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Cl NNAMYL, OR MALEI M DE FUNCTI ONALI TY FI ELD OF THE | NVENTI ON [Oogii.gw%@

i nvention relates to curable conpounds that contain a cycloali Bkfc boxy
noi ety and a styrenic, cinnanyl, or naleimde noiety. BACKGROUND OF THE

| NVENTI ON [ 0002] Radi cal -curabl e conpositions are used in adhesive
conpositions, for exanple, in the fabr%ﬁation and assenbly of sem conduct or
packages and m croel ectroni c devices. ere are a nunber of electron
donorl el ectron acceptor adhesive systens that are used in the industry, but
not all these give as full performance as is needed for all uses. There are
al so adhesive systens that contain both radical-curable noieties and epoxy
functionality. The conpounds disclosed in this specification add to the
spectrum of performance materials for use within the sem conductor
fabrication industry. CECAARPFHAFCTEHIOXYNYEMPOONDBABDEIAINING | nvention rel ates

to conmpounds that cofT¥RRNK, CENNAMYE. ORMMALEIMIDFORYNGOONALITYND an el ectron
acceptor noiety or an el ectron

FIELD OF THE INVENTION
{0001] This invention relates to curable compounds that contain a

cycloaliphatic epoxy moiety and a styrenic, cinnamyl, or maleimide moiety.

BACKGROUND OF THE INVENTION
[0002] Radical-curable compositions are used in adhesive
compositions, for example, in the fabrication and assembly of semiconductor
packages and microelectronic devices. There are a number of electron
donor/electron acceptor adhesive systems that are used in the industry, but
not all these give as full performance as is needed for all uses. There are
also adhesive systems that contain both radical-curable moieties and epoxy
functionality. The compounds disclosed in this specification add to the
spectrum of performance materials for use within the semiconductor

fabrication industry.

. SUMMARY OF THE INVENTION
[0003] This invention relates to compounds that contain a
cycloaliphatic epoxy moiety and an electron acceptor moiety or an electron
donor moiety. The preferred electron acceptor is a maleimide moiety. The
preferred electron donor is a double bond connected 1o an aromatic ring and
conjugated with the unsaturation in the ring. Preferred electron donor
moieties are styrenic or cinnamy! moieties. In another embodiment, this
invention is a curable composition, such as an adhesive, coating, or

encapsulant composition, containing such compounds.



donor noiety. The preferred electron acceptor is a nmaleimde noiety. The
preferred el ectron donor is a double bond connected to an aronataﬁ rinﬁland
conjugated with the unsaturation in the ring. Preferred el ectron Sh 2005
noieties are styrenic or cinnamyl noieties. In another enbodinment, this
invention is a curable conposition, such as an adhesive, coating, or

encapsul ant conposition, containing su&h conpounds. 3 0 SEP 2005 z DETAI LED
DESCRI PTI ON OF THE | NVENTI ON [0004] The inventive conpounds can be

represented by the fornmulas (in which the bond represented as a wavy line
indicates a cis or trapg-i ) \4§Hr of the conpound):
[ 0005] [0006] [0007] 3 @%gé@%?@%gﬁ%u?gggsi (@F?% -ééﬁq [ 0009]

[0004] The inventive compounds can be represented by the

formulas (in which the bond represented as a wavy line indicates a cis or

trans isomer or a racemic mixture of the compound):
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and [0010] [0011] in which [0012] mand n independently are 1 to 500,
preferably 1 to 100, nore preferably 1 to 25, and nost preferab%gsgpqmﬁz, q
and v independently are O or 1; [0013] v represents a cycloaliphatic epoxy
noi ety, in which an epoxy group is attached to a cyclic, bicycle or
tricyclic ring structure, 3 0 SEP 1005 4 which structure may contain one or
nore heteroatons (N. 0, or S); preferably, the cycloaliphatic epoxy noiety
is chosen fromsubstituted and unsubstituted five and six nenbered cyclic
rings; substituted and unsubstituted six, seven and ei ght menber bicyclic
rings; substitypg@yand unsubstituted nine, ten and eleven nenber tricyclic
rings, in which the substituents on the rings can be any organic nvoiety,
and preferably are lower alkyl; [0014] R R, gnd Rgrarg independently
hydrogen, an al kyl group having 1 to 12 carbor/ akgons] and\ preferably Hor 1
to 4 carbon atons, or/ an aron%§'c or heteroar

having 3 to 10 carboh at v
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[0011] in which
[0012] m and n independently are 1 to 500, preferably 1 to 100,

more preferably 1 to 25, and most preferably 1 or 2, g and v independently

are 0or1;

<O
[0013]

which an epoxy group is attached to a cyclic, bicycle or tricyclic ring structure,

represents a cycloaliphatic epoxy moiety, in



within the ring structure, in which the heteroatons are N, 0, or S; [0015] G
Is -OR, -SR, or -N(R(R) in which Rand R are as descri bed aboﬂvaSEPofﬂﬂ'? S
an al kyl group having 1 to 12 carbon atons; or Gis an aromatic or

het eroaromatic ring or fused ring having 3 to 10 carbon atons wthin the
ring structure, in which the heteroatons may be N, 0, or S; [0016] Z and Z
are any nononeric, oligonmeric or polynegic organic noiety (for exanple,

al kyl, cycl oal kyl, aryl al kyl, al kenyl, cycl oal kenyl, aryl alkenyl, or
aromatic, and for exanple pol y(butadi ene), polyether, polyester;

pol yur et hane, pwhiyafutlurecmapaingst she@nmorditersasrhomateor ol ysul f one) ; and

[0017] X is a direct bond or a functional group selected fromthe groups

consi sting of: el the cydoaDpidtid ERixy- Dbiely itichdsen from substituted and
unsubstituted five and six membered cyclic rings; substituted and
unsubstituted six, seven and eight member bicyclic rings; substituted and
unsubstituted nine, ten and eleven member tricyclic rings, in which the
substituents on the rings can be any organic moiety, and preferably are lower
alkyl;
[0014] R, R, and R" are independently hydrogen, an alky! group
having 1 to 12 carbon atoms and preferably H or 1 to 4 carbon atoms, or an
aromatic or heteroaromatic ring or fused ring having 3 to 10 carbon atoms
within the ring structure, in which the heteroatoms are N, O, or S;
[0015] G is -OR, -SR, or -N(R)(R’) in which R and R’ are as
described above; or G is an alkyl group having 1 to 12 carbon atoms; or G 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, O, or §;
[0016] Z and Z' are any monomeric, oligomeric or polymeric organic
moiety (for example, alkyl, cycloalkyl, aryl alky!, alkenyl, cycloalkeny), aryl
alkenyl, or aromatic, and for example poly(butadiene), polyether, polyester,
polyurethane, polyacrylic, polystyrene, polycarbonate, polysulfone); and

; [0017] X is a direct bond or a functional group selected from the

groups consisting of.

O O O O
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X N' "Jr ANEINNN HHH HH -0 3 0 SEP 2005 5 0 0 S S S" N~ NAS~ OAN~ NAO H H
H and H provided that X cannot be oxygen when the cyclic epoxy 38&SEb@S
cycl ohexane and the other functionality is a styrenic noiety. [0018]
Exenpl ary structures with the cyclic epoxy noieties depicted for such
conpounds, in which E represents the styrenic, cinnanyl, or maleimde
noiety; X, Z, and Z' are as above and and R are hydrogen or |ower alkyl,
and g and v independently are 0 or 1, include: [0019] R E-(2)-X(Z [/ [0020]
[ 0021]

O O S . S

\S/U\N/ \N/ILS/ \O/U\I:l/ \N/LLO/

1 i
H | H . H  andg H

provided that X cannot be oxygen when the cyclic epoxy is epoxy
cyclohexane and the other functionality is a styrenic moiety.

[0018] Exemplary structures with the cyclic epoxy moieties depicted
for such compounds, in which E represents the styrenic, cinnamyl, or
maleimide moiety; X, Z, and Z’ are as above and R and R’ are hydrogen or

lower alkyl, and g and v independently are 0 or 1, include:

[0019]
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(0022]
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ElZ)X*Z'| - ( 30 [0022]

3 0 SEP 2005 6 [0023] [0024] and [0025] E

E-{Z)X:(Z'P p qv N 4Z X1Z~v gq [0026] |In another enbodi nent, tgh§%$1m5

invention is a curable
encapsul ant, contai ni ng
styrenic, cinnanyl, or

conposition, such as an adhesive, coatin
the conmpound with both cycloaliphatic epoxy and
mal ei m de functionality. The conposition can be a

paste, prepared by blending or mllingg or can be a film prepared by
standard fil mnmaking techniques known to those skilled in the art. The

curabl e conposition w |
{0023]

[0024)

and

[0025}

[0026]

E-(z);x-(z)gmo
E-(Z);X-(Z')V/CO:O

E—(z)q’)((z')’V ©

In another embodiment, this invention is a curable

composition, such as an adhesive, coating, or encapsulant, containing the

compound with both cycloaliphatic epoxy and styrenic, cinnamyl, or

maleimide functionality. The composition can be a paste, prepared by

blending or milling, or can be a film, prepared by standard film making

techniques known to those skilled in the art. The curable composition will

include optionally a curing agent, and optionzlly a filler.

[0027]

These compounds can be the main component in the curable

composition or can be added as an adhesion promoter to one or more other

curable resins. When used as an adhesion promoter, the amount used in the

curable composition will be an effective amount to promote adhesion and, in

general, an effective amount will range from 0.005 to 20.0 percent by weight

of the formulation.



include optionally a curing agent, and optionally a filler. [0027] These
conpounds can be the main conponent in the curable conposition orw:w ms
added as an adhesion pronoter to one or nore other curable resins. e
used as an adhesion pronoter, the anmbunt used in the curable conposition
will be an effective anobunt to pronote adhesion and, in general, an
effective anmount will range from0.005 40 20.0 percent by weight of the
formulation. 3 0 SEP 2005 [0028] Exanpl es of other curable resins for use as
the main conponent in the curable compositions include epoxies, vinyl
ethers, thiol- Poeg, conpéwuadseddvtheecirinonsios fonasyds taadhast yreni c starting
conpounds, funarates, naleates, acrylates, and mal ei m des. [00291 Suitable
curing agents asempdnertimiheiciable seropasitignsiinclpdeoenokias. tvinsltediress, prielsent in an
effective anount to cure the conposition. In general, those anounts w ||
range from 0.1 9H8SoCotoEndsderqidimcinnamytandstysenic SRting[ogIPOURsS. t he t ot al
organic materia that is, excludin ny inorganic fillers) in the
conmposi ti on. Prh‘f'%l‘_ ?%Sd”?}s?é?eﬁﬁﬁcr# Tt grédtara%ﬁgmﬁ'i'dﬁ& ude peroxides, such as butyl
peroct oat es a”d[o‘ébgu”y' P%praff)'l d&rirﬁggéb%ng?a?e {rOIHR gigr%rs %HCh as 2,2 -
azobi s(2- met hyl -’ propaneni tri ee) a , 2" -azobi s(2-nmethyl -butanenitrile). A
preferred seri eghdiniSs plelbhtididiR e @moDAse ciOIE BRESLitidhNE, t rademark

general, those amounts will range from 0.1% to 30%, preferably 1% to 20%,

by weight of the total organic material (that is, excluding any inorganic fillers)

in the composition. Preferred thermal initiators include peroxides, such as

butyl peroctoates and dicumyl peroxide, and azo compounds, such as 2,2'-

azobis(2-methyl-propanenitrile) and 2,2'-azobis(2-methyi-butanenitrile). A

preferred series of photoinitiators are those sold under the trademark '

{irgacure or Rhodorsil 2074 by Ciba Specialty Chemicals. In some

formulations, both thermal initiation and photoinitiation may be desirable: the

curing process can be started either by irradiation, followed by heat, or can

be started by heat, followed by irradiation.

[0030] in general, the curable compositions will cure within a

temperature range of 80°C to 250°C, and curing will be effected within a

range of three seconds to three hours. The actual cure profile will vary with

j the components and can be determined without undue experimentation by

the practitioner.

[0031] The curable compositions may also comprise nonconductive

or thermally or electrically conductive fillers. Suitable conductive fillers are

carbon black, graphite, gold, silver, copper, platinum, palladium, nickel,

aluminum, silicon carbide, boron nitride, diamond, and alumina. Suitable

nonconductive fillers are particles of vermiculite, mica, wollastonite, calcium

carbonate, titania, sand, glass, fused silica, fumed silica, barium sulfate, and

halogenated ethylene polymers, such as tetrafluoroethylene, trifiuoro-



irgacure or Rhodorsil 2074 by G ba Specialty Chemcals. In sone

fornmul ations, both thermal initiation and photoinitiation may be 38$tP 28he:
the curing process can be started either by irradiation, followed by heat,
or can be started by heat, followed by irradiation. [0030] In general, the
curabl e conpositions will cure within a tenperature range of 60C to 250C
and curing will be effected within a rg@nge of three seconds to three hours.
The actual cure profile will vary with the conponents and can be determ ned
wi t hout undue experinentation by the practitioner. [0031] The curable
conposi tions nagthfiess via@iphd Suride) NiaAMOdeHE] Wi/lidede chibedeand yinyor el ectrically
conductive fillers. Suitable conductive fillers are carbon black, graphite,
gol d, silver, coppae, Ifpresentniilers geadrbliydvillirg in amolras of 208d ta®0Lyy si | i con
car bi de, boron nitride, dianond, and alum na. Suitable nonconductive
fillers are par weighte thefforpwletivreul ite, mica, wollastonite, cal cium
carbonate, titania, sand, glass, fused silica, fumed silica, bariumsulfate,

and hal ogenat elf%¢lhy| ene HRoYeEfBOCdIMED, thiginyestienis Bsyia8iEt hy | ene, trifluoro 3
0 SEP 1005 s ethﬁben ride i de v&pylidene
il

. vinylidene fluo vinyl . fl uor
chiori de, and vEHOOSRRFasPRTE0 TERompEEE eving f PAPIPBISSEPEy P94l 11 be i n
amounts of 20% [ %%eh%, cinnamyl, or maleimide moiety, and an aliphatic or aromatic
epoxy resin. In a preferred embodiment, the epoxy resin has the structure
/\/
O
o) O

[0033] The following Procedures and Examples disclose
representative compounds containing at least one cycloaliphatic epoxy
moiety and ane styrenic, cinnamyl, or maleimide moiety per molecule and the
synthetic procedures for making those compounds. Also disclosed is the

performance of samples in curable compositions.

[0034] PROCEDURE 1. Reaction of isocyanate with alcohol. One
mole equivalent of isocyanate is solvated in toluene in a three-necked flask
equipped with a mechanical stirrer, addition funnel and nitrogen inlet/outiet.
The reaction is placed under nitrogen, and a catalytic amount of dibutyltin
dilaurate (catalyst) is added with stirring as the solution is heated to 60°C.
The addition funnel is charged with one mole equivaient of alcoho! dissolved
in toluene. This solution is added to the isocyanate solution over ten

minutes, and the resulting mixture is heated for an additional three hours at
60°C. After the reaction cools to room temperature, the solvent is removed in

vacuo to give the product.



wei ght of the fornulation. [0032] In another enbodiment, this invention is a
curable conposition conprising the conpound having a cycl oal i phatjigcore prgasy
noi ety and a styrenic, cinnanyl, or naleinide nmoiety, and an aliphatic or
aromatic epoxy resin. In a pref erred enbodi ment, the epoxy resin has the
structure [0033] The foll ow ng Procedures and Exarrpl es discl ose
representative conpounds containing at ¢ east one cycl oaliphatic epoxy

noi ety and one styrenic, cinnanyl, or maleimde noiety per nolecule and the
synt hetic procedures for nmaking those conmpounds. Al so disclosed is the
performance of [8@a%pl es | nPROCEDURE QoRaecioh bbdicho|vihdt]|d dRREEGEDURE 1: Reacti on
of isocyanate with alcohol. One nole equivalent of isocyanate is solvated
in toluene in &nemele-eneviant of dleobkl andfigthyjeedhesre mixgd iredrh asthylghe stirrer,

addi tion funnel and nitrogen inlet/outlet The reaction is placed under
nitrogen, and aph@aﬁ%ﬂaW°Pc%&ﬁﬂm*ﬁe%'f"aHPttﬁﬁld)ﬁMOr“ffﬁ diggolvadinedne (catal yst) is
added with stirring as the solution is heated to 60C. The addition funnel
is charged wit H“‘ﬁhﬂe'rﬁﬁh@”éﬁﬁicéfﬂ%'h?d@ﬂ EP%B‘H&’eﬁiag%"&d\}%’aaq "Y1 uene. This
solution is adde ther anat e 8’34 tro r ten rgsnut‘e, and the
Fosul thng i xt PEs JTRSAER SRR RH T BRs PER B MU E0C A rer the
[ﬁgcg;ggugfo' S dPorh RO TRAE B dfent SihExHRl YN ackBttEGRYGE | 1 vacuo to give

product.

[(0036] PROCEDURE 3: Reaction of alkyl halide with alcohol. One
mole equivalent of alcohol, excess amount of 50% NaOH, a catalytic amount
of tetrabutyl ammonium hydrogen sulfate, and one mole equivalent of alkyl
halide in toluene are stirred for five hours at 53°C, then five hours at 75°C.
The reaction cools to room temperature and the organic layer extracted and
washed with brine three times. The isolated organic layer is then dried over

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

[0037] PROCEDURE 4. Reaction of disiloxane with vinyl epoxy. A
round-bottomed flask is charged with one mole equivalent of disiloxane and
one mole equivalent of vinyl epoxy resin. The reaction flask is equipped with
a magnetic stirrer and a reflux condenser. To this mixture is added a
catalytic amount of tris(triphenylphosphine)rhodium(l) chloride, and the
reaction mixture is heated to 80-85°C for six hours. The reaction is followed
using gas chromatography by monitoring the disappearance of the starting
materials and the appearance of the products. After the compietion of the

reaction, pure product is obtained by fractional vacuum distillation.

[0038] PROCEDURE 5: Hydrosilation. One mole equivalent of

alkene is dissolved in toluene and placed in a two-necked round bottomed



3 0 SEP 2005 9 [0035] PROCEDURE 2: Reaction of alcohol with acid %Rlleﬁr'ql ﬂ@n
One nol e equival ent of alcohol and triethylamne are mxed in dry % e
chloride at 0OC. One nole equivalent acid chloride dissolved in dry

met hyl ene chloride is carefully added. The mi xture is allowed to react for
four hours. The solvent is evaporated and the crude product is purified by
colum chromat ography using a gradi enjgof hexane / ethyl acetate to give
the product. [0036] PROCEDURE 3: Reaction of alkyl halide with alcohol. One
nol e equi val ent of al cohol, excess ampunt of 50% NaOH, a catal ytic anount

of tetrabutyl atmnOoemmblgcnagment sitdpbat @pxamaddductis added tetheifiesd, ent of al kyl
halide in toluene are stirred for five hours at 53C, then five hours at 75C.
The reaction caidshe eaetioo mixteajsereated tebBiad Onedrop oflkarstedtseptalysdist r act ed and
washed with brine three tines. The isolated organic layer is then dried over
MySO4, filter ecPIdRe at”ﬁ@eéw"\?é'lﬁ'm@ﬂﬁ'%ﬂar?HW@E&B\’ elPwiide the product. [0037]

PROCEDURE 4: R ti f dLsi i th .vi | . A d- bot t d
flask is char gg gwgﬁa&?ggh%% g’ﬁ%??ﬂﬁ:Cé’??t'xh\%'magq%%xéﬁﬁ@aﬂ’gunoneorm?ge

equi val ent of vipy L[ eS] ' I i pped with a
magnetic stirr e'JF Q%Jﬁ&%g&%? F@bﬁgﬁ%@ﬁg@?i’tﬁ%ﬂ{hﬁ{ sﬁ%kﬂoﬁ?ggﬂ}tés added a
reaction mixture is poured with stirring into methanol to precipitate the grafted

poly(butadiene) polymer. The precipitated product is washed with methanol

and dried in vacuo at 60°C for eight hours.

[0039] PROCEDURE 6: Reaction of alcohol with carboxylic acid.
Into four neck flask is placed one mole equivalent of (0.4739 mol) carboxylic
acid. Also charged is one mole equivalent {0.2256 mol) of alcohol, and
catalytic amount of sulfuric acid. Toluene is used to solvate the reaction
mixture. At this point, the flask is fitted with a Dean Stark apparatus, mércury
thermometer, mechanical stirrer, and nitrogen blanket. The reaction mixture
is raised to reflux (110°C). Reflux is maintained for approximately four hours
at which point the condensate trap is emptied to remove collected water, and
allowed to refill with fresh distillate. An equal amount of virgin solvent is
charged to the flask to maintain a consistent solvent level. Following another
30 minutes of reflux, the trap is again emptied and aliowed to refill; again
back charging fresh solvent o replace the distillate that is removed. This
process is repeated four more times in an effort to drive the maximum
amount of water from the system. Following the final 30 minutes of reflux,
the oil bath is removed and the reaction shut down. The sotvent is
evaporated and the crude product is purified by column chromatography

using a gradient of hexane / ethyl acetate to give the product.



catal ytic amount of tris(triphenyl phosphine)rhodiun(l) chloride, and the
reaction mxture is heated to 80-85C for six hours. The reaction i§(fepplpped
usi ng gas chromat ography by nonitoring the di sappearance of the starting
materials and the appearance of the products. After the conpletion of the
reaction, pure product is obtained by fractional vacuumdistillation. [0038]
PROCEDURE 5: Hydrosilation. One nole eqyival ent of alkene is dissolved in
tol uene and placed in a two-necked round bottomed 3 0 SEP 2005 10 fl ask. One
nol e equi val ent of epoxy sil oxane adduct is added to the flask, and the
reaction m xturieo4g heat edROCEBOCE 70O aétionpf shinkantisbadltnisrideabakyst s

added, and the hydrosilation reactions are obtai ned by foll ow ng

di sappear ance odquSileht diamihezind 204 #quivaleni of trietrylamie ae edkegpedryr um  The
reaction is over in approximately two to three hours. After cooling, the
reaction m xt urmwethgenroehtaside @i @°6. £neenvivadent oftasidrobloridndissalvedpr&gi pi t ate t he
grafted poly(butadiene) polyner. The precipitated product is washed with
met hanol and dpgtedenachioside s catefWpeddedr The ghdureis@ievedto 08l fOFREICEDURE 6:
Reaction of alcohol wmith carboxylic acid. Into four neck flask is placed

one nol e equi val¥ht TOF spiyent YRS ang B KyP§ Rrodut jscPuriedsly OWaged i s one

ml e equi val ent ch('gma%gg?rgph%ls?ng %fg ra%ke%?c')}%lekan%r)gthyl acetate to give the

product.

[0041] PROCEDURE 8: Conversion of alcohol functionality to
chloride functionality. The synthetic procedure is conducted according to E.
W. Collington and A. |. Meyers, J. Org. Chem. 36, 3044 (1971). A stirred
mixture of one mole equivaient of alcohol and 1.1 mole equivalent of s-
collidine under nitrogen is treated with one equivalent of lithium chloride
dissolved in a minimum amount of dry dimethylformamide. On cooling to
0°C, a suspension is formed, which is treated dropwise with 1.1 mole
equivaient of methanesulfonyl chioride. Stirring is continued at 0°C for one to
one and one-half hour, after which time the pale yellow reaction mixture is
poured over ice-water. The aqueous layer is extracted with cold ether-
pentane {1:1) and the combined extracts are washed successively with
saturated copper nitrate solution. This is continued until no further
intensification of the blue copper solution occurs, indicating complete removal
of s-cbllidine. The organic extracts are dried (Na,SO,) and concentrated at

room temperature, providing a residue of the product.

[0042] PROCEDURE 9: Reaction of alkyl halide with amine. One
mole equivalent of alkyl halide is solvated in THF in a three neck flask
equipped with a mechanical stirrer and addition funnel. The addition funnel is

charged with one mole equivalent of amine in THF. This solution is added to



catal ytic amount of sulfuric acid. Toluene is used to solvate the reaction
m xture. At this point, the flask is fitted with a Dean Stark appa%tggP,zpq5
mercury thernoneter, nechanical stirrer, and nitrogen bl anket. The reaction
m xture is raised to reflux (110C). Reflux is maintained for approxinmately
four hours at which point the condensate trap is enptied to renove
collected water, and allowed to refill with fresh distillate. An equal
anount of virgin solvent is charged td2the flask to maintain a consistent
solvent level. Follow ng another 30 mnutes of reflux, the trap is again

enpti ed and al 'fﬂﬁgﬁyl_th%ncfeesfoiu'ﬁ&ﬁ ov3Bh PhinRACK O@@E@ih@gesfuﬁiﬁgg\ixﬁgé yent to repl ace

the distillate t is renoved. This process Is repeat ur nmore tines in

an effort to dritvedkdiaz RBurb BLHBdm admperdiuref TMEdoRentis RMAEEInSY&loem Fol | owi ng
the final 30 mnutes of reflux, the oil bath is renpved and the reaction

shut down. The s to@tiresulting enageissddaed ener dnb @atef.uthe daganitajer iss puri fied by
col um chromat ography using a gradient of hexane / ethyl acetate to give

t he product. 3 €trggpd 200%iet DvérdipiD:. PROTEBOIRECMovRRavEFwio give thei ne with aci d
chloride. One equivalent of am ne and one equivalent of triethylamne are
mxed in dry nP#Atene chloride at 0C. One equival ent of acid chloride
dissolved in dry nethylene chloride is carefully added. The m xture is

all owed to react for four

{0043] PROCEDURE 10: Reaction of carboxylic acid with
isocyanate. The synthetic procedure is conducted according to T. Nishikubo,
E. Takehara, and A. Kameyama, Polymer Journal, 25, 421 (1993). A stirred
mixture of one mole equivalent of isocyanate and one mole equivalent of
carboxylic acid is solvated in toluene in a three-necked flask equipped with a
mechanical stirrer and nitrogen inlet/outlet. The mixture is heated for two
hours at 80°C. After the reaction cools to room temperature, the solvent is

removed in vacuo to give the product.

[0044] PROCEDURE 11: Reaction of alcohol with vinyl silane. One
mole equivalent of alcohol and triethylamine are mixed in dry toluene at 0°C.
One mole equivalent of viny! silane dissolvad in toluene is carefully added.
The mixture is allowed to react for four hours at room temperature. The

} solvent is evaporated to give the product.

[0045] EXAMPLE I:

)
Z O

{0046] Compound | was prepared from the intermediate methyl

cyclohexane methanol epoxide, having the structure



hours. The solvent is evaporated and the crude product is purified by colum
chromat ography using a gradient of hexane / ethyl acetate to givej{ bE 2005
product. [0041] PROCEDURE 8: Conversion of alcohol functionality to

chloride functionality. The synthetic procedure is conducted according to E.
W Collington and A |. Myers, J. Og. Chem 36, 3044 (1971). A stirred

m xture of one nole equival ent of alco?ol and 1.1 nol e equival ent of s-
collidine under nitrogen is treated w h one equi val ent of |ithiumchloride
di ssolved in a mni num anount of dry dinmethylformam de. On cooling to 0C a
suspension is fornmed, which is treated dropwise with 1.1 nole equival ent of
nmet hanesul fonyl chloride. Stirring is ed at OC for one to one and
one-hal f hour, after which tineé%EF pa 4 +Gw reaction nixture is pour ed
over ice-water. The aqueous |ay i actted with cold ether- pentane
(1:1) and the conbined extracts are washed successively with saturated
copper nitrate [gm7uti on. Né&hyg cichofdahd MEBEndBidxldeMas bkbpblRalas | Ntensi fication
of the blue copper solution occurs, indicating conplete renoval of

s-col I i di ne. THeloasg&Methye3-tyctobiesenariemetharet(50 Ma@ S®dpoland 5&oncent r at ed at
roomtenperature, providing a residue of the product. [0042] PROCEDURE 9:
Reacti on of al leghedvaispidéongf seditambinerbor@ta(63 mblaad dighiorpaietene dP4 al kyl halide is

solvated in THE in a three neck fl ask ) )
ml) were charged to a 1L 4-necked round-bottom flask equipped with a

mechanical stirrer, pH/temperature probe and two 250 ml slow-addition
funnels, each with a side-arm. A 40% aqueous solution of potassium
hydroxide (250 m!) was charged to funnel #1 and a solution of sodium
acetate (10.42 g) dissolved in peracetic acid (32% by weight, 235.4 g total)
was charged to funnel #2.

[0048] The reaction flask was cooled in an ice bath with vigorous
mixing while the peracetic acid solution was added over three hours,
maintaining a reaction temperature of 5° -10°C. To maintain the reaction at
pH between 6 and 7, potassium hydroxide solution (funnel #1) was added as
needed. Following the completion of addition of peracetic acid solution, the
reaction temperature was held at 5° to 10°C for two hours, after which the ice
bath was removed.

[0049] When the reaction reached room temperature, the pH was
raised to 6.5 - 6.6 with additional potassium hydroxide solution. In this
synthesis, the total amount of potassium hydroxide solution added to the
reaction was 195 ml. The reaction was then stirred at room temperature for
16 hours.

[0050] The organic and aqueous fractions were isolated using a
separatory funnel. The product was twice extracted from the agueous phase
with dichloromethane (40 mi each) and the organic fractions were combined

and filtered to remove solids. An aqueous sodium bicarbonate solution (5%



equi pped with a nechanical stirrer and addition funnel. The addition funnel
Is charged with one nole equivalent of amne in THF. This sol uti 8@ s@ @ﬂ?
to 3 0 SEP 2005 12 the al kyl halide solution over ten m nutes at n he
resulting mxture is stirred for 12 hours at roomtenperature. The sol vent
Is removed in vacuo and to the resulting mxture is added ether and water.
The organic layer is extracted and dried over MgSO4. The solvent is renoved
in vacua to give the product. [0043] PROCEDURE 10: Reaction of car boxylic
acid with isocyanate The synthetic procedure is conducted according to T.

Ni shi kubo, mmr%’mngpgs ﬁbwlmxme ?Pg*lgﬂgétlorqgwrﬂﬁéd un?n5 421 (1993). A

stirred m Xt UI’ one e equl val ent of ~i socyanat e and one nol e

equi val ent of (ALK NpbED. AeTeduRing Uh¥DEREsibiwiQlidtRB 4 §bparatdiy €e- necked
flask equipped with a nechanical stirrer and nitrogen inletloutlet. The

m xture i s heatfashdl afd thevorgahio ghssealas 8Qected\f Tray prodiet waabén exragtedl s t o room
tenperature, the solvent is renoved in vacuo to give the product. [0044]
PROCEDURE 11: Remetheenueasis ghasetwih dishiblomethayé (26ml)anetheOrganicpbbsesequi val ent  of
al cohol and triethylam ne are m xed in dry toluene at 0OC. One nole

equi val ent of wWeigkogbinegrndditeredl ved in tol uene is careful ly added.

[0051] Next, a 5% aqueous solution of sodium sulfite (190 g) was
mixed with a 5% sodium bicarbonate agueous solution (10 g); this was used
in successive portions (20 ml each) to wash the organic fraction. Washing
continued until indicator strips measured zero ppm peroxides in the wash
solution. The organic phase was dried over anhydrous sodium carbonate (50
g) and filtered. The solvent was removed in vacuo to give the intermediate,
methyl cyclohexane methanol epoxide, in 60% yield.

[0052] Methyl cyciohexane methano! epoxide (intermediate) (20.00
g, 0.1163 moles), toluene (50 ml), tetrabutyl ammonium hydrogen sulfate
(8.70 g, 0.0256 moles) and 50% sodium hydroxide solution (150 ml) were
combined in a 500 m! 4-necked round bottom flask equipped with a
condenser, mechanical mixer and oil bath. The mixture was stirred and the
oil bath was heated to 90°C at which temperature the solids were totally
dissolved.

[0053] Cinnamy! chloride was added over approximately 20
minutes. The reaction was heated at 90°C with mixing for an additional hour
and then allowed to cool to room temperature. The organic phas.e was
isolated in a separatory funnel and washed three times with 20% sodium
chloride solution (200 mi each). As a result, the pH of the washes dropped
from 12 to 6. A final wash (200 ml) using distilled water resulted in an
emulsion, which was allowed to separate over night.

[0054]  After the emulsion separated, a clear bright gold organic

fraction was collected znd the toluene was stripped in vacuo. The resulting



The m xture is allowed to react for four hours at roomtenperature. The

sol vent is evaporated to give the product. [0045] EXAMPLE 1I: [00?1@]5 [Cq[mound
| was prepared fromthe internmediate nethyl cycl ohexane net hanol epoxid
having the structure 3 0 SEP 2005 HO [ 0047] Met hyl cychohexane net hanol
epoxi de was prepared as follows: 6-Mthyl-3-cycl ohexene-1-nethanol (50 g,
0.396 nole), a 5% aqueous sol ution of ;sodi um bi carbonate (63 nl) and

di chl oronet hane (94 m) were charged to a 1 L 4-necked round-bottom fl ask
equi pped with a nechanical stirrer, pHtenperature probe and two 250 m

sl ow addi ti on dakdiaige,sy@pcppraxt P8 g) vaas dasaverhin Asdifibnad te@us asdl ut i on of
potassi um hydroxide (250 m) was charged to funnel #1 and a sol ution of
sodi um acet at eetifyl acette (FP0nil, seEho/etiyliapetpler At by vaume)i §ilicB28koMey wei ght, 235. 4
g total) was charged to funnel #2. [0048] The reaction flask was cooled in

an ice bath wi t39969 GoRorRUIoRPR] the MRHTE w3t HECRE AL BITEERTUE sol ut i on was

added over th g hout sy JTBLNGAL 2% 2. GAGL! A0 [ETRRIEL LG8 5 ~10C To

resulting in Compound | as a thin orange liquid in 54% yield.

[0055] EXAMPLE Ii:

@]
gm@o

- Methyl-cyclohexane epoxide methanol (intermediate from EXAMPLE I') (25 g,
0.1760 moles), 3-isopropenyl-a,a-dimethylbenzyl isocyanate (m-TMI) (35.50
g, 0.1760 moles) and toluene (30 mi) were combined in 2 250 ml four-necked
round bottom flask equipped with a condenser, mechanical mixer, nitrogen
purge and oil bath. The reaction was placed under nitrogen and two drops of
dibutyltin dilaurate were added with stirring as the oil bath was heated to
80°C. Heating and stirring of the reaction solution was countinued for 24 hours
resuiting in a clear gold solution. The solvent was removed in vacuo and the
product, Compound Il, was obtained as thick gold liquid product in

guantitative yield.

[0056] EXAMPLE III;

QN/\/\/\Q/O\:O ©



pH between 6 and 7, potassium hydroxide solution (funnel #1) was added aﬁ
needed. Followi ng the conpletion of addition of peracetic acid sol d0i SR, 7 Bre
reaction tenperature was held at 5 to 10C for two hours, after which the ice
bath was renoved. [0049] Wen the reaction reached roomtenperature, the pH
was raised to 6.5 - 6.6 wth additional potassium hydroxide solution, In
this synthesis, the total anmount of posassi um hydroxi de sol ution added to
the reaction was 195 m. The reaction was then stirred at roomtenperature
for 16 hours. [0050) The organi c and aqueous fractions were isolated using
a separatory f und Hias prepdreliromdee inlimediades & Re'eBidCPRIRC A8 aqueous phase
W th dichloronetpane 40 each) .and the organic fractions were conbi ned
and filtered t @PEHRVEOKINFH L MR ueous sodi um bi carbonate sol ution (5% 3

0 SEP 2005 14b3%%$?ight, éBm%h% W@%o%%?@?%v% ﬂﬁ%?58u%he organi ¢ fraction and

m xed unti | ng stopped. e resulrting e emul sion was placed in a
separatory funnel and the organbp phase was col |l ected. The product was then
extracted fromthe aqueous phasg with dichloronethane (25nm) and the

organi ¢ phases were conbi ned L«LLE&ggm\n,OFI
0
O

was prepared as follows: A solution of one mole equivalent of maleic
anhydride in acetonitrile was added to a one mole equivalent of 6-
aminocaprioc acid in acetic acid. The mixture was allowed to react for three
hours at room temperature. The formed white crystals were filtered off,
washed with cold acetonitrile and dried to produce the amic acid adduct.
[0058] The amic acid adduct was mixed with triethylamine in
toluene. The mixture was heated to 130°C for two hours and water was
collected in a Dean-Stark trap. The organic solvent was evaporated and 2M
HCL added to reach pH 2. Extraction with ethyl acetate and drying over
MgSO, followed by evaporating of the solvent gave the intermediate 6-
rmaleimidocaproic acid (MCA).

[0059)] The interrﬁediate methyl cyclohexene maleimide, having the

structure

was prepared as follows: 6-maleimidocaproic acid (140.00 g, 0.6635 moles),
6-methyl-3-cyclohexene-1-methanol (69.80 g, 0.5529 mole), and toluene
(600 ml) were combined in a 1L 4-necked round-bottom fiask. The flask was

fitted with 2n overhead mixer and thermometer. A Dean-Stark trep was fitted



M—— I

[ 0051] Next, a 5% aqueous solution of sodiumsulfite (190 g) was nmxed with
a 5% sodi um bi car bonat e aqueous solution (10 g); this was used id0 SEP 200
successive portions (20 m each) to wash the organic fraction. Washing
continued until indicator strips neasured zero ppm peroxides in the wash

sol ution. The organi c phase was dried over anhydrous sodi um carbonate (50

g) and filtered. The solvent was renovgg in vacuo to give the internediate,
met hyl cycl ohexane net hanol epoxide, in 60%yield. [0052] Methyl cycl ohexane
met hanol epoxide (internediate) (20.00 g, 0.1163 noles), toluene (50 m),
tetrabutyl anmmantothe Mastmaemeflixkbdrakeser §@ Miltoggn plrg82Bke mikes)d and 50% sodi um
hydr oxi de solution (150 m) were conbined in a 500 M 4-necked round bottom
fl ask equi pped nitiogkn purge werdstasied anditbe hibbatic wes hdajesrwitiredseppointdit h. The mi xture
was stirred and the oil bath was heated to 90C at which tenperature the
solids were tot'4P1y dissol ved. [0053] G nnanyl chloride was added over

aprox! 1t el Y 2oy S B SRED S BT RO L 1 for o
DS o, 0L Bl AT Vel SO IBAIEN Lo, v L1 20
?Logﬁed from 12ikR obid (F7dd, BBL7eNASE) R Hdall IRdATE PEs SnRbEd WREh et er resul ted

oil bath reached approximately 140°C. Refluxing was continued for six hours,

during which time the theoretical amount of water (9.95 ml) was collected in

the Dean-Stark trap. The trap was emptied and dry toluene (25 ml) was

added to the reaction mixture via addition funnel. The replacement of

distilled toluene/residual water with dry toluene was repeated three times.

The reaction was cooled to 20-25°C and filtered.

{0061] Triethylamine (69.92 g, 0.6910 mole) was added, and the

mixture was allowed to stir for one hour. Next, toluene and excess

triethylamine were stripped from the reaction solution in vacuo. The resulting

amber colored syrup was dissolved in dichloromethane (1000 ml) and this

liquid washed with a 20% sodium chloride solution (800 ml). Following

separation into two phases, the organic fraction was collected as a gold

emulsion. Sitica gel (85.00 g) was added to this fraction and the mixture was
] stirred for 30 minutes. Subsequently, the silica gel was filtered out and the

reaction solution was dried over magnesium sulfate. At this point, the

reaction was a clear, dark brown solution. The dichloromethane was

removed in vacuo, resulting in the intermediate, methyl cyclohexene

maleimide as a clear, dark amber syrup in 90% yield.

[0062] Methy! cyclohexene maleimide (70.00 g, 0.2295 mole) and

dichloromethane (132 g) were charged to a 1L 4-necked round-bottom flask

equipped with a mechanical stirrer, pHftemperature probe and two 250 mi

slow-addition funnels, each with a side-arm. A 40% aqueous solution of



enul sion, which was allowed to separate over night. [0054] After %Be

enul si on separated, a clear bright gold organic fraction was coll C&E&ﬂ]g’nd
the tol uene was stripped in vacuo. The resulting 3 0 SEP 2005 15 dark orange
syrup (approx. 28 g) was dissolved in a solution of hexane and et hyl
acetate (100m , hexane/ethyl acetate, 2/1 by volune). Silica gel was added
to the solution and the mixture was stilred for 30 mnutes before filtering
out the solids. The solvent was stripped fromthe solution in vacuo

Iting in Conpound | as i i quid j.n 54%yield. [0055] EXAMPLE
1 Vet hy - oyol Bl ad45s GEd b Raa0n opd kRt e PHAR SalpLe 1) (25 o

0. 1760 nol es), 3 - a.a- di.get ' TM) (35.50
g, 0.1760 nol es d%ﬁ‘?&%&ﬁgﬁgg?@%oﬂe?ﬁ’vﬁée(:@%(%ée%%?}r{{ggﬁég%ﬂéggfour-necked
round bottom flggk wadehdeedo Winh@ 42 condenser, nechani cal m xer, nitrogen
purge and oil bath. The reaction was placed under nitrogen and two drops of

di butyltin di | qooeg)e wer eTiddedionidsh wak codiddif aRke bbbl tOF! -10@ athwas heated to
80C. Heating and stirring of the reaction solution was continued for 24
hours resulti nggdreusanigheand goiilgd §% agueamn sollttm of sbdembicavbenate(¥0ved i n vacuo
and the mi) was added. Immediately following the addition of the sodium bicarbonate

solution, the peracetic acid solution was added slowly while maintaining a

reaction temperature of 5° -10 °C. To maintain the reaction pH between 6

and 7, the potassium hydroxide solution (funnetl #1) was added as needed.

Following a one and one-half hour addition of the peracetic acid solution, the

reaction temperature was held at 5° to 10°C for two hours and the ice bath

was removed.

[0064] When the reaction reached room temperature, the pH was

raised to 6.5 - 6.6 with additional 40% potassium hydroxide solution. The

reaction was then mixed at room temperature for 16 hours and once again,

the pH was raised to 6.4 - 6.5 with 40% potassium hydroxide solution. in this

example, the total amount of 40% potassium hydroxide solfution added

throughout the reaction was 137 ml.

[6065] The organic fraction was isolated using a separatory funnel.

Product was then twice extracted from the aqueous phase with

dichloromethane (20 ml each). The organic fractions were combined and

washed with saturated sodium chloride solution (100 ml) in a separatory

funnel. Triethylamine (63.9 g, 0.6312 moles) was added to the hazy gold

organic fraction and the color changed to dark orange, immediately. After

one hour of mixing, the organic fraction was filtered and washed again with

200 mi saturated sodium chloride solution to remove residual peroxide.

Washing continued until indicator strips measured zero ppm peroxides in the

wash solution.



product, Conpound Il, was obtained as thick gold liquid product in
quantitative yield. [0056] EXAMPLE IIl: "-"""-""-"YO O N O 3 0 SEF) gkPo%)056
Compound 111 was prepared fromthe internedi ates 6-nal ei m docaproic acid

and net hyl cycl ohexene nal ei m de. [0057] 6- Ml ei mi docaproic acid, having the
structure 0O NOH O O was prepared as follows: A solution of one nole

equi valent of maleic anhydride in acetdnitrile was added to a one nole

equi val ent of 6- am nocaprioc acid in acetic acid. The m xture was all owed

were i1 tered OPFO vasnai it R B BELRL e Feuelb BB bh o tuce the
am ¢ acid adduc&omposite wash solution. Dichloromethane was stripped from the organic

fraction in vacuo and the resulting opaque amber syrup was dissolved in

more toluene. The toluene fractions were combined and then washed with

more saturated sodium chloride solution (300 ml). The organic layer was

dried over magnesium sulfate, filtered and stripped in vacuo of toluene and

residual triethylamine resulting in Compound lil as a cloudy amber syrup in

76% yield.

[0067] EXAMPLE IV:

According to the procedure from EXAMPLE 1, 5-norbornen-2-ol is reacted
with peracetic acid (32% by weight) followed by reaction with m-TMI

according to PROCEDURE 1.

[0068] EXAMPLE V:
o _
0]
\ N/\/\/\n/ Zb
A o o
0]

According to PROCEDURE 6, 5-norbornen-2-ol is reacted with 6-
maleimidocaproic acid (intermediate from EXAMPLE 111}, followed by reaction

with peracetic acid (32% by weight) according to the procedure from

EXAMPLE .



o ——————— AR

[ 0058] The ami c acid adduct was mxed with triethylamne in toluene. The

m xture was heated to 130C for two hours and water was coIIecteded[g EP 05
Dean-Stark trap. The organic sol vent was evaporated and 2M HCL a é tg]
reach pH 2. Extraction with ethyl acetate and drying over MSO foll owed by
evaporating of the solvent gave the internediate 6- mal ei m docaproic acid
(MCA). [0059] The internedi ate nethyl Jgycl ohexene nal ei m de, having the
structure 0 O was prepared as foll ows: 6-maleim docaproic acid (140.00 g,
0.6635 nol es), 6-nethyl-3-cycl ohexene-1-nethanol (69.80 g, 0.5529 nole),
and toluene ([60®ImM ) weEBAWBHbVhed in a 1 L 4-necked round-bottom fl ask.
The flask was fitted with an overhead m xer and thernoneter. A Dean-Stark
trap was fitted 3 0 SEP 200 onto the flask with a reflux condenser and
nitrogen purge. The m xer a itrogen purge were started and the oil bath
was heated with a set point : 0 en the reaction tenperature
reached 80C the solids

O

According to the procedure from EXAMPLE |, 5-norbornen-2-ol is reacted
with peracetic acid (32% by weight) followed by reaction with cinnamyl

chloride according to PROCEDURE 3.

[0070} EXAMPLE Vil:

@Eﬁoﬁo '

According to the procedure from EXAMPLE |, 5-norbornene-2-methanol is
reacted with peracetic acid (32% by weight) followed by reaction with m-TM|

according to PROCEDURE 1.

[0071] EXAMPLE VIII;
O
‘ O
/ N\/\/\/u\ /ib\
O
o) O

According to PROCEDURE 6, 5-norbornene-2-methanol is reacted with 6-
maleimidocaproic acid (intermediate from EXAMPLE 111), followed by reaction
with peracetic acid (32% by weight) according to the procedure from

EXAMPLE NIl



di ssol ved, leaving the reaction m xture a clear copper solution. At this
point, sulfuric acid (2.70g, 0.0276 nole) was added. Reflux was adhfEvaEh
when the oil bath reached approxi mately 140C. Refl uxing was continued for
six hours, during which tinme the theoretical anount of water (9.95 m) was
collected in the Dean-Stark trap. The trap was enptied and dry tol uene (25
m) was added to the reaction m xture2Via addition funnel. The repl acenent
of distilled toluene/residual water with dry toluene was repeated three
times. The reaction was cooled to 20-25C and filtered. [0061] Triethylam ne
(69.92 g, 0.69187%%I e) wa*MbdX and the mixture was allowed to stir for
one hour. Next, toluene and excess triethylamne were stripped fromthe
reaction solution in vacuo. The resulting anier colored syrup was dissol ved

in dichloronmethane (1000 m )~ agd-Reie” Ndqdond hﬂl ed with a 20% sodi um
chl oride solution (800 m). OW ng sepayali oy bnto two phases, the
organic fraction was coll ectedras a gold enulsion” Silica gel (85.00 g) was

added to this fraction and the m xture was stirred for 30 m nutes.

Subsequent |y, t/—b:%ot%inlgit&ﬁf%ﬁge%fr{rﬁkﬁlﬁs& g@rnoﬁogrkem@.meﬁr%%ﬁgon sol ution was

dried over magnesiumsu I's point, t “reaction was a clear, dark
brown sol uti on. eddi&s WitHCitrREGTRIBRE bYASight] ANMBWRbyirBackatwih resulting in the
i nternedi ate, nethyl cycl ohexene naleimde as a clear, dark anber syrup in
90% vyi el d. cinnamyl chioride according to PROCEDURE 3.

[0073] EXAMPLE X:

According to the procedure from EXAMPLE I, 3-cyclo-hexene-1,1-dimethanol
is reacted with peracetic acid (32% by weight) followed by reaction with m-

TMI according to PROCEDURE 1.

\ [0074] EXAMPLE XI:



[ 0062] Met hyl cycl ohexene mal eim de (70.00 g, 0.2295 nole) and

di chl oronet hane (132 g) were charged to a 1 L 4-necked round- bottoMﬁE%gw'
equi pped with a nechanical stirrer, pH tenperature probe and two 250 m

sl owaddition funnels, each with a side-arm A 40% aqueous solution of 3 0
SEP 2005 18 potassi um hydroxi de (250 m) was charged to funnel #1 and a
solution of sodium acetate (6.03 g) dR3solved in peracetic acid (32% by

wei ght, 137.00 g total) was charged to funnel #2. [0063] The reaction flask
was cooled in an ice bath to gorous m xing and a chilled 5%

aqueous sol uti &?CHP‘”géfH?%ﬂ?BPHEF SO?TEXCE’“?’Q?GG 1rﬂ‘3'mﬁ1§§”°é&d%%?tedl"l‘medl ately

foll the addit f th di th t
oS, oo SRSk B BRAPREE ST, 1o et L
5-10C T reIR

hydr oxi de golrrﬁlt ?éocﬁb? unﬁeer%gez%&&) S adg'gead@%gﬁcgga%%ghg?{%%w ng ZSIOﬁ(ran and

one- hal f hour aggimpigyof the peracetic acid solution, the reaction

tenperature was held at 5 to 10C for two hours and the ice bath was

removed. [0064] When the reaction reached roomtenperature, the pH was

raised to 6.5 - 6.6 with additional 40% potassi um hydroxi de sol ution. The
[0075] EXAMPLE Xli:

O
According to the procedure from EXAMPLE |, 3-cyclo-hexene-1,1-dimethanol
is reacted with peracetic acid (32% by weight) followed by reaction with

cinnamy! chloride according to PROCEDURE 3.

[0076] EXAMPLE XiiI:
\ I@
}

@)
According to the procedure from EXAMPLE |, 5-norbornene-2,2-dimethanol
is reacted with peracetic acid (32% by weight) followed by reaction with

cinnamyl! chloride according to PROCEDURE 3.



reaction was then m xed at roomtenperature for 16 hours and once again,

the pH was raised to 6.4 - 6.5 wth 40% pot assi um hydr oxi de squtip@5g1m@5
this exanple, the total anount of 40% potassi um hydroxi de sol uti on adde

t hroughout the reaction was 137 nml. [0065] The organic fraction was isol ated
using a separatory funnel. Product was then twi ce extracted fromthe
aqueous phase with dichloronethane (2@3m each). The organic fractions were
conbi ned and washed with saturated sodiumchloride solution (100 m) in a
separatory funnel. Triethylanmn 63.9 g, 0.6312 noles) was added to the
hazy gol d orgaW?@jfractiB%A@%H5§W£ col or changed to dark orange,

imedi ately. After one hour of mxing, the organic fraction was filtered
and washed again with 200 m saturatgd sodi um c@lqride solution to renove
resi dual peroxide. Washing cigntinuedfluntil indi pr strips neasured zero
ppm peroxides in the waslo B : 9 [0066) Next, toluene

S\
ton0” 3¢
(400 mM) was used to extrac duct fromthe conppsite wash sol ution.

Di chl or onet hane was stripped fromQpe organic fraction in vacuo and the
resul ti ng opaque anber syrup was digso i nmoge toluene. The tol uene
fracti ons were conbi ned and then wished mﬁtﬁgz:jf

OFNL

According to PROCEDURE 6, (2-endo;3-exo)-bicyclo]2.2.2)-octa-5-ene-2,3-
dimethanol is reacted with 6-maleimidocaproic acid (intermediate from
EXAMPLE 111}, followed by reaction with peracetic acid (32% by weight)

according to the procedure from EXAMPLE lil.

[0078) EXAMPLE XV:
. q \D\ /\/O:
| .ol ©
| N/\/\/\H,O Si'O‘Si
I ]
O

According to PROCEDURE 4, 3-vinyl-7-oxabicyclo[4.1.0}-heptane is reacted
with 1,1,3,3-tetramethyldisiloxane to give 1-[2-(3[7-oxabicyclo [4.1.0]
heptyl])ethyl]-1,1,3,3-tetramethyldisiloxane, further reacted with methyl

) cyclohexene maleimide from EXAMPLE (Il according to PROCEDURE 5.
[0079] EXAMPLE XVI:

o o)
N" 0
N\ _k 0]
0

According to PROCEDURE 6, 5-norbornene-2Z-carboxylic acid is reacted with

N-methyloimaleimide (prepared according to J. Bartus, W. L. Simonsick, and



nore saturated sodiumchloride solution (300 m).

The

organi c | ayer was

dried over magnesium sul fate, filtered and stripped in vacuo of t3EERgInd
residual triethylamne resulting in Conpound ill as a cloudy anber syrup in
76% yi el d. [0067) EXAMPLE 1V: O According to the procedure from EXAMPLE 1,
5-norbornen-2-o0l is reacted wth peracetic acid (32% by weight) foll owed by
reaction with mTM according to PROCEBURE | 100681 EXAMPLE V: O 0

Accordi ng to PROCEDURE 6, 5-norbornen-2-ol is reacted with 6-

mal ei m docaproi¢c acid (internmediate from EXAVPLE |

with peracetic HcY"¢ @%'Bgfe\ﬁQP’gﬁf’ﬁm'aeE%?)dE?ﬁ?g1%739)1“':’“'?2"’6

1L 3 0 SEP 2005..20

foll oned by reaction
f BLEREY® from EXAMPLE

with peracetic acid (32% by weight) according to the procedure from

EXAMPLE Il
[0080} EXAMPLE XVil:
0
A\
o o._N
9 o)
g 0
;, -y
? 4
¢

According to PROCEDURE 8, cis-5-norbornene-endo-2,3-dicarboxylic acid is

reacted with N-methyloimaleimide (prepared according to J. Bartus, W. L.

Simonsick, and O. Vogl, J.M.S.-Pure Appl. Chem., A36(3), 355, 1999),

followed by reaction with peracetic acid (32% by weight) according to the

procedure from EXAMPLE III.

[0081) EXAMPLE XVIII:

©/\/\:)sz\0

According to the procedure from EXAMPLE |, 5-norbornene-2-acid chloride is

reacted with peracetic acid (32% by weight) followed by reaction with

cinnamyl amine according to PROCEDURE 7.



[ 0069] O According to the procedure from EXAMPLE |, 5-norbornen-2-ol is
reacted with peracetic acid (32% by weight) followed by reaction M1SEP 2005
cinnanyl chloride according to PROCEDURE 3. [0070] EXAMPLE VI: EXAMPLE VII:
According to the procedure from EXAMPLE I, 5-norbornene-2-nethanol is
reacted with peracetic acid (32% by weight) followed by reaction with mTM
according to PROCEDURE 1. [0071] EXAMPRE VII1: O According to PROCEDURE 6,
5- nor bor nene- 2-net hanol is reacted with 6- nal ei m docaproic acid
(internediate from EXAMPLE |1 | foll owed by reaction wth peracetic acid
(32% by wei ght ) 198%@or di ngEXOMPHe XY ocedure from EXAMPLE 111. 3 0 SEP 2005
21

O
NS
O
O
According to the procedure from EXAMPLE |, 5-norbornene-2-acid chloride is

reacted with peracetic acid (32% by weight) followed by reaction with

cinnamyl alcohol according to PROCEDURE 2.

[0083] EXAMPLE XX:

Methyl-cyclohexane epoxide methano! (intermediate from EXAMPLE 1) is
converted to methyl-cyclohexane epoxide methyl chloride according to
PROCEDURE 8, followed by reaction with cinnamyl'amine according to

PROCEDURE 9.

[0084] EXAMPLE XXI:

i

According to the procedure from EXAMPLE |, 5-norbornene-2-carboxylic acid
is reacted with peracetic acid (32% by weight) followed by reaction with m-

TMI according to PROCEDURE 10.

[0085] EXAMPLE XXII:



[0072] EXAMPLE | X: According to the procedure from EXAMPLE I,

5- nor bor nene- 2- net hanol is reacted with peracetic acid (32% by wed §ISER 2005
foll owed by reaction with cinnanyl chloride according to PROCEDURE 3.
[0073] EXAMPLE X: O According to the procedure from EXAVPLE I,

3-cycl o- hexene-1, 1-dimethanol is reacted with peracetic acid (32% by

wei ght) followed by reaction wwth m TRb according to PROCEDURE 1. [0074]
EXAMPLE XI: 3 0 SEP 1005 22 According to PROCEDURE 6,

3-cycl ohexene-1, 1-di met hanol is reacted with 6-maleimn docaproic acid
(intermedi ate from EXAd th peracetic acid
(32% by weight) ac 1L [0075] EXAMPLE
Xl

In which n and m are approximately 11
and the molecular weight is approximately 17,000

Methylcyclohexane epoxide methanol (intermediate from EXAMPLE 1) is
converted to methylcyclohexane epoxide methyl chioride according to
PROCEDURE 8, followed by reaction with styrene acrylic polymer (Joncryl
587 from Johnson Polymer) according to PRODECURE 3, followed by

reaction with m-TMI according to PROCEDURE 1.

[0086] EXAMPLE XXIII
) O \QO
0
0

According to PROCEDURE 86, 3-cyclohexene-1-methanol is reacted with 6-
maleimidocaproic acid (intermediate from EXAMPLE 111}, followed by reaction
with peracetic acid (32% by weight) according to the procedure from

EXAMPLE 3.



O According to the procedure from EXAMPLE |

3-cycl o- hexene-1, 1-d

is reacted with peracetic acid (32% by weight) foll owed by reacti
ci nnanyl chloride according to PROCEDURE 3. [0076] EXAMPLE XI |
to the procedure from EXAMPLE |, 5-norbornene-2, 2-di nethanol is reacted
W th peracetic acid (32% by weight) followed by reaction with
chl oride according to PROCEDURE 3. 3 02%EP 2005 23 [0077] EXAMPLE Xl V:

Accordi ng t o PROCEDURE 6,

di net hano

T S At

Accordi ng

ci nnany|

(2-endo; 3-exo) - bi cycl of 2. 2. 2] - oct a- 5- ene- 2, 3-
is reacted with 6-nal ei m docaproic acid (intermediate from

EXAMPLE [11), f®0B8wed by EXANELESXMAi t h peracetic acid (32% by wei ght)
according to the procedure from EXAMPLE 111. [0078] EXAMPLE XV:

6]
7o

According to the procedure from EXAMPLE ), 3-cyclohexene-1-methanol is
reacted with peracetic acid (32% by weight) followed by reaction with m-TMi

according to PROCEDURE 1.
[0088] EXAMPLE XXV:

According to the procedure from EXAMPLE i, 3-cyclohexene-1-methanol is
reacted with peracetic acid (32% by weight) followed by reaction with

cinnamy! chioride according to PROCEDURE 3.

[0089] EXAMPLE XXV

A solution of one mole equivalent of Eis—1,2,3,6-tetrahydr0phthalic anhydride
in acetonitrile is added to a one mole equivalent of propanol amine. The
mixture is allowed to react for three hours at raom temperature. The formed
white crystals are filtered off, washed with cold acetonitrile and dried to
produce the amic acid adduct. Amic acid is mixed with triethylamine in

toluene. The mixture is heated to 130°C for two hours and water is collected

]

]

Si.OS



0110 According to PROCEDURE 4, 3-vinyl-7-oxabicyclo[4.1.0]-heptane is
reacted with 1,1,3,3-tetranmethyl disiloxane to give 1-[2-(3[7-oxabdk§P 2005 4.
1.01 heptyl])ethyl]-1,1,3,3-tetranethyl disiloxane, further reacted with

met hyl cycl ohexene nmal ei m de from EXAMPLE 111 accordi ng to PROCEDURE 5.

[ 0079] EXAMPLE XVI: According to PROCEDURE 6, 5-norbornene-2-carboxylic acid
Is reacted wwth N-nethylol nal ei mde (pgepared according to J. Bartus, W L.
Si monsi ck, and 3 0 SEP 2005 24 0. Vogl, J.MS. -PureAppl. Chem, A36(3), 355,
1999), followed by reaction wth peracetic acid (32% by wei ght) accordi ng

t o t he proceduri® afRegmStaEKpaPLTRelordanic[s0R80 )s v NREedant/ZV HQYadtedor di ng to
PROCEDURE 6, cis-5-norbornene-endo-2, 3-di carboxylic acid is reacted with

N- et hyl ol mal ei WireRehPhr%e ot ationwitin pIRY! Fgetels and digipye MagOA followed

by evaporation of the solvent gives hydroxy propyl tetrahydrophthalimide.
According to the procedure from EXAMPLE 1, hydroxy propyl tetrahydro-
phthalimide is reacted with peracetic acid (32% by weight) followed by

reaction with m-TM! according to PROCEDURE 1.

[0090] EXAMPLE XXVil
O

1T

A

@)
N\/\/O\n/\/\/\ ﬁ '
0 o 5
A solution of one mole equivalent of cis-1,2,3,6-tetrahydrophthalic anhydride
in acetonitrile is added to a one mole equivalent of propanol amine. The
mixture is allowed to react for three hours at room temperature. The formed
white crystals are filtered off, washed with cold acetonitrile and dried to
produce the amic acid adduct. Amic acid is mixed with triethytamine in
toluene. The mixture is heated to 130°C for two hours and water is collected
in a Dean-Stark trap. The organic solvent is evaporated and 2M HCI| added
to reach pH 2. Extraction with ethy! acetate and drying over MgS0O4 followed
by evaporetion of the solvent gives hydroxy propy! tetrahydrophthatimide.
According to PROCEDURE 2, hydroxy propy! tetrahydrophthalimide is
reacted with 6-maleimidocaproic acid (intermediate from EXAMPLE ilf),

followed by reaction with peracetic acid (32% by weight) according to the

procedure from EXAMPLE il



Si monsi ck, and O Vogl, J.MS.-Pure Appl. Chem, A36(3), 355, 1999),

foll owed by reaction with peracetic acid (32% by wei ght) accordi ng0t$sPt285
procedure from EXAVPLE I11. [0081) EXAMPLE XVIII: According to the procedure
from EXAMPLE |, 5-norbornene-2-acid chloride is reacted with peracetic acid
(32% by weight) foll owed by reaction with cinnanyl am ne according to
PROCEDURE 7, 3 0 SEP 2005 25 [0082] EXAPLE Xl X: According to the procedure
from EXAMPLE |, 5-norbornene-2-acid chloride is reacted with peracetic acid
(32% by weight) followed by reaction with cinnanyl alcohol according to
PROCEDURE 2. [d083] EXAMPEXARRLE KEVHy| - cycl ohexane epoxi de net hanol
(intermediate from EXAMPLE 1) is_ converted to nethyl -cycl ohexane epoxi de
met hyl chloride according to HP DURE 8, foll owed reaction with

ci nnanyl am ne according t DURE 9.

N ~O© X

fi

A solution of one mole equivalent of cis-1,2,3,6-tetrahydrophthalic anhydride

@)

in acetonitrile is added to a one mole equivalent of propanol amine. The
mixture is allowed to react for three hours at room temperature. The formed
white crystals are filtered off, washed with cold acetonitrile and dried to
produce the amic acid adduct. Amic acid is mixed with triethylamine in
toluene. The mixture is heated to 130°C for two hours and water is collected
in a2 Dean-Stark trap. The organic solvent is evaporated and 2M HCI added
to reach pH 2. Extraction with ethyl acetate and drying over MgS0O4 followed
by evaporation of the solvent gives hydroxy propyl tetrahydrophthatimide.

According to the procedure from EXAMPLE 1, hydroxy propyl

tetrahydrophthalimide is reacted with peracetic acid (32% by weight) followed

by reaction with cinnamyi chloride according to PROCEDURE 3.

[0092] EXAMPLE XXIX: Performance in adhesive formulation. An
) adhesive composition was prepared to contain 20 parts by weight of a
bismaleimide resin, 5 parts by weight of an acrylate resin, 3 parts by weight
of the compound from EXAMPLE 11, 0.15 parts by weight of a photoinitiator,
0.4 parts by weight of a radical initiator, and 48.5 parts by weight of silica
filler. The formulation was used to adhere a 3 X 3 mm silicon die to a silver
coated copper leadframe. The adhesive was cured by heating at 175°C for
10 seconds. Die shear strength was measured with a Dage 2400-PC Die
Shear Tester at room temperature. Ten samples were tested with the

average result being 17Kg force.



[ 0084] EXAMPLE XXI: According to the procedure from EXAVPLE I,

5- nor bor nene- 2-carboxylic acid is reacted with peracetic acid (3?@%

wei ght) followed by reaction with m TM according to PROCEDURE 10. 0@%
EXAMPLE XXI'1: 3 0 SEP 2005 26 In whi3éh n and m are approximtely 11 and the
nol ecul ar wei ght is approximtely 17,000 Met hyl cycl ohexane epoxi de net hanol
(intermediate from EXAMPLE 1) is converted to nethyl cycl ohexane epoxi de

met hyl Whiabisictiemadcor ding to PROCEDURE 8, followed by reaction with styrene

acrylic poI y 87 from Johnson Pol yner) according to PRODECURE
3, follb %f"“‘ﬁ’ ‘ﬂ%‘ﬁnqﬁ}% UHCHF according to PROCEDURE 1. [0086) EXAMPLE
XXIl1: O f N~~~ OO O

/L =

in which
m and n independently are 1 to 500, q and v independently are O or 1;

O@ is a cycloaliphatic epoxy moiety, in which an epoxy group is
fused to a cyclic, bicyclic or tricyclic ring structure, which structure may contain one
or more heteroatoms;

R, R', and R" are independently hydrogen, an alkyl group having 1 to 12
carbon atoms, or an aromatic or heteroaromatic ring or fused ring having 3 to 10
carbon atoms within the ring structure, in which the heteroatoms are N, O, or S;

G is --OR, --SR, or --N(R)(R') in which R and R' are as described above; or

G is an alkyl group having 1 to 12 carbon atoms; or

G is an aromatic or heteroaromatlc ring or fused ring having 3 to 10 carbon
atoms within the ring structure

Z and Z' are any monomeric, oligomeric or polymeric organic moiety;

- X is a direct bond or a functional group selected from the groups consisting of:



0 According to PROCEDURE 6, 3-cycl ohexene-I|-nethanol is reacted 't&@&
mal ei m docaproic acid (internediate fromEXAMPLE I11), followed aZlJ[Jﬁ on
with peracetic acid (32% by wei ght) :i\ccordi ng to the procedure from EXAMPLE
3. 3 0 SEP 2005 27 [0087] EXAMPLE XAV Accor di ng to the procedure from
EXAMPLE 1, 3-cycl ohexene-1 -methanol is reacted with peracetic acid (32% by
wei ght) foI | owed by reaction with mTM accordi ng to PROCEDURE 1. [0088]
EXAMPLE XXV: According to thg procedure fromE LE 1, 3-cycl ohexene-|
-nmethanol is reacted w th acetie_ d (32% wei ght) foll owed by
reaction with cinnanyl ChTOI’I de accdt dirf to PROCEDURE 3. [0089] EXAMPLE
XXVl FI O H-

o} O @]
A
~, )J\ N, / /K \/U\ -

H

l
and N (¢] .

l
B

provided that X cannot be oxygen when the cycloaliphatic epoxy moiety is

epoxy cyclohexane.

2. The compound according to claim 1 in which the cycloaliphatic epoxy moiety
is selected from the group consisting of substituted and unsubstituted five and six
membered cyclic rings; substituted and unsubstituted six, seven and eight member
bicyclic nngs; substituted and unsubstituted nine, ten and eleven member tricyclic

rings, in which any substituents on the rings are lower alkyl groups.

3. The compound according to claim 1 selected from the group consisting of



A solution of one nole equivalent of cis-1,2,3,6-tetrahydrophthali

anhydride in acetonitrile is added to a one nol e equi val ent of pﬁ@dﬁﬁdmm
amne. The mxture is allowed to react for three hours at roomtenperature.
The formed white crystals are filteéfed off, washed with cold acetonitrile
and dried to produce the amc acid adduct. Amic acid is mxed with
triethylamne in toluene. The mxture is heated to 130C for two hours and
water is collected 3 O SEP 2005 28 in a Dean-Stark trap. The organi c sol vent
is evaporated and 2M HCl added to reach pH 2. Extraction with ethyl acetate
and drying over MgSO4 foll owed by evaporation of the solvent gives hydroxy
propyl tetrahydrophthalimde. According to the procedure from EXAMPLE |

hydr oxy propyl tetrahydro- phthalimde is reacted with peracetic acid (32%
by weight) followed by reaction with mTM according to PROCEDURE 1. [0090)
EXAMPLE XXVI1 A sol ution ofsone nole equival ent of cis-
1,2,3,6-tetrahydrophthalic anfhydride in acetonitrile is added to a one nole
equi val ent of propanol am ne m xture is allowed to react for three
hours at room tenperature. ted white crystals are filtered off,

washed with cold acetonitri and aei e t roduce the amic acid adduct.
Amic acid is mxed with triethytZm nd.in

and



tol uene. The mixture is heated to 130C for to hours and water is collected
in a Dean-Stark trap. The organic solvent is evaporated and 2M HCl Jad@pq@ist o
reach pH 2. Extraction with ethyl gst ate and drying over MgSO™4 fol | oned by
evaporation of the solvent gives hydroxy propyl tetrahydrophthalim de.
Accordi ng to PROCEDURE 2, hydroxy propyl tetrahydrophthalimde is reacted

wi th 6-nmal ei m docaproic acid (intermediate from EXAMPLE 111), followed by
reaction with peracetic acid (32% by wei ght) according to the procedure
fromEXAVPLE I11. 3 0 SEP 2005 29 [0091] EXAMPLE XXVIII. H O A solution of

one nol e equival ent of cis-1,2,3,6-tetrahydrophthalic anhydride in
acetonitrile is added to a one nol e equival é L“pr opanol am ne. The

m xture is allowed to react for t reom tenperature. The forned
white crystals are filtered off,

produce the amc acid i
tol uene. The m xture

d=is mXxetdowith triethylamne in
for £wo hours and water is coll ected

in which n and m are approximately 11, and the molecular weight is

approximately 17,000.

4. A compound having the structure
]
- Ty
<O{}'>’(z’)v_x—(z)q \ \ n

in which

m and n independently are 1 to 500, q and v independently are O or 1;

o@ is a cycloaliphatic epoxy moiety, in which an epoxy group is fused to a
cyclic, bicyclic or tricyclic ring structure, which structure may contain one or more
heteroatoms;

G is --OR, --SR, or --N(R)(R") in which R and R' are independently hydrogen,

an alkyl group having 1 to 12 carbon atoms, or an aromatic or



in a Dean-Stark trap. The organic solvent is evaporated and 2M HC abggl@d i)o
reach pH 2. Extraction with ethyl acetate and drying over MySO4 fold il y
evaporation of the solvent gives hydrpxy propyl tetrahydrophthalim de.
According to the procedure from EXAMPLE |, hydroxy propyl
tetrahydrophthalimde is reacted with peracetic acid (32% by wei ght)

[0002] - ExtaprES A il AR S d0nEehTEn AERRLPUERAG R Zanes  ve

conposi tirgtuasgr prepared to contain 20 parts by weight of a bisnaleimnde
resin, 5 parts by weight of an acrylate resin, 3 parts by weight of the
conmpound f r ofd IEXARBLESIQUp eI b t5cashonetpgist oof a photoinitiator, 0.4

parts by wei ght _of _ adigal initiator —and 48.5 part ight of silica
Piller Ve Pob el rafriR bRt o of Bt o O M LEHBRH Lo

silver afegatwithit@pRpelg dtaadireame. The adhesive was cured by heating at 175C
for 10 seconds. Die shear strength was neasured with a Dage 2400-PC Die
Shear Test er Z&ndrZo 6h A& TperARene OligencuampdsmEae erganit BEiShiit h t he average

LE\S/:J:,]; ?ﬁ'engg(rllé (a:llﬁgrtﬁfcet, ro%%‘or% igm EoF;xa? gr%%p:ggle%cef tfro% th%I gq'iog;?sdccjngi:sti%g‘ ofe‘ compound
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\N/“\S/ , \.O/U\T/" and \Tr o/ .
I L
5. The compound according to claim 4 in which the cycloaliphatic epoxy moeity
is selected from the group consisting of substituted and unsubstituted five and six
membered cyclic rings; substituted and unsubstituted six, seven and eight member

bicyclic rings; substituted and unsubstituted nine, ten and eleven member tricyclic

rings, in which any substituents on the rings are lower alkyl groups.

6. Compound according to claim 4 selected from the group consisting



(r).-x-(2)c in which mand n independently are 1 to 500, g and v
i ndependently are 0 or 1; oCis a cyclo aliphatic epoxy nniety,ir#%ﬁﬂ%ﬂmgn
epoxy group is fused to a cyclic, bigyclic or tricyclic ring structure,

whi ch structure may contain one or nore heteroatons; R, R, and R' are

i ndependent |y hydrogen, an al kyl group having 1 to 12 carbon atons, or an
aromatic or heteroaromatic ring or fused ring having 3 to 10 carbon atons
wWithin the ring structure, in which the heteroatons are N, 0, or S; Gis
--OR, --SR, or --N(R(R) in which Rand R are as described above; or Gis
an al kyl group having 1 to 12_sarbon atons; or Gis an aromatic or

het eroaromatic ring or fused havi ng 3 % carbon atons within the
ring structure; Z and Z' are nonQner ¢, ¢ cﬁhaic or polymeric organic
nmoi ety; X is a direct bond or a_fufct Nrehabgro sel ected fromthe groups
consisting of: 3 0 SEP 2005 ovi ded that X cannot be oxygen when the

cycl oal i phati c epoxy noiety ioxy cycl oh?xane.
. F oL -
(o]

\



2. The conpound according to claim1 in which the cycloaliphatic epoxy
noiety is selected fromthe group consisting of substituted and 305EPZME
unsubstituted five and six nenbered, cyclic rings; substituted and
unsubstituted six, seven and ei ght méhber bi cyclic rings; substituted and
unsubstituted nine, ten and el even nmenber tricyclic rings, in which any
substituents on the rings are |lower al kyl groups. 3. The conpound according
to claim1 selected fromthe group consisting of 3 0 SEP 2005 32 0 H3 0
SEP 2005 33 in which n and rn are approximately 11, and the nol ecul ar

i.ght is approximtely 17 000. 4. A conpound haV|ng the structure in

Whl ch m and n i ndependen ar e O 500 d v independently are 0 or 1;
is a cycloaliphatic epox ety, in lvvhi G epery group is fused to a
cyclic, bicyclic or tric ¢ rin.- Structuwr€, which structure may contain

one or nore g\/\/\@

7. A compound having the structure

e}
R
o@ @) —X— @ N
A .
O n

m and n independently are 1 to 500, q and v independently are O or 1;

TN

in which

<
is a cycloaliphatic epoxy moiety, in which an epoxy group is fused to a
cyclic, bicyclic or tricyclic ring structure, which structure may contain one or more

heteroatoms;

R, and R' independently are hydrogen, an alkyl group having 1 to 12 carbon
atoms, or an aromatic or heteroaromatic ring or fused ring having 3 to 10 carbon
atoms within the ring structure;

Z and Z' are any monomeric, oligomeric or polymeric organic moiety;

X is a direct bond or a functional group selected from the groups consisting of:



heteroatons; Gis --OR --SR, or --N(R(R') in which Rand R are

i ndependent |y hydrogen, an alkyl group having | to 12 carbon atons}0&EP 3805
aromatic or 3 0 SEP 2005 34 heteroar Eﬂtic ring or fused ring having 3 to. 10
carbon atonms within the ring structure; or Gis an alkyl group having 1 to
12 carbon atons; or Gis an aromatic or heteroaromatic ring or fused ring
having 3 to 10 carbon atons within the ring structure; Z and Z' are any
nmononeric, oligonmeric or polyneric organic noiety; X is a direct bond or a
functional group selected fromthe groups consisting of: HON HH O\v/ \

S A"ITH 0 0] )0‘\
P o
~ N/lkg/ , ~o T/ , o” ,
! H
o Q i
\o/[‘\: ——o—, \N/u\, T/ ,
L i
o , o )ol\
~.
\N/U\N/ \T/ /U\ g 1\1: .
oA
\N)]\S/, \o/l\T/, and \T -
I Lo
8. The compound according to claim 7 in which the cycloaliphatic epoxy moiety

is selected from the group consisting of substituted and unsubstitutéd five and six
membered cyclic rings; substituted and unsubstituted six, seven and eight member
bicyclic rings; substituted and unsubstituted nine, ten and eleven member tricyclic

rings, in which any substituents on the rings are lower alkyl groups.

9. The compound according to claim 7 selected from the group consisting of

/oq.
Y
Yyt

¢}

(YO ‘ 0

X \
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0] O
. / V_/\/ S
\
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H 5. The conpound according to claim4 in which the cycloaliphaticaﬁ%?pﬁmﬁ
noeity is selected fromthe group consisting of substituted and
unsubstituted five and six nenbered, cyclic rings; substituted and
unsubstituted six, seven and ei ght methber bi cyclic rings; substituted and
unsubstituted nine, ten and el even nenber tricyclic rings, in which any
substituents on the rings are | ower alkyl groups. 6. Conpound according to
claim4 selected fromthe group consisting 3 0 SEP 2005 35 3 0 SEP 2005 36
7. A conmpound having the structure in which mand n independently are 1 to
500, g and v independently are O or 1; is a cycloaliphatic epoxy noiety, in
whi ch an epoxy group is fused to a cyclic, bicyclic or tricyclic ring
structure, which structure nay contain one or nore heteroatons; R and R

i ndependent|y are hydrogen, an alkyl group having 1 to 12 carbon atoms, or
an aromatic or heteroaromatic rlngaor fused rin aving 3 to 10 carbon

N
@b A
@]

Py
;QM()

QW

\ ‘. o
e}

@) and



atonms within the ring structure; Z and Z' are any nononeri c, oligoqﬁtni or
polyneric organic noiety; X is a direct bond or a functional group C
fromthe groups consisting of: 3 0 §§P 2005 0 -0 37 H and 8. The conpound
according to claim7 in which the cycloaliphatic epoxy noiety is selected
fromthe group consisting of substituted and unsubstituted five and six
menbered cyclic rings; substituted and unsubstituted six, seven and eight
menber bicyclic rings; substituted and unsubstituted nine, ten and el even
menber tricyclic rings, in which any substituents on the rings are | ower
al kyl groups. 9. The conpound according to claim7 selected fromthe group
consisting of 3 0 SEP 2005 38 and 3 9 SEP 2005 39

10. A compound having the structure:
Z Sge
O
/ ( “
o Z)v X—(2) \ :\/l
=~
\O
in which

m and n independently are 1 to 500, q and v independently are 0 or 1;

O@ is a cycloaliphatic epoxy moiety, in which an epoxy group is fused to a
cyclic, bicyclic or tricyclic ring structure, which structure may contain one or more
heteroatoms;

R,R’, and R" are iﬁéependently hydrogen, an alkyl group having 1 to 12
carbon atoms, or an aromatic or heteroaromatic ring or fused ring having 3 to 10
carbon atoms within the ring structure;

G is --OR, --SR, or --N(R)(R") in which R and R’ are as described above; or G
is an alkyl group having 1 to 12 carbon atoms; or G is an aromatic or heteroaromatic
ring or fused ring having 3 to 10 carbon atoms within the ring;

Z and Z' are any monomeric, oligomeric or polymeric organic moiety;

X is a direct bond or a functional group selected from the groups consisting of:



10. A compound having the structure: (Z').-X-(Z), in which rn and_n

i ndependently are | to 500, g and v independently are 0 or 1, D3I SER 2005
cycl oal i phatic epoxy noiety, in which an epoxy group is fused to a cyclic,
bicyclic or tricyclic ring structure40which structure nmay contain one or
nore heteroatons; R, R, and R' are independently hydrogen, an al kyl group
having | to 12 carbon atons, or an aronatic or heteroaromatic ring or
ftised ring having 3 to 10? carbon at §ns mﬁtriﬂ\fhe ring structure; Gis
--OR, --SR, or --NT(R)(R ) lin i ch and R are_as descri bed above; or G is
an al kyl group having | G 1 /%QrEBHato /T,o G Pg/an aromatic or
heteroaromatic ring or flused ring havigz 1 to 10 carbon atons within the
ring; Z and Z' are any nopnoneric, oligonesic or olymeric organic noiety; X
is a direct bond or a functional group se ectggjhfo t he groups consi sting

of. 0 3 0 SEP 2005 40-t1.~The_cgnpoun lac g 'ngito,clain110 havi ng t he

structure: ! !
o 0 /l(L
\N/[L.N/’ \T/' /[K s T/,
Lo s | :
I (IJ /IL
\N/ks/, \O/J\T/’ aod \T o .
) B "
11.  The compound according to claim 10 having the structure:
12. A compound having the structure:
o ( )/\”
—I-"G
b W
o N——(Z)y = X—(Dg— A
- LA OZ
in which

m and n independently are 1 to 500, q and v independently are 0 or 1;

°<D is a cycloaliphatic epoxy moiety, in which an epoxy group is
fused to a cyclic, bicyclic or tricyclic ring structure, which structure may contain one

or more heteroatoms;



0 12. A conpound having the structure: in which Nt (z. ~-X(2)ain

i ndependently are 1 to 500, g and v independently are 0 or 1; is a 3USEP 21][]5
cycloal i phatic epoxy noiety, in which an epoxy group is fused to a cyclic,
bicyclic or tricyclic ring structure41wh|Ch structure may contain one or
nore heteroatons; 3 0 SEP 2005 41 Gis --OR --SR or --N(R(R) in which R
and R are independently hydrogen, an alkyl group having 1 to 12 carbon
atons, or an aromatic or heteroaromatic ring or fused ring having 3 to 10

car bon at ons it NOR DR FdrnONGLRIG i Bich ® arfd R'Sar@thd@bkydently y8rdaying 1 to
12 carbon atons; or Gis an aromatic or heteroaromatic ring or fused ring

havi ng 3art ajkyIOgroap bonng attor}rg cartohiatpnada er mltant“spm;attllcuntnIhtﬂteec)alcZimamjnfia oare any
monomner i rrerl yrrerlc or c_.nhoi et X is a direct bond or a
functio Feﬁ?%gga@%% ?éB SRS \5#@@3@3 E%ﬁr‘é‘%{}“ﬁ’g%f. 13. The compound
according to gliahimikel Bvh rmavfngq ®t1pUGEYnGtoms; or

G is an aromatic or heteroaromatic ring or fused ring having 3 to 10 carbon
atoms within the ring structure;
Z and Z' are any monomeric, oligomeric or polymeric organic moiety;

X is a direct bond or a functional group selected from the groups consisting of:

0 0 Q
)J\ -~
\N/”\O/ ~5 T/ o
! i
0] o |
~ )K ) \N/[k T/
! B
o} 1% /U\
~ )k_,‘_/ ~y /tL s T/
U H
0 ‘O l
\N)J\s’/ ~c T/ and \1| o/
! H ¥

14. A compound having the structure:



p v=~/o ii 14. A compound having the structure: 3 0 SEP 2005 42 in which m
and n i ndependently are 1 to 500, g and v independently are 0 or 1:3005&1[%0353
a cycloaliphatic epoxy noiety, in which an epoxy group is fused to a cyc
bicyclic or tricyclic ring structured2which structure may contain one or
nore heteroatons; R and R are independently hydrogen, an al kyl group having
1 to 12 carbon atons, or an aromatic or heteroaromatic ring or fused ring
having 3 to 10 carbon atons within the ring structure; Z and Z' are any
nmonomeric, oligoneric/or polynery c organic iety; is a direct bond or a
functional group sel écte r t e groups gonsisiirng of: HE H

o N——(2)e—X—(Z)g——>
O n

R

O,

in which

m and n independently are 1 to 500, q and v independently are O or 1;

O@ is a cycloaliphatic epoxy moiety, in which an epoxy group is
fused to a cyclic, bicyclic or tricyclic ring structure, which structure may contain one
or more heteroatoms;

R and R’ are independently hydrogen, an alkyl group having 1 to 12 carbon
atoms, or an aromatic or heteroaromatic ring or fused ring having 3 to 10 carbon
atoms within the ring structure;

Z and Z' are any monomeric, oligomeric or polymeric organic moiety;

X is a direct bond or a functional group selected from the groups consisting of:
0 o o
\N/[ko/ , \O/“\T’/, /[ko/ ,
} L
0 <[> o
\o)k, — o, \N/k, /ILT/»
S }I; o
o 4 ‘ O o)
\N)J\N/, \T/ /u\ \S)I\T/
bbb s ;

i J§
\N/J\S/, \O/ILT/’ o \T o

15.  The compound according to claim 14 having the structure



aad s s Y H 15. The conpound according to claim14 having the st 3
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