2 1 NOY 2003 5 CURABLE ELECTRON DONOR COMPOUNDS This invention relates to
"el ectron donor conpounds and to curable 10 adhesive conpositions
contai ning the el ectron donor conpounds. Adhesive conpositions,
particularly conductive adhesives, are used for a variety of pur@dNg¥ A8
the fabrication and assenbly of sem conductor packages and m croel ectronic
devi ces. The nore prom nent uses are the bonding of integrated circuit
chips to |l ead frames or other substrates, and the 15 bonding of circuit
packages or assenblies to printed wire boards. There exist-electron
accept or/ donor adhesives for use in | ow nodulus adhesives, particularly in
fast-cure adhesives for chip attach applications, in which vinyl ethers
are the el ectron donors. However, the nunmber of suitable vinyl ethers as
donors is limted due to their low boiling points, high volatility, 20 and
difficult preparations. Thus, there is a need for the devel opnment of new
el ectron donors suitable for use in adhesives applications. This invention
relates to €l ectron donor conpounds conprising an electron donor group
attached to a nolecular (small nolecule) or polynmeric group. The el ectron
donor is a carbon to carbon double bond connected to 25 an aromatic ring
and conjugated with the gprasu atg@RINDORERTSIBGUGREI Ng. -1 Z i NOV 2003
The presence of electron donating substituents on the aromatic ring wll
increase the electron density on the carbon to carbon doubl e bond, |[eading
to higher reactivity. The reactivity wll also be affected by steric

This invention relates to electron donor compcunds and to curable

10 adhesive compositions containing the electron donor compounds.

Adhesive compositions, particularly conductive adhesives, are used
for a variety of purposes in the fabrication and assembly of semiconductor
packages and microelectronic devices. The more prominent uses are the
bonding of integ-rated cireuit chips to lead frames or other substrates, and the

15 bonding of circuit packages or assemblies to printed wire boards.

There exist electron acceptor/donor adhesives for use in low modulus
adhesives, particularly in fast-cure achesives for chip attach applications, in
which vinyl ethers are the electron donors. However, the number of suitable
vinyl etheArs as donors is limited due to their low boiling points, high volatility,

20 and difficult preparations. Thus, there is a need for the development of new
electron donors suitabie for use in adhesives applications.

This invention relates to electron donor compounds comprising an
electron donor group attached to a molecular {small molecule)} or polymeric
group. The electron donor is a carbon to carbon double bond connected to

25 an aromatic ring and conjugated with the unsaturation in the aromatic ring.



interaction. An increase in the nunber of al kyl substituents on the carbon
to 5 carbon double bond will decrease the reactivity; preferably, ij v
substituents on the carbon to carbon double bond will be hydrogen, oq @H?|
be hydrogen wth a nethyl group as the only other substituent. The

el ectron donor is linked to the nol ecular or polynmeric group through a
l'inking group that is the product of the reaction between a 10
functionality on thelEIPERSEPSSPF BIGFHIERN denfing sekstifugnts o (e aramaticridhal ity on the
nol ecul ar or pohyneric roqﬁpngéternah%vely, the el ectron donor group may

be attached to"t H&CRH ELEHP NP LY HECRLECY PO P RP RGPS coupl i ng
ti i Lch the ) .t ban. doubl e bond t | to th
IR R e L

The molecul ar QticR@kTRh -l OHhd R diPorBl SBERRHY ihd RSy 10 @1 Kane (W Lh

cyclic noieties), a siloxane, polysiloxane, KoxXy- term nated
si | oxane or 5polsfich Q¥@NEpond witle¥REASHe réacRRAl ¥Rt Sy, i sRRkYEHEt hane, a

pol y(but adi ene), or an aromatic, polyaronmatic, or %eteroaronatlc group.
Thi's invention dnshétaBitbnao caib@bdotble @EMOFIl b BUr6RATI:iwdi fechyodgedr nore 20 of
the inventive el ectron donor conpounds, and optionally a curing agent and
one or nore fi l4ibragretlhpsup avibabnlpothessudkttigena cur abl e conposition
conprising one or nore of the inventive el ectron donor conpounds and one
or nmore copol yrer i zabeeecErnedoneds linked éphe moleowigren nelgnergradouppt i onal |y a
curing agent and one or nore 25 fillers. Suitable electron acceptor

conpounds for CIBBITVAIEKNG gtove Hiakie erriprick! e repriomeateeRnes, for exanpl e,
dioctyl malgate, dibULYL (TBLERL e rofarira datadiod Rinctionality on the

molecular or polymeric group. Alternatively, the electron donor group may be

attached to the molecular or polymeric group through a coupling reaction in
which the carbon to carbon double bond external to the aromatic ring (of the
electron donor) ié formed during-the reaction.

15 The molecular or polymeric group may be a branched or linear
alkane {with cyclic moieties), a siloxane, polysiloxane, a C4 to C4 alkoxy-
terminated siloxane or polysiloxane, a polyether, a polyester, a polyurethane,
a poly(butadiene), or an aromatic, polyaromatic, or hetercaromatic group.

This invention is also a curable composition comprising one or more

20 of the inventive electron donor compounds, and optionally a curing agent and
one or more fillers.

This invention is also a curable composition comprising one or more
of the inventive etectron donor compounds and one or more copolymerizable
electron acceptor compounds, and optionally a curing agent and one or more

25 fillers. Suitable electron acceptor compounds for copolymerization are

fumarates and maleates, for example, dioctyl maleate, dibutyl maleate,



52z n Structure 11: Structure Ili: G O0.1.2\ 10 dioctyl fumarate, dibutyl
fumarate. Resins or conpounds containing acrylate and nal ei m de
functionality are other suitable electron acceptor materials. The el ectron
donor conpounds of this invention will have one of the structuresdefiVciigd
here: Structure 1. inwhich zn Q@,1znnis 1to6; A is an aromatic or
het eroaromatic ring or fused ring having 3 to 10 carbon atons within the
ring structure,do Hmeere. tdfli’étyl"fé'ﬁ’éﬁa@aﬁf’ﬁ@sﬁh%f’”@@“ws conginipg agylals R | R2, and

R3 are independe en, an a

hyd - S R T an
or Ar as descrl%‘:;,3 %%’8%8?“%%40@?{@;gr&o%peyﬁmgbl Igciéoﬁ\éc%toéwttqr@%, carbon atons

The electron donor compounds of this invention will have one of the

structures depicted here:
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Ar is an aromatic or heteroaromatic ring or fused ring having 3 to 10
carbon atoms within the ring structure, in which the heteroatoms may be N,
15 O, or S;
R', R? and R® are independently hydrogen, an alkyl group having 1

to 12 carbon atoms, or Ar as described above; preferably, R', R"', and R® are



21 NOV 2003 hydrogen or an al kyl group having 1 to 4 carbon atons, and nore
preferably are all hydrogen; Gis -OR4, -SR4, -N(R)(R2), Ar as described
above, or an alkyl group having 1 to 12 carbon atons, in which R Rﬂl E@
are as described 5 above and R4 is Ar as described above or an aI'ﬁ(f/1 0 Ep
having 1 to 12 carbon atons, preferably | to 4 carbon atons; Qis an al kyl
group having 1 to 12 carbon atons; Xis 10 RL O 11 15 NGCGS | RL1RL O
11 \SiC -4 Z 1 Nxba200B8arbalkyl group having 1 to 4 carbon atoms, and more preferably

are all hydrogen;
G is -OR", -SR*, —N(R"}(R), Ar as described above, or an alkyl
group having 1 to 12 carbon atoms, in which R' and R? are as described
5 above and R* is Ar as described above or an alkyl group having 1 to 12
carbon atoms, preferably 1 to 4 carbon atoms;

Q is an alkyl group having 1 to 12 carbon atoms;
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Z is an alkyl group, a siloxane, a polysiloxane, a C, to C, alkoxy-
terminated siloxane or pelysiloxane, a polyether, a polyester, a polyurethane,
a poly(butadiene) or an aromatic, polyaromatic, or heteroaromatic group.
Starting materials for preparation as the Z group are commercially available
from a number of scurces; for example, aromatic and polyaromatic materials
may be obtained from BASF or Bayer; siloxanes and polysiloxanes from
Gelest; polyethers from BASF, polyesters from Unigema or Bayer,
poly(butadiene)s from Elf-Atochem; polyurethanes from Bayer or BASF; and
the branched or linear alkanes from Unigema. Some of these sources will
have available Z materials aiready functionalized for reaction with a co-
reactive functionality on the electron donor; in other cases, the practitioner
will need to functionalize the materials in preparation for reaction with the
electron donor starting material.

The Z groups may contain cyclic moieties or heteroatoms, and may

contain pendant hydroxy! or thiol groups depending on the synthetic route for

5-



or Zis an al kyl group, a siloxane, a polysiloxane, a C, to C4 al koxy-
term nated sil oxane or polysil oxane, a pol yether, a polyester, a

pol yur et hane, a pol y(butadi ene) or an aronatic, polyaromatic, or

het eroaromatic group. 10 Starting materials for preparation as the Z| §i\baf}
are comercially available froma nunber of sources; for exarrpl e, aromatic

d I t be obt d f BA! F il
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these sources Wibdxy riraiRafy dd 25b& \%w@f{t@ﬁbeéﬁdaﬁﬂﬁy%wofmparbwal i zed for
reaction with a co- reactive functionality on the el ectron donor; in other

cases, the practiti omed exatd dolnpbsRd oF MoletingrtweRiRadfizzie nbthatidipbesd al s in
preparation for reaction with the electron donor starting material. 20 The
Z groups nays comventinn eydodan camye ivédel yaeperdingenersoratormentarfithemyd cont ai n
pendant hydroxyl or thiol groups depending on the synthetic route for -6 21
NOV 2003 maki ngudfer te¢ eleetion fots nomPeofp dmepmppglionesi4i9ph b¢ clidsene of the
starting corrpounds contains a hydroxyl or thiol functionality that is
reacted with an Ogé\‘ﬁéfe;c'f?w&fwabwaww in @ Al rgylaen. e ps cenftegicdl a pendant

hyd | hi ol h f
o i on 1 oPerdieRrriie S S an RO o e, SataBra oo on the-

o oo o API oHBe] T, LALLM, SR s e
final formi@ti golymseBndSyil ip8@hB8HiIRAL 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 usedr in this specification, aromatic means a compound that meets
15 the classical definition of an aromatic compound, that is, it contains cyclic
clouds of delocalized = electrons above and below the plane of the molecule
and the n clouds have a total of (4n + 2) electrons.
These electron donor compounds can be prepared through standard
addition or condensation reactions between a functionality on a starting
20 material containing the electron donor group and a co-reactive functionality
on a starting material containing the molecular or polymeric group, or through
common coupling reactions such as the Wittig, Heck, or Stille reactions. For

example, useful starting compounds for the electron donor moiety are

cinnamyl alcohot or chloride and 3-isopropenyl-at,a-dimethylbenzyi
25 isocyanate. Although one skilled in the art can devise suitable variations in
reactions, the variations will be guided in practice by the commercial

avattability of starting materials or ease of synthetic routes.



properties, hydrophilic or hydrophobic properties, toughness, strength, or
flexibility. For exanple, a low | evel of crosslinking and free rotation
about 10 polyneric bonds will inpart flexibility to a conpound, and the
presence of siloxane noieties will inpart hydrophobicity and flexibjli t){.
The nol ecul ar wei ght and chain length will affect viscosity, the hi N& 2001
t he nol ecul ar weight_ and the |Ionger the chain | ength, the higher the
viscosity. As used iRerrefestadysenineticapyierincldionati ¢ neans a conpound t hat
meets 15 the c]assical definjtion of an aromat] onpound, that is, it
contains cyclich cld EléeaBtPO”cPéISB“CVQP?tE@HCHﬂ”%@Yg@ld’ﬁ’ﬁ&"’%&\?@%’ﬂﬁebel ow t he

pl ane of the nolecule . and t 71 .cl ouds have t | + 2)

el ectrons. Thesoer%éﬁé'(?{tﬁf%ﬂoncfﬁ)!&g? Crg%t“ﬁﬁgﬁrnaggtgaﬁe g t@%‘%ﬁ%ﬁ%&é l{ rRira' el'Jgh st andard
addition or con@g&%@\yewon reacti ons between a functionality on a starting 20
mat eri al containing thé el ectron donor group and a co-reactive :

functionalitsy 2n a st ahdstitGnbBEbLN GOND BLRbRE of NPariBé; R Uil &iolor  pol ymeri ¢
group, or through conmmon coupling reactions such as the Wttig, Heck, or
Stilte reacti onenctibadlity te xraatelae ethes @fite o tHiu-éthergnicgapespedisvefypr t he el ectron
donor noi ety are cinnanyl al cohol or chloride and

3-i sopropenyl - a3.a- di tretdaytidoen aly bpoR$ funstvoylanaitiel) drokdwgli) emieeski |l ed in the
art can devise suitable variations in reactions, the variations will be
gui ded i n pr act §ig hichlun¢tivaalgoimereatei agl ethea\agiinetsithie-eiperdinkagear t i ng materials or
ease of synthetic routes. -7 z 1 NOV 2003 Representative synthetic routes
include: 1. thed®fRESEENon of isocyanate functionality with (i) hydroxyl: or

,E Ih: E)Cgm)gﬁ;toeolr i (nL;L]‘}ér:eterI]éc rlon Iﬂ%%%cirr?p%%éstc\én l-bg bl%ﬂt?e%t\nﬁth%le%%rpamt €, urea or
acceptor compounds, such as fumarates, maleates, acrylates, and
maleimides, for co-polymerization to form cured adhesive compositions for
use in a wide variety of applications. Suitable fumarates and maleates are,
for example, dioctyl maleate, dibutyl maleate, diocty! fumarate, dibutyl

15 fumarate. Suitable acrylates are numerous and are commerciaily available,
for example, from Sartomer. Suitable maleimides are 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,

20 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 initiatars and photoinitiators

25 present in the adhesive composition in an amount of 0.1% to 10%, preferably

0.1% to 3.0%, by weight of the electren doncr compound. Preferred thermal

initiators include peroxides, such as hutyl peroctoates and dicumy! peroxide,

-8-



respectively; 5 2. the substitution of a halogen with (i) hydroxyl; or (ii)
amne; or (iii) thiol functionality to create an ether, am ne or

t hi o-ether |inkage, respectively; 3. the reaction of an epoxy fun@t’iNﬂMaﬂﬂiﬂty
with (i) hydroxyl; or (ii) amne; or (iii) thiol functionality to create
an ether, amne or thio-ether |inkage, respectively. 10 The el ectron donor

d b | ended wi,.th el ectr . t ds, h
compounds can be PLEed A 1,8l SOLISD B ool SomOd such o | "
form cured adhe%o%@&#@&m—%ht‘ah%ﬂﬁmf %prﬁgﬁgda%erﬁe?‘of hglgin}{igtrolsqg el

applications. Suita mar at es an es are or exanpl e, dioctyl

mel eat e, di but ybodBlRANE trallnRel Vdachid TR CHapeuRWninichR. THiBHeat €. Suitabl e
acrylates are nunerous and are commercially available, for exanple, from

Sartoner. Suit ablfuiaRheibBihdesmanetiibe s @dioinftalioreXa RsirabhC@erding to
procedures described in US patents 6,034,194 and 6,034,195 to Dershem The
el ectron dorfor eempindsutgprdresd cnmelsartedby intdatad hedivelater 20 coat i ng,
potting or encapsul ant conpositions that are well suited for use in

el ectroni cs appbieessingaiep caring cérobedmplstesity tpy arfpbgation of hektitb contai n one or
more curing agents and conductive or nonconductive fillers, and may al so
cont ai n st abi | i 29°AGPisBHFSsTEE cCUBRdhesi on prompters or coupling agents.

Exenpl ary curing agents are thermal initiators and r[r)whotoi nitiators 25

present in the aghesln\ﬂén?alrr%%ﬁ cto_f’E’HSii‘%‘s Wl cHrRoYIRN BTty reaee Yoy
br ot or red t her kI C T AR a8 et Rpe? e 6ut B SEOBAST per oct oat es
and di cunyl 1dP€r Wgeqw%wsf ghe time and temperature curing profile of each formulation will
vary with the specific electron donor compound and the other components of
the formulation, but the parameters of a curing profile can be determined by a
practitioner skilled in the art without undue experimentation.
Suitablé conductive fillers are carbon black, graphite, gold, silver,

15 copper, platinum, palladium, nickel, aluminurm, 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,

20 vinylidene chioride, and vinyl chloride. When present, fillers will be in
amounts of 20% to 90% by weight of the formulation.

Suitable adhesion promoters or coupling agents are silanes, silicate
esters, metal acrylates or methacrylates, titanates, and compounds
containing a chelating ligand, such as phosphine, mercaptan, and

25  acetoacetate. When present, coupling agents will be in amounts up to 10%
by weight, and preferably in amounts of 0.1% to 3.0% percent by weight of

the electron donor compounds.



2 Z NOV 2003 and azo conpounds, such as

2,2'-azobi s(2-net hyl -propanenitrile) and 2,2'-

azobi s(2-methyl -butanenitrile). A preferred series of photoinitiators is
one sold under the trademark Irgacure by Ci ba Specialty Chemcals,,|

formul ations, both thermal initiation and photoinitiation may be dé%iNE%tgﬁﬁe
for 5 exarrple t he curln&qprocess can be started ui\{lﬂlrr diation, and in a

later processing stéﬁ‘d‘é‘ ihg 'emHatRes B5PEEB OBRPY AR ARG cati on of heat
to acconplish tc{ae&? g rﬁ%{hr@éy% touﬁﬁ@nsfoe@%%m‘aﬂﬁc Gemgt%nyogpﬁtl ons will cure

vmthlnaterrper curlngvvl be effected

wthin a range ohobenangends, b8 leldnRhniacnaTha bides f0ck terper at ure

curing profile of "each on w the ic electron

donor conpound ape: BM%SOEM§RI&QW9'B@@ I‘gﬁ)ltanc %Q@nél %rugﬂjésata' on, but the

parameters of a curing profiTe tan termned by a practitioner skilled

in the art ‘@'tWcﬁ@%%olﬁ&ﬂ%éd@?%B@?H@%Iy%@hie@bét%hfﬁ%ﬁﬁ}l ve fillers are

carbon bl ack, graphite ver, copper ti num palladi um

ni ckel , al um nudBrbosy- ldrramate@authbﬁie.le rbﬂieoanmcwp'mbwene diy@monwden and al um na.

Sui tabl e nonconductive fillers are particles of vermculite, mca,

wol'| astoni te, gakwEnhlyihesacdngabds, mdytteame@amsand) togibags 5% hysedght si | i ca, funed
silica, bariumsul fate, and hal ogenated et hyl ene polymers, such as

tetraf | uor oet hydféeeslectren dongoeaserchyd-ene, vinylidene fluoride, vinyl

fluoride, 20 vinylidene chloride, and vinyl chloride. Wien present, fillers
will be in anounts BF ?‘@%“@&X@WGWOM?F&W”@FV%EH@"P%F?HEPF ation. Suitable

adhesi on pr%m)ters or. G ggeac ng goﬁ rétsrearre si l.an f?t Snlclol cate . esters, met al
acrylates off nerHRevyareteacls B EPEEPaRIFT SRS SEHIY “R8Pa AT g o
chel ating |1 gang,q3KGR&shaRRasPh f)en. iRk SAPEAR. #8%xamples are

illustrative of the invention and are not intended as a limitation.

In these exarnples, fnc-Cse-fnc represents a mixture of isomers
resulting from the dimerization of oleic and linoleic acids followed by
15  conversion to the appropriate functionality in which fnc is —OH for alcohols,
—NH; for amines, and —NCO for isocyanates;

Ifn(:.
fnec —Cgy
!

fnc represents a mixture of isomers resuiting from the
trimerization of oleic and lincleic acids followed by conversion to the
appropriate functionality in which fnc is -COQCH for carboxyl groups, -CH-OH
20 for alcohols; and
Css within @ compound represents a mixture of isomers of linear and
branched chain alkyls having 36 carbon atoms, which is the residue of the

dimer or trimer acid in the compound, after the exemplified reaction.

-10-



25 acetoacetate. When present, coupling agents will be in anmounts up to 10%
by wei ght, and preferably in amunts of 0.1 %to 3.0% percent by g¢Wg?§@ﬁf
the el ectron donor conpounds. -9 21 Nov 2003 In addition, the fornulati“ods
may contain conpounds that lend additional flexibility and toughness to
the resultant cured material. Such conmpounds may be any thernoset or
thernopl astic nmaterial having a Tg of 150C or less, and typically wll be
a polynmeric material, such as, a 5 Eﬁ%@%&ﬁ@late, pol y(but adi ene), pol yTHF
(pol yneri zed teLLahydrofuran), car boxy-term nated butyronitrile rubber and
pol ypropyl ene gl ycol. When present, these conpounds may be in an anount up
to about 15% by weight of the electron donor ggmpound. The foll ow ng
exanpl es show rsent ati ve+el ecti¥ofeedétibr ﬁ%ﬁunds and reactions for
their preparati On @ectron donor reacti'on cproducts were characterized

by IH NWVR and FT-I1R e exanples are illustrative of the invention and
are not intended as a limtation. In these exanples, fnc-C36-fnc represents
a mxture of isoners gsulting fromthe dinmeridgation of oleic and linoleic

te functionality in which

fnc is -OH for al cohol for isocyanates; fnc

fnc C51 fnc represents mugeoekhysgﬁgﬁﬂ r ing fromthe
@] O
5 3-Isopropenyl-o,a-dimethylbenzy! isocyanate (m-TMI) (35.6 g, 0.177

mole} was solvated in toluene (100 g) in a 500 M! three-necked flask
equipped with a mechanical stirrer, addition funne! and nitrogen inlet/outlet.
The reaction waé placed under nitrogen, and 0.033 g of dibutyltin dilaurate
{catalyst) was added with stirring as the solution was heated to 90°C. The

10 addition funnel was charged with HO-C1s-OH (50.12 g, 0.0884 mole) (Pripol
2033, Unigema) dissolved in toluene (50 g). This solution was added to the
isocyanate solution over ten minutes, and the resulting mixture heated for an
additional three hours at 90°C. After the reaction was allowed to cool to room
temperature, the mixture was washed with distilled water three times. The

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

removed in vacuo to give the product in 83% yield.

-11-



trimerization of oleic and linoleic acids foll owed by conversion to the
appropriate functionality in which fnc is -COCH for carboxyl groups, -CH2OH
20 for alcohols; and C36 within a conpound represents a m xture of isomers
of linear and branched chain al kyls having 36 carbon atons, mhicp]Nm,Zm?
residue of the dinner or trinmer acid in the conmpound, after the
exenplified reaction. -10 21 NOV ZoggA LE 1 + HO-C36 OH Sn(li) ,
toluene 90CHH NOC36. ..0g-NO sopropenyl - a, a- di et hyl benzyl

i socyanate (mTM) (35.6 g, 0.177 nole) was solvated in toluene (100 g) in
a 500 M three-necked flask equipped with a nechanical stirrer, addition
funnel and nitrogen inlet/outlet. The reaction was placed under nitrogen,
and 0.033 g of dibutyltin dilaurate (catalyst) was added with stirring as
t he sol uti on was heat et j© o4 The 10 addition funnel was charged with

HO C36- OH (50. 12 g, 84 nole) (i pEIN-CROB8B0 U (glssolved-in

tol uene (50 g). This 36fution was added to the is&&FEhaY%e sol ution over
ten mnutes, and the resulting m xture heated for an additional three

hours at 90C. After the reaction allomedoto cool to room tenperature,
the m xture was washed —watef- %hree times. The 15 isol ated
organi c | ayer was dri ed 884 fH I tsérdad aﬁvent

5

OCN-C36-NCO (DD 1410, Henkel) (98.79 g, 0.164 mole) was
solvated in toluene (100 g) in 2 500 mL three-necked flask equipped with a
mechanical stirrer, addition funnel and nitrogen iniet/outiet. The reaction was
10 placed under nitrogen, and 0.04 g of dibutyltin dilaurate (catalyst) was added
with stirring as the solution was heated to 90°C. The addition funnel was
charged with cinnamy! alcohol {(44.01 g, 0.328 mole) dissolved in toluene (50
g). This solution was added to the isocyanate solution over ten minutes, and
the resulting mixture was heated for an additional three hours at 90°C. After
15  the reaction was allowed to cool to room temperature, the mixture. was
washed with distilled water three times. The isolated organic layer was dried
aver MgSQO,, filtered and the solvent removed in vacuo to give the product in

94% yield.

12-



removed in vacuo to give the product in 93%yield. Z 1 NOV 2003 5 OH
EXAMPLE 2 + OCNFC NCOO O Il Il 0-Gi-CG-Q0O0 HHSn(lIl) toluene C

OCN- C36- NCO (DDl 1410, Henkel) (98.79 g, 0.164 nole) was sol vatedzimwv 3
toluene (100 g) in a 500 nL three-necked flask equi pped with a necha ,CZQQ
stirrer, addition funnel and nitrogen inlet/outlet. The reaction was 10

pl aced under nitrogen, and 0.04 g OEXQMBE%W tin dilaurate (catal yst) was
added wth stirring as the solution was héated to 90C. The addition funnel
was charged with cinnanyl al cohol (44.01 g, 0.328 nole) dissolved in
toluene (50 g). This solution was added to the isocyanate sol ution over
ten mnutes, and __the rs(HIti ng m xture wasgheatedol®@e an additional three
hours at 90C. Af 15 t hé rgactiOefisw® al | owmed—to2*ool to room
tenperature, thess xture was washed with di SC¥#IN2EH water three times. The
i sol ated organic |layer was dried over MJSH, filtered and the sol vent
renoved in vacuo to give the product in 94%yield. 21 NOV 2003

oo

5 HO-C3s-OH (Pripol 2033, Unigema) (54.36 g, 0.096 mole), 50%
NaOH (400 mL), tetrabutyl ammonium hydrogen sulfate (13.8 g, 0.041 mole),
and cinnamyl chloride (33.69 g, 0.221 mole) in toluene were stirred for five
hours at 53°C, then for 15 hours at 75°C. The reaction was allowed to cool to
room temperature and the organic layer extracted and washed with brine

10 three times. The isolated organic layer was dried over MgSO,, filtered and

the solvent removed in vacuo to give the product in 95% vyield.

EXAMPLE 4

?/\0/\/\%’0 %i/o E:ii/\_/\o/\((lj +

Amberlyst Ay

\/\OH foluene 110C
—
| | |
NN T O T Si- 01810 S TN 0 Y o N
OH | . OH

wheren is 9.

15

13-




EXAMPLE 3 O C3 Bu4NHSO4/t ol uene 50% NaOH 5 HO Cis-OH (Pripol 2033, Unigemm)
(54.36 g, 0.096 nole), 50% NaCOH (400 nmL), tetrabutyl anmoni um hydrogen
sulfate (13.8 g, 0.041 nole), and cinnamyl chloride (33.69 g, 0.221 nole)
in toluene were stirred for five hours at 53C, then for 15 hours z Eig.
The reaction was allowed to cool to roomtenperature and the orga i & Wﬁr

t t ed d hed th b i |
s aC T od e e A PP R S e B e B B R T e T b g o
the product ' n 8%43’(3{@:6)' %&‘%W&Tﬁycﬂnr!a Ia‘cr‘co?'\oIQZ '@8 ésol%@gl )Enwd an 9. d

HO- C3- OH |
ion exchange resin (2 g) (Amberlyst A-21) were heated together at 110° C for

20 hours. The ion exchange resin was separated from the reaction mixture

5 to give the product in 94% yield.

EXAMPLE 5
%
HOOC. . _cooH  LiaH,  HOHG  cH,0H
ol ?51 Sn(ll)
COOH CHZOH
O 0
&\ il
N~ O/\Cs/\O,C\
| i
H H
Q .
Y 55 X
2
\

10
A suspension of LiAlH, (0.84 g, 0.022 mole) and ether (100 mL}in a

dry 500 mL three-necked round-bottom flask equipped with a reflux
condenser under nitrogen was cooled to 0°C. To this was added slowly
trimer triacid (10 g, 0.011 mole} in ether {50 mL). The reaction mixiure was
15 stirred at room temperature for five minutes. Water was added {100 mb) and
the salt was removed by filtration. The organic layer was separated and
dried over MgSO4. The solvent was removed under reduced pressure to give
the trimer triol.
3-Isopropenyl-a,a-dimethylbenzyl isocyanate (m-TMI} (3.57 g, 0.018
20 mole} was solvated in toluene (100mL) in a 500 mL three-necked flask

-14-



OH n -13 21 NOV 2003 Epoxypropoxypropyl term nated pol ydi nethyl sil oxanes
(DMs-E12, Gelest Inc.) (10 g, 0.01 nole), cinnanyl alcohol (2.68 g, 0.02
nol e) and an ion exchange resin (2 g) (Amberfyst A-21) were heated
together at 1100 C for 20 hours. The ion exchange resin was sepagﬁiw[ﬁom
the reaction mxture 5 to give the product in 94% vyi el d. EXAMPLE s,

CCOCH Li Al H4 Q\ f
Li AJH4 I(o 84 g,e%'Pﬁ%‘g &]%? g%*éﬂl&ﬁ'%ﬁ&d@% %1 anq.lnlgogea WS@!B@?”S' on o
t hr ee- necked rgH_| b({[%%g% fil %ﬁlﬁﬂge%ﬂtrgg an‘éﬂ%bul;ﬁlmvﬁgur%r(o sondenser under

nitrogen was c I'mer*triacid (10 g,

0.011 nole) in & %sha%eé@% Ty a%\g% soﬁﬁ&wtﬂe%%(q% Fdodr & |tr’bﬁdﬂ‘ﬁéi”ed at room

tenperature for tfive mnutes. ter was added (100 ni the salt was
renmoved by fil tw&tdhg@edmeth@ﬁrww {5aY£ 0 0vesmsIe Rl Bdinadigrdr | ed over

MySO4. The sol vent was renmoved under r educed pressure to give the trinmer
triol. 5 {50mL). This solution was added to the isocyanate solution over 10 minutes,

and the resulting mixture heated for an additional three hours at 80°C. After

the reaction was allowed o cool to room temperature, the mixture was

washed with distilled water three times. The isolated organic layer was dried

over MgSQ,, filtered, and the solvent removed in vacuo to give the product in

10 95% yield.

EXAMPLE 6
HO | é OH
N e V- ?i0/|l\/\/\0/\/ +
n
2,
Sn (i)
toluene 90C
NCO —
. AN P
H | H

rLj“c/o\/\G/\/\éi’o Si0 ?i\/\/\o/\/o\c/'l\J
5 ] ;
15
where n is 9.
3-Isopropenyl-o, c-dimethylbenzyl isocyanate (m-TMI) (8.05 g, 0.04
mole) was solvated in teluene (50 g) in a 250 mL three-necked flask
equipped with a mechanical stirrer, addition funnel and nitrogen inlet/outlet,

20 The reaction was placed under nitrogen, and dibutyltin dilaurate {0.003 g)
-15-



3-1sopropenyl -a, a-di mret hyl benzyl isocyanate (mTM) (3.57 g, O.

nol e) was solvated in toluene (100m.) in a 500 nL three-necked
1 NOV 2003 equi pped with a nechanical stirrer, addition funne
inlet/outlet. The reaction was placed under nitrogen, and dibu
dilaurate (0.001 g) was added with stirring as the solution he

T.he addi ti on fu‘PQ&édde ?%%ﬁg%%%hevgo ut:org p%eatedrtb B@JE'; t’l"(’q% %dt% f%r}_n%r

dissolved in to

uene Ion was a € i

sol ution over 1Qa§r&h%|'bte@§ﬂth cQ*QHo!Z%er@ﬂé iheﬂgd mlﬁﬂlﬂlg%g%fgr

addi ti onal

three hours at 90 the reaction vias al omed

018 20
flask -14 2
and nitrogen

I
;%/ggl to ZQ[BJC

0. 0059 nol e)

socyanat e
an

to cool to

room t enper at ur €415 4J2@atld AdrGBleNRT.) (YOS vard Méfasdbasédlh tdnwelsey). three tines.
The isolated organic |ayer was dried over NgSCﬂ filtered, and

renoved in vacuvmiamgbu®a$bﬁmpnﬂdu@qunme&au@ﬁQ@MﬂeidmuE&AMBME 6 HO 10~
[~O-~Si" 15 CH nl SiOn Sn (Il1) toluene 90C

5  resulting mixture heated for an additional three hours at 90°C. After the
reaction was allowed to cool to room temperature, the mixture was washed
with distilled water three times. The isolated organic layer was dried over

MgSQOy, filtered and the solvent removed in vacuo to give the product in 95%

yield.
10
EXAMPLE 7
RN
Sn (ll
+ HO ~~~r @,
toluene 90C
NCO
=
H
N Q.
\(ﬁ\’/ p A Y
O
15 3-Isopropenyl-ot, a-dimethylbenzyl isocyanate (m-TMI) (10 g, 0.05

mole) was solvated in toluene (50 g} in a 250 mL three-necked flask
equipped with @ mechanical stirrer, addition funnel and nitrogen inlet/outlet.
The reaction was placed under nitrogen, and dibutyltin dilaurate (0.003 g)
was added with stirring as the solution was heated to 90°C. The addition

20 funnel was charged with 1-octanol {6.47 g, 0.05 mole) dissolved in toluene
(25 g). This solution was added to the isocyanate solution over ten minutes,

and the resulting mixture heated for an additional three hours at 90°C. After

-16-
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where n is 9. 3-1sopropenyl -a, a-di net hyl benzyl isocyanate (mTM) (8.05 g,
0.04 nole) was solvated in toluene (50 g) in a 250 nL three-necked flask
equi pped with a nechanical stirrer, addition funnel and nitrogen

inlet/outlet. 20 The reacti on was placed under nitrogen, and di bt}i ltin

dilaurate (0.003 g) -15 21 NOV 2003 was added with stirring as t &4 2803 on

heated to 90C. The addit ch th carbinol (hydroxyl
term nat ed pol yf fféf wwsa%f%[ﬂewgﬁié‘%gweromm%&%?wr%me mlra‘ﬁ%ﬁafa&?esﬁ ey (2o

g, 0.04 mole) ﬂ)raiﬁ&!v‘é uétﬂeé\%tb’r"tﬂr%e if8s. 91)(518 li%)-gil%ﬂsorg %e?@ram gadded to the

i socyanate sol ution ove nutes, I'ng m xture heated
for an addi tiongk, P@Iﬁg@eﬂ@%&raﬁd%e S%Q/gnt SRl |r"F»h3%uo eAeihOaRoMrEinal | oved to
cool to roomtenperature the m xture was washed wth distilled water
three times. Thgy gebated organic |ayer was dried over I\/gSO4, filtered and
the solvent renmpbved in vacuo to give the product in 95% vyield. 10 EXAMPLE
7 + HO Sn (Isl) tol uamsndB&sdnbe Fodesiopr opangHed ahain dicotet fivH 18em2y| | socyanat e
(mTM) (10 g, 0.05 nole) was solvated in toluene (50 g) in a 250 nL

t hr ee- necked f |cagions eaquieppbslitulgd. Hha alvelodieadre cerhmetciaiy availabéeddinmt | on f unnel and
nitrogen inlet/outlet. The reaction was placed under nitrogen, and

di butyltin dil HIregma E(ng Jgr(gger@) in the structures below C,g and Ca, represent a

branched chain alkyl group with 18 or 24 carbons, respectively.

= S
: :
N O. N
\E‘:’ Cis \C O\C24
n
o o)
10
EXAMPLE 8
+ HN Y NN,
NCO NH>
0 0
H H H
0=<
15

Three molar equivalents of 3-isopropenyi-o,a-dimethylbenzyl

isocyanate {m-TMI) are solvated in toluene in a three-necked flask equipped
17-



was added with stirring as the solution was heated to 90C. The addition 20
funnel was charged with 1-octanol (6.47 g, 0.05 nole) dissolved in toluene
(25 g). This solution was added to the isocyanate solution over -ten °
mnutes, and the resulting mixture heated for an additional threel h8¥ $ogat
90C. After -16 21 NOV 2003 the reaction was allowed to cool to room
tenperature, the mxture was washed with distilled water three tinmes. The
i sol at ed or gani ¥ith ayeehanigg! dfrereerditigny annagsbaitrogen) iplgfcatetamiee t he sol vent
removed in vacuo to give thegﬁeroduct in 97% | d. t he sane

) ! iel 5 Usin
procedure, a br HFEBE BRI YD Elﬁrﬁ%?”'vﬁhﬁﬁdqﬂ@”ée’/““?'éﬂs C'@é?‘aé’d’ﬂ@%c?ﬁn be
substituted. The_al O[]Ol S grfz.g\?ﬁ‘mrci al I( avrgéllr%bhigalfr{tg)gp mlijrpei gema and
Jarchem 1In thee%lf"?affé] UPEL" Bei ol BT.@ NG \CoF re?)ré'sen? a” Branched chain

alkyl 9roup W tPdfgl 2GR0 RRend CAREGHILER bootl FXAMBIERR FRL SN2 N2

15 Three nol ar equivalents I SOpr openy i socyanate
(mTM) are $ol vghiRd oldt hPhHBRSatd ndreshliREnRB Rk kd Semitioped -17 21
Nov 2003 with a nmechanical stirrer, addition funnel and nitrogen
inlet/outlet, The'c. npaché Ractiod isdiaeethodds & robinttérageaure Themadlde t i on f unnel
is charged with one

is washed with distilled water three times. The isolated organic layer is dried

over MgSQ,, filtered and the solvent removed in vacuo to give the product.

EXAMPLE 9

N

Br
+ NN Ny

NH,

/\@ yl-; ~

\VN\/W\/\’T*/\@\

10 H

Two molar equivalents of 4-vinyl benzyl amine are solvated in THF in

a three-necked flask equipped with a mechanical stirrer, addition funne! and
nitregen inlet/outlef. The reaction is placed under nitrogen. The addition

15 funnel is charged with one molar equivalent of 1,8-dibromooctane dissolved
in THF. This solution is added to the amine solution over ten minutes and the
resuling mixture heated for three hours at 60°C. Afler the reaction is allowed
to cool to room temperature, the THF is removed under reduced pressure,
and the residue is partitioned between ether and water. The organic layer is

20 separated, dried over MgS04, filtered, and the solvent is removed under

reduced pressure to give the product,

-18-



equi val ent anount of tri-functional
functionality) dissolved in toluene.

am ne (three nolar equival ents of am ne
This solution is added to the

i socyanate 5 solution over ten mnutes and the resulting m xture heated for

three hours at

t enper at ur e,

90C. After the reaction is allowed to cool to room

the mixture is washed with distilled water three tim@d. NO¥n[]

i solated organic layer is dried

over SHA, filtered and the sol vent

renoved in vacua to give the productAMESEANPLE 9 10 Two nol ar equi val ents

of 4-vinyl benzyl amne are solvated in THF in a three-necked flask
equi pped with a nechanical stirrer, addition funnel and nitrogen
inlet/outlet. T cact on i p&@cgd_mmger ni The addition 15 funnel

is charged withtope nol ar eq i val
This solution is added to the am
resulting mxture heated for thr
allowed to cool to roomtenpe
pressure, and the residue is pa

ent of 1, 8-di bronpoct ane di ssolved in THF

ne solution over ten mnutes and the

e raurN-aC,60€C: the reaction is
re, the THFLi s re d under reduced
titioned between ethér and water. The

organic layer is 20 separated, dried over MgSHA,

filtered, and the sol vent

is renoved der reduced pressure to give the product.

-18 21 NOV 2003

EXAMPLE 10

10

15

HN-CNH + z ~ws THF N-C36-N
One equivalent of H,N-Cag-NH, (Versamine 552, Henkel} is solvated

in THF in a three-necked flask equipped with a mechanical stirrer, addition
funnel and nitrogen inlet/outlet. The reaction is placed under nitrogen. The
addition funnel is charged with two equivalents of cinnamy! chloride dissolved
in THF. This solution is added to the H;N-C3s-NH, solution over ten minutes
and the resulting mixture heated for three hours at 60°C. After the reaction is
allowed to cool to room temperature, the THF is removed under reduced
pressure, and the residue is partitioned between ether and water. The
organic layer is separated, dried over MgS04, filtered and the solvent is

removed under reduced pressure to give the product in 90% vyield.

EXAMPLE 11
h ? Sn (il
toluene 90C
NH O
S
=
H 9
N\C/\/\\/\/C\
1 ¥
0] H

-19-



HHS5r One equival ent of H2N- C3e-NH2 (Versam ne 552, Henkel) is solvated
in THF in a three-necked flask equi pped with a nmechanical stirrer, addition
funnel and nitrogen inlet/outlet. The reaction is placed under nitrogen.
The addition funnel is charged with two equival ents of cinnanyl chloride
di ssolved 10 in THF. This solution is added to the H2N- C36- NH2 sol it N§h2)p)
over ten mnutes and the resulting m xture heated for three hours at 60C
After the reaction i Snapquaent o suresdl ciiaide soriveleaperlagnsriea reke THE i s
removed under reduced pressure, and the residue is partitjoned between
ether and wat er "ectpblask equipped With p glechanicalsjaprapdiiion BWP@@”BU@PQWQSOZL
filtered and the oIve enpved under res ure to give the
product in 90% § Eﬁ%ﬁ\l&/ﬁf\‘é’”lip’ﬁc%uﬁg%ﬁ”’PP?’) ﬁe@ﬁ&ﬁ‘@ﬁ D& S19 21 NOV
2003 One eqU|vaIent ber o n tolueQF in a three-

2003 One Squi Val oSl PSR § PEh S Rl e b, 1 0 2
nit rogen I rg et Lr%uéqluﬁglent olfq?rlethyiigr;[llhgaséo§ve9 naﬁ-FFd T%R%%fun&' tg LG The addition

funnel is
the suberoyl chioride solution over five minutes and the resulting mixture

heated for three hours at 70°C. After 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 MgSQ,, filtered and the solvent removed

10 in vacuo to give the product in 81% yield.

EXAMPLE 12

- CH3
+ HN A~ NH,

NCO

s &
oH oo H b
N\C,N\/j\/\,N\C/

L] 1l
O O

Two equivalents of 3-isopropenyl-at,a-dimethylbenzyl isocyanate (m-
15 TMI) 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. The addition funnel is charged with one equivalent of
2-methyl-pentane diamine, DYTEK A, dissolved in toluene. This solution is
added to the isocyanate solution over ten minutes and the resulting mixture

20 heated for three hours at 90°C. After the reaction is allowed to cool to room

-20-



charged with two equival ents of 3-isopropenyl-a, a-di net hyl benzyl am ne and
5 one equivalent of triethyl am ne dissolved in THF. This solution is added
to the suberoyl chloride solution over five mnutes and the resulting

m xture heated for three hours at 70C. After the reaction is allowed to
cool to room tenperature, the mixture is washed with distilled WaNBY Jaghr ee
times. The isolated organic layer is dried over MPJSO4, filtered and the
sol vent renovedtelrPeiature; dwuoixtue igvaget véh pisiidd eeter hrédlitoegi &hel. EXAMPLE 12
CH3 ~ H2N N H2 Two equi val ents of 3-isopropenyl-(x,ct-dinethyl benzyl

i socyanate (m 'f92tefoygapis laye iy giedpvierivasludiaeediand thetsalved rerenkedd f 1 ask

equi pped with a nechanical stirrer, addition funnel and nitrogen
inlettoutlet. TREFFLIROVBHEPLIH aced under nitrogen. The addition funnel

is charged with one equival ent of 2-nethyl-pentane diam ne, DYTEK A

di ssolved in toluene. This soluti O%#A}ﬂ"ﬁq ed to the isocyanate sol ution
over ten mnutes and the resulting e “20 heated for three hours at

90C. After the reactj i I 0 om._-20 21 N 2003
t enper at ur e,5ht he ni x?ﬂ]?reél?cs“%b\ggﬁgor{ﬂw&tuﬁ&délag:bfgInfaea aﬁ%’f‘ﬁ?g?ﬁ%g tinmes. The

i sol ated or ganigobRURE. TiRe flidvith rO¥&bn é&é%%{dg %@Jrg%ééﬂgnﬁ e sol vent

removed in vacuo to give the product. ' “el ectron donor
conpounds can bearmkenaeoistnd teat@ntSdrdinlcompBinde QAN e Sesuting f ol | owi ng
reacti on schenmes show ot her aromatic ring

electron donor compounds.

10
EXAMPLE 13-A
0
~-"0oH + OCN/\/\/\/N)LN\/\/\/\
S A
o N "o
OCN
0 1 0
Ny AN N ) _C. P
O N )\ /k\/\/\/\N @]
H o) N e} H
6
15
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starting conmpounds and reactant organic conpounds with the resulting

el ectron donor conpounds.

OCH3 OCN 5 21 NOV 2al 13 EXAMPLE 13-C

I

EXAMPLE 13-B

o
0
. N/\/\/\/NJL
H C:,"}\N/L§
OCHg
2
C—NH

10 EXAMPLE 13-A OH+ OCCN NCO ONOOGCNO 0 O
CNHONOHCNH o 15 0 -21 21 NOV 2003 EXAMPLE 13-B 0 OH + GCN NCO

21 NOV 2003

OCN

-22-



HZNNC NH2 )w Op 11 HH 11 HNGN -G NCN 5 EXAVPLE 13-D 10 OCN-C NCO O
HHpH H11 1111 NGCNC NGCN 21 NOV 1003 EXAMPLE 13-E -}- OCN OCN
5 EXAMPLE 13-F OH -}- OCN-CT NCO 1 OCH3 OCN -24 21 NOV 2003 5 EXAMPLE 13-G

In this exanple Cl8-OH represents an 18 carbon branched chain

EXAMPLE 13-C

HOH HQH
] S

N—C—N —Cy—N—C-N

EXAMPLE 13-D
10

OCN—Cg—NCO ——»

]
oo i My H

N-C—N—Cge— N—C—N

23

21 N0V 2009



al cohol commercially available fromuUnigema. G + Cl18 OH EXAVPLE 13-H 10 O
FO15d +1 1 sl-OL" J 5 '"~~H | 9 EXAMPLE 13-! In these structures, n
is an integer representing the nunber of times the unit in brackets is
repeated. This can be varied by choice of comrercially avail able
materials. ~0 Cl18 HOO0---'~" Si- Oi_OH 21 NOV 2003

EXAMPLE 13-E

O
NH,
o)\N’l\\o
OCN
N Vs
0
H 2 J g H
N~ ‘N/\/W)N\ /& AN
H o) N e H
AN
H
N\C,N—H
O
5 EXAMPLE 13-F
OH
OCN—C%—NCO E—
OCH3 1
w'W\©/\20H3 3co:©/§r“‘

C

’-'C, N-.
!“ﬂ:CHa



n -25 21 NOV 2003 5 EXAMPLE 13-J In these structures, n is an integer
representing the nunber of times the unit in brackets is repeated. This
can be varied by choice of comrercially available materials. Cd + H O--1,
0 0 n EXAMPLE 13-K 10 EXAWMPLE 13-L 15 Ca SH OH n 5H -26 EXAVPLE 137WH’VZW3
these structures, n is an integer representing the nunber of tines 't g

unit in brackets is repeated. This can be varied by choi ce of
EXAMPLE 13-G

In this example C;s-OH represents an 18 carbon branched chain

alcohol commercially available from Unigema.

—— O\/\/O
O/\/\C’ + Cy—OH Cia

EXAMPLE 13-H

. o
Ci | | |
9

O I I I
Q\N T TN ?i—OAESi-%PSF/\/\ O/\/Q\/\/@
9

10 EXAMPLE 13-l
In these structures, nis an intege_r representing the number of times
the unit in brackets is repeated. This can be varied by choice of

commercially available materials.

+ HO\//\V/{g/\\/«g}OH -
n

NCO

H H
1 I
N

0 n o

15
-25-



commercially available materials. SH+Si n51 1 Si-O0S OHI | CH n
EXAMPLE 13-N In these structures, n is an integer representing the nunber
of times the unit in brackets is repeated. This can be varied by choice of

10 comrercially available materials. NH2 + GSi-O Si n 2 | NOV 20032n] ﬁ(ﬁl%cﬂw
1003 EXAMPLE 13-0 H2GrO4 JIN O 5 J

EXAMPLE 13-J
In these structures, n is an integer representing the number of times
the unit in brackets is repeated. This can be varied by choice of

commercially available materials.

5
=
e e —
n
= O\/\ﬂ_LQ/\/\
e
EXAMPLE 13-K

NCO + \/\/\/\/\/SH ———
H
|

10 ©

EXAMPLE 13-L

O/\/\CI + W\/\/\/SH —_—
m\ S NN
15

-26-



e —————————————

+ Br AIC1I3 i OH0 C OH SOC12 ||~ CH3CH2MyBr | N EXAMPLE 13-P Cl S020H 0O
CH2CH3 SOCl 2 0 + HOCH2CH2CH2CH2OH S-CI 0 S-OCH2CH2CH2CH2O-- S 0 0 S
OCH2CH2CH2CH2O- S 11 41 0 0 O It CH3P(OC2H5)2 NaCet / EtOH

21 NOV 2003

EXAMPLE 13-M
In these structures, n is an integer representing the number of times
the unit in brackets is repeated. This can be varied by choice of

commercially available materials.

@/\/\SH + VW%E—O{%F%:&/\/\O/\\/&
n

oty

EXAMPLE 13-N

In these structures, nis an integer representing the number of times
the unit in brackets is repeated. This can be varied by choice of
10 commercially avaitable materials.

=

I | I
NH, T Vow?i—o{?i-%?i/\/\o/\(cl)
n

S
Ho | A H
N/Y\O/\/\?i—O‘E?i_%lsi/\/\o/\y/\N
OH H
n

O

-27-



-28 21 NOV 2003 EXAMPLE 13-Q TsOH ~OH1l p + HOGCC C-0OH40 0 O o-

C-c36-c- 0-~, where p-TsOH is para-toluene sulfonic acid. 5 EXAMPLE 14
Adhesi ve Fornul ati ons Three of the el ectron donor conpounds fromthe

previ ous exanples were formnulated into adhesive conpositions using a

bi smal ei m de as the 10 el ectron acceptor. The bi snal ei m de was derzwgﬁv %&r1
am no-term nated pol yoxy-butyl ene (Versalink P650, Air Products)

mal ei ¢ anhydride according to theEBaEdlF@s outlined in patent number US
4.745.197, using USP-MD (Wtco Corporation) as an initiator. The adhesive
conpositions were cured (copolynerization of the 15 el ectron donor and the

el ectron acceptor ng DSC. Exot herns each. of . these resins appeared
to be qualitati @ﬁjﬂelara\(p%%fk@Ham_@_nek @ set characteristics.
The formul ati ons al re teste use as die- adhesgives for use
in mcroel ectronic devices: formul ations were placed between a Pd | ead

SOCl,
i@&,/\O\/\WOH 0% ,.

O
CH4;CH MgBr
4¢%\I:::1\V/A\H/CI 3CH; 4&%\[:::1\V/A\HICH2CH3
O

5 EXAMPLE 13-P

)b CISO,0H ll SOCIz

k@ /@)‘\ CHaP(OCZH )
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20 frame and a 120 X 120 m| silicon die and cured on a hot plate ?ja E@g@
for about 60 seconds. Pressure was applied to the side of the die tN ! |3n
tenperature until shearing occurred. The die-shear force was nmeasured in
'Kg. The results are included in the following fornulation tables and show
die shear values within a commercially usable range. -29 21 NOV 7003
Formul ati on 1 Conponent MassWi ght % Bi sMal ei m de (Versal i nk P650) 0.5411.19
(el ectron acceptor) TM/di mer di ol EbiMPIRatbh8mat e (exanpl e 1)0.5010. 31

Mal ei ¢ anhydride 8% (Ri con 131) 0.1212.50 reactive dil gnts_ I
Initiator0.0240.50 Bl end si on pranot eris0. 02420Ts il ver

Fl akes3. 6975. 0 RT Di ear 1388Kg+5H@6Pm§b@t¢-d?ﬁ2 Gonportent MassWei ght %
Bi smal ei m de (Versall P650) 0.5611. 15

O

O
(et

where p-TsOH is para-toluene sulfonic acid.

EXAMPLE 14
Adhesive Formulations
Three of the electron donor compounds from the previous examples
were formulated into adhesive compositions using a bismaleimide as the
10  electron acceptor. The bismaleimide was derived from amino-terminated
polyoxy-butylene (Versalink P650, 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.
The 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 to onset
characteristics.
The formulations also were tested for use as die-attach adhesives for
use in microelectronic devices: formulations were placed between a Pd lead
20  frame and a 120 X 120 mil silicon die and cured on a hot plate at 200°C for
about 80 seconds. Pressure was applied to the side of the die at room
temperature until shearing occurred. The die-shear force was measured in
Kg. The results are included in the following formulation tables and show die

shear values within a commercially usable range.
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el ectron acceptor) G nnanyl al cohol/dimer diisocyanate bis 0.5210. 35
carbamate. (exanple 2) Ml eic anhydride 8% (Ri con 131) 0, 1262. 50%&;N ctive

diluent) Initiator0.02520.50 Bl end of adhesi on pronoters0.02520. 12008y
Fl ake3. 7875.0 RT Die Shear 6.1 K 10 Fornul ati on 3 Conponent MassWei ht %
Bi smal ei m de (Versalink P650 BM) 0.4910.66% (el ectron acceptor)
mTM/trimer triol tris-carbamate exam | e 50.5010. 84% Mal ei ¢ anhydri de 8%

0.1152.50% (reactive diluent) |nitizZGeti®21310. 50% Bl end of adhesi on
pronot er s0. 0230.50% Si | ver Elake3 4675% RT Die Shear 15 8Kqg

Component Mass (g) | Weight %
BisMaleimide (Versalink P650) 0.54 11.19
{electron acceptor)

TMI/dimer diol bis-carbamate {example 1) 0.50 10.31
Maleic anhydride 8% (Ricon 131) 0.121 2.50
(reactive diluent)

Initiator 0.024 0.50
Blend of adhesion promoters 0.0242 0.50
Silver Flakes 3.69 75.0

RT Die Shear  13.9Kg

5 Formulation 2
Component Mass (g) | Weight %
Bismaleimide {(Versalink PE50) 0.56 11.15
{electron acceptor)
Cinnamyl alcohol/dimer diisocyanate bis 0.52 10.35
carhamate. {example 2)
Maleic anhydride 8% (Ricon 131) 0.126 2.50
reactive diluent)
[nitiator 0.0252 0.50
Blend of adhesion promoters 0.0252 0.50
Silver Flake 3.78 75.0
RT Die Shear B.1Kg

Formulation 3

10
Component Mass (g) | Weight %
Bismaleimide (Versalink P850 BMI) 0.49 10.66%
{electron acceptor)
m-TMl/trimer triol tris-carbamate (example 5) 0.50 10.84%
Maleic anhydride 8% 0.115 2.50%
(reactive diluent)
initiator 0.0231 0.50%
Blend of adhesion promoters 0.023 0.50%
Silver Flake 3.46 75%
RT Die Shear 15.8Kg

A further advantage of the electron donor compounds is the fact that
the addition of @ minor amount to an adhesive formulation cantaining a vinyl
15 ether will prevent the adhesive composition from dispersing or bleeding when

applied to a low energy substrate.
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A further advantage of the electron donor conpounds is the fact that the
addition of a mnor ampunt to an adhesive fornulation containing amiyl 29335

ether will prevent the adhesive conposition from dispersing or bl eeding
when applied to a | ow energy substrate. -30 7 I NOV 7003 WHAT IS CLAI MED
IS: 1. . A compound having the structure: in which z n nislto6; Ar is an

aromatic or h i ing or fused ring having 3 to 10 carbon atons
wi thin the Hﬁé%ff%@%ﬁ% whi ch the heteroatons may be N, 0, or S; R,
R2, and R are independently hydrogen, an al kyl group having 1 to 12
carbon atoms, .,or Ar ' .. Gis -OR, --S”4, -N(R)(R2), Ar as
descri bed ab0\/1é, brAgﬁn%ﬁﬁf/ﬁé@g%ﬂ%&ﬁ tgr\?i ng 1 to 12 carbon atons, in which
R and R2 are as described aboye and R4, is AL as described above or an

al kyl group having 1 to 12 car bon1 ato Qis Jan al kyl group having 1 to 12
carbon atoms; Xis 1cr, Il I|R o Lz
Tf X7
Gonz
L -1 n
in which
nis 110 6;

Ar is an aromatic or heteroaromatic ring or fused ring having 3 to 10
carbon atomns within the ring structure, in which the hetercaioms may be N, 0, or
S

R', R% and R? are independently hydrogen, zn alkyl group having 1 o 12
carbon atoms, or Ar as described above;

G is -OR*, —SR*, -N(R")(R?, Ar &s described above, or an alky! group
having 1 to 12 carbon atorns, in which R' and R? are as described above and R
is Aras des:;‘ribed above or an atkyl group having 4 to 12 carbon afoms;

Q is an alkyl group having 1 to 12 carben atoms;

Xls
i oy
~Me” RN
L g
i 0
~\\Cr,c;\?r/’ \\hr, CT/,
R1 |:|31
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OO0O0YW-CC R R 21 NOVY 2013 0 11 N" CNRLRL O Il RS 11 \N -
QORLII Il 11 OO0O0-Sor -0-- Zis an Ce to Cs alkyl group, a

pol ysiloxane, a Cl to C4 al koxy- terminated siloxane or polysiloxane, a

pol yester, a pol yurethane, or a poly(butadiene). 2. The conpound ?%%ﬁrding

to claiml in which

v 200

0
rl-v Y
. R1 R1 '
o o]

T il
\I;J/C\ S/ \S/ rlq/
R R1
S S
I Il
R? R?

9 ¥
—S— NN

or
Z is an Cyg to Cys alkyl group, a polysiloxane, a €, to C, alkoxy-

terminated siloxane or polysiloxane, a polyester, a polyurethane, or a

poly(butadiene).

2. The compound according to claim 1 in which

-32-



R R .S
-32 Z1 NOV 1003 3. nis 1lor 2; R, R2, and R3 are hydrogen, G Is -Q0OCH3,
Oisad toC™ alkyl, 0011 Xis RL or RL ; and Zis a branched or |inear
Cie to C36 chain. A conpound having the structure: L J inwhichnnis 1to
6; Ar is an aromatic or heteroaromatic ring or fused ring having 37tdN0¥@(0)
carbon atonms within the ring structure, in which the heteroatons may be N,
0, or S R, R2, and R3 are independently hydrogen, an al kyl group having I
to 12 carbon atons, or Ar as described above; Gis -OR, -SR4, -N(R)(R2),
Ar as described above, or an alkyl group having 1 to 12 carbon atons, in
which R and R2 are,as glescri bed above and R4 is Ar as described above or
an al kyl group having 1 to 12 carbon atons; Y is
R', R? and R® are hydrogen,

G Is ~QCHa,
QisaC,to C,4 alkyL
O o)
1 i
\\CTJCL\P(// \\\hrIC\‘O’//
Xis R" o R rand

Zis a branched ol Ilnear Cyg to Cye chain.

3. A compound having the structure:
B S
R
Y.
A bz
I
D12
b —l n
in which
nis1to8;

Aris an aromatic or heteroaromatic ring or fused ring having 3 1o 10
carbon atoms within the ring structure, in which the heteroatoms may be N, O, or
S;

R! R? and R? ere independently hydrogen, an alky! group having 1 to 12
carbon atoms, or Ar as described sbove;

G is -OR*, ~SR* -N{R"){R?), Ar as described above, or an alky! group
having 1 to 12 carbon atoms, in which R' and R? are as described above and R*

" is Ar as described above or an alkyi group having 1 to 12 carboh atoms;

Yis
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-33 21 NOV 2003 RLRL OO | NC-N RLRLO 11 G' N1 RLl RLSC-S
or Zis an alkyl group, a siloxane, a polysiloxane, a C, to C al koxy-
term nated sil oxane or polysiloxane, a polyether, a polyester, a

pol yurethane, a poly(butadiene), -34 21 NOV 2003 21NV 2003
||q1 T1
I It
O o]
o 0
g\ I
~
o T/ v S
R1 ||q1
I
SN S S
I, )
‘ R R
0 O
\.'IJ/C\S/ \S/C\"I\I/,
R? RT
s \]r/ O/ \O/ "-N/
R1 . glq1
; i
NN —S~—
b | :
TR —S5— or O . and

Z is an alkyl group, a siloxane, a polysiloxane, a C, to C, alkaxy-
terminated siloxane or polysiloxane, a polyether, a polyester, 2 polyurethane, a

poly(butadiene),
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4. The conpound according to claim!| having the structure: 00 Il "
NHCOCGCs-OCNH, or COC24 Oin which C1 , C24, and Czs, represent a

m xture of isomers of l|inear or branched chain alkyl groups having Cep,
C24r and C35carbon atons, respectively. 5. A conpound having the structure:
Go, t, 2\ inwhich 0,1 z --j nnislto6; z 1 NOV zoo3 Ar is an arbhmvfﬂpﬂr
heteroarornatic ring or fused ring having 3 to 10 carbon atons within e
ring structure, in which the heteroatonms may be N, 0, or S; Rland R2 are
i ndependently hydrogen, an al kyl group having 1 to 12 carbon atons, or Ar
as described above; Gis -OR4, -SR4, -N(R1)(R2), Ar as described above, or
an al kyl group having 1 to 12 carbon atons, in which RL and R2 are as
described abovg and 1R cohsufl 2@8rfEIEELREh-0RPNE sRict@@ al kyl group having |

to 12 carbon atons;
o \

0 o
NH~ C~ O~ Cag— O-C—NH

S
B
MO,
0 , or
R
H
Mo,

i

t

in which Cqs, Cg4, and G, represent a mixture of isomers of finear or branched

chain alkyl groups having C4s, Cz4, and Cs¢ carbon atoms, respectively,

5. A compound having the structure;
R
Gy, 1.2\Arﬁ\<i\aﬂ.1/%z
R2 n
in which
nis 11o6;
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O is an alkyl group having 1 to 12 carbon atons; Xis | Rl 21 NOV 2003 O
11 NdO~SRLSS ol I 11 -S--- N CNOR 1R 1111 000-Sor Zis
an al kyl group, a siloxane, a polysiloxane, a C, to C4 al koxy- term nated
si |l oxane or polysiloxane, a polyether, a polyester, a polyurethane,? BNOV 2003
pol y(but adi ene), or an aromatic, polyaromatic or heteroaromatic group. 6.
The conmpound according to claim5 in which nis 1 or 2; R, R2 and R3 are
hydrogen, G Is --DCH3,

Ar is an aromatic or heteroarcmatic ring or fused ring having 3 10 10
carbon atoms within the ring structure, in which the heleroatoms may be N, O, or
S

R'and R? are independently hydrogen, an alkyl group having 1 to 12
carbon atoms, or Ar as described above,

G is -OR*, -8R® -N(R")(R?), Ar as described above, or 2n alkyl group
having 4 to 12 carbon atoms, In which R' and R? are as described above end R*
is Ar as described above or an alkyl group having 1 to 12 carbon atomns;

Q is an alky! group having 1 o 12 carbon 2toms;

Xis
A A
AN ~oM\
1 I
o 0
O o)
” ”
\O/C\T/ S
R1 |l1
i
\N/ \N/C\N/
I )
RT R
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-37 21 NOV 2903 Qis a Cl to ™4 alkyl, Xis O rr \ C RL-NHor -0-;and Z
is a branched or linear C,Bto C,6 chain, or a siloxane. 7, The conpound
according to claim5 having the structure: 00 ", CNCT-NCO8. A
curabl e adhesive conposition conprising a compound according to anwgprgyef
claims | to 7 and at | east one copol ynerl zabl e el ectron acceptor conpound
sel ected fromthe group consisting of fumarates, naleates, acrylates and
mal ei m des. 9. The curabl e adhesi ve conposition according to claim8
further conprising a conductive or nonconductive filler. 10. A

sem conductor package ifQ which a silicon chhp is adhered to a substrate

w th an adhesive corrprigi ng a conpound acconding to claim8.

\N/C\S/ \S/C\I?/
! :
S
3 ]
\fI‘I/C\O/ \O/ Ilq/
R R1
S
1 ¢
~
_ﬁ— Ir/ \rl\l/
O [} R1 R1 1
~ O\ /O\.C/ \C/
;!:I) Il I
o O
—S5— or —O— . and

Zis an alkyl group, a siloxane, a polysiloxane, a C, to C, alkoxy-
terminated siloxane or polysiloxzne, a polyether, a polyester, a polyurethane, a

poly(butadiene), or an aromatic, polyaromatic or heteroaromatic group.

6. The compound aceording to claim 5 in which
nis1or2;
R", R? and R® are hydrogen,

G s -0OCH,,
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Qis a C, to C, alkyl,

0 o)

I 1

Xis RT Rt -NH-or -O-;and

Z is a branched or linear Cqg to Gy chain, or a siloxane.

7. The compound according to claim 5 having the siructure;
2 2 |
b ,
8. A cyrable adhesive composition comptising 2 compound according to

any one of claims 1 to 7 and at least one copolymerlzable electron acceptor
compound selected from the group consisting of fumarates, maleates, acrylates

and maleimides.

9. The curable adhesive composilion according to claim 8 further

comprising a conductive or nonconductive filler.

10. A semiconductor package in which 2 silicon chip is adhered to a

substrate with an adhesive comprising a compound according to claim 8.
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