0 7 APR 7004 COVPOUNDS W TH ELECTRON DONOR AND ELECTRON ACCEPTOR

FUNCTI ONALI TY 5 This invention relates to el ectron donorlacceptorggqppqmwds
and to curabl e adhesive conpositions conprising those electron
donor/acceptor 10 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 ectronic
devices. Till e nore prom nent uses are the bonding of integrated circuit
chips to lead frames or other substrates, and the 15 bonding of circuit
packages or assenblies to printed wire boards. There exist electron
accept or/ donor adhesives, using vinyl ethers as donors, for use in | ow
nodul us adhesives, particularly in fast-cure adhesives for die attach

applications. However, thepmpobRbsefiTseltebkenHoNdr Sibers as donors is
limted due to high vol ati E_tyTrRMd AdCERTORIFUNCITIONXLEPAr ati on. Thus, there
20 is a need for the devel opnent of new el ectron donor/acceptor conpounds

for wuse in &dhesives applications. This invention relates to conmpounds
cont ai ning both an el ectron

This invention relates to electron donorfacceplor compounds and to
curable adhesive compositions comprising those electron donor/acceptor
10 compounds.
Adhesive compositions, particularly conductive adhesives, are used

for a variety of purposes in the fabrication and assembly of semiconductor

bonding of integrated circuit 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, using vinyl ethers as
donors, for use in low modulus adhesives, particutarly in fast-cure adhesives
for die attach applications. However, the number of suitable vinyl ethers as
donors is limited due to high volatility and difficulty in preparation. Thus, there

20 is a need for the development of new electron doner/acceplor compounds for
use in adhesives applications,

This invention relates to compounds containing both an electron

donor group and an electron acceptor group (electron donarfacceptor

compound). The electron donor group is & carbon to carbon deuble bond




donor group and an el ectron acceptor group (el ectron donor/acceptog p
conpound). The el ectron donor group is a carbon to carbon double b %& %”ﬁ‘
APR 2004 attached to an aromatic ring and conjugated with the unsaturation
in the ring. The electron acceptor group is a maleate, funurate,
mal ei m de, or acrylate. This invention is also an adhesive conposition
conprising one or nore of the 5 inventive el ectron donor/acceptor
conpounds, a curing agent, and optionally, one or nore fillers. The

el ectron donor/acceptor conpounds of this invention will have one of the
structures depicted here: Structure is IUR3 J i_s Structure Il: GO0.12 R

A= 0.1 Z-E B L, B2 8 g\'rbr%atic ring and conjugated with the unsaturation in the ring.

The electron acceptor group is a maleate, fumurate, maleimide, or acrylate.
This invention is als¢ an adhesive composition comprising one or more of the
5 inventive electron donorfacceptor compounds, a _curing agent, and opticnally,
one or more fillers,
The electron donor/acceptor compounds of this invention will have
one of the structures depicted here:

Structure |:
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in which
15 Aris an aromatic or heteroaromatic ring or fused ring having 3 to 10
carbon atoms within the ring structure, in which the hetercatoms may be N, O
or S;
R', R? and R? are independently hydrogen, a branched, cyclic or

linear alkyl group having 1 to 12 carbon atoms, or Ar as described above;

20  preferably, R R? and R? are hydrogen or a methyl or ethyl group;




1 -6in which 15 Ar is an aromatic or heteroaromatic ring or fuseﬁ rb@%
having 3 to 10 carbon atons within the ring structure, in which ﬂ& 004
heteroatons may be N, 0 or S; R, R2 and R are independently hydrogen, a
branched, cyclic or linear alkyl group having 1 to 12 carbon atons, or Ar
as descri bed above; 20 preferably, R R2 and R3 are hydrogen or a nethyl

or ethyl group; -2 0 7 APR 2004 Gis -OR4, -S4, -N(R(R2), Ar as descri bed
above, or an alkyl group having 1 to 12 carbon atons, in which RL and R2

are as descri bed abovg, d 4 S, s descr.i bed above or an al kyl group
having 1 o 12 car borCi B, SRoruRaPELA) 156 P GO ST O s an
al'kyl group havi gl 1401153 Rk, FHBi R oAl B 2/5bs 1 Ands AR 2094

R*is Ar as described above or an alkyl group having 1 to 12 carbon atoms,

preferably 1 to 4 carbon atoms;

5 Q is an alkyl group having 1 to 12 carbon atoms;
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OR RR51I 11 11 000-Sor ----0-- . 10 Zis an alkyl

group, a siloxane, a polysiloxane, a C, to C4 al koxy- terminated sI7 dfailigi
or polysil oxane, a polyether, a polyester, a polyurethane, a
pol y(but adi ene) or an aromatic, polyaromatic, or heteroaromatic group; and
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10 Z is an alkyl group, a siloxane, a polysiloxane, a C, to C, alkoxy-
terminated siloxane or polysiloxane, a polyether, a polyester, a polyurethane,
a poly(butadiene) or an aromatic, polyaromatic, or heteroaromatic group; and
Eis
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in which Y is O or N(R*} and R, R?, and R® and Q are as described above.




OO0 inwichYis O0or N(R) and R, R2, and R3 and Q are as descri bed
above. -4 0 7 APR 2004 The el ectron donor group is a carbon-carbqn geubie
bond that is attached directly to an aromatic ring and conjugated with the
unsaturation in the aromatic ring, The aromatic ring can be any nol ecul ar
noi ety that neets the classical definition of an aromatic conpound, that
Is it contains cyclic 5 clouds of delocalized it el ectrons above and bel ow
the plane of the nolecule and the it clouds have a total of (4n + 2)

el ectrons. The aromatic ring may al so contain el ectron donatin

g
substituents, which Wealect ’%?@85@0‘%'%3@[5@8@ FBPORONEIE PO DRl he  car bon to
car bon double bond Iea]ygg act i act|V|ty of the

el ectron donor gar“atfﬁd\ﬁdf?‘i ro’TﬁgﬁiEQ 5?‘?@@%”8@%%'%?'&”?5@ AP&fMction. An
increase in the,punh Emcr Hé(laroﬁw%’cs £BL nyorﬂolé QRathfkefs@r bon doubl e
|9e e

bond will decrease the re ct|V|ty era Ituents on the

carbon to car bony,sgsals daamgbsbh am%at.pwpewlhagg .twt;ﬂ.np@cmdrogen with a
nmet hyl group as the only other substituent.

5 clouds of delocalized = electrons above and below the plane of the molecule
and the = clouds have a lotal of (4n + 2) electrons.

The aromatic ring may also contain electron donating substituents,
which will increase the electron density on the carbon o carbon double bond,
leading to higher reactivity. The reactivity of the electron donor group will also

10 he affected by steric interaction. An increase in the number of alkyl
substituents on the carbon to carbon double bond will decrease the reactivity.
Preferably, all substituents on the carbon to carbon double bond will be
hydrogen, or will be hydrogen with @ methyl group as the only other
substituent.

15 Starting materials for Z group moieties are commercially available
from a number of sources; for example, aromatic and polyaromatic materials
may be obtained from BASF or Bayer; siloxanes and polysiloxanes from
Gelest; polyethers from BASF, palyesters from Unigema or Bayer,;
poly{butadiene)s from Elf-Atochem; polyurethanes from Bayer or BASF; and

20 the branched or linear alkanes from Unigema.

The Z groups may contain cyclic moieties or heteroatoms, and may
contain pendant hydroxy! or thiol groups depending on the synthetic route for
making the electron donor compound; for example, if one of the starting

compounds contains a hydroxyl! or thiol functionality that is reacted with an

25 epoxy functionality, the Z group will contain a pendant hydroxyl or thicl group.




15 Starting materials for Z group noieties are comercially avail from
a nunber of sources; for exanple, aromatic and potyaromatic naterﬁ

be obtai ned from BASF or Bayer; siloxanes and pol ysil oxanes from Gblest

pol yet hers from BASF; polyesters from Uni gema or Bayer; poly(butadiene)s
from El f- At ochem pol yurethanes from Bayer or BASF;, and 20 the branched or

| i near al kanes from Uni gema. The Z groups nay contain cyclic noieties or

het er oat ons, and may contain pendant hydroxyl or thiol groups dependi ng on
t he synthetlc route for making the electron donor_ conpound; for exanple,

i f one of the startinghe %’@ﬁ’p@ﬂﬁﬂ@“%‘@ﬁﬁﬁieﬁ‘ﬁawwwfé@PO‘GF”'GPHPéﬂe

f t lity that d t , f the Z
et onal 1 (gl LR S8 A1 0, 25 SRETY, LASHBRALA o 2 91 00
conposi tion or rr%l %%Lé\ g(rory\%nglhc% gjounzd 'F%r% rtE t?elh lranh Q%grbﬂ)vent i on and

can range w dely depen Fequi T eien e en use for ‘the

el ectron donor CQﬂPH&PHomEﬂ&u%@ﬂﬁﬂh%mn@e&%ﬁ1@%c&n&%%€¥b@ﬂ&m&koup or a high
nol ecul ar wei ght polymeric enti'ty. The conposition of Z can be 5 chosen to

gi ve speci fi & matfskalo gie@pedsifid fteriaNprapdriigdad = firedl merh@dtioorsucisach  as,
rheol ogi cal properties, hydrophilic or hydrophobic properties, toughness,
strength, or fl exieblobicdl propEuties, bxarogiilie or lydraphollienrepertisfs, tovahseds, nki ng and free
strength, or flexibility. For example, a low level of crosslinking and free
rotation about polymeric bonds will impart fiexibility to a compound, and the
presence of siloxane moieties will impart hydrophobicity and flexibility. The
10 mclecular weight and chain length will affect viscosity, the higher the
molecular weight and the longer the chain length, the higher the viscosity.
The electron acceptor starting compounds ¢an be fumarates and
maleates, acrylates and maleimides. Suitable acrylates are numerous and
are commercially available, for example, from Sartomer. Suitable maleimides
15 are easily prepared, for example, according to procedures described in US
patents 6,034,194 and 6,d34,195 to Dershem. In general, the carboxyt group
in the acrylate, maleate and fumarate compounds will be the reactive
functionality for linking the electron acceptor to a co-reactive functionality on
the Z group. The maleimides will contain a separate funclionality, as shown
20 in the examples, for reacting with a co-reactive functionality on the Z group.
Suitable reaction routes can be designed by determining on a specific
addition or condensation reaction, then choosing functionalities for the starting
electron-donor compound and the starting electron-acceplor compound to
participate in that reaction. Although one skilled in the art can devise suitable

25 variations in reactions by cheice and locaticn of functionality {whether on the

starting electron-donor or starting electron-acceptor compound), it will be




rotation about polyneric bonds will inpart flexibility to a conpﬁvqﬁ ﬁpd
the presence of siloxane noieties will inpart hydrophobicity an R 2004
flexibility. The 10 nol ecul ar wei ght and chain length will affect
viscosity, the higher the nolecular weight and the | onger the chain

| ength, the higher the viscosity. The electron acceptor starting conpounds
can be fumarates and nual eates, acrylates and nal ei m des. Suitable acryl ates
are nunmerous and are comercially available, for exanple, from Sartoner.

Suitable naleim des 15 are easily prepared, for exanple, according to
procedur es descrigggioes Naghp grusesdnag, bG:@W“%W?ﬁEFE@V@@WWW% Der shem In
general, the carbo§%gwg{ou e and fumarate

conpounds will b&<Y éggﬁpggamf%ﬁ8ﬁ?ﬁggf$Twe?%P”%fnklng the el ectron

acceptor to a co- reac§é¥%mpgn%t %ﬁékrBMaﬁﬂd Jhe Z group. The mal ei m des
will contain a separate nction Irty, as shown 20 in the exanpl es, for

reacting with a £o-reggtdatonionRedyaRNakINEWRARY dHEL)AySERMRY (i) ?l sHint;abl e
reaction routes can be designed by determning on a specific addition or

condensat i on 5r eagtiiiahipl fiddona01 00S e41g akabathate NaHage, ivess drdiiodaivamatear t i ng

el ectron-donor conpound and the starting el ectron-acceptor conpound to
participate in tmesrechivedcti on. Al though one skilled in the art can devise
sui table 25 varlatlons in reactions by choice and | gcation of functionality

(whet her on the starT?ﬁﬂ”@W@%T?éﬁaH@ﬁﬁwmdﬁhﬁ?@ﬁfPh@ ANieR OF RNt cept or
conpound) ,

It w fluncnor?allty to create an ether linkage, armine or thio-ether respectively,
3. the reaction of an epoxy functionality with (i) hydroxyl; or (i) amine; or
10 (iii} thiol functionality to create an ether linkage, amine or thic-ether
respectively.

The electron donerfacceptor compounds can be formulated into an
adhésive, coating, potting or encapsulant composition. 1n addition to the
electron donar/acceptor compound, the formulationswill contain one or more

i5 curing agerts and may contain a conductive or nonconductive filler,

Exemplary curing.agents are thermal iniliators and photainitiators and
will be present in an amount of 0.1% to 10%, preferably 0.1% to 3.0%, by
weight of the electron doner compound. Preferred thermal initiators include
peroxides, such as butyl peroctoates and dicumyl peroxide, and azo

20 compounds, such as 2,2-azobis{2-methyl-propanenitrite) and 2,2"-azobis(2-
methyl-butanenitrile). A preferred series of photoinitiators is 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

25 curing can be completed by the application of heat to accomplish the thermal

cure.




-6 D7 APR 2004 understood that the choices may be limted in practi c$ bﬁf
the commercial availability of starting materials or ease of synt diP8 2004 .
routes. Representative synthetic routes include: 1. the reaction of
i socyanate functionality with (i) hydroxyl; or (ii) amne; 5 or (iii)
thiol functionality to create a carbanmate |inkage, urea or thiocarbamate
respectively; 2. the substitution of a halogen with (i) hydroxyl; or (ii)
amne; or (iii) thiol functionality to create an ether |inkage, am ne or
t hi o-ether respectively; 3. the reaction of an epoxy functionality with (i)
hydroxyl; or (ii) am meeneel thege dorppjitiqniaindl cufeuwithini egpmbéretpretrengsrédat e an
ether linkage, amne or thin-ether respectively. The electron
donor/ accept or cONPOUAHSC A cwinapolt PRATEEISE within @ range ofdemersowds tocoat i ng,
potting or encapsul ant conposition. In addition to the electron
donor | accept or cBRSIGHE; THHEM HIAHEMeRTRIBESHING Preftmef £p ¢ BHeP  Wdr e 15 curi ng
agents and may cont a;’ n.a C%ﬁdulgttiov% or n%nwdug%%&fi | | er. ) Efxerrpl ary
curing agents ar &Y WEHARFPSCHF EIELG Y FaTBHOP S AINECRELT L LA 0l 1 | be
' 0 0 0 0
present in arg a”fp\grf'grm@fatio% ﬂut tﬁ’etpgra%%@rs &raecfuﬁrqgaﬁlaf}fe Qan]bet/f’ete(;’mﬁe@t@ by
one skilled in the art knowing the teachings of this specification.
Suitable conductive fillers are carbon black, graphite, gold, silver,
copper, platinum, palladium, nickel, aluminum, silicon carbide, boron nitride,
diamond, and alumina. Suitable noncenductive fillers are particles of
10 vermiculite, mica, wollastonite, calcium carbonate, titania, sand, glass, fused
silica, fumed silica, barium sulfate, and halogenated ethylene polymers, such
as tetrafluoroethylene, triftuoroethylene, vinylidene fluoride, vinyl flucride,
vinylidene chloride, and vinyl chloride. When present, fillers will be in
amounts of 20% to 90% by weight of the formulation.
15 Suitable adhesion promoters or coupling agents are silanes, silicate
esters, metal acrylates or methacrylates, titanates, and compounds
containing a chelating ligand, such as phaosphine, mercaptan, and
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
20 the electron donor compounds.
In addition, the formulations may contain compounds that lend
additional flexibility and toughness {o 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

25 polyacrylate, poly(buladiene), poly THF {polymerized tetrahydrofuran),

carboxy-lerminated butyronitrile rubber and polypropylene glycol. When




wei ght of the electron donor conpound. Preferred thermal initiator 'mﬁlﬁﬁe
peroxi des, such as butyl peroctoates and di cunyl peroxide, and azo “20 4
conmpounds, such as 2, 2'-azobis(2-methyl-propanenitrile) and 2,2'-azobi s(2-
met hyl - butanenitrile). A preferred series of photoinitiators is one sold
under the trademark Irgacure by Ci ba Specialty Chemcals. In sone
formulations, both thermal initiation and photoinitiation nay be
desirable; for exanple, the curing process can be started by irradiation,
and in a later processing step 25 curing can be conpl eted by the
application of heat to acconplish the thermal cure. -7 0 7 APR 2006 In
general, these conpositions will cure within a tenperature range of 70Cto
250C, and curing will be effected within a range of ten seconds to three
hours. The tinme pwsknt &Eee EahpbuBICHE) Bgn BE 8hblire upfo A0t shosydigh i on wi | |
vary with the specific electron donor conpound and the other conponents of
5 the fornulatiod”ﬂﬁmdmhemmmpamEMQIS of a curing profile can be determ ned
by one skilled in the art knowi ng the teachings of this specification.
Suitabl e conductive fillers are carbon bl ack, graphlte gold, silver,

copper, platinu al al um nu silicon carbide, boron
ni 'PPI de P m P thedf IH)wmg examples show representative electron donor})cceptor

compounds and reactions for their preparation. The electron donor/acceptor
reaction products were characterized by 'H-NMR and FT-IR spectroscopies.
The examples are illustrative of the invention and are not intended as a

10 limitation.




di anond, and al um na. Suitable nonconductive fillers are particles o{ ég
vermculite, mca, wollastonite, calciumcarbonate, titania, sand, ARs 2004
fused silica, funed silica, bariumsulfate, and hal ogenated ethyl ene

pol ymers, such as tetrafluoroethylene, trifluoroethylene, vinylidene
fluoride, vinyl fluoride, vinylidene chloride, and vinyl chloride. \Wen
present, fillers wll be in anounts of 20%to 90% by wei ght of the

formul ation. 15 Suitable adhesion pronoters or coupling agents are sil anes,
silicate esters, metal acrylates or_nethacrylates, titanates, and
conpounds containing a chelating IiEéﬁMf“%hch as phosphi ne, nercaptan, and
acetoacetate. Wen presegt, coupling agents will be in anounts up to 10% by
wei ght, and preferably ip amounts of 0.1 %to 3.0% percent by weight of 20
t he el ectron donor co nds. In addition, the for agbipns may contain
conpounds that |end dddi @oma%N*TéxyﬁTrka“a@g%moggﬁné%f+¢o t he resul tant
cured material. Such lcompounds may be any t her Apsét®8P ™ eher nopl asti ¢
material having a Tg of [|150C or |less, and typically will be a polyneric
material, such as, a 25 polyacrylate, poly(butadiene), polyTHF (pol ynerized
tetrahydrofuran), carboxy-term nated butyronitrile rubber and

pol ypropyl ene gl ycol . WhgnF;S
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A solution of one molar equivalent mateic anhydride in acetonitrile is
5 added to one molar equivalent of 6-aminocaprioc acid in acetic acid. The

mixture is allowed to react for three hours at room temperature until white

-10-




0 7 APR 7004 present, these conpounds may be in an anmount up to aboy?}A&/ﬁi%m
by wei ght of the electron donor conpound. 5 The foll ow ng exanpl es Sho
representative el ectron donor/acceptor conpounds and reactions for their
preparation. The el ectron donor/acceptor reaction products were
characterized by 'H NVR and FT-1R spectroscopies. The exanples are

il lustrative of the invention and are not intended as a 10 [imtation. 0 7
APR 2004 EXAMPLE I OO0 + HN O N~~~~~ CO2H OH O Et----)- Tol uene

crystals of the amic acid adduct precipitate from the solution. The while
crystals are filtered off, washed with cold acetonitrile, and dried.

The amic acid is mixed with two molar equivalents of triethylamine in

toluene. The mixiure is heated to 130°C for two hours and until water is

6] distilled off. The organic solvent is evaporated and 2M HCl is added to reach
pH 2. The mixture is extracted with ethyl acetate and dried over MgSO,. The
solvent is evaporaled to give the 6-maleimidocaproic acid.

The 8-maleimidocaproic acid is reacted with excess thionyl chioride at

50°C for three hours, and then the excess thionyl chioride is distilled off to
10 leave 6-maleimidocaproic chloride.
One molar equivalent each of cinnamyl alcohol and triethylamine are

e S b -

mined C, to which is added 6-maieimidocaproic
chloride dissolved in dry methylene chloride. This mixture is aliowed to react
for four hours. The sclvent is evaporated and the crude product is purified by

15 celumn chromatography using a gradient of hexane / ethyl acetate.

-11-




OH SO 2 A Et3N A solution of one nolar equival ent naleic anhydﬁ‘ﬂ@t?[@&
acetonitrile is 5 added to one nolar equival ent of 6-am nocaprioc in
acetic acid. The mixture is allowed to react for three hours at room
tenperature until white 0 0 CH3CO2H CO2H Acetonitrile OH -10 0 7 APR 2094
crystals of the amc acid adduce precipitate fromthe solution. The white
crystals are filtered off, washed with cold acetonitrile, and dried. The
amc acid is mxed with two nolar equivalents of triethylamne in toluene.
The m xture is heated to 130C for two hours and until water is 5 distilled
of f. The organic solvent is evaporat €éfABRHE2M HCl is added to reach pH 2.
The m xture is extracted wth ethyl acetate and dried over MgSO™. The

One molar equivalent of isoeugenol and one molar equivalent of

5 triethylamine are mix-ed in.dry methylene chioride at 0°C to which is added
one molar equivalent of 6-maleimidocaproic chloride dissoived in dry
methylene chloride. This mixture is allowed to react for four hours. The
solvent is evaporated and the crude product is purified by column

chromatography using a gradient of hexane / ethyl acetate.

-12-




sol vent is evaporated to give the 6-nmaleim docaproic acid. The

6- mal ei m docaproic acid is reacted with excess thionyl chloride all7 H8CQ0fior
three hours, and then the excess thionyl chloride is distilled off to 10

| eave 6-mal ei m docaproic chloride. One nolar equival ent each of cinnanyl

al cohol and triethylam ne are mxed in dry nethylene chloride at 0C, to
whi ch is added 6-nal ei mi docaproic chloride dissolved in dry methyl ene
chloride. This mxture is allowed to react for four hours. The solvent is
evaporated and the crude product is purified by 15 columm chromatography
using a gradient of hexane / ethyl aEéfMPEE30 7 APR 2004 EXAMPLE 2 O Et1
OH OCH3 One nol ar equi val ent of isoeugenol and one nol ar equivalent of 5
triethylamne are mxed in dry nmethylene chloride at O Cto which is added
one nol ar equi val ent of nalelnldocapr0|c chl ori de dlssolved in dry

met hyl ene chl ori de. ThIS nlxture is allowed to re \\Syk\pours The

CI +

‘i *r
Et:N ‘ N//\\,/”\\J/”\Tr/N\\//“\\
0
o)

Onie molar equivalent of cinnamy! amine and one molar equivalent of

triethylamine are mixed in dry methylene chioride at 0°C to which is added
one molar equivalent of 6-maleimidocaproic chloride dissolved in dry
methylene chioride. The mixture is allowed to react for four hours. The

10 solvent is evaporated and the crude product is purified by cotumn

chromatography using a gradient of hexane / ethy! acetate.




solvent is evaporated and the crude product is purified by colum

chromat ography using a gradi ent of hexane / ethyl acetate. 0 7 APRT 288 4004
EXAMPLE 3 5 C One nol ar equi val ent of cinnanyl am ne and one nol ar

equi valent of triethylamne are mxed in dry nethylene chloride at 0OCto
which is added one nolar equival ent of 6-mal ei m docaproic chloride
dissolved in dry nethylene chloride. The mxture is allowed to react for
four hours. The 10 solvent is evaporated and the crude product is purified
by col umm chromat ography using a gradi ent of hexane | ethyl acetate. H2 0
7 APR 2004 EXAMPLE 4 O 5 H N

EXAMPLE 4
0 N
0
O
NH,
O H A
| A,

0

O

Cne molar equivalent of 4-vinyl benzyl amine and one molar

equivalent of triethylamine are mixed in dry methylene chloride at 0°C, to
which is added one molar eguivalent of 6-maleimidocaproic chloride dissolved

10 in dry methylene chloride. The mixture is allowed to react for four hours. The
solvent is evaporated and the crude product is purified by column

chromatography using a gradient of hexane / ethyl acetate.

“14-




One nol ar equi val ent of 4-vinyl benzyl am ne and one nolar equivale
triethylamne are mxed in dry nethylene chloride at 0C, to which 5
one nol ar equi val ent of 6-rmal ei m docaproic chloride dissolved tO iﬂ
met hyl ene chloride. The m xture is allowed to react for four hours.
solvent is evaporated and the crude product is purified by colum
chromat ography using a gradi ent of hexane / ethyl acetate. 0 7 APR 2
EXAMPLE 5 One nol ar equi val ent of mal ei c anhydride and one nol ar equi val ent
5 of 5-am no pentanol are dissolved in anhydrous acetic acid and the

solution is heated to reflux for eigif®

The acetic acid is dis

off and the residue dissolved in diethyl ether. The diethyl ether s

is washed once with 1 N

ether is eva
et her to prodyce
equi val ent of 3-isopropgnyl
solvated in toluene in a
addi ti on funnel

The di et hyl

i sopropyl

stirrer,

10

OH twice with water, and then dried over
rated, and the residue is crystallized fr

10}é;ﬂh¥gPQ§ypentyl¢Hﬂmgainide. One no
Codddl net'hyl BenzH —ﬂ$§gﬁqﬂate (mTM)
ree-necked flask equi pped wth a nmechan
apnd nitrogen inletloutlet. The _15

| S )
—_—

! NCO

‘ N N N e N

One molar equivalent of maleic anhydride and one molar equivalent
of 5-amino pentanol are dissolved in anhydrous acetic acid and the solution is
heated to reflux for eight hours. The acetic acid is distilled off and the residue
dissclved in diethyl ether. The diethyl ether solution is washed once with 1 N
NaQH, twice with waler, and then dried over MgS0,. The diethyl ether is
evaporated, and the residue is crystallized from isopropyl ether to produce N-
{5-hydroxypentyl) maleimide.

Cne molar equivalent of 3-isopropenyl-a, c-dimethylbenzy!
isocyanate (m-TMI) is solvated in toluene in a three-necked flask equipped

with a mechanical stirrer, addition funnel and nitrogen inlet/outlet. The

15.
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0O 7 APR 2004 reaction is placed under nitrogen, and 0.01 nol ar nol ar

equi valent dibutyltin dilaurate (catalyst) is added with stirring ﬁglean
solution is heated to 90C. The addition funnel is charged with one nol ar
equi val ent of N (5-hydroxy- pentyl) naleimde dissolved in toluene. This
solution is added to the 5 isocyanate solution over ten mnutes, and the
resulting mxture heated for an additional three hours at 90C. The
reaction is allowed to coot to room tenperature, and then the m xture is
washed with distilled water three tinmes. The organic Ia¥er is isolated and
dried over MySO&eaqtiop isevasgd umdmtr@ﬂ?nswd@efﬁtmol?f@ﬁ%ﬂi@amvaﬂﬁw%wwo give the
product. 10 EXAMPLE 6 OH B u4 N HS 04/ Tol uene 50% NaOH One nol ar

equi val ent of N-diBuraiedeasxyghenadde) with bieting atehe sokdies is hgpted BARaOH, 0. 43
mol ar nol ar equi val ent of tetrabutyl ammoni um hydrogen 15 sul fate, and one
nol ar equi val ent TsfadeiiehiniAl 'S§H¥T8‘F‘¥ W 9 M gavierlent o NStSTARYY- for five

hours at 53C, t h&e%ty%?na?e?#iﬁgdiggolvz %toggﬁe. r'l%%cstolugc?n ils gdd%ld ltoomgd to cool

5 isocyanate solution over ten minutes, and the resulting mixture heated for an
additional three hours at 80°C. The reaction is allowed to cool to room
temperature, and then the mixture is washed with distilled water three times.
The crganic layer is isolated and dried over MgSQ,, fillered, and the solvent

removed in vacuo to give the product.

10
EXAMPLE 6
O
‘ \/\01
‘ N PN oH *
O
Bu,NHS O,/ Toluene
50% NaQH
o Y
N/\/\/\o/\/

One molar equivalent of N-(5-hydroxypentyt) maleimide, excess of

50% NaOH, 0.43 molar molar equivalent of tetrabutyl ammonium hydrogen

15 sulfate, and one molar equivalent of cinnamyl! chioride in toluene are stirred
for five hours at 53°C, then 15 hours at 75°C. The reaction is allowed to cool

to room temperature and the organic layer extracted and washed with brine

-16-



to roomtenperature and the organic | ayer extracted and washed with brine

-16 0 7 APR 2004 three tines.

MpSO4, filtered, and the sol vent

chl ori de/ pent anol

TI

The isolated organic layer is then drlédPoed

renoved in vacuo to give the cinnanyl

mal ei m de adduct. 5 EXAMPLE 7 C 02H O Ac20 N AcONa 50C

0 DV Room Tenp. UJ O CO2H SOCI 2 CO2H

three times. The isolated organic layer is then dried over MaSQ,, filtered, and

the solvent removed in vacuo to give the cinnamyl chlcride/pentanol

maleimide adduct.

O

50°C
O

[L:(N@)Okcl SR

EXAMPLE 7

NH,
(9] +
0

CO,H

]
AcO rk _ﬂ SOCt,
AcONa lﬁ(N COH Def

LY
Room Temp. OH
O

ofl v
PARITUA

\
\—/

d}m‘@io/\/

One molar equivalent of maleic anhydride and p-amino benzoic acid

are dissclved in N,N-dimethylformamide (DMF), and the mixture stirred at

10 room temperature for five hours under nitrogen almosphere. The resulting

solution is poured into a sufficient water to precipitate crude N-(4-

47



One nol ar equi val ent of mal ei ¢ anhydri de and p-am no benzoic acid are

di ssol ved in N, N-di met hyl f ormam de (DMF), and the m xture stirredpatapfQqgs
roomtenperature for five hours under nitrogen atnosphere. The resulting
solution is poured into a sufficient water to precipitate crude N-(4 -17 0O
7 APR 2004 car boxyphenyl)mal eam c acid. This is filtered, dried, and
recrystallized three tines fromwater to obtain pure N (4-carboxyphenyl)
mal eam ¢ acid. A mxture of one nolar equival ent

- b h I I _ hydr.i d
Stirred at BoC 1 PbTRE B TR Dol e TRse e B hro o -
sufficient am)unﬂ '%msﬂ Erdtg(abt%hl SEFN 4aéa|?tf Jhg% aleamic acid '

N (4- carboxypheny Sis ried, and recrystallized

three times from watep rﬁ:ﬂur@la? @Heﬁncﬁ)é}reﬁunl}‘élérﬂwc(afc%&%h&m&r‘n%learHE|a€#bm de. A
m xture of one nol ar equival ent of N-(4-carboxyphenyl)rmaleimde is 10

reacted vi th exogase bl oGl kdecdle D0feh SohBlaRuaIES TINe excess

thionyl chloride 1s dist e residual product recrystallized
from benzenes t ore@BloRinfixtidd ishrebi4md & B AE amban vl yakespleriprdiei m de. One

nol ar equi val ent ci nnanyl al cohol and one nol ar equi val ent
crude N-{4-carboxyphenylmaleimide. This is fitered, dried, and
recrystallized three times from water to obtain pure N-{4-carboxyphenyl)

maleimide.

A mixture of one molar equivalent of N-(4-carboxyphenyl)maleimide is

10 reacted with excess thionyl chloride at 50°C for three hours. The excess
thionyl chloride is distilled off, and the residual product recrystallized from
benzene to obtain pure N-{4-{chiorocarbonyl)phenylimaleimide.

Cne molar eguivalent cinnamyl alcohol and one molar equivalent
triethylamine are mixed in dry methylene chioride at 0°C to which is added N-

15 {4-(chlorocarbonyl)phenylimaleimide dissolved in dry methylene chloride.
The mixiure is allowed to react for four hours. The solvent is evaporated and
the crude product is purified by column chromatography using a gradient of

hexane / ethyl acetate.

20
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triethylamne are mxed in dry nethylene chloride at 0OC to which is added
N- 15 (4-(chlorocarbonyl)phenyl)nmal ei m de di ssolved in dry nethyl gnespR 2004
chloride. The m xture is allowed to react for four hours. The solvent is
evaporated and the crude product is purified by colum chronatography
using a gradient of hexane / ethyl acetate. 20 0 7 APR 2006 5 EXAMPLE 8 C
H2 One nol ar equi val ent of cinnanmyl am ne and one nol ar equi val ent of
triethylamne are mxed in dry nmethylene chloride at 0C, to which is added
one nol ar equi val ent of N-(4-(chlorocarbonyl) phenyl)nmal ei m de dissolved in
dry methyl ene chloride. The mi xture FE3AM¥F{®ied to react for four hours. The
10 solvent is evaporated and the crude product is purified by colum
chromat ography using a gradi ent of hexane / ethyl acetate. -19 0 7 APR 2004

? i B N
OO O
|
]
‘T 0
— O
I H

One molar equivalent of cinnamyl amine and one molar equivalent of

triethylamine are mixed in dry methylene chloride at 6°C, to which is added

one molar equivalent of N;(4—(chlorocarbonyl) phenyl)maleimide dissolved in

dry methylene chloride. The mixture is_ allowed fo react for four hours. The
10 solvent i$s evaporated and the crude product is purified by column

chromatography using a gradient of hexane / ethyl acetate.

6.



EXAMPLE 9 O NH2 5 One nol ar equi val ent of 4-vinyl benzyl am ne a@? EQ?
nol ar equivalent of triethylamne are m xed in dry nethyl ene chl iflke 704
0C, to which is added one nol ar equival ent of

N- (4- (chl orocar bonyl ) phenyl )- mal ei m de di ssolved in dry nethyl ene
chloride. The m xture is allowed to 10 react for four hours. The solvent is
evaporated and the crude product is purified by colum chromatography
using a gradi ent of hexane / ethyl acetate. 0 7 APR 2004 EXAMPLE 10 O NaNs3,

H20, Toluene NaHCO3 Reflux Sn (IlyToluene O H
EXAMPLE 8

] N
— Ol

One molar equivalent of 4-vinyl benzyl amine and one molar

equivalent of triethylamine are mixed in dry methylene chloride at 0°C, to

which is added one molar'equivaleni of N-{4-(chlorocarbonytiphenyl)-

maleimide dissolved in dry methylene chléri_de. The mixture is allowed to
10 react for four hours. The solvent is evaporated and the crude product is

purified by column chromatography using a gradient of hexane / ethyl acetate.

-20-



O 4 Wth vigorous stirring, a mxture of one nolar equival ent sodi um azi de
in water and toluene and a catal ytic anmount of benzyltriethyl - ammord LAR52004
chloride is cooled to 10C. in a round-bottomflask. One nol ar equival ent of
5- mal ei m docaproic chloride is added dropwi se to this solution over
approximately 40 m nutes. The solution is stirred for one hour at 15C and
then for one hour at 20C. The organi c phase is separated off and washed

wi th 2N aqueous sodi um bi carbonate solution and with water. The organic 10
phase is dried with MgSO4 and filtered. The filtrate is introduced into a
round- bottom flask and heated sl oWMEXAMPLEERI ux. Reflux is maintai ned until
the evolution of nitrogen has ceased. The solution is heated under refl ux
for a further 30 mnutes affd, after cooling, is concentrated using a
rotary evaporator. The reskdue is distill e% unr\cjier a high vacuumto produce

the 15 mal ei mide with isofya 4 y . Naph, HaQofglueney 1 -

NaHCO;
Reflux

O/\/‘m

O
— =
|¢N/\/\/\ NCO Sn (Y Toluene
0

i Nj\
‘dl( | /O
H
O
With vigorous stirring, a mixture of one maolar equivalent sodium azide

in water and toluene and a catalytic amount of benzyltriethyl-ammonium

5 chloride is cooled to 10°C in a round-bottom flask, One molar equivalent of 6-

maleimidocaproic chloride is added dropwise to this solution over
approximately 40 minutes. The solution is stirred for one hour 2t 15°C and

then for one hour at 20°C. The organic phase is separated off and washed
with 2N aqueous sodium bicarbonate solution and with water. The organic
10 phase is dried with MgSQ, and filtered. The filtrate is introduced into a round-
bottomn flask and heated slowly to reflux. Reflux is maintainec¢ until the
evolution of nitrogen has ceased. The solution is heated under reflux for a
further 30 minutes and, after cooling, is concentrated using a rotary
evaporator. The residue is distilled under a high vacuum to produce the

15 maleimide with isocyanate functionality.

21-



0 7 APR 2004 One nol ar equival ent of maleimde wth isocyanate R 2004
functionality is solvated in toluene in a three-necked flask equiB%é@ &th

a nechani ca
reaction is

di butyltin dilaurate (catalyst)

stirrer, addition funnel and nitrogen inlet/outlet, The

pl aced under nitrogen, and 0.01 nol ar nol ar equi val ent

is 5 added with stirring as the solution is

heated to 70C. The addition funnel is charged wth one nol ar equival ent of
ci nnanyl al cohol dissolved in toluene. This solution is then added to the
i socyanate solution over ten mnutes, and the resulting m xture heated for

an addi ti onal

times. The i
t he sol vent

0 CH3O 15 OH

sol at ¥

nitrogen, and 0.01 moiar molar equivalent dibutyltin dilaurate (catalyst) is

5 added with stirring as the salution is heated to 70°C. The addition funnel is
charged with one molar equivalent of cinnamyl alcohol dissolved in toluene,
This solution is then added to the isocyanate solution over ten minutes, and
the resulting mixture heated for an additional three hours at 70°C. After the
reaction is allowed to cool to room temperature, the mixture is washed with

10 distiled water three times. The isolated organic layer is then dried over

MgS8Q,, filtered and the solvent removed in vacuo to give the product.

EXAMPLE 11

L

o

‘ N OSNTN"Sneo
| OCH,
0

OH

Sn (Il
Toluene

]

O
| N/\/\/\N)J\D_Q_//W
c.> " CH,C

15
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OCH3 Sn (I1) Toluene -22 0 7 APR 2004 One nol ar equival ent of mal ei m de
with i socyanate functionality is solvated in toluene in a three-nktR&H 2004
flask equi pped with a nmechanical stirrer, addition funnel and nitrogen
inlet/outlet. The reaction is placed under nitrogen, and 0.01 nolar nol ar
equi valent dibutyltin dilaurate (catalyst) is 5 added with stirring as the
solution is heated to 70C. The addition funnel is charged with one nol ar
equi val ent of isoeugenol dissolved in toluene. This solution is then added

to the isocyanate sol t|on ovenf} anlnut i.ng m xture

heated for three hour ”3Fm?6€w' W#ﬁﬁﬁé%@??% af e%FﬁBQ%%”sto cool to
room tenperat ure%ol\y]e%Hmo)ﬁ}eHé%étﬁre%ggk%ﬁg%\ék gfaesd with erﬁfgﬁ%ﬁ@ar fﬁrﬂ ee 10

times. The isola ganic ered and
the solvent rerrgafo%nIfd?mwaafayﬁnrb@engmy@ouhaemé@‘QH%S dec@Vkder 12 NCO + 0

nitrogen, and 0.01 molar molar equivalent dibutyltin dilaurate {catalyst) is

5 added with stirring as the solution is heated to 7¢°C. The addition funnel is
charged with one molar equivalent of isoeugenol dissolved in toluene. This

solution is then added to the isocyanate solution over ten minutes, and the

resulting mixture heated for three hours a1l 70°C. After the reaction is allowed
1o cool to room temperature, the mixture is washed with distilled water three
10 times. The isolated organic layer is then dried over MgSQ,, filtered, and the

solvent removed in vacuo to give the product.

EXAMPLE 12
S
O
([£N/\/\/\NCO 4
O
NH,
Toluene
Q o
‘ N/\/\/\ r]\|/U\I.|‘I
H H
| 7
O

15
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15 -23 0 7 APR 2004 One nol ar equivalent of naleimde wth isocyanate
functionality is solvated in toluene in a three-necked flask equi)gptg Agilt b
a mechanical stirrer, addition funnel and nitrogen inlet/outlet. The
addition funnel is charged with one nolar equival ent of 4-vinyl benzyl

am ne dissolved in toluene. This 5 solution is then added to the isocyanate
solution over ten mnutes, and the resulting m xture heated for an
additional three hours at 70C. After the reaction is allowed to cool to
roomtenperature, the mixture is washed with dis | ed water three tines.

The isol ated organic FQ?EbeQ“H@PBHﬁHW rmegﬁhmmW?m¥%@Pﬁﬂ”m@Hﬁ t he sol vent
removed in Vacuoscglgfat%l X%IL}eﬂgm%rth?;g%ECke%Qa %ulp;&‘eg vé'nﬁ a%pécuar)mal 1191 \Jene One

nol ar equi val ent a, a-di i socy anat &

(mTM) is sol vagmloh%nkglaugﬂ@oééa ,@}ebtofaﬁeqermdaﬁgnfulnaaks é%%'e@l?«ﬁr@' Wlth a

mechani cal stirrer, addition funnel and nitrogen inlet/outlet. The reaction
i's orie molar equivalent of 4-vinyl benzyl amine dissolved in toluene. This

5 solution is then added to the isccyanate solution over ten minutes, and the

resulting mixture heated for an additional three hours at 70°C. After the
reaction is aliowed 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 in vacuo to give the product.

10
EXAMPLE 13
o,
+ /YO\/\/\OH
NCO
C
Sn(ll) T O
Toluene J\/
N O
\"r \/\-/\O e

One molar equivalent of 3-isopropenyl-a,a-dimethylbenzy! isocyanate
15 {m-TM1) is sclvated in toluene in a three-necked flask equipped with a
mechanicat stirrer, addition funne! and nitrogen inlet/outlet. The reaction is

placed under nitrogen, and 0.01 molar molar equivalent of dibutyltin dilaurate

04




pl aced under nitrogen, and 0.01 nol ar nol ar equival ent of dibutylti@ p
dilaurate -24 0 7 APR 2004 (catalyst) is added with stirring as the T APR 2004
solution is heated to 70C. The addition funnel is charged with one nol ar
equi val ent of butanedi ol nonoacrylate dissolved in toluene. This solution
is added to the isocyanate solution over ten mnutes, and the resulting

m xture heated for an additional three hours at 5 70C. After the reaction
is allowed to cool to roomtenperature, the mxture is washed with
distilled water ghres) it LR withR€ri dried over
MpSH4, filtered, &angﬁ% he sol ve%ﬁr b%%o@%gaw%ﬁ\%gggﬁgedt!%y{glévgﬁ%%o ilé?:t EXAMPLE
14 10 Bu4NHSO4 tforhrwa@eh&@%M&Qﬂe@o@ﬁe@lﬁld@bfﬁutaﬂ%i%n@%@é but anedi ol
nonoacryl ate, excess of 50% NaOH, 0.43 nolar nol ar equival ent of
tetrabutyl amondisseivedditager. Suikbaltten idsdenth tmieodyphas segivhvadrent  of
cinnanyl chloride in toluene are stirred for five

ten minutes, and the resulting mixture heated for an additional three hours at
5 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 then

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

EXAMPLE 14
10
\/\CI _z O\/\/\
&
BUqNHSO,‘ o
toluene \/\O/\/\/ \’.(\
—_—
50% NaCOH O

One molar equivalent of butanediol monoacrylate, excess of 50%
NaOH, 0.43 molar molar equivalent of tetrabutyl ammonium hydrogen sulfate,
15 and one molar eguivalent of cinnamy! chioride in toluene are stirred for five
hours at 53°C, then for 15 hours at 75°C. The reaction is allowed to cool to
room temperature, after which organic layer is extracted and washed with
brine three times. The isolated organic layer is dried over MgSQ,, fillered,

and the solvent removed in vacuo (o0 give the product.
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hours at 53C, then for 15 hours at 75C. The reaction is allowed to cool to
roomtenperature, after which organic layer is extracted and washed JtAPR 2004
brine three tines. The isolated organic |ayer is dried over MySO4,

filtered, and the solvent renoved in vacua to give the product. 20 -25 0 7
APR 2004 EXAMPLE 15 0 Et 3N One nol ar equi val ent each of cinnanyl al cohol

and triethylamne are 5 mxed in dry nmethylene chloride at OC to which is
added one nol ar equi val ent of acryloyl chloride dissolved in dry nethyl ene
chloride. The mxture is allowed taq %ﬁﬁ%1for four hours. The. solvent is
evaporated and the crude product is %ﬁui i'8d by col um chr omat ogr aphy

using a gradient of hexane / ethyl acetate. 10 EXAMPLE16 Cl

I\ o
OH+ /\!}r
o)
E1;N *§b//\\o/JL\444

—_

One molar equivalent each of cinnamyl alcohol and triethylamine are
5 mixed in dry methylene chloride at 0°C to which is added one molar
equivalent of acryloyl chloride dissolved in dry methylene chioride. The
mixture is allowed o react for four hours. The solvent is evaporated and the
criude product is purified by column chromatography using a gradient of

hexane / ethyl acetate.

10
EXAMPLE 16
Cl
\/\NHQ /\{r
T O
: O
E13N \./\N)j\/
- |
H
15 One molar equivalent each of cinnamy! amine and triethylamine are

mixed in dry methylene chioride at 0°C, to which is added one molar




O Et3N 15 One nol ar equi val ent each of cinnanyl amne and triethylam ne are
m xed in dry methylene chloride at OC, to which is added one ol ar (7 26R Q0%
APR 2004 equival ent of acryloyl chloride dissolved in dry nethyl ene
chloride. The mxture is allowed to react for four hours. The solvent is
evaporated and the crude product is purified by columm chromat ography
using a gradient of hexane / ethyl acetate. 5 EXAMPLE 17 One nol ar

equi val ent each of 4-vinyl benzyl am ne and trlethylanlne 10 are mxed in
dry nethyl ene chlori dde qU|vaIent of

d
el o e e e s brotion et s T AL PRI BRE 1B, ZRE o oDt 2
al l owed to reactm&tgxeﬁé gracvem%é%fom%r SRty er% sb@en@}gaquso%t@@a@methe crude

product is purifie col um romat ogr aphy using a gradi ent of hexane /
ethyl acetate. Ifuge productis purified by column chromatography using a gradient of

hexane / ethyl acetate.

EXAMPLE 17

Ci

= EtsN

+ 3
D
NH, | N/JL\44’

|
H

One molar equivalent each of 4-vinyl benzyl amine and triethylamine
10 are mixed in dry methylene chloride at 0°C, to which is added one molar
equivalent of acryloyl chloride dissolved in dry methylene chloride. The
mixture is allowed to react for four hours. The scivent is evaporated and the
crude product is purified by column chromatography using a gradient of
hexane / ethyl acetate.

15
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0 7 APR 2004 EXAMPLE 18 0O H N OH 0 11-1 0 0 Sn(l11) Toluene O Cnﬂ7q@hqmm
equi val ent of 3-isopropenyl-a, a-di net hyl benzyl isocyanate 5 (mTM I')
solvated in toluene in a three-necked flask equi pped with a nechanlcal
stirrer, addition funnel and nitrogen inlet/outlet. The reaction is placed
under nitrogen, and 0.01 nol ar equival ent of dibutyltin dilaurate
(catalyst) is added with stirring as the solution is heated to 70C. A
solution of one nolar equival ent of hydroxyl am c ester dissolved in
toluene is added to 10 the isocyanangﬁﬂ; wtjson over ten mnutes, and the
resulting mxture heated for an additional three hours at 70C. After the
reaction is allowed to cq9l to

H
i/\/\/\
N CH
O +
~ NCO
o
O @)
T )“\
Sn(l) N NN N
Toluene lrl-l
QO
i N
0
One molar equivatent of 3-isopropenyl-a,a-dimethylbenzyl isocyanate

5 (m-TMI} is solvated in toluene in a three-necked flask equipped with a
mechanical stirrer, addition funnet and nitrogen inlet/outiet. The reaction is
placed under nitrogen, and 0.01 maolar equivalent of dibutyltin dilaurate
(catalyst) is added with stirring as the solution is heated to 70°C. A solution of
one molar equivalent of hydroxy! amic ester dissolved in tolugne is added to

10 the isocyanate solution over ten minutes, and the resulting mixture heated for
an additional 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
isoiated organic layer is then dried over MgSQ,, fitered and the solvent

removed /n vacuo to give the product.




roomtenperature, the mxture is washed with distilled water three tines.
The isolated organic layer is then dried over MgSH, filtered and t{eAPR 2[][]{,
solvent renoved in vacuo to give the product. 15 0 7 APR 2004 EXAMPLE 19
Bu4NHSO4 t ol uene 50% NaOH One nol ar equi val ent of hydroxyl am c ester,
excess of 50% NaOH, 0.43 nolar equival ent of tetrabutyl ammoni um hydrogen
sul fate, and one 5 nol ar equival ent of cinnanyl chloride in toluene are
stirred for five hours at 53C, then for 15 hours at 75C. The reaction is
allowed to cool to room tenper at ureg :Qﬂﬂp E\Q organi c | ayer extracted and
washed with brine three tinmes. The TS0l at organic layer is dried over
MySH4, filtered and the sol vent renoved in vacuo to the product. 10 0 7 APR

2004 I?
NN
o +
~
. ’ O
@]
B H
U4NHSO4 |
toluene N/\/\/\O/\/
_—
50% NaOH o
\
0]

One molar equivalent of hydroxyl amic ester, excess of 50% NaOH,
0.43 molar equivalent of tetrabutyl ammonium hydrogen sulfate, and one
5 molar equivalent of cinnamyl chloride in toluene are stirred for five hours at
53%C, then for 15 hours at 75°C. The reaction is allowed to cool to room
temperature and the Vorga,nic tayer extracted and washed with brine three

times. The isolated organic layer is dried over MgSQ,, filtered and the solvent

removed in vacuo to the product.
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EXAMPLE 20 One nol ar equi val ent of hydroxyl am c ester, excess of 50% NaOH,
5 0.43 nol ar equival ent of tetrabutyl anmoni um hydrogen sul fate, and bARR 2004
nol ar equi val ent of 4-vinyl benzyl chloride in toluene are stirred for five
hours at 53C, then for 15 hours at 75C. The reaction is allowed to cool to
room tenperature and the organic |ayer extracted and washed with brine
three tinmes. The isolated organic |layer is dried over MgSO4, filtered and
the solvent 10 renoved in vacuo to give the product. EXAMPLE 21 O her

el ectron donor/acceptor conpounds cagxhgemsle according to simlar
procedures. The follow ng reaction schenes show other starting 15

el ectron-donor conpounds and starting el ectronxgcceptor conpounds with the
resul ting el ectron dondr/%cceptor conpounds. O APR 2004 EXAMPLE 21-A O

OH + O 5 EXAMPLE 21BN~~~y

O +
~
O
Cl
@]
H
Bu,NHSO, |
toluene N/\/\/\
T r——-
50% NaOH 0
™~
O

One molar equivalent of hydroxyl amic ester, excess of 50% NaOH,
0.43 molar equivalent of tetrabutyl ammaonium hydregen sulfate, and one
molar equivalent of 4-vinyl benzyl chloride in toluene are stirred for five hours
at 53°C, then for 15 hours at 75°C. The reaction is allowed to cool to room
temperature and the organic layer extracted and washed with brine three
times. The isolated crganic layer is dried over MgSQ,, filtered and the solvent

removed in vacuo o give the product.

EXAMPLE 21
Other electron donor/acceptor compounds can be made according to
similar procedures. The following reaction schemes show other starting
electron-donor compounds and starting electron-accepior compounds with

the resulting electron donor/acceptor compounds.

-30-




OH 0 EXAMPLE 21-C 10 OH + C1 Et3N O 7 APR 2004 EXAMPLE 21-D OH + 5 0 TYZOR
TOT A TYZOR TOT is a titaniumcatal yst available from Al dii ch. EXAVBUEPR 1
O 11 NH2 + d' Et3N

EXAMPLE 21-A

O
Et;N
=
|

5 EXAMPLE 21-B

YT
~

O
EtzN
— /\O
‘ EXAMPLE 21-C
10
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0 EXAMPLE 21-F NH2 + Et3N -32 0 7 APR 7004 CLAIMS: 1. A conpound hayitryprt N
structure RL | 1-6 5 in which Ar is an aromatic ring or fused ring having
3 to 10 carbon atons within the ring structure; R, R2 and R3 are

i ndependent |y hydrogen, :or an alkyl group having 10 .1 to 12 carbon
atons; Gis -OCH3; O is an alkyl group having 1 to 12 carbon atons; 15
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TYZOR TOT is a titanium catalyst available from Aldrich.
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Z- E11 000 11 111 R1 -33 0 7 APR 2004 0 CG11 ~~1II OO, 510 15 or
Zis an alkyl group; and Eis O '
07 APR 2004

CLAIMS:
1. A compound having the structure
G2
R1 |
Rz%/m‘cr" ST 4 E
0.1
R3
1-6
5 in which

Ar is an eromatic ring or fused ring having 3 1010

carbon atoms within the ring.structure;

R', R? and R® are independently hydrogen, .or an alky} group having
10 1 to 12 carbon atoms;,

G is ~OCHj,;

Q is zn alkyl group having 1 10 12 carbon aloms;
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Rl R2 0 R3"R2 or O inwhich Yis O or N(R) and R, R2, and R3 and O are as
descri bed above. -34 0 7 APR 2001 5 10 2. A conpound according to claim|

selected fromthe group of conpounds O H | -35 0 and 07 APR 200t
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Z is an alky] group; and
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in which ¥ is O or N{R") and R", R?, anc R® and Q are as descrihed above.
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a 7 APR 2004 3. A conpound having the structure Ar in which RL | Ar is an
aromatic ring or fused ring having 3 to 10 carbon atons within the rﬂ'-cgpﬂ 004
structure; R, R2 and R3 are independently hydrogen, an al kyl group having -
51to 12 carbon atons; Gis -OCH3; O is an alkyl group having 1 to 12

carbon atonms; 1 C Xis; 151-6 RLOO Il Il \O-C-NC, O
2. A compound according lo claim 1 selected from the group of
compounds:
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R RL1 1 RLRL 3607 APR 2004 5 10 i! 11 0 O or Z is an al kyl group;
and Eis O Ran R2 or 0 in which Yis 0 or N(R1) and R, R2, and RB73RH 2004
are as described above. 4. A compound according to claim 3 selected from
the group of conpounds: '

<L

A compound having the siruciure

G g1s
0.2

in which
Ar is an aromatic ring or fused ring having 3 1o 10 carbon atoms within

the ring structure;

R?, R? and R® are independently hydrogen, an alky) group heving

1 to 12 carbon atoms;

o

G is —~OCH;,

Q is an alkyl group having 1 1o 12 carbon sioms:




-37 07 APR2904 0000 1 N HO 5010, and 5 A curable adhesive

.conposi tion conprising a conpound according to any one of clainms 1 to{(4.APg. 2804
A. cur abl e adhesi ve conposition conprising a conpound according to 15 any

one of clains 1 to 4 and a thermally conductive filler. 7. A curable

adhesi ve conposition conprising a conpound according to any one of clains 1
to 4 and an electrically conductive filler.
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in which Y is © or N{R"}and R*, R?, and R? and Q are as described above.

4, A compound according to claim 3 selected from the group of

compounds:




-38 0 7 APR 2004 8. A curable adhesive conposition conprising a Cﬁgpw&ﬁlﬂ
according to any one of clainms 3 to 4 and a nonconductive filler: 9et k
sem conduct or package in which a silicon chip is adhered to a substrate

wi th an adhesi ve conprising a conpound according to any one of clains 1 to
4.
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5 A curable adhesive composilion comprising a compound according to
any one of claims 1 to 4.
6. A curabie adhesive composition comprising a compound according to
15 any one of claims 110 4 and a thermally conductive filler.
7. A curahble adhesive composition comprising 2 compound according 1o

any one of ¢laims 110 4 and an elecirically conduclive filler.
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B, A curable adhesive composition comprising a compound according o

any one of claims 110 4 and a nonconductive filler.

9. A serniconductor package in which & silicon chip is adheredio a

substrale with an adhesive comprising a compound according 1o any one ¢f

claims 1 1o 4.




