;:E<:e3ehseIInDXost6sTs 5 13 MAY 2003 CURABLE HYBRI D ELECTRON DONOR

+ COVPOUNDS CONTAI NI NG VI NYL ETHER 10 This invention relates to ell@dtAYdf03
donor conpounds containing a vinyl 15 20 25 ether group and to curable
adhesi ve conpositions containing those el ectron donor conpounds. Adhesive
conpositions, particularly conductive adhesives, are used for a variety of
purposes in the fabrication and assenbly of sem conductor packages and
m croel ectroni c devices. The nore prom nent uses are the bondi ng of

integrated circuit chi frames or other substrates, and the

bondi ng of circuit pacmawmwmﬂm&nbl ies to printediu There

exi st el ectron accepto ’ ives for use in I(uumm‘ummmﬂmihesi Ves,
particularly in fast-cure d#tési ves for die attach appli ¢@bgp®ns i n which
vinyl ethers are the el ectron donors However, the nunber of suitable vinyl
ethers as donors is |limted due to their |ow boiling points, high
volatility, and difficult preparations. Thus, there is a need for the

devel opnent of new el ectron donors for use in adhesives applications. This
invention relates to hybrid el ectron donor conpounds conprising a vinyl
ether and a carbon to carb I opd r k 0 an aromatic ring and
conjugated with the unsaEgﬁgxﬁgﬁgyggﬁ%E;ﬁiﬁ%ﬁﬁﬁéﬁaﬁRg attached to a -1 13
MAY 2003 mghecul ar (smal I” ol ecute) “or "pol'ymeric group. The presence of the
vinyl ether group provides | ower viscosity to these conpounds conpared to
el ectron donor conpounds that do not have the vinyl ether group; using a

di functional hybrid el ectron donor conpound as an exanple, the hybrid wll
5 have a | ower vi scasistivebtamelsthetoetactresgondiongodids aorddiniomalkingl ect r on donor
conmpound havi ng the sanme el ectron donor group as each functionality. The
activity of thether gern & televiab'e pdheeive eamedopitignseeniaining Kape eREvi nyl et her
group can be increased by adding el ectron donating substituents on the
aromatic ring,‘%?m&BTP%ﬁg%d by addi ng el ectron withdraw ng substituents.
The 7 0 activity ca ri ern.inrer I.on. increase in

t he nunberggr si ze 2?9%$§V$$Eé%5??%5@%@%hgﬁm¥hg%fgﬁ%%ﬁggga@%Pbon doubl e
bond wi Il decr 3&%@3&&1?0{&%%%!1Erbé-fadﬁﬁﬁfoﬁ%ﬁ@éééemapﬁfq%HhL%hJJJcHﬁntS on the
carbon to carbon double bond will be hydrogen, or will be hydrogen with a
met hyl group agatlagesdatidymiabiedtrosidldstides UEnd mork prdnacdnt edee@tertosn donor gr oup of
the hybrid is linked to the nol ecular or polyneric entity through a |inking
group that is toaedifgddirarated citchibchinsde tepdfarmret aeBar WOFIARS: pPotiB¢ ity on t he

el ectron donor %nﬁﬁf and a co-reactiv%,functio ality on the nol ecul ar or

pol yneri ¢ gr oupo"Ae Y rhadtiPaeieges ¢ resegIPhe: P it "l“f[frboé?j(?up may be attached to

the ol eculgr or polyiRrg GLAUP-LBEEHANLAROGOLLIN deAGRIEN 1N i ch

the carbon to carbon ond external to the aromatic ring (of the

el ectron donor )adhé&ivk® PARGuISNY ih REt-duURCadheaedsiiéHbie dttaen smlieebhsaR or pol yneric
group may be a cyclic, branched or linear alkyl, a siloxane or

pol ysi | oxane, ahCh ving! edheradrk theyeldcesmianatse thogelept@mender faLiyedid oxane, a
pol yether, a polyester, a polyurethane, a (poly)butadiene, or 25 an
aromatic, pol yaingraitareas @nonéds lsvied femiatiiar gy eailjpg poigts, high@igtity, 2003 Thi s

invention is alsg g curable conposition co isin ne or .nore of the

i nventive e|ec@FgHgﬁﬂﬁﬂFp%ﬂﬁﬁ%gﬁwéﬁhﬂﬁ&EHE%?%%Engv PP g% gent and one

or nmore fil, er%mmﬁai&m%ﬁ%ﬁQE%%Qﬁhém%éﬁﬁy@mBHéable conposi tion conposi ng one
0

or nore 5 of the 1nventive electron or compounds and one or nore

co-pol yneri zabl e el ewilsiQRNRHGERLS o HyBTHNHNES dordNEbripRYNndE@BEBlidhgd CUri ng
agent and one or nore fillers Suitable el ectron acceptor conpounds for

co- pol yner i zat i=oinybeteerfandracabestoaatiomadubitbesd eftanal éxangpbeaticdingct yl nmal eat e,
di butyl mal eate, dioctyl fumarate, dibutyl funmarate Resins or conpounds
cont ai ni ng acr VNacRNeRed 1ih el uebFirakonfinihe erog1Rdes fingetasieddr her suitabl e

el ectron acceptor materials. The el ectron donor conpounds of this invention
w Il have one of the structures depicted here:



Structure I: R3 Ra R~Ar Oo~~ ~Z ORSR2 ~Rs (G,~,2 15 mn Structure |1;
5 RGO 12 AQ~XZ O-RS R~R2 0" RTamn in which mand naréﬂlMMoZU%
preferably 1 to 3, and nore preferably 1; -3 13 MAY Z003 Ar is an
aromatic or heteroaromatic ring having 3 to 10 carbon atons within the
ring, in which the heteroatons nay be N O or S R, R2, and R3 are

i ndependently h dro en scri bed above an al roup having 1

|
to 12 carbon at BréT@P@% ; rmﬁf“”éﬂ@“%é”ﬁ?&”%“ﬁ%ﬁF%d@% or an al kyl
group having 1 %9186%8% egvnqe%ﬁqgv”?wscao gy leSe f%nf‘;,'oﬁrﬁo%%%p&&? oall hydrogen; R4,

R5, and R6 are in 7ar'o or an ethyl group,

and preferably te}é@trd?wfdoﬁ%ncoﬁéounﬂpﬂam faf l?avgmrv%?é?hea-'a%ué)rﬂﬁll?bﬁ net hyl , and
nore preferably all are hydrogen; 10 Gis - , N(R") (R2), Ar as

descri bed above dif@ictichal iybkd/éle@o® denoh adrmgagndlastap ekampartomybad @ms, in which R
is Ar as described above, or an alkyl group having 1 to 12 carbon atons,

preferably 15t ohavecapbervisatsitpthan hedoRespamiihgREurtiensagedmws deidbed above; O i s
an al kyl group having 1 to 12 carbon atons; 15 X is 11 |li i~"~~\~N li il
OO0O0OI | \ Qforpoury hav"mthec,sa”@/elmomonomgfoupla& pRYupdionelty. 10 O 11 \ N~ CQw

S | R~ S Il \N—~QO S N/R~R~OII
\'Si &N | RS ||Lr{“5 E‘%‘V‘& °fN|‘F4e°L’éi ”F%‘”C\“‘f’qﬁgﬁ(ﬁ‘hﬁ tﬁ“?’tibe V'P*?YW e o)

ether group can be increased by adding electron donating substituents on the
aromatic ring, or decreased by adding electron withdrawing substituents. The

10 activity can also be varied by steric interaction. An increase in the number or
size of alkyl substituents on the carbon to carbon double bond will decrease
the reactivity. Preferably, any substituents on the carbon to carbon double
bond will be hydrogen, or will be hydrogen with a methy! group as the only
other substituent,

15 Each electron donor group of the hybrid is linked to the molecular or
polymeric entity through a linking group that is the product of the reaction
between a functionality on the electron donor group and a co-reactive
functionality on the molecular or polymeric group. Alternatively, the electron
donor group may be attached to the molecular or polymeric group through a

20 coupling reaction in which the carbon to carbon double bond external to the
aromatic ring (of the electron donor) is formed during the reaction.

The molecular or polymeric group may be a cyclic, branched or linear
alkyl, a siloxane or polysiloxane, a C, to C, alkoxy-terminated siloxane or
polysiloxane, a polyether, a polyester, a polyurethane, a (poly)butadiene, or

25 an aromatic, polyaromatic, or heteroaromatic group.



-S-or -O ; Zis an alkyl group, a siloxane, a polysiloxane, a C, 3ﬂ f%hm
-al koxyterm nated sil oxane or pol ysil oxane, a polyether, a polyestel, é

pol yur et hane, 15 a (poly)butadi ene, or an aromatic, polyaromatic, or

het eroaromati c group. Materials for preparation as the Z group in these
conpounds are commercially available froma nunber of sources; for exanple,
aromatic and -5 13 EAY %ﬂ03.prlyarggptic qﬁteriah%wﬂa egﬁnggtained from
BASF or Bayer: siloxanedVEHE" 5&150€i 1 ERET8LPY M LEr BLE "0 31 V&€&t hers from
BASF; pol yester i .o i ) | f - At ochem
pol yur et hanes f§Qﬁ§@g§ggé%§mgggéPB§%ﬁ&g ﬁ%ﬁﬁgﬂyéﬁﬂX%ﬁ?Qgﬁé%@g%ﬁe of these
sources W Il haye & mdtatilepbl e Z materials already functionalized for
reaction with a co-reactive functionality on the vinyl ether or other

el ectron donor st art iThiginvaiten isalsp a diradtelempesitesompistrgpnact méreoner wi | |
need to functionalize the materials in preparation for reaction with the

el ectron dondr efdht averntivgelettran tionegcorerogndssnd omg er rorg cobPEMer@9bleont ai n
cyclic noieties or heteroatons, and nay 10 contai n pendant hydroxyl or

Y ( .
thi ol groups dePE&HREANRGCHIPT CHBPOEYTH At MY F01RER F45P9 ARERI Y °PRET el ectron donor
conmpound; for exanpl kLf.one of the starfing c 0 ntains a hydroxyl
o Thiol functi BRATIES et el R Pelb ok e BB R A Ty, T he %
group will cont g Qe PeRGEMatRYEr QXMbie Oiod rBleal! @R mERSieEH@E) CONPOSI ti on
or nol ecular weight of Zis not critical to the 15 invention and can range
w del y dependi ngintifaté, RiutyEldmbra@miREiss 6f cobpeurdiBdoisiting adryldtbendiybri d el ectron
donor conpound. The conposition of Z can be chosen to give specific
mat eri al pr tdper maegnidenfuactibnatylard ahensbigabieoagctremuedeegtsr, matérédd. ogi cal
properties, hydrophilic or hydrophobic properties, toughness, strength, or
flexibility. For examp@ectanpeiqr peuraungs of drigwntionwihievanae pitee rotati on
about 20 polynerjic, bonds will inmpart flexibility to a conpound, and the
presence of si | DRENLESHEPEIER 8&ewi | | i npart hydrophobicity and flexibility.
The nol ecul ar wei ght and chain length will affect viscosity, the higher the
nmol ecul ar wei ght and the |onger the chain | ength, the higher the viscosity.
As used in thissspagef:i cation, aromatic nmeans a conpound that neets 25 the
classical definition of an aromatic conpound, that is, it contains cyclic
-6 13 MAY 2003 cl ouds del ocal i zed [err] __el ectrans above and bel ow t he
pl ane of the nolecule and the [é¥r] clouds h a totjal of (4n + 2)
el ectrons. The aromatic groR ,Vegmvai an Rod wi t hdrawi ng group
such as a nitro group, shoulgy | ess reactijvity be sifred, but in general,
the 5 conpounds wi |l have nore pr&agtical jutijity Thnh gnd use applications
with greatersreactivity. These hybrid el®8tron donor  Conpounds can be
prepared through standard addition or condensation reactions between a
functional ity oft'¢$i¢edtarting material containing the el ectron donor group
and a co-reactive 10 functionality on the starting material containing the
nol ecul ar or polynmeric group and the vinyl|ether functionality, or through
coupling reactions using sGangand Wttig, ck, or Btilll e methodol ogi es.
For exanpl e, useful starfting co Qto¥ t h Q%ﬁ%&ﬁ n donor group (other
than the vinyl ether) arle cinnaggﬁugﬁzo%bl or |chkoridg and
3-isopropenyl -a,a 15 di hyl benzyl i socyamdt e. Al t houglh one skilled in the
art can devise suitable variations in reactions by choice and |ocation of
functionality, theiohariations will be guided in practice by the comerci al
avai lability of starting materials or ease of synthetic routes.
Represent ati ve synt hétang nragrut ©$. prgteraptie’ to3pand marperefesgbit 1.on of i socyanate
functionality with (i) hydroxyl; or (ii) amne; or (iii) thiol
functionality to create a carbamate, urea or thiocarbanate |inkage,
respectively; 2. the substitution of a halogen with (i) hydroxyl; or (ii)
amne; or (iii) thiol functionality to create an ether, am ne or thin-ether
| i nkage, respectively; 25 3. the reaction of an epoxy functionality with
(i) hydroxyl, or (ii) amne; or (iii) thiol functionality to create an
ether, amne or thio-ether |inkage, respectively. _7_ 13 MAY;.2003 These
hybrid el ectron donor conpounds can be bl ended with el ectron acceptor
conpounds, such as fumarates, nual eates, acrylates, and nal ei m des, for
co-pol yneri zation to form cured adhesi ve conpositions for use in a w de
variety of applications. Suitable fumarates and nmal eates are, 5 for
exanpl e, dioctyl maleate, dibutyl nmaleate, dioctyl fumarate, dibutyl
fumarate Suitable acrylates are nunerous and are comercially avail abl e,
for exanple, from Sartoner. Suitable nmaleimdes are easily prepared, for
exanpl e, according to procedures described in US patents 6.034, 194 and
6,034,195 to Dershem 10 The el ectron donor conmpounds can be fornul ated

o, N | I o, . 4 4 o T . o " o 2 1. ]



Sui t abl e adhesi on pronoters or coupling agents are sil anes, silicat? hﬁ
- esters, netal acrylates or nethacrylates, titanates, and conpounds 3 MAY 2003
containing a chelating |igand, such as phosphi ne, nercaptan, and

acet oacetate. Wen present, coupling agents will be in anounts up to 10% by
wei ght, and preferably manounts of 0.1 %to 3 0% percent by weight of the
hybrid el ectron donof_.conpounds. . 20 I n addition e farnul ati ons may
contai n conpounds th TSFﬂﬁama%ﬁ¥P%SW&?”?&E%PHPWF?§Q4863F§ﬁ8°ﬁéss to the
resul tant cured,; (=10 . t her noset or

t her nopl astic ﬁ%?@ﬁf%hﬁ%5V?ﬁ§h§9%§R§¥&ﬁ§E%?%?@ﬁéggg'and typically will be a
polyneric material) RURRN aASR® @ PRAEYEAGEM BfRogeROArEs RB§cABERIRYe, POl YTHF

(pol ynerized tetrahydrofuran), 25 carboxy-term nated butyronitrile rubber
and pol ypropy! esrenglkyicpdup\Waeing 1 & 12 catbdn Makis20&8apy &S AtandtFhese conpounds
may be in an anmount up to about 15% by wei ght of the hybrid el ectron donor
compound. THe f®Bidragan Apnekahngitwasng ivia eeareatams: pREEMeTg Brefeiatdl ect ron donor
conmpounds and reactions for their preparation. The el ectron donor reaction
5 products wer e®ERAPSEIERT zed by H NVR and FT-1R spectroscopi es. The
exanples are illustraiiy 6l Lhventi ' nded as a
limtation. In theseagbaﬁﬁ ésﬁgfﬁ%gﬁgg%yﬁ@ﬂ%%gfgégﬂggkﬁbE%%%ure of isoners
resul ting from {he o di FRRE Bletdibialvo O R RS BRERY 4B ARl den @fd &l i 0l | owed by
conversion to the appropriate functionality in ich fnc is -OH for

al cohol s 10 - NHzethgrandnionesrefeably ot Bke@ytiogen; socyanat es; and fnc fnc-C5~ fnc
represents a mxture of isonmers resulting fromthe tnnerization of oleic
and linoleit aci ds féld-dRd-IR/, e RS if0Rs tesctiied aapEr omniaiye functionality
in which fnc is -COCH for carboxyl groups, -CHzOH for al cohols. -10 13
MAY 2003 EXAMPLECYP DR Aty 12 certionetamps, naihigh Bé is/Af@edescdped-aiove. pr

3- 1 sopropenyl -a, a-di net hyl benzyl i socyanat e %%0?.96 %, 0.517 nole) 10 15
was sol vated i Pt BMUERY 12Y58 11ig §2 3P oo B el 2O IR A SRRk EA™P1 ask” equi pped
wi th a nechanic tiL e i L nnel and nitrogen inlet/outlet. The
reacti on was pI%@ggahége%eﬁ?ggﬁggﬁ%bg%ﬁ di butyltin dilaurate (0.033 g) was

added with stirring g% én%yﬁ&h&ﬂﬂa@iﬂg%@o?m"t%%ﬁ@toh@; 40C. The addition funnel
was charged with 1, 4-butanediol vinyl ether (60 g, 0.517 nole) dissolved m
tol uene (501am) Thi sx®&ol uti on was added to the isocyanate sol ution over ten
m nutes, and the resulting m xture heated for an additional three hours at
40 C. After the reactiBh was allowed to coolrRto roomtenperature, the

m xture was washed with distilled water thre¢ tines. The isol ated organic

| ayer was dried over MySQ4; filtered and~theNsgl vent renoved in vacuo to
give the product in 94%yield. -11 13 MAY 2003 EXAMPLE 2 NCO Sn(ll) *'f!
HO~~~, . ~0~ tolue~ O 0" /9 ~N ~/ O H 3-1sopr@penyl - a, a- di met hyl benzyl

i socyanate (38.06 g, 0.189 nole) 10 15 was solvated in toluene (100 L) in
a 500 nmL three-necked flask equi pped with a mechanical stirrer, addition
funnel and nitrogen inlet/outlet. The reaction was placed under nitrogen,
and dibutyltin dilaurateo(0.033 g) was addedywith stirring as the sol ution
was heated to 40C. The addition funnel was q?arged with 1, 6-hexanedi ol
vinyl ether (27 27 g >67I8% Tl e) di ssol veg TRytol uene (50 ni). This

sol uti on was added to the i|socyanate sol utjion over ten mnutes, and the
resulting mxture heated f® an additionalrit hree hours at 40C. After the
reaction was allowed to cool fo roomtenperature, the m xture was washed
with distilled water three tinmes. The isolated organic |ayer was dried over
MyS04, filtered and the solvent renoved in vacuo to give the product in 95%
yield. -12



13" MAY 2003 EXAMPLE 3 / ~CI HO Bu4NH-4/toluene \ .+. ~~/~~ O \ 50 %N a0
. H/ ~0O 1, 4-Butanediol vinyl ether (40.0 g, 0.344 nvole), SO%JNaCH1(j@ng&9,
tetrabutyl ammoni um hydrogen sulfate (50.0 g, 0.148 nole), and ci@
chloride (52.56 g, 0.344 nole) in toluene was stirred for five hours at
53C, 15 hours at 75C. The reaction was allowed to cool to roomtenperature
and 10 the organic |ayer extracted and washed with brine three tines. The
i sol ated organic |ayer was dried over MyS04, filtered and the sol vent
removed in vacuo to give the product in 95%yield. -13 13 MiY 2003
EXAMPLE 4 O OH ~(i |) OCN ~ toluene /40C ~ fy~OO/f CO5

3- 1 sopropenyl -a, a-di Nﬁ?lbenzyl isocyanaﬁﬁ,QSQ/ﬁl g, 0.294 nole) was
solvated in toluene (100 nL) in a 500 nL threeynecked flask equipped with a
mechani cal stirrer, addition funnel and nig'rogrh inlet/outlet. The reaction
was placed under nitrogen, and dibutyltin dilaurate (0.033 g) was 10 added
with stirring as the solution was heated to 40C. The addition funnel was
charged wi th cycl ohexanedi nmet hanol nonovi nyl ether (50.0 g, 0.294 nole)

di ssolved in toluene (50onL). This solution ®as added to the isocyanate
solution over ten mnute$, and the resultinggnixture heated for an
addi ti onal three hourgar~4@C. After the Teachtioh was allowed to cool to
room 15 tenperature, the m xture was washed mﬁ'h distilled water three
times. The isol ated orRfanic l.ayer was dried ov MyS04, filtered and the
solvent renoved in vacuo to give the product in 97%yvyield.. -14 13 MAY
2003 NCO EXAMPLE 5 toluene HzNN*~ O- 40 CO/ ~-NNOIl | H H One nol ar

equi val ent of 3-isopropenyl-a, a-di net hyl benzyl isocyanate is solvated in
toluene in a three-necked flask equi pped mﬁtﬁ a nmechanical stirrer,

addi tion funnel and nitr'gen inlet/outlet, T gﬁkeaction i s placed under
nitrogen and the additnon~ednnel is char ged™ wi one nol ar equi val ent of
3am no- 1- propanol vinyl, ether dissolved in tolgene. This solution is added
to the isocyanate sol ution over ten mnutes, and the resulting m xture
heated for 10 an additional three hours at 40 C. After the reaction is
allowed to cool to roomtenperature, the mxture is washed with distilled
water three tinmes. The isolated organic layeg is dried over MyS04, filtered
and the sol vent rennveﬁ in vacuo to give thelproduct. -15 13 MAY 2003

EXAVPLE 6 s ~v S
I | L
o | R1 1
~~C SN ~
7 i 7
10 % , o o
—S— —0—.

or
Zis an alkyl group, a siloxane, a polysiloxane, a C, to C, alkoxy-
terminated siloxane or polysiloxane, a polyether, a polyester, a polyurethane,
15 a (poly)butadiene, or an aromatic, polyaromatic, or heteroaromatic group.
Materials for preparation as the Z group in these compounds are

commercially available from a number of sources; for example, aromatic and

-5



Cl H2N~0 Et3N ~ \ N ~ O H One nol ar equival ent of 3-ani no- 1- propandl 3 MAYn33
+ether and one 5 10 nol ar equivalent of triethylamne are mxed in dry

et hyl ene chloride at roomtenperature, to which is added one nol ar

equi val ent of 4-vinyl benzyl chloride in dry nethylene chloride. The

m xture is allowed to react for seven hours. The solvent is evaporated and

the crude product is purified by colum chr oqr usi n radi ent of
hexane / e!tohyl BEYrEic %W@?e@taved fl—?fl\lgggé % Ef*égxﬁeﬁ%“ﬁ %ne mol ar
e al ent of 3- e al ent of
Crlethylame ar B a%s%n?@%@we@%*ﬁm PISrapoy Rt dom Dbt 20 22 B0

which is added anQaJEWp%fy b%&Hi'eHé)L fhh EﬁfAtd‘ché]ﬂ%%reﬁﬂahé%rﬂoﬂﬁBéy@r&”y met hyl ene
chloride. The mixture is allowed to react for seven hours The -16 13 MAY

2003 5 sol vent BasewapakatsRtomnthideha. cbrieef tpeseduated il pavei fied by col umm
chromat ography using a gradient of hexane / ethyl acetate. OCH3 OH EXAMPLE
8 Cl~~ K~ /| O MeBatBCEBa@rids Iah;@éw@,eci@hal'(zgd)fogreaﬂiomEfithrelce)eaC@fpi chl or ohydrin
(33.8 g, 0.37 nole) and 10 15 potassium carbonate (33 7 0 244 nole) were
sol vated in met fFliogeliyen tR@Y'BHéthG’I\ﬂER)he(%WOHEWOF pla '”%0‘6@% i®hr ee- necked

fl k d th h d t | et/outlet. Th
ot o Bl HoblheSrraEe APl A 0K BRRBRITL o o' e Tooc
After the react br%Par f@r'rLémaﬂw.thqﬂechtromoﬁoﬁ)esntélﬁﬁaoﬁf] ; Berdi he salt was

filtered and th rate was was hree tines wt % NaZ2S04. The

i sol at ed organic | ayere Ng&ush m8tonticydd drbtied bl HeRFREbmsasd hdye filtrate
renoved in vacuo to give the product. -17 13 MAY 2003 HO .f- ~ Anberl yst

A-21 \ O OCHB \ cohtapOp&hdentihy@oxyCor@niGidrdOne depehding @‘qtbé vyalthefid roofe for

i soeugenol / epi chl orohydrin adduct, one nol ar equi val ent of 1, 4-butanediol
vinyl ether andmekipaingelestrearrsnercoppoundifetaemplet o qfiﬁ‘ﬁs@fék'i‘ﬁange resin are
heat ed together at 90 C for resin is separated from

the reaction m STRUE{S Coaia{?é agP‘fgo’H %drﬂj?:ﬁum@@ﬂi{}ﬂrét '§ PGB P hybri d
el ectron donor gomp tho%alﬁ;‘? e gt?}ﬂﬁnl @&?a?ﬁgké}%aﬁt%ﬁgr'o?t 1&’? olﬁf gedures The

foll owi ng reaction’schenmes’'s er aromatic ri onpounds and
vinyl ether containimge @)@MH\B@'&%OWOF RoleO\Bar @R dfizngndivirichido mbectron donor

conpounds. 18 13 MAY 2003 1 ~ OC H3 O O EXAMPLE 9-A

15 mvention and can range widely depending on the requirements of the end use
for the hybrid electron donor compound. The composition of Z can be chosen
to give specific material properties in a final formulation, such as, rheological
properttes, hydrophilic or hydrophobic properties, toughness, strength, or
flexibility. For example, a low level of crosslinking and free rotation about

20 polymeric bonds will impart flexibility to a compound, and the presence of
siloxane moieties will impart hydrophobicity and flexibility. The molecular
weight and chain length will affect viscosity, the higher the molecular weight
and the longer the chain length, the higher the viscosity.

As used in this specification, aromatic means a compound that meets

25 the classical definition of an aromatic compound, that is, it contains cychc



HzN~~~O OCH3 O H N HO EXAMPLE 9-B / | -~ H OQyi~"~ O ~/ "\ i éﬁ Zh
MAY 2003 EXAMPLE 9-C OCH3 0 ' + OHQV/~~0@H30HOOOEXAI\/PLE] A$ 003
NCO,~ HO-O- O~ ~. O/ N1 \ HO-O- O \\ -2 C 13 MAY 2003 EXAMPLE 9-E
c + HO~ O O/ O EXAMPLE 9-F 10/ ~ C + HO-O- O/ ~ O-O- O EXAMPLE 9-G

15/ ~C '~ HS~~,~~~~ 0/ ~S-21 13 VAY 2003\ OCH3 O O NCO EXAMPLE 9-H

HS\v/~~ O OCH3 gou S o?dgocallzewl'ell:éc?ons above a%d below the p(?ane of h’\e mo%cnﬂe -

and the = clouds have a total of (4n + 2) electrons.

The aromatic group may contain an electron withdrawing group such

as a nitro group, should less reactivity be desired, but in general, the
5 compounds will have more practical utility in end use applications with greater
reactivity.

These hybrid electron donor compounds can be prepared through
standard addition or condensation reactions between a functionality on the
starting material containing the electron donor group and a co-reactive

10 functionality on the starting material containing the molecular or polymeric
group and the vinyl ether functionality, or through coupling reactions using
standard Wittig, Heck, or Stille methodologies. For example, useful starting
compounds for the electron donor group (other than the vinyl ether) are
cinnamyl alcohol or chloride and 3-isopropenyl-a,o-

15  dimethylbenzylisocyanate. Although one skilled in the art can devise
suitable variations in reactions by choice and location of functionality, the
variations will be guided in practice by the commercial availability of starting
materials or ease of synthetic routes.

Representative synthetic routes include:

20 1. the reaction of isocyanate functionality with (i) hydroxyl; or (ii) amine;
or (iii) thiol functionality to create a carbamate, urea or thiocarbamate linkage,
respectively;

2. the substitution of a halogen with (i) hydroxyl; or (i) amine; or () thiol
functionality to create an ether, amine or thio-ether linkage, respectively;

25 3. the reaction of an epoxy functionality with (i) hydroxy!, or (ii} amine; or
(i) thiol functionality to create an ether, amine or thio-ether linkage,

respectively.
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electron acceptor compounds, such as fumarates, maleates, acrylates, and
maleimides, for co-polymerization to form cured adhesive compesitions for
use In a wide variety of applications. Suitable fumarates and maleates are,
for example, dioctyl maleate, dibutyl maleate, dioctyl fumarate, dibutyl
fumarate Suitable acrylates are numerous and are commercially available,
for example, from Sartomer. Suitable maleimides are easily prepared, for
example, according to procedures described in US patents 6.034,194 and
6,034,195 to Dershem.

The electron donor compounds can be formulated into adhesive,
coating, potting or encapsulant compositions that are well suited for use in
electronics applications. The formulations preferably will contain one or more
curing agents and conductive or nonconductive fillers, and may also contain
stabilizing compounds, adhesion promoters or coupling agents

Exemplary curing agents are thermal initiators and photoinitiators,
present in an amount of 0.1% to 10%, preferably 0.1% to 3.0%, by weight of
the electron donor compound. 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 series of photoinitiators 1s one sold under the
trademark Irgacure by Ciba Specialty Chemicals. 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

70°C to 250°C, and curing will be effected at a temperature within the range

T3 i 2003
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H N O O EXAMPLE 10 Adhesive Fornul ations. Three of the hybrid el ecty dﬁﬁAY ]
- donor conpounds from exanples 1, 2, 10 and 3 were formulated into a esigpg
conpositions using a bismaleimde as the el ectron acceptor. The

bi smal ei m de was derived from am no-term nated pol yoxy-butyl enes (Versalink
P650, Air Products) and nmal efic anhydri de accordi ng to the procedures

t1ined t nber, US 4 745 Co t
an i ni i at o THALEE SAOMER IVEBELITe [ BhE BT & B (R Sner | 2t on Of

the 15 electron tzmrm@mnwga@'ﬁ@%ogbe@ﬁ SR8 bordpLAoBR g RO e o for
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by weight, and preferably in amounts of 0.1% to 3 0% percent by weight of
the hybrid electron donor compounds.

20 In addition, the formulations may contain compounds that lend
additional flexibility and toughness to the resultant cured material. Such
compounds may be any thermoset or thermoplastic material having a Tg of
150°C or less, and typically will be a polymeric material, such as, a
polyacrylate, poly(butadiene), polyTHF (polymerized tetrahydrofuran),

25 carboxy-terminated butyronitrile rubber and polypropylene glycol When



R2u) i inwiichR-Rs 4a,~x-Z-0Rs R, R andRBareindependﬁ #y
hydr ogen or an al kyl group having 1 to 12 carbon atons; R, R6, and &{ﬁ\ 208

i ndependent|ly hydrogen, a nmethyl group or an ethyl group; Gis --OCH3; Qis
an al kyl group having 1 to 12 carbon atons; and XI5 R 01 | ~~C WN W
N~C- N O~~1 ~or R-RL Zis an alkyl group or a polyether. 2. A

conpound according to claiml1l selected fromth roup., conpounds havi ng

Che ot ot ur e brespgh s Siheind iy o6 Tep aunt i e Resob e by KESH O N om \ o

H NCO - 29 13 ~ npound having the structure’ Ra Rs Q
AR T Sl

o,~XZ-oR1 e I n are | ndependently hydrogen or an

al kyl group havi ng IrHeQoibding @kl shOPsprddentatitd hysHadiddRorédol Ndependent |y
hydrogen, a nmethyl group or an ethyl group, Gis -OCWB, 4 is an al kyl group

having 1 to 12 wapbaitsah@regctioXs fosthRrprgpdrblidn\ THE elbct@ndorbr teaactsi al kyl group.
1 0, -30 -S or-0O
5  products were characterized by 'H-NMR and FT-IR spectroscopies. The
examples are illustrative of the invention and are not intended as a limitation.
In these examples, fnc-Cq-fnc represents a mixture of isomers
resulting from the dimerization of oleic and linoleic acids followed by
conversion to the appropriate functionahty in which fnc is —OH for alcohols,

10 -NH, for amines, and —~NCO for isocyanates; and

Ifnc
fnc-|C51
fe represents a mixture of isomers resulting from the
trimerization of oleic and linoleic acids followed by conversion to the
appropriate functionality in which fnc is -COOH for carboxyl groups, -CH,OH

for alcohols.
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"5, A curabl e adhesi ve conposition conprising a conpound accordi ng tol Hﬁ 1003
one of clainms 9 to 4, 6, A curable adhesive conposition conprising a
conpound according to any one of clainms 1 to 4 and a conductive or
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5 3-Isopropenyl-,ci-dimethyibenzy! isocyanate (38.06 g, 0.189 mole)
was solvated in toluene (100 mL) in a 500 mL. three-necked flask equipped
with a mechanical stirrer, addition funnel and nitrogen inlet/outlet. The

reaction was placed under nitrogen, and dibutyltin dilaurate (0.033 g) was

added with stirring as the solution was heated to 40°C. The addition funnel
10 was charged with 1, 6-hexanediol vinyl ether (27 27 g, 0.189 mole) dissolved
in toluene (50 mL). This solution was added to the 1socyanate solution over
ten minutes, and the resulting mixture heated for an additional three hours at
40°C. After the reaction was allowed to cool to room temperature, the
mixture was washed with distilled water three times. The isolated organic
15 layer was dried over MgSQ,, filtered and the solvent removed in vacuo to give

the product in 95% vyield.
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1,4-Butanediol vinyl ether (40.0 g, 0.344 mole), 50% NaOH (300 mL),

tetrabutyl ammonium hydrogen sulfate (50.0 g, 0.148 mole), and cinnamyl
chloride (52.56 g, 0.344 mole) in toluene was stirred for five hours at 53°C, 15

hours at 75°C. The reaction was allowed to cool to room temperature and
10  the organic layer extracted and washed with brine three times. The isolated
brgamc layer was dried over MgSQ,, filtered and the solvent removed In

vacuo to give the product in 95% yield.
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3-Isopropenyl-a,a-dimethylbenzyl isocyanate (59.11 g, 0.294 mole)

was solvated in toluene (100 mL} in a 500 mL three-necked flask equipped
with a mechanical stirrer, addition funnel and nitrogen inlet/outlet. The

reaction was placed under nitrogen, and dibutyltin dilaurate (0.033 g) was

10 added with stirring as the solution was heated to 40°C. The addition funnel
was charged with cyclohexanedimethanol monovinyl ether (50.0 g, 0.284
mole) dissolved in toluene (50 mL). This solution was added to the
isocyanate solution over ten minutes, and the resulting mixture heated for an
additional three hours al 40°C. After the reaction was allowed to cool to room

15  temperature, the mixture was washed with distilled water three tmes. The

isolated organic layer was dried over MgSQ,, filtered and the solvent

removed In vacuo to give the product in 97% yield..
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410% & ()-LLLLLLL}[9bC 10!, 10%~& ()-G ! ul,10% "h "& ()-G

I X, 10%m®& ()-G F10% & ()-!$z10%& ()-:f-10% & () - L1NAM M=OBOCODOEDMAING)3.0!
10" 10" 10" @7Y10% & ()-1"S109% & ()-1+109% & ()-1"10% & () -

109 & () - EOQOMOOO0PZ[ <YNC 10!3 10% U& ()- & 10% U& ()-!Y 10%c& ()- ! Y
10%U#U& ()- 'Y 109% ()- ' Y10% U& () - PPPPDQQQIEYNC 10!3 (10% U& ()-3 ' 10%
U& ()-3 YI40% U& ()- #10% U& ()-#10% U& ()-s! F10% U& () - QQQQQQQQQ-\ =

10! 109& ()-! Q03 F 109 ()-!,]03 F fé@MP%é-,&f Z10%&' ()- 10 U 10 U 10 U#8Y10%
U& () - QQUORR R2X6~\ o'l %0%m& ()-! | 9%0%& ()-&$10%& ()-!0Y

toluene
H2N/\/\ O/\\\ T

NCO 40°C

+

@]

|
N*N/\/\O/\\\
| |
H H

AN

One molar equivalent of 3-isopropenyl-a,a-dimethylbenzyl isocyanate
5 Is solvated in toluene in a three-necked flask equipped with a mechanical
stirrer, addition funnel and nitrogen inlet/outlet. The reaction is placed under
nitrogen and the addition funne!l 1s charged with one molar equivalent of 3-
amino-1-propanol vinyl ether dissolved in toluene. This solution is added to
the isocyanate solution over ten minutes, and the resulting mixture heated for
10 an additional three hours at 40 °C. Afier the reaction is allowed to cool to
room temperature, the mixture is washed with distilled water three times. The
isolated organic layer is dried over MgSO,, filtered and the solvent removed

In vacuo to give the product.
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109%A& ()-18KkY 10%& ()-'0 109%k& ()- R$R) R*R+R, R8RDROR~_ 0
1098 () - &10% () - & Y10%& ()- 10 10 10$8F10% ()-!L& T3 MAY 20

10%: () - QR RcRj RVR| RRaB~ = 101! @ mL0%&: ()- @ % 109%& () -

&H109%&' () - 109Z&' ()-!$ul0%& ()- SL0%: ()- RRRRRRRRRY[g\ = 10! S&Y10% U& ()- 10
10 10#8GLO%&' () -/ &10%: () -19- 10%: () - @9- 109 () - GRRRRRRR) "2\ = 10! L! 10%
U8 ()-F10% U& ()-! @O%&: () - 0910% &6@ F. . 10008 () - 10%

U8 () - RRSSS- S2535724= 1 10 U#8Y10% EE-YWEF S~ 100 ()-3. 10% U& () - $10%

U& ()-1" , 109KX&' () - @ 10%a& () - @BSA4S5SASLSPS\ Sf Sgh= 1 10 U

109%&' () - &109%&' () - | £PS$ 0% ) -1 4p0l 10%: () - y&Y10% ()~ 10 U 10

UF St SSSSSA<HE 1 10 | 4 10% 1q + 10%] N

109 () - L10%& () - pF10%Z& 7100& (4 SSSSe8 MO 07N

EtsN N 7
> N/\/\O/\
l

One molar equivalent of 3-amino-1-propanol vinyl ether and one

molar equivalent of triethylamine are mixed in dry ethylene chloride at room
5  temperature, to which is added one molar equivalent of 4-vinyl benzyl

chloride in dry methylene chloride. The mixture is allowed to react for seven

hours. The solvent Is evaporated and the crude product is purified by column

chromatography using a gradient of hexane / ethyl acetate.

10 EXAMPLE 7

AN
e
o ©/\/\N/\/\O/\
3 I
3 4

One molar equivalent of 3-amino-1-propanol vinyl ether and one
molar equivalent of tnethylamine are mixed in dry ethylene chloride at room
15 temperature, to which is added one molar equivalent of cinnamyl chlorde in

dry methylene chloride. The mixture is aliowed to react for seven hours The
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| I'f yMLOYE5&' () - S10%T8! () - &Y10%m&' ()- 10 10 10#8Z10%& ()- 3
f 109’ () - SSSSSSS}[<b@1 10 13 MAY 2003
L16%r& () - Y! L10% u[ u& () - YS 10%r& () - 10%r& ()-! Of yMLO% a
a& ()-s! fyMIO% [ & ()- SSTTT: TGTKTXV4b@ 1! %G 10%& () - ! LFg10%>& () -
| LFg10%~& ()- | 9% Fgl0%nVn& ()- \LFglO%& ()-

Ve () 5109k (1SR EOIB AR E e P (1 TSRO o &' () - ~TTTTTTTTgE®

10nf #! " 109%& () cﬁrgmé@g{@@? st 'aPrase)é%Poﬁéf%n(e)et |1a9e4§& ()-"YL0%B& ()- 10m
10MTTTTUUY} [ 9E@ 10m )-1 9L0% " & ()-! Ol

1 109BB& ()-S 109B& () - 10%3&' () UUU' U/ U3U7U} [ 9E@ 10n1 C3 0f 10%=& ()-!) 3
Of 10%##& () - +109%&' () - ~&10% & () -

1 Of | 109BB&’ () S!f110%JU&' () - S7TU<U=U>U? UKUWUYUhUb@ 10m C! 8S

10%EE& ()-S 10% U& ()-10% U& ()-9' 3210% U& ()- 10B 10B

10B#7Z109B&° () - hUk Uv Uz ULUUUWUBb @ 10FKOMELRE()-13 10%&' ()-!|0 s10%& ()-y!
s10% & ()-y!nQ s10%>& ()-y! 10%JU&' () - UWUCWNNMIEDb@ 10mL3 . y10%

\ i

PN \

]
K,COs

N Nocn, + o N7 L0,

0
OH OCHs

0

J

0

[soeugenol (20 g, 0.12 mole), epichlorohydrin (33.8 g, 0.37 mole) and
10 potassium carbonate (33 7 g, 0 244 mole) were solvated in methy! ethyl
ketone (MEK) (100 mL) in a 500 mL three-necked flask equipped with a
mechanical stirrer and nitrogen inlet/outlet. The reaction was placed under
nitrogen, and was heated for five hours at 90°C. After the reaction was
allowed to cool to room temperature, the salt was fillered and the filtrate was

15 washed three times with 10% NapySO4. The isolated organic layer was dried

over MgSQy, filtered, and the filtrate removed In vacuo to give the product.



U& ()-.10% U& ()- & 10% U& ()-3 L$f10% U& ()-&10% U& ()-"10%

U8 () - W X XeXf XgXhXt XXbC 10mL0% h&' ()-% 9' Z10% h& ()- 10 U 10 U 10 mwﬁ[‘ﬁo
U8 ()-F y210% U& ()-3 010% U& () - X00000XZ@C 10mL0% h&’ () - % ) ?D1109%HEY (Hldys
10% h& ()- % 10% h& () - % 10% h& () - % XXOOXX_@C 10mL0% h& () - % ) ?D10%

h& ()-% 10% h& () - % 10% h& () - % 10% h& () - % XoO00XXMNAC 1010% hé&' () - % 10%
h& ()- % )?D10% h& ()- % 10% h& () - % 10% h& () - % 10% h& () - % XXXXXXXXhNAC
1010% h& ()- % 10% b& ()- % 10% h& () - % ) ?D10% h& () - % 10% h& () - % 10%

h& () - % XOXOXXXYCDAE 1010% 10% h& () - % 10% h& () - % (10% h& () - % ) ?D10%

h& ()-% 10% h& () - NYYYYY#Y* Y~ @C A\

+ HO\/\/\O/\ Amberlyst A-21

OCH,

o /\O/\/\/O\/KOH

One molar equivalent of isoeugenol/epichlorohydrin adduct, one

OCH,

molar equivalent of 1,4-butanediol vinyl ether and catalytic amount of
5  Amberlyst A-21 ion exchange resin are heated together at 90° C for 20 hours.
The Amberlyst resin is separated from the reaction mixture to give the

product.

EXAMPLE 9
10 Other hybrid electron donor compounds can be made according to
similar procedures. The following reaction schemes show other aromatic ring
starting compounds and viny! ether containing compounds with the resulting

hybrid electron donor compounds.
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101010% h& () - % 10% h& () - % 10% h& () - % ) ?D10% h& () - % 10% h& () - %
. *Y/ Y5Y6BY@GYNY~_@C 101010% h& () - % 10% hé& ()- % 10% h& () - % ) ?D1 /%Héi} b3 %

10% h& ()-% NYTYZY[ Y\ YYYA=4C 10  10%#& ()- f10%#& ()-10% h&
) ?DLO% h& () -9 10% h& () -% Y4ZyZZ[ ALD{| [ 4C 10 100K#& ()-  Y10%#& ()
@L09%KHE ()-  109K#& ()- 109K#& ()-- @LOYKHE () - D[][h[i [j[K[I[n]kCBC

10QBLO%KH#E () - QBLOYKHE ()- OQBLOYKHE L QBLOWKHE () - QBLOYKHE () -
BLOYKHE ()- F'f 109%K#& () - n{r[s[t[Eefr\h"}’ B9 100k #& () BLOYKHE () -

A0AU{ _* PQBLO9K#E () - @10%#& ()- @10%#& O)- [ITIIII[t TBQBLOUBLOYKHE () -
QBLOYKHE () - QbLOYUHR 106&HE ()- BLOY#HE ()- BLOWK#HS () -
QLO%K#& ()- [[[[[[[fJ.]8 100k #&: 0) ﬁx#& ()- @100/«#& ()- BLOYKHE () -
Ao4U[ _*PQBLO%#& ()- [[L[] |<)8Ao4U{-}*Pé§2 1OUKHE( ) -
BLOYKHE () - QBLOYHE ()T BPIKk#& () - [\ oer4®10%<#& ()-

O
OCH,
H
L
HO \/\/O\/
5
EXAMPLE 8-B

+ HO\/\/\ o/\ —

/) N\_/

/\o/\/\/
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WBLOWKHE () - BLOYKHE ()- BLOWKHE ()- BLOYKHE ()- QBLOYKHE () -
- QBLOYHE ()- \\ \I\"\,\-\eE) 3QBL00K#& ()- QBLOYKH& ()- Ao4U[ _* PCBHQoMIY&00) -
BLOYKHE () - QBLOYKH&E ()- -\.\/\0\1\ 6\ 7\ 8\ pT8BLONUBLOYKHE () - QBLOIKHE () -
UQBL0K#E () - BLOYKH#E ()- BLOYKHE ()- QBLOYKH&E ()- QBLOIKHE () -

8\O\ VUMW X\ FJ. 8BQBLO%KHE () - (BLOYKHE ()- QBLOYKH& ()- QBLOIKHE () -
BLOYHE () - Ao4U{ *PX\V\ A\ _\*\a\n\ %ﬁéoo #& ()- AodU[_*PQBLOYKHE () -
BLOYKHE () - QBLOYKHE () - @100/«#&5% fl &/%\ g\ r\ s\ x\ y\ t TSQBLQBLOYKH#E () -
ABLOYHE () - QBLOYKHE ()- QBLOUKH&E ()- QBLOYKHE ()- QBLOYKHE () -
WBLOYKHE () - y\z\{\\\\\bF*8Q$10%<#&() BLOWKHE () - 1QBLOYKHE () -
QBLOYHE () - AoAkY *POBIOY#E () - \\\1\\\\ | PACBIQBLOYHE () - QBLOYHE () -
BLOYKHE () - @10#& TNH10%HE () - BLOWKHE () - QBLOYKHE ()

WA\ ~AS| PAGB1QS1Q510% WBLO%KHE () - QBLOYKH&E ()- QBLOIKHE () -
Ao4U{ _*P\\\\\\\ h&4Ao4 g 0%<#& Q- Q$&8%<#& ()-

° VN NN —
0
N
OCH,4
0
N
HOJ\/O\/\/\O/\
5 EXAMPLE 9-D

NCO HO/\/O\/\O/\ >

I
/’\o/\/ NVZAPYAN

l
H
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QBLOYKHE () - QBLOYKH&E ()- QBLOYKH& () - \\\\\\\\tX<o4U{_*PQ$10%<#&'S)M-
QBLOYKHE () - SQBLOYKHE ()- BLOYKH& ()- BLOWKH&' ()- BLOWK#& ()- 13 MAY 2003
QBLOWK#&E () - \\\\\\\ f F&<QBLO%K#& () - QBLOWK#E ()- QBLOYKHE () -

AOAU[ _*PQBLOYK#E ()- QBLOK#& ()- \\\\\\\ I L<QBlO9%#& ()- QBLOYK#& () -
QBLOYKHE () - QBLOYKH&E ()- BLOYKH&E ()- BLOWKHE ()- BLOYKHE () -
\\\]171711]uh[: Q810% L' SZ109&' () - 10%0 #gg# HTYL09K#&' () - (BLOYKHE' () -
AoAU{ *P],]1718]9]:]:]1<] kKOBQBT 910% (\W Tov&' ()-1T 910%&' ()-T 910%& ()-(T
910%& ()-T 910%& ()- Y10%& ()-<] Al B]C] D b]t]eE% 910%&.()-T

910%& () - AoL| Dj >T 910%& ()-T 910%& ()-T 910%& ()-t]u] vIW x]y]~]]t T8T 9100
910%& ()-T 910%&N.)-T 910%& ()-T 910% ()-T 910%& ()-T 9L0% ()-T

9109%& ()-11111117J. 8T 910% ()-T 910%& ()-T 910% ()-T 94AQU& ()- AoL| Dj >T
910%& ()-1111111 -T 9100& ()-T

poL| D >T 9@\0@@ &910%::_(_)_-1 910
O

o N

EXAMPLE 9-F

O/\/\C' o NN T
@A\/\c/\/o\/\o/\

EXAMPLE 9-G

@A\/\C' N AV N—
©/\\/\s/\/\/o\/

10

15
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9109
9109%&
9109%& (

NN NN AN NN

91T 910%& ()-T 910%& ()

)_
)_
)_
)_
)_
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)_

11111111 kCBAT 910%&

]
109& ()-T 9109&

(§ 1111 €E) 3T 910%&' ()-T 910%: ()-Ad
10% ()-T 910%: () A
)

T 910%&: ()-T 9109%& ()- (T 910%& () -
] () ()= Oy 2403
] AMAAN ADTST 910947 910%& ()-T 910%&' ()-| T

] -

T9 111

TO 11

T 9109 ()-T 910%& ()-T 910%&' ()-T 9109%&' ()- AN&\' A(N)A*AfJ. 8T

T 9109%&' ()-T 910%& ()-T 910%&' ()-T

AOL| Dj >*A+A1A2AZAAAANI* 8T _910%8! é) - AoL| Dj >T 910%&' ()-TT 9109%& ()-T
9109&' () - A*BNCrDMEAFAKN EXRYBRE

9109

9109%&

1T 9109&' ()-LT 910%& ()-T
()-T 910% ()-T 910%& ()-T 910%&' ()- LAM'N'bAg”hAi AbF*8T
“1T_O4BYE (PEM, 910%& () - AoL| Dj >T 9109& () -i Aj AMAAAAAL PAT

D109 ()-+T on W%ﬂ’%" ()-T 9100& ()-T

T
T
T

2N
\l( OCH,
0
Hojvs\/\/\o/\
5 EXAMPLE 9-|
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910%& () - AMANA~ASI PAT 91T 91T 9109&' ()-T 9109%&' ()-T 910%&' ()-T
910%&’ () - AoL| Dj >AMAAAAARGAAOL| D >TT 9109& ()-T 910%& ()-T 9109& ()I-3MAY 2003
9109%&' ()-T 9109&' () - AMANAAAAL X<oL| Dj >T 910%&' ()-T 910%&' ()-T 910%&' ()-T
9109%&' ()-T 910%&' ()-T 910%&' ()-T 910%&' () - "MAAAANFR<T 9109&' ()-T
910%& ()-T 9109%& ()-AoL| Dy >T 910%&' ()-T 910%&' () - "AMAAL<T 910%&' ()-T
9109%&' ()-T 9109%&' ()-T 910%&' ()-T W Qg T 910%& ()-T
910%&' () - "MANMAADE*<T 10% & ()- T FEEGY T 10% & ()- T Y10% & ()-(T
9109&' () - AoL| Dj > A~ pT<T 1% & ()- T 10% 10% & ()- 1T 10% & ()- T

h + HN A~_Oyr ——

O
H
N 0]
AN NN TN
O
EXAMPLE 9-K
0] @)
CISO,0H SOCl,
H > H —
SO,0H
0]
H Q
§__ Cl -+ HO\/\/\O/\ _—>
5 0

Q
HJ\@ 0 CH4P(OE),
—_—
g O~ 0" NaOEt / EtOH

EXAMPLE 9-L

XN OH HO
A S
©A\/YO\/\/\O/\
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10% & ()- T 10% & ()- LT 10% & ()- T 10% & ()- _ ! _3_4_5_6_~bF*<T 10% & () -
0 & () 0 & () 0 & () 0& ()- __'_3.4.56_ @Hﬁ&oé@

T 10% & ()- 1T 10% & ()- TT 10% & ()- T 10% & ()- T 10% & () -
@e f g hi_j_ 0 0S3AT 10% & ()- T 10% & ()- T 10% & () -

EXAMPLE 9-M

Br O Pd(OAC)
2
S CH + CHgN
4 eq P(CgHs)s

0]
|
N O/CHa + HO\/\/\O/\ —_—

EXAMPLE 9-N

+ Br AlCl5
\/\/OH - OH
SQOCl,

O

/O\/\’(Cl + HO A~

O



T10%& ()- T 10%& ()- T 10% & ()- (T 10% & ()- o_p_qg_r f F* 3T 1B0MY 2003
& ()- T 10% & ()- T 10% & ()- AoL3 T 10% & ()- T 10% & ()- pT8T
10960 10% & ()- 1T 10% & ()- TT 10% & ()- T 10% & ()- T 10% & ()- T 10%

& ()- T 10% & ()- fJ.8T 10%

EXAMPLE 9-O

. AICI

O
. HNT>"07N
——
0
/\@ 'l_i
@)
5

EXAMPLE 10

Adhesive Formulations.
Three of the hybrid electron donor compounds from examples 1, 2,
and 3 were formulated into adhesive compositions using a bismaleimide as
10 the electron acceptor. The bismaleimide was derived from amino-terminated
polyoxy-butylenes (Versalink P850, Air Products) and maleic anhydride
according to the procedures outlined in patent number US 4.745.197, using
USP-MD (Witco Corporation) as an initiator.
These adhesive compositions were cured (copolymerization of the
15 electron donor and the electron acceptor) using DSC. Exotherms for each of
these resins appeared to be qualitatively similar in peak, and in peak o onset

characteristics. The results are shown In the following table:
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& ()- T10% & ()- T 10% & ()- T 10% & ()- T 10% & ()- AoL3 J*8T 10%
& ()- AoL3 T 10% & ()- TT 10% & ()- T 10% & ()- T 10% & () - 13tMRB 0T
10% & ()- LT 10% & ()- T 10% & ()- T 10% & ()- T 10% & ()- T 10% & ()- T
10% & ()- ___ fJ.8T

Die attach Onset Peak Temp Onset-to-Peak AH (Jlg)
paste with (°C) (°C) (°C)
hybnd

electron
donor from
Example 1 97.22 112.14 14.92 286.2
Example 2 92.97 107.15 14.8 254.5
Example 3 103.04 126.88 23.84 3258

The same three electron donors were formulated into die attach

adhesive compositions and tested for die shear strength. The adhesives were
5  placed between a leadframe (Pd, Ag, or Cu) and a 120 X 120 mil silicon die
and cured on a hot plate at 200°C for about 60 seconds. Pressure was
applied to the side of the die at room temperature, and when the die and
leadframe assembly was heated to 240°C, until shearing occurred. The
formulations and resulis are reported in the tables below
10

Die Attach Formulation 1

Component Mass (g)
BisMaleimide (Versalink P650) 1.65
(electron acceptor)
Hybrid electron donor from example 1 0.50
Maleic anhydride 8% (Ricon 131) 0.25
(reactive diluent)
Initiator 0.05
Blend of adhesion promoters 0.05
Silver Flake 5.51
Room Temp Die Shear Hot (240 °C) Die Shear
(Kg) (Kg)
Pd Ag Cu leadframe Pd Ag Cu
180 12.0 17.0 2.8 1.4 13
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10% & ()- T 10% & ()- T 10% & ()- T 10% & ()- AoL3 T 10% & () -
"p.8AOL3 T 10% & ()- TT 10% & ()- T 10% & ()- T 10% & ()- T 10% & (
& () @EKK+T 10% & ()- T 10% & ()- T 10% & () -

& ()- T10% & ()- T

Die Attach Formulation 2

AN

Component Mass (g)
BisMaleimide (Versalink P650) 0.68
(electron acceptor)

Hybrid electron donor from example 2 0.50
Maleic anhydrnide 8% (Ricon 131) 0.14
{reactive diluent)
Inthator 0.028
Blend of adhesion promoters 0.028
Silver Flake 4.13
Room Temp Die Shear Hot (240 °C) Die Shear
(Kg) (Kag)
Pd Ag Cu leadlrame Pd Ag [ Cu
16.0 19.0 16.0 3.2 18 | 0.8
Die Attach Formulation 3

Component Mass (g)
BisMaleimide (Versalink P650) 2.26
(electron acceptor)

_Hybrid electron donor from example 3 0.50
Maleic anhydride 8% (Ricon 131) 0.32
reactive diluent)
Initiator 0.064
Blend of adhesion promoters 0.064
Silver Flake 9.63
Room Temp Die Shear Hot (240 °C) Die Shear
(Kg) (Kg)
Pd Ag Cu leadframe Pd Ag | Cu
7.1 7.4 5.6 2.2 16 ] 1.4
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10% & ()- EFGHI JMN. +
& ()- T10% & ()- MOR\ 1"
& ()- T 10%& ()- T 10% & (
10% & ()- -T 10% & ()- ' AoL

T 10% & ()- AoL3 T 10% & ()- T 10% & () ﬂf{@na
“a’ cGHT 10% &T 10% & ()- T 10% & () - T131F5

)- T 10%& ()- ac f g h'i’j }aE)+T 10% & () -

3T 10%& ()- T 10%

WHAT IS CLAIMED |S:

1. A compound having the structure:
R
Ra
R2 \
R
A S
' ——Qg———X——2—0 \ R
/ \/ 8
G o1 R
in which

RY, R% and R® are independently hydragen or an alkyl group having 1
to 12 carbon atoms;

R* R and R® are independently hydrogen, a methy! group or an
ethyl group;

G is ~OCHj;

Q Is an alkyl group having 1 to 12 carbon atoms;

Xis
1
T o
]l
/N\c/ ~n N N~ °N N/
I i} VR
O , T or R R!
and
Z is an alkyl group or a polyether.
2. A compound according to claim 1 selected from the group of

compounds having the structures:
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10% & ()- T 10% & ()- "~ " vU410% T 109NX)N& ()- T  MLOYANX) N& ﬁ&y

- 10980NX) N&' () - T L' Z1I0ONX) N&' ()- 10 10 10 T #7F10% & ()- """ aa|[13/ 1808 T
A0 A(M& ()-T T 109NX)N& ()-T T SI0YNX)N& ()-T T 109NX) N&' () -

@OYNX) N& ()- T s10%NX)N& ()-a\aaaaaal[:vU410% T T #F10%NX) N& ()-T T
+F109NX) N&' ()-T @B10% L": & ()-T <S10%66& ()- T S109N N& () -

S1090NX) N& () - aa! bEbbbbb| [ >141010NX) NF 1090NX) N& ()- T 9109NX)N& ()-T T

01094X) N&' () - Tamd s- SLOUNX) N&' () - %40% X) & () -
\ 9%4.0%/ V& () - bbbbbbbba?41010NX) N! 4- 10% t & ()-, W10% & ()-,T'* 10% & ()-S
T 10% ()-S T S&SF10% & () -IQNX) NLONX) NobbbbbbbbxW=01010! 10! 10! T
910% & ()- 1210% & ()-M T
& 10% & ()-! @ 10%& ()-!10%& () - Ybbcc(c: cDe|[: J=01010! /9, 10%z 0& ()-
9,104 & ()- T sf10% & ()- @ OBYR ()- T F10% & () -

, &Z10% & () - DcMeccecece| [ J o 010!]| - % 10%r m& ()- T % 10%& ()- T
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3, A compound having the structure!
G
6,1\__ R4
5
Q_—_—{\Q 0.1'_X'—Z—-—-0)\(R
R1 R? R
in which

R' and R? are Independently hydrogen or an alkyl group having 1 to
12 carbon atoms;

R*, R®, and R°® are independently hydrogen, a methyl group or an
ethyl group,

G is ~OCH,,

Q is an alkyl group having 1 to 12 carpon atomns;

Xis
?1
SN T ~o O
1l
0 ' IL1 , 6’ . —8— or—'o_;

and

Z is an alkyl group.
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6. A curable adhesive composition comprising & compound according to

any one of claims 1 to 4 and a conductive or nonconductive filler.

7. A curable adhesive composition comprising a compound according to
any one of claims 1 1o 4 and zat least one copolymerizable electron acceptor
compound selected from the group consisting of fumarates, maleates,

acrylates and maleimides, and optienally a conductive or nonconductive filler.

8. A semiconductor package in which g silicon ¢chip is adhered to a
substrate with an adhesive comprising a2 compound according to any one of

¢claims 1 to 4.

9. A semiconductor package in which a silicon chip is adhered to a
substrate with an adhesive comprising a compound according to any one of
claims 1 to 4, &t least one copolymerizabls electron acceptor compound
selected from the group consisting of fumarates, maleates, acrylates and

maleimides, and optionally a conductive or nonconductive filler.
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