitable resins having one or nore reactive
doubl e bonds include naleimdes, acrylates, vinyl
we@RMsn83386t yr eni ¢ conpounds, cinnamyl  coNPoOUNBST/US2004/004731
mal eat es, fumarates, and polynmers wth pendant vinyl
functionality. Preferred resins having reactive double
bonds are mal ei m des, preferred exanples of which are
the following: 0 0 O NO-(C36)’ON1 [0035] 00O in
whi ch C36 represents a | i near or branched hydrocarbon
chain, optignally imcludipg one or nore cyclic
structureEé% N3 atoms, ;OO | N [ 0036]
0 8 WD 2001/ 085384 PCT/ U qgﬁ%gl\/gb%Lng | 0O N
[0037] 0 PO NI_~O00O O v O'N™T 003 d 0

[ 0038937§ n sone conpositions it may be desiralde to
include a filler. Suitable

QA}L %AM ;’;;

[0038] and 0

[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 sulfate, and halogenated ethylene polymers, 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 >
U‘ * /\@2\ o-xylene, 130 °C
0] O
N N

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

condenser, Ny inlet/outlet, magnetic stirrer, and thermometer, was charged



conductive fillers are carbon bl ack, graphite, gold,
silver, copper, platinum palladium nickel,

w@bkesiosassy silicon carbide, boron nitride, di aronuds20a#ob4731
al um na. Suitable nonconductive fillers are particles
of vermculite, mca, wollastonite, calcium
carbonate, titania, sand, glass, fused silica, funed
silica, bariumsul fate, and hal ogenat ed et hyl ene

P R e e AL Tb MY PR gt o 19 12
fluogide, but}gw}(d %ﬁgﬁg Aa&w{ . %f?c% 3856k MRYim .qpétgr i de-

When presen e In “anpunts o 0% t

90% tgﬁ‘a &r(b 0®f mbh ﬁldf’l@ﬁ m-ﬁo@trr\LCH’ﬂ o- )&I@l%oﬂhemmhﬁsl
Preparatlon of 1, 3- [24 ethyl -4,5, -di hydr o- 2-

OX azyayed kereiday |a]1d H\@mﬁﬂ@\ wasQ0dbl 72 NGroNrHedo IO Inturd
"~~OH + NHZ o-xylene, 130 C OO ~N"' [0042] In a one
l'i t ewasfvaashedn@ittkaedionipadingbtdr@2 & 000 hl)aJke eqanip [Eyer wastdnied
condenser, N2 inlet/outlet, magnetic stirrer, and

t heroverestism sulfats 2ot acr@@alum@aw AierspneEteisolvent in

PCT/ US2004/ 004731 w th 52.

1 3 YA T €18 OHRTBEBRS Hf ers'e W@go%f%'?emla Vield 57 ényThe

o B e B Ao napef%we bt ipadty ﬁ%@i’? ) ol
Ndu mHi 55373@07%(#4@ 290 €9 BW% dmtgm 3958 24

heat and t'he reac was r
The §9p e@h)m 34568 (mVas, m)sh@ﬂ anW océ% !@H} zed wat er
(2 x . The organic Iayer was

[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 li, the materials used in the

. compositions were liquid and were the following:

0 0
\/E ¢ \j\/
[0044] Compound |
(o] O
[0045] (a solid) Compound |l

O o o) 0]
dN_/\/\/U\O_(C 5 6).0’”\/\/\__[\];\]
[0046] © 0 Compound Il
@]
NN
[0047] o Compound IV

10



over sodium sulfate and acidic alumna gel. After
renoval of solvent in vacuo, 67.21 g of an anber
wo p@dioss3sesi n was obtained in a yield of 67% ROEUS2004/004731
viscosity of this resin at roomtenperature is 250
mPa.s. 1H NMR (CDC13i 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
(s 4H), 1.53-1.61 (m 2H), 1.40-1.47 (m 2H), 0.86
gdd) [0043] EXAMPLE 2. The |iquid bisoxazoline
wma Jfrmnammuel\msfmmHMediMOthe
fol | ow ng—Compositions—CfFand—therTtirermai——curs
prof i | es| eemgesiieniAt ot hosePayts kpaveiaht i| VWeighs Palcerd | B

cont ai ni n(gorﬁlgguhgi"bl soxazo| bdies. Exceptghgr Conpoynd
1, the materials uSed T nftNe conposi i ons Were
liquid aneCoRaBdlne ol | bRy O O [ 0624 d |

[0045] (a solid) Compound 11 0 O 00 \\N _/~0(C36)' O

|v o etuaBR A it ens b 2 pge
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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.

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

[0051] [n 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 oxazoline 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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[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 90°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 Parts 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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Composition F Parts by weight | Weight Percent
Compound | 51.8 55.2%
Compound IV 40.3 43.0%

methyl p- 1.65 1.8%
foluenesulfonate

[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 cafalyst. 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 Calorimeter thermogram resulits 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 tharough cure as shown by high delta H values.
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13 WO 2005/ 085384 PCT/ US2004/ 004731 [00611
Conposition Onset Tenp Peak Tenp Delta H C C (J/g) A
wQ4@s58803869 B 179 187 398 C 113 166 140 D 9PC/US2089804731

E 63 76 322 F 112 139 179 14 WD 2005/ 085384

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 conposition according to claim1

i n whiHém [$ BeAlbiERoxazol ine resin has the structure O O
~N\ N~ 3. The conposition according to claim1l in

whi ch the bi soxazoline resin has a structure sel ected
fromthe group consisting of OO I I NN

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

Ly

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

has the structure

has a structure selected from the group consisting of
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rooO and O~N\ N~ 15 WD 2005/085384

PCT/ US2004/ 004731 4. The conposition according to
wa@bk@s83384 N whi ch the resin having one or nor ePCEESL004/604731

carbon to carbon doubl e bonds is a bismaleimde or

acrylate resin. 5. The conposition according to claim

4 in which the resin having one or nore reactive

carbon to carbon double bonds is a mal ei m de sel ected

from, the ; lyi i b REich e rsd I O

006 N (s S NG o B B

O O & rhrblrdactieatbon & &arbon double bonds is a bismaleimide or acrylate

resin.

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

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

7. A bisoxazoline compound selected from the group consisting of
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~ OO0 v N O6. The conposition according to claim
4 in which the resin having one or nore reactive
W@ 2006085380 car bon doubl e bonds is 1, 6- hexanedi BCT/US2004/004731
diacrylate. 7. A bisoxazoline conmpound selected from
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