; 345678e3e7~e7""_LbdbDd6* eT~e" CYCLOALI PHATI C EPOXY COVPOUNDS CONTAI NI NG
STYRENI C, CINNAMYL, OR MALEI M DE FUNCTI ONALI TY FI ELD OF THE | NVENTI ON

[0001] This inventi on”mﬁmﬂmmﬂwmmmmtrabl e conpounds that contain a

cycl oal i phati c epoxy tyrenic, cinnamyl, or maleinide noiety.
BACKGROUND OF THE | NVENTI Odofo@602] Radi tal - curabl e conpositions are used in
adhesi ve conpositions, for exanple, in the fabrication and assenbly of

sem conduct or package ] Iectroni c devices. There are a nunber of
el ectron donorl el ectrm M‘ﬂ,ﬁﬂ ’Mj adhesi ve systens that are used in the
i ndustry, but not all as full performance as is needed for all
uses. There are al so adhed¥¥& systens that contain both radical -curable

noi eti es and epoxy funsidiepaiPHATIC EREXEeBRPOUNDsEGetagRE in this
speci fication add to $¥vRENICINNAMPL, CREMAREWBDE eUNEtIONARITY for use within
the sem conductor fabrication industry. SUMMARY OF THE | NVENTI ON [ 0003J

This invention relates to conpounds that contain a cycloaliphatic epoxy
noi ety and an el ectron acceptor noiety or an el ectron donor noiety. The
preferred el ectron acceptor is BERRPETHEINVEWIIENY. The preferred el ectron
donor is a double bond connected to an aromatic ri nﬁ%and conj ugat ed with

the unsaturatiod®9%!t he ri Hp inyspigndpiplgy o queablecamPeBRd et 9NN %es ar e
styrenic or ci nnag‘o/almpmcep!)ng%ﬁoxet)édﬁnaostt heenruc & e{n?)}hg?%lm i | Soiflvention is a

cur abl e conposi t7on ncap slil ant

conposi tion, containing such conmpounds. 2 DETAI LED DESCRI PTI ON OF THE

| NVENTI ON [ 0004] The inventive conpounds can be represented by the fornul as
(in which the bond represent BACKEREUNBDY THENRVENTIONat es a cis or traps

i sonmer or a racemc mxture of the conmpound): [0005] Ov /m[o006] R' Gil
G 0 m[ooo~] O RO@2}z~)v xRadipbcurabid coRpogitiongare us@l 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 to an aromatic ring and
conjugated with the unsaturation in the ring. Preferred electron donor
moieties are styrenic or cinnamyl moieties. In another embodiment, this
invention is a curable composition, such as an adhesive, coating, or

encapsulant composition, containing such compounds.



[0008] R R- RR OpN(Z) ~ X (2qgj GOr m[0009] O/, GO-~N~z,) V
X- ~Z2)q v mand [0010] OORR O-~N-~Z')V XLZ)gNOOi m[0011] in

whi ch [0012] mand n independently are 1 to 500, preferably 1 to 100, nore
preferably 1 to 25, and nost preferably 1 or 2, g and v independently are O
or 1; O[0013] ~ represents a cycloalipghatic epoxy noiety, in which an
epoxy group is attached to a cyclic, bicycle or tricyclic ring structure,
4 which structure may contain one or nore heteroatons (N, O or S);
preferably, the cycl oal i PREAMED BBIXFIPHONDFR THE INVEOSEN f r om substit uted and
unsubstituted fj and si x nenbered cyclic rings; substituted and

unsubsti t ut ed s‘o§$4]seven i‘h’ﬂ'”\‘-ﬁnb‘f‘i“tw%%ﬁ C%W@WF?”WB%&Q’F substituted and
unsubsti tuted ni; maéﬁﬂwﬁaﬂn§&§ﬁﬂgr HP@ESE%hﬁgﬁékﬁm&bﬁgasoﬂn whi ch the
substituents on e rings canh pe any organic 1ety, and preferably are
lower al kyl; [ OQddlisdmer B a raddiflc Ri&ttﬁé&tﬂé’t@%@lﬂ‘@?m l'y hydrogen) an al kyl
group having 1 to 12 carbon atons and preferably Hor 1 to 4 carbon atons,
or an aronmati c poogjeteroaromatic ring or fused ring having 3 to 10 carbon
atons within the ring structure, in which the heteroatonms are N, O or S
[0015] Gis -OR, -SR, or -N(R)(R) in which and R' aXe as descri bed
above; or Gis an alkyl group having 1 to 12/cagbor] atoys; or Gis an
aromatic or heteroaromatic ring or fused ri hawerigrR3 o 10 carbon atons
within the ring structyre, inwhich the hetdroatgms may lbe N, O or S

[0016J Z and Z' are a A eYic) ol iganerilc | ymer|i ¢ organi c noiety
(for exanple, alkyl, dy@ (rA 'T/X"‘a@ ; G cycl oal kenyl, aryl
al kenyl, or aromatic, \nd exanpl e pol y( byt a ne), fpol yether,

pol yester, pol yurethane, polyacrylic, polystyXxene, polyaarbonate,

pol ysul fone); and [0017) X is a direct bond or a functional group selected
fromthe groups consisting of: OOOO~~-0-N~O- ~0~- N~ ~O- ~O- H~ H
OO0 ~N~ ~f~~ ~N-\Ni  ~NN OHHHHH
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500SS ~-SN ~N~S~ ~O-N~ ~N~O~i ~ i1 H, H, H, and provided that X
cannot be oxygen when the cyclic epoxy is epoxy cycl ohexane and the other
functionality is a styrenic noiety. [0018] Exenplary structures with the
cyclic epoxy noieties depicted for such conmpounds, in which E represents
the styrenic, cinnanyl, or maleimde mg ety; 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] R~ E Z X Z R [0020] R E~Z~X~Z" R [0021 ] E-f Z~ X~ Z ~-
lqg °~ Jv p [0022P0@8]~Z~- X- ~Z' 6 [0023] E-~z~-x-~z'~" [0024] E~Z~-X~ Z v
and [0025] O ~ X~Z E ~ZY [0026] In another enbodinment, this invention is a
curabl e conposition, such as an adhesive, coati ' apsul ant,
cont ai ni ng the conpound with both cycloaliphatjc and styrenic,
cinnanyl, or maleimnde functiogd\ity. The conpositijon Ranl be a paste,

prepared by bl endi ng/ or
BR—Sk- (

fil mmaking techni ques

conposition will incyul® ~nalfly a curin Zand ptionally a
filler. [0027] These\conpound n be the main \conponent/in the curable
conposition or can be\ added as #Znmadhesi on pronoter to one or nore other
curabl e resins. Wien used as an adhesion pronoter, the anpbunt used in the
curabl e conposition will be an effective anmobunt to pronote adhesion and, in
general, an effective anount will range from0.005 to 20.0 percent by

wei ght of the fi8P%8)l ati on.
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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, q and v independently

are Oor 1,

O@
{0013]) represents a cycloaliphatic epoxy moiety, in

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



7 [0028J) Exanpl es of other curable resins for use as the main conponent in
the curabl e conpositions include epoxies, vinyl ethers, thiolenes,
conpounds derived from cinnanyl and styrenic starting conpounds) funarates,
mal eates, acrylates, and mal ei m des. [0029J Suitable curing agents are
thermal initiators and photoinitiators4present in an effective anount to
cure the conposition. In general, those ampunts will range fromO0.1 %to
30% preferably 1 %to 20% by weight of the total organic material (that
is, excluding afychistiyetyamay ceatain epesgr mare b%oﬁi@’%%pt Pon:. Preferred thernal

initiators include er oxi des, such as but cto nd di cunyl
peroxi de, and a5Ye@ P’rﬂ%%ﬁ'&@ahpg?}ﬁ‘?p% moiagy %QBCEF% 9n Sﬂweg panemtri | e)

and 2, 2" -azobi g lfngutgﬁt#{%glﬂveb éjnd%nenqern ckéhc {lnﬁéetfbg{t?(t&?ar%e ries of

photoinitiators are those ) rgacure or Rhodorsil

2074 by G ba Snﬁ\guk%h&béd%%&@ér@ elglhpméﬂﬁg?b&W|ﬂMg§téu9§\§ute@Q¢dh ther nal

initiation and photoinitiation may be desirable:” the curing process can be
started either Muusnmdlnmtelt@rmanof@évle@meﬁlb&}ynmetnngsornvﬂﬁdhnhbe started by heat,
followed by irradiation. [0030] In general, the curable conmpositions wll
cure within a tsshgtueatswongherags eandie 869 Ggbric R6iBKE, ardpdeferably ag lawer| be ef f ect ed
within a range of three seconds to three hours. The actual cure profile
will vary with @k conponents and can be deternined w thout undue

a1 50 compr | se. NBfbnduct I8 6hd RhariFPPITY BYEedeh: Sty S Bdhauct fve. |
i1l ers. Sultabl e, goRMbOLiug il 86 BeMAyiRER Ak aoBl ARl o 00!

silver) copper num sil1con carbi de,
boron nitride, éﬂb@&ﬁ%ﬁhet&ﬂ%ﬁhﬁ%n%r fustdirihgRbving¥Ba0BEMWEH hyesfil lers are
particles of vermculite, mca, wollastonite, cal cium carbonate, titania,
sand, gl ass, fugtdh tee tingcsuctireniedhish the datercatamisara 18,0, loa8e, and hal ogenat ed
ethylene polyners, such as tetrafluoroethylene, trifluoro et hyl ene,
vinylidene fludPeide) vi ny® isHOROrSRIer -NIRIR) inderieh R addoR'iagkess and vi nyl
chloride. If present, fillers generally will be in anounts of 20%to 90% by
wei ght of the fdseeribedebays; or Copapelkyl aroanbaving ! te iberIPaneriems: PHPS i nvention is

bl t th h | oal i phat
moi oty and o SUgIEHTR SERHARYTEaPS RE e av@vfeteﬁocaﬁ%‘r%ﬁ""’*‘ai Cphat i or

aromati c epoxy W'F@O@S "{g%ﬁgct%ﬁ'%{cﬁq‘eﬁg@%q{ bgtmeoeacg(y resin has the

structure OO O OW ng roce ures and Exanpl es di scl ose
representative [pempounds ZgtAbiiangmakonhe?io digddic 6 SdIedric RR@AILC epoXxy

noi ety and one styrenic, cinnanyl, or maleimde noiety per nolecule and the
synt heti c proceueietgffofexempialaliyl cyctratsy, ary mfspLalidsy!, Acoelkeiyetybsed is the
performance of sanples in curable corrp05| tions. [0034] PROCEDURE 1:

Reaction of i so%'sﬁ%ﬁ)‘fa‘i'@’qm%*'ﬁ 28 {95 BEmpledol/( W@"@qﬂﬁ'#gleérli’?'yﬁ?‘eﬁ socyanate is
solvated in tolu ed WI & mechani cal

stirrer, additi® “ﬁﬂ?ﬁ%ﬂ” ﬁ?ﬁ 'ﬁIROS'SSEHe pﬁf&%‘i%ﬁ&e cﬁsuwfﬁg f¥ction is placed
under ni tr099”1[0?‘{?? a Cat)@fs%to*rgct%m“ﬁ?%fmctscﬂblbdtr%%s%le&eg'frbrﬂ ate (catalyst)

i-s added with st ing as the solution iIs o 60C Teaddltlon
funnel is char gpeupsicbisistngofl e equi val ent of al cohol dissolved in toluene.
This solution is added to the isocyanate solution over ten mnutes, and the
resulting mxture is h@ated forOan addiQional tlree hours at 60C. After the
reaction cools to rQOI:d-LL re., thglsglvent A s resored in vacuo to give
the product. 9 [0085] @’ROCF_(I?)URE“Z ea®ti on ©f &l cohol with acid
chloride. One nole efuival ent of Hl gohol and triethylamne are mxed in dry
nmet hyl ene chloride at OC. One nole equivalent acid chloride dissolved in
dry nmethylene chlorid@ is caddefully added. The m xture is allowed to react
for four hours. The sl vent Js ,evapQrgH\ed/athpe cr uge product is purified
by col urm chromat oghaphy u$indli'a gralfi el of Hgxane "l hyl acetate to give
the product. [DO036] HPROCEDUREI-B  Reasti an of ai kyl e with alcohol. One
nol e equi val ent of al cohol , excess anount of 50% NaOH, a catal ytic anount
of tetrabutyl ammonium hydr ogen sul fate, and one nol e equival ent of alkyl
halide in toluene are stirred for five hours at 53C, then five hours at
75C. The reaction cools to roomtenperature and the organic | ayer extracted
and washed with brine three tinmes. The isolated organic layer is then dried
over MgSO4, filtered and the solvent renoved in vacuo to give the product.
[0037] PROCEDURE 4: Reaction of disiloxane with vinyl epoxy. A
round-bottoned flask is charged with one nol e equi val ent of disil oxane and
one nol e equi val ent of vinyl epoxy resin. The reaction flask is equi pped
with a magnetic stirrer and a reflux condenser. To this mxture is added a
cat al yt| c armunt of tris(tri phenyl phosphl ne) r hod| um( 1) chI ori de and t he

. - T N~ —— g,



[ 0040] PROCEDURE 7: Reaction of amine with acid chloride. One equival ent of
am ne and one equivalent of triethylamne are mxed in dry nethyl ene
chloride at 0C. One equivalent of acid chloride dissolved in dry nethyl ene
chloride is carefully added. The m xture is allowed to react for four

hours. The solvent is evaporated and tle crude product is purified by

col um chromat ogr aphy using a gradient of hexane | ethyl acetate to give
the product. [0041] P DURE 8:_ Conversjon of alcohol functionality to
chloride functionalityyp The syntihetic prpcedure isé§?nducted according to
E. W Collington antgA™ < MYgrswg-J.~ N-chem>ges3044 (1971). A stirred
m xture of one nole equiyal ent)of alco oI;Fnd 1.1 nmol e equi val ent of

scol l'idine under nitrogen i's treated with one”ﬁquﬁvalent of lithium

chl ori de dissol i .NlLum a n f_dr iyret hyl f or mam de. On cool i ng
to 0C, a suspenbslr:g\g%eqqgg?( crirzlraprréo e&%ﬁgg Wiﬁegq't’ercé’&l%ée%oﬁr%evaxge with 1.1 nole

equi val ent of ngiRANGRLILIARY binethReibify isS dyrdrid¥oiky. continued at OC for one
to one and one-half hour, after which ¥|ne the pale yell ow reaction m xture
i's poured over [ofsjwat er. ExdidizadsiRones Waly e cydic Bpdxy adlets dabittad col d

et herpentane (1:1) and the conbi ned extracts are washed successively with
sat ur at ed coppefor sich certhmousdd, int whish. € répresentsshegyreniaeedamyitarl no furt her
intensification of the blue copper solution occurs, indicating conplete
removal of s- coMpiRiiqeanoieta, &r WA eredk eboye erd Bead Brarelyq9eqn s04) and

concentrated at, _room fenperaur oyi di .residue of the product.
[0042] PROEDUHEYS B 80 5 B %‘P‘?%PFE‘{)?P*\{WP&‘F Pl iacbhean ne. one nol e

equi val ent of akgﬁg halide is solvated in THF in a three neck flask

equi pped with a neéhanical stirrer and addition funnel. The addition funnel

is charged with one nole equivalent of gmpe in THF. This solution is added
to 12 the al kyl halide soluti(.)éovr t ey m es at 0C, and the resulting

m xture is stirred for 12 hourg X ature. The solvent is renoved
in vacuo and to the resulting mXtgr added ether and water. The organic
| ayer is extracted and dried over MgSO4. The solvent is renoved in vacuo to
gi ve the product. [0043] PROCEDURE 10: Reaction of carboxylic acid with

i socyanate. Theppgygjt hetic procedure is conducted according to T. N shikubo,
E. Takehara, and A’ Kanmeyama) Polynmer Journal, 25) 421 (1993). A stirred

m xture of one nole equival ent of isocyamdte and one nol e equival ent of
carboxylic acid is solvated in toluene in 2&Xt™ee-necked flask equi pped

wi th a mechanical stirrer anq%' r 2 i_plie Qet. The mixture is heated
for two hours at 80C. After t 3??' %f A to roomtenperature, the
solvent is renoved in vacuo to give the [ 0044) PROCEDURE 11:
Reaction of alcohol with vinyl silane. nol e equi val ent of al cohol and
triethyl am ne awgzﬁixed in dry toluene at 0C. One nol e equival ent of vinyl
silane dissolved 1n toluene is carefully added. The m xture is allowed to
react for four hours at roomtenperature he _sol vent is evaporated to give
the product. [0045J EXAMPLE I. | é PD046] Conpound | was
prepared fromthe internediaé%(?%?ﬁ F C ghexAne net hanol epoxi de, havi ng
the structure 13 0 HO- [0047] Net hylY cythohexa@e nethanol epoxide was
prepared as folkgxgz 6- Met hyl - 3- cycl ohexene- 1- net hanol (50 g, 0.396 nol e),
a 5% agqueous so on of sodi um bi carbonate (63 m) and di chl or onet hane (94
m) were charged to a 1 L 4-necked round-bgttom fl ask equi pped with a
mechani cal stirrer, pH tenperature prgbeyand 8, 250 m sl ow addition
funnels, each with a side-ar 409 : Ation of potassium

hydr oxi de (250 ml) was char ;¥¥ hnel X antd“aOsol uti on of sodi um
acetate (10.42 g} dissolved in PBeracétic 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 m xing while the peracetic acid solution was added
over three hours) maintaining a reaction tenperature of 5 -10C. To nmaintain
the reaction at pH between 6 and 7, potassium hydroxide solution (funnel #1
) was added as needed. Followi ng the conpletion of addition of peracetic
acid solution, the reaction tenperature was held at 5 to 10C for two hours,
after which the ice bath was renoved. [0049] When the reaction reached room
tenperature, the pH was raised to 6.5 - 6.6 with additional potassium

hydr oxi de solution. In this synthesis, the total amount of potassium

hydr oxi 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 agueous
fractions were isolated using a separatory funnel. The product was tw ce
extracted fromthe aqueous phase with dichloromethane (40 ml each) and the
organic fractions were conbined and filtered to renove solids. An aqueous

N 1 - [T I L N7 a A [ - e N 1N o " I B D




15 dark orange syrup (approx. 28 g) was dissolved in a solution of hexane
and ethyl acetate (100ml, hexanel ethyl acetate, 2l1 by volune). Silica gel
was added to the solution and the mxture was stirred for 30 mnutes before
filtering out the solids. The solvent was stripped fromthe solution in
vacuo resulting in Conpound | as a thimg orange liquid in 54%yield. [0055J
EXAMPLE 11: O N~O ~O Met hyl -cycl ohexane epoxi de nethanol (internediate from
EXAMPLE 1) (25 g, 0.1760 nol es), 3-isopropenyl-a, a-di net hyl benzyl

i socyanat e (nw1ék§ﬂ(35.50 g) 0.1760 noles) and toluene (30 m) were
conmbined in a 250 m four-necked round bottom fl ask equi pped wth a
condenser, nechani cal m xer, nitrogen ehoi| bath. The reaction was

pl aced under nitrogen and two,dyop dilaurate were added with
stirring as the oil bath wag-hz t)(eéz' Lng and stirring of the
reaction solution was continu fo

O

¢ ting in a clear gold
solution. The solvent was renoved in vacuo and the product, Conpound |1,
was obt ai ned as[jooddick gold liquid product in quantitative yield. [0056]
EXAMPLE 111: O~NO OO0O 16 Conmpound |11 was prepared fromthe

i nternedi ates 6-nal ei m docaproi c acid apd pe | cycl ohexene mal ei m de.
[ 0057J 6- Mal ei m docaproi ¢ acid, having/th eure O N OH O O was
prepared as follows: A sol utilg_—).[( X.gg
in acetonitrile was added to alo ¢ equival ent of 6am nocaprioc acid in
acetic acid. The mxture was allowed to react for three hours at room
tenperature. Thgnd orned white crystals were filtered off, washed with cold
acetonitrile and dried to produce the am c acid adduct. [0058] The amc

aci d adduct was[0Of29ied with triethylam ne in toluene. The m xture was heated
to 130C for two hours and water was collected in a Dean-Stark trap. The
organi ¢ solvent was evaporated and 2M HCL ad@ed to reach pH 2. Extraction
with ethyl acetate and drying over 4 5 by evaporating of the

sol vent gave the internediate 6mal ei m Joc osacid (MCA). [0059] The

i ntermedi ate net hyl cycl ohexene mal gigNde/ having the structure ON O O O
was prepared as follows: 6-nmaleim ((ﬁchpr c acid (140.00 g, 0.6635 noles),
6- met hyl - 3- cycl ohexene-1-neth X(\69,80 9, 0.5529 nole), and tol uene (600
m) were conbined in a1l L 4E ked round-bottom fl ask. The fl ask was
fitted with an overhead ni xer antl thernoneter. A Dean- Stark trap was fitted
17 onto the flagsk with a reflux condenser,L and nitroge urge. The m xer and
ni trogen purge &/8?663 start&'(f‘”arﬁﬁfef’“r?@gi'ﬁ‘ie'i‘t' %Efwe%&g' %fag’édpmth a set point of
140C. [0060J V%?Jhg&opi o, S8 ds 3R a&f?ewgrcgét,ﬂé,eorreﬁéaa?gﬁ&t,%ggaikilagtq%pl | ds .

di ssol ved, leavin e'reaction mxture & clear copper sofution. At this
poi nt, sul furi ceggdotind Witn/Sih cleoQ%Kﬁic@F&@kn&@?reﬁi@,@%ﬂemﬁ?&' ux was achieved
when the oil bath reached approxi mately 140C. Refl uxi hg was continued for
si x hours, duri mgleiridecondtiomatityt Mee tdgositidni caabe apasiatpreapbreddyer (9. 95 M) was
collected in the Dean-Stark trap. The trap was enptied and dry toluene (25
m) was added tBending or@iling erfanpx e fie pigparedibistendew frumane The repl acenent

of distilled to]uenelresidyal, water with dry tol uene was repeated three
ti mes. The reac{eF'HHqL\‘Ré "C%‘g? g‘ﬁset%" e %@%Hﬁef?rﬁﬁgf’%ﬁosf‘%‘ﬁ@] Tri et hyl ani ne

(69.92 g, O. 8919C'g§’4u§”\i°mia@%%§§ges’ﬁ%5@&9%‘&’%&? was allowed to stir for

one hour. Next, t ne a trire mne were stripped fromthe
reaction sol uti@azyn vacugpesdBEmpcRadd dah BE RS corioRére i 1Be/dudbieras di ssol ved
in dichloronethane (1000 m) and this |iquid washed with a 20% sodi um

chl ori de sol uti csmdeSiiéh orickn bé-addedvs argadhegien gromoter to h@ortride plhaises, t he
organic fraction was collected as a gold enulsion. Silica gel (85.00 g) was
added to this feuighi¢ erinan@hemhesediax enadbesiensprempter, the afmgunt3Sedin thet es.
Subsequently, the silica gel was filtered out and the reaction solution was
dried over magnB¥eRincTpostienswill pg an effectivegmapnt ie plampig 28hesiOR 20fd a cl ear, dark

brown solution. The, dichl oronet hane was,re j.n vacu resulting in the
i nt er nedi at e, r’r%?rl%ﬂ" a@f@?@'ﬁ%@%@?ﬁ@f%??ﬁrﬂ%Iagggg ég{bé’ﬂc,emggr“f?'giﬁber syrup in
90% vyi el d. [OOGngmM%]; Liohycl ohexene nal ei mide (70.00 g, 0.2295 note) and
di chl oronet hane (132 g) were charged to a 1 L 4-necked round-bottom fl ask

equi pped with a nechanical stirrer, pH tenperature probe and two 250 ni
sl ow addition funnels, each with a side-arm A 40% aqueous sol uti on of




18 potassi um hydroxide (250 m} was charged to funnel #1 and a sol ution of
sodi um acetate (6.03 g) dissolved 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 5 -10C with vigorous mxing and a chill ed 5% aqueous

sol ution of sodium bicarbonate (90 nm) mas added. Imediately follow ng the
addition of the sodium bi carbonate solution, the peracetic acid solution
was added slowy while maintaining a reaction tenperature of 5 -10 C. To
mai ntai n the reld®e8lon pH Ezarwesof 6themdrable redies fprotseassihemaimydr oxi de sol uti on
(funnel #1 ) was added as needed. Following a one and one-half hour

addi ti on of theCYBRogERn the gepkle SHTRIEIINS, inalude epaxigst Viyhethass¥eelat ure was hel d
at 5 to 10C for two hours ggd t?e i ce bath was renpved. %0064] When t he
reaction reache8 FCoNRCEMSSELYEiem Ct“ﬁamﬁﬁnwgfewa?‘é@ag tEBURIS. " 6.6 with
addi tional 40% j roxi | uti.on,.. The reaction was then m xed at
room terrperaturgj%agariégl%(Q)%?’sa%@%%%b%gé#a?aéérgllgﬁs,' the pH was raised to 6 4 -
6.5 with 40% pofoasgi um hy d@pleQrimobits 9 thdrRalifistoréXapl €, the total
anount of 40% pot assi um hydr oxi de 'sol uti on added t hroughout the reaction
was 137 m . [ 00p&dtoiritidore h@aett th dnrefedtivdamus tol cafel tid &fhpd§iidhg I separ at ory
funnel . Product was then twi ce extracted fromthe aqueous phase with

di chl or onet haneg¢rizgel ithose aoioyints Wil gange ffamiOct % to&0%i paferabigré to@0%| ned and
washed wi th saturated sodiumchloride solution (100 m) in a separatory
funnel . Tri et hyPawpigl of the tadel graapic gategal iplds exdiidingsay wergeec flises) hazy gol d

ic f ti d the.col h d.to dark ' diately. Aft
one-hour of xS TSGR BT gHoalE e B s i ned Lgain w th
200 m saturat eﬂﬁ?lcb@}o!d{@alﬁgéﬁ’é ai%jﬁﬁréﬁdgf)%dta‘%o’é i Xifiasl §%h AUl per oxi de.

Washi ng continued” unti ndi cator strips neasur zel o ppm peroxides in the

wash sol ution. azcbR(d-MEBRAIprd¥ardnitrile)nk@ReaAoRQ-Mdtlyl-P@sner®@sl. 10 extract
product fromthe conposite wash solution. D chloronmethane was stripped from

t he organi c fr aptefeped series atpiotonitdtorsare thosaisdld urgepatpdemarkber syrup was
di ssolved in mare toluene. The toluene fractions were conbi ned and then
washed with nor Boasatefr fhadprsizdy4bn €Pa Bprecady Seamiedloin $¥0 m ). The organic

I dried . j | f at filtered tri i f
Lol uene and r os[IAPIPE BTTO R e PLE T FPl TR BB IR Pl s a. el oudy
anber syrup in 260\ el csh 000Ee AR o b RuTPnEliisgidi ng Lo Lhe

procedure from EXA nor bor nen- I'sS reacte peracetic acid

(32% by wei ght) bé stehténBchebty foli&aQtbly @radiatiddd m TM  accordi ng to PROCEDURE 1.

[ 0068] EXAMPLE V: O N O O O According to PROCEDURE 6, 5-norbornen-2-of is
reacted with 6nm#l080)m docaprgenerahithie durgblatempsiiorst vall ¢urewkHDAMPLE |11)

foll owed by reaction with peracetic acid (3'2%'b% wei ght) according to the
procedur e from EOReELYE [ange of 609 Hto200/69 gndrorringPit be/pffected withip aaccor ding to the
procedure from EXAMPLE |, 5-norbornen-2-of is reacted with peracetic acid

(32% by wei ght ) "8"8¢ PIJER SERPNISIQ 8V Ge0tPuTH tTHE BFtv S ProfiR MU eV ™ccor ding to

PROCEDURE 3. 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 vermicuiite, mica, wollastonite, calcium
carbonate, titania, sand, gless, fused silica, fumed silica, barium sulfate, and

halogenated ethylene polymers, such as tetrafluoroethylene, trifluoro-



[ 0070] EXAMPLE
5- nor bor nene- 2
foll owed by re

peracetic acid
according to P
According to t

VII: O N-O O According to the procedure from EXAMPLE 1,
-nmethanol is reacted with peracetic acid (32% by wei ght)
action wwith mTM according to PROCEDURE 1. [0071J EXAMPLE
VIII: OON O O O According to PROCEDURE 6, 5-norbornene-2-nethanol is
reacted with 6mal ei m docaproic acid (i8ternediate from EXAMPLE I11),
foll owed by reaction with peracetic acid (32% by weight) according to the
procedure from EXAMPLE |11 21 [0072] EXAMPLE I X. ~ ,0/ O According to
t he procedure fétoygrExyintgenefuorgle ndnybiveridenwngidenet dhigrids, andvinybact ed wit h

2% by weight) foll owed by reaction wth cinnanyl
SRR PSS s TESeANIA 5 e Sreouts R 2% L SO0 O 1 O

chl ori de

he .procedure from EXAMPLE |, 3-cycl o-hexene-1, 1-di nethanol is
reacted with pe %{@'ettoftgeﬁ)mﬁat{oh% by weight) followed by reaction with mTM

according to PRgeIPURE 1 |QQdd: FrbOlfRbR, s invérth R Nufel © 0000 0

composition comprising the compound having a cycloaliphatic epoxy moiety
and a styrenic, cinnamyi, or maleimide moiety, and an aliphatic or aromatic
epoxy resin. [n a preferred embodiment, the epoxy resin has the structure

(6)
o) O

[0033] The following Procedures and Examples disclose
representative compounds containing at least one cycloaliphatic epoxy
moiety and one 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/outlet.
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 equivalent of alcohol 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
80°C. After the reaction cools to room temperature, the solvent is removed in

vacuo to give the product.



22 According to PROCEDURE 6, 3-cycl ohexene-1,1-dinethanol is reacted with

6- mal ei m docaproic acid (internmediate from EXAMPLE 111), followed by
reaction with peracetic acid (32% by weight) according to the procedure
from EXAVMPLE 111. [0075] EXAMPLE Xil: I O O 0 According to the procedure

from EXAMPLE |, 3-cycl o-hexene-1, 1-di ngthanol is reacted with peracetic
acid (32% by weight) followed by reaction with cinnanmyl chloride according
to PROCEDURE 3. [00' 76] EXAMPLE XI1l: / ) OO0 i O According to the
procedure fromlCRANVPLE | ,PROGEIURE 2iefescton2 eicohet Withrasld chigrideeact ed wit h
peracetic acid (32% by weight) followed by reaction wth cinnanyl chloride
according to P Iieauivalent of glcphntand trigtiyigpppeargmired iy ¢y metbylene o N 1] ~0 0 0
O N 0 According, to PROCEDURE 6, (2-endo, . ,

3- ex0) - bi cycl o[°E'.°Q‘.’ez?‘-ao%~t[)§ﬂ%m8'ﬁéglﬂ‘,’a}a“f B Fipee dipoved DB g wi t h

6- mal ei m docaproi.c acid (inter iate f om EXAVPLE 1] f.oll owed by
reaction with p"é?@éeé‘[eicglogacel 'EC?'%&J%;‘}‘?M{“&H%") urggcah?v&eldn%)re[ag f? rr{cékﬁpr ocedure
{1 om EXANPLE | Iyl G 8l dr0WRAcE 0 o@pRalit ishurifida 1 GuARCor ding to
PROCEDURE 4, 3-Vinyl _-%_- oxabi cy%l gf%.af.g) -‘%ueptpane fsgp“f'éacb?ecd "Wt h
1,1, 3, 3-t et r aneshhydigrdphP¥EMEa §radient\éEnekated-eth3l eRteabighy teo [ 4. 1. 0]
heptyl])ethyl]-1,1,3,3-tetranet hyl di sil oxane, further reacted wth nethyl
cycl ohexene nalpoducde from EXAMPLE |11 according to PROCEDURE 5. [0079]
EXAMPLE XVI :

[0036) PROCEDURE 3: Reaction of alky] halide with alcohol. One

mole equivalent of alcohol, excess amount of 50% NaOH, a catalytic amount

of tetrabutyl ammonium hydrogen suifate, 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

MgSOQ.,, 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 completion of the

reaction, pure product is obtained by fractional vacuum distillation.

10038] PROCEDURE &: Hydrosilation. One mole equivalent of

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



O O NCO O
reacted w
Si nonsi ck,

O According to PROCEDURE 6, 5-norbornene-2-carboxylic acid is
th N-nethyl ol mal ei m de (prepared according to J. Bartus, W L.
and 24 0. Vogl, J.MS.-Pure Appl. Chem, A36(3), 355, 1999),

foll owed by reaction with peracetic acid (32% by wei ght) according to the

pr ocedure
Accor di ng
reacted w

from EXAMPLE 111. [0080] EXAMPLE XVII: OOO- NOOOOO-~-NO
to PROCEDURE 6, ci s-5-norbornene-endo-2, 3-dicarboxylic acid is
th N-met hyl ol mal ei m de (prepared according to J. Bartus, W L.

Si nonsi ck, and f@sk.\/oug molg eqnivaledt offrpexy sigrahe edduetriy addad®(tEy fasB55, 1999),
foll owed by reaction with peracetic acid (32% by wei ght) according to the

procedure
procedur e
peracetic
accordi ng
procedure
peracetic
accordi ng

f r om ZRANPIERCtion Mixtyre isheptetio AORE- EODeAreR of Kerstedts estalystisr di ng to the
f EXAMPLE |, 5-norhb -2-acid chlaride i ted with
hchd TS890 YRR PO OB T ISRV ARt h ol nnamyl ar ne

t P | . ; EXA}ME" : A di toth
f ?om %QL%E‘CIZ,Of Et@ng?’r%%?gﬁkg- 2-l acllirg.I fr%qﬁﬁgge?\&%m%% e;g? (radI \r/]mgt ho ©

aci d jedetivh Ryoveeh aptroxichakbll AaE tHise HoBARC hketodingth&i Nnnanyl al cohol
to PROCEDURE 2. [0083] EXAMPLE XX:

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.

10039) PROCEDURE 8: 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, mercury
thermometer, mechanical stirrer, and nitrogen blanket. The reaction mixture
is raised to refiux (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 allowed to refill; again
back charging fresh solvent to repiace the distillate that is removed. This
process is repeated four mare times in an effort to drive the maximum
amount of water from the system. Following the final 30 minutes of refiux,
the oil bath is removed and the reaction shut down. The solvent is
evaporated and the crude product is purified by column chromatography

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



O Met hyl - cycl ohexane epoxi de net hanol (internmediate fromEXAMPLE |) is
converted to nethyl -cycl ohexane epoxi de nethyl chloride according to
PROCEDURE 8, followed by reaction with cinnanyl am ne according to
PROCEDURE 9. [0084] EXAMPLE XXI: O ~N O According to the procedure from

EXAMPLE |, 5-norbornene-2-carboxylic atid is reacted with peracetic acid
(32% by wei ght) foll owed by reaction with mTM according to PROCEDURE 10.
[ 0085] EXAMPLE XXI | : 26 "~N O In which n and m are approxi mately

11 and the nol dBVA%r wei g'ﬁ'BOF%D‘é%%?oﬁ?%%qf?mm it eciterienfec P8¢ ohexane
epoxi de net hanol (internedi at S converted to

net hyl cycl ohexa?‘l’é'fvélﬁ%a a'@'"ﬁ-éf‘ﬁ&}fre ‘?FH\V%XAI\@”SE)@%?'B? A x5 DURE 8,
fol |l oned by rea h,.styLeng acr I|c ryl 87fromJohnson
Pol yner) accor tbq?“ecﬁfﬂﬂfﬁﬂé §ne?°6’ F’SU\B @ %/lrﬁfoégéﬁ EveXJ Y'mT™
according to PRQQERQEQ L. grding to
PROCEDURE 6, 3-cyclo egéﬁ'gfi %Q%{ anowlgeﬁ%ﬁeéﬁw\%ﬁ %ngféﬁ% docaproi c
acid (intermedigdups. fihe SR Epotdtdd and il driRieerbdatt i Kaifidd @rboanTnh peracetic
acid (32% by weight) according to the procedure from EXAVPLE 3 27

[ 0087] EXAMPLE ch¥dnétodrapiy Gsinga Sadientdf Nexabe/ dityeadetaicie give ehef 1 om EXAMPLE C,

3-cycl ohexene-1-nethanol is reacted with peracetic acid (32% by wei ght)
foll owed by reagredush with m TM

[0041] PROCEDURE 8. Conversion of alcohol functionality to
chloride functionality. The synthetic procedure is conducted according to E.
W. Collington and A. I. Meyers, J. Org. Chem. 36, 3044 (1971). A stirred
mixture of one mole equivalent 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
equivalent of methanesulfonyl chloride. 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 agueous 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-collidine. The organic extracts are dried (Na,S0O,) 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 @ mechanical stirrer and addition funnel. The addition funnel is

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



according to PROCEDURE 1 [0088] EXAMPLE XXV: O O According to the procedure
from EXAMPLE 1, 3-cycl ohexene-1-nethanol is reacted with peracetic acid
(32% by weight) followed by reaction with cicnnanyl chloride according to
PROCEDURE 3. [0089] EXAMPLE XXVI HOH ONCONvV HO O A solution of one
nol e equi val ent of cis-1, 2,3, 6-tetrahydgophthalic anhydride in acetonitrile
is added to a one nol e equival ent of propanol am ne. The m xture is all owed

to react far three hours at roomtenperature. The formed white crystals are
filtered of f, wdky! URlieesAyipa ot tonFHIUeS 3t 8 Cantd AR resuitingoMisutsdtice the amic

heated 0. 130C PO b A BuPe! B kb U MR hER Aol e oan tark

trap. The Orga“iaﬁ? ﬁ:}‘}}w‘! F‘e@ﬁl{id %iﬁM@E@%ﬁE@Qh&%ﬂd %%Eg E%?g%ﬁﬁ 18 each pH 2.

Extraction with e acetdte an yi ng over by evaporation
of the solvent gki¥RtedinduRedovBr g0, TTRE SARVOE RIMVER VEBLE% gicker ding to the
procedure from EXAMPLE |, hydroxy propyl tetrahydrophthalimde is reacted
wi th peracetic apedddet(32% by weight) followed by reaction with mTM
according to PROCEDURE 1. [0090] EXAMPLE XXVIIl HOO O~N~ONHOO OA
solution of one nole equivalent of cis-1,2,3,6-tetrahydrophthalic anhydride
in acetonitrile is added to a one nole equival ent of @rppanol am ne. The

mxture is all ol o r eadRAGEPURE8e RRBIPR Ofgerboppdntewier at ure. The for ned

whi t t al filt d of f hed with | d tqQnjtril d dried t

b oduce the am convgiendnt op el priREh Shohedasaufteiodr METKan ne i n .

tol uene. The m I 3 r o) is collected
X ¥hkehbS, 4K Rendy@mb: Q@rﬁé? odnfi?, 28 4‘51?1@395]‘%%@5

in a Dean-Stark trap. The organi’c solvent s evaporate 2M HCI added to
reach pH 2. Ext magtie@now rhdle 8duivilentas Rbé/bRat@asl dheyhdide@iaientp S04 f ol | owed by
evaporation of the solvent gives hydroxy propyl tetrahydrophthalim de.
Accordi ng to PRCoBEDREad islsyldateriy tqhreopipl a threenadked faspletlipded witle i s react ed
wi th 6-nmal ei m docaproic acid (internediate from EXAMPLE 111), followed by
reaction with pé’?ﬁk&g@l@a&s%’éi Fdniragsrhyleiastieth e BBER i8NerRIeA 8" WRe procedure
from EXAMPLE 111 . 29‘%0091] EXAMPLE XXVIII. HOON-O\ \ HOA solution
of one nol e equiPUrEhE0 b Atgrdheresctian ¢poisde FORVEIPRESHYTRENE ENeANS dri de i n
acetonitrile is 1o a one | e equi val ent of propanol am ne. The

m xture is all ovr\%ggt%g mrveagl'é‘%tgig'(\)'?[@ﬁrmedgghours at roomtenperature. The forned
white crystals are filtered off, washed with cold acetonitrile and dried to
produce the amc acid adduct. Amic acid is mxed with triethylamne in

tol uene. The m X0o4rp | S hawROEEDUREN30Bebdion bhvaizoha wits viayldilavat ©rei s col | ect ed
in a Dean-Stark trap. The organic solvent is evaporated and 2M HCl added to
reach pH 2. Ext maae equivaightidhaleehiolanddriaditytarminecanelmikey inrdgy tolweme S04 f ol | owed by
evaporation of the solvent gives hydroxy propyl tetrahydrophthalim de.
Accordi ng to t h@ngreeenyvaleptabntsiapppissqived italuengs garefpiy|added.

tetrahydropht haljim de is reacted wit racetic acid (32% by wei ght)

ol | owed by r eadPP Gl BAERS g RrpE PP BS Suietn RS ROCEDURE 3.

[ 0092] EXAMPLE X, X if&éﬁ&gtmﬁﬁe&% pg%yaglsi ve formul ati on. An adhesive

conposition was prepared to contain parts by weight of a bisnaleimde
resin, 5 parts by weight of an acrylate resin, 3 parts by weight of the
conmpound from EXAMPLE |1, 0.15 parts by weight of a photoinitiator, 0.4
parts by wei ght [@45h radi cdAMPRELi ator, and 48.5 parts by weight of silica
filter. The fornulation was used to adhere a 3 X 3 mmsilicon die to a

silver coated copper | eadfragge The adhesi va wg ured by heating at 175C
for 10 seconds. Die shear 9 Jt h was neasur ¢ a Dage 2400-PC Di e
Shear Tester at roomtenpeng . TeQ saml es cl{dsted with the aver age
result being 17Kg force. 7

[0046] Compound | was prepared from the intermediate methyt

cyciohexane methanol epoxide, having the structure



30 WHAT IS CLAIMED: 1. A conpound having the structure: v /min which R" G
n mand n independently are 1 to 500, g and v independently are 0 or 1; O
is a cycloaliphatic epoxy noiety, in which.an epoxy group is attached to a
cyclic, bicyclic or tricyclic ring structure, which structure nmay contain
one or nore heteroatons; R, R, and R'1are 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, in which
the heteroatons are N, O or S5 Gis R~SR, or -N(R)(R) in which R and
R are as described above; er Gis an m oup having 1 to 12 carbon
atonms; or Gis an aromatic or hegyeroarkpat Je 7ing or fused ring having 3 to
10 carbon atons within the ring stro€tur®, Z and Z' are any nononeric,
oligomeric or polyneric organic noiety; X is a direct bond or a functional
group sel ect ed OPHfh t he gMsthipsyehehexese Matanrsl epoxide was prepered &8 ~N~O~ ~O~N~ ~0~
~O- OH~H

follows: 6-Methyl-3-cyclohexene-1-methanol (50 g, 0.396 mole), a 5%
aqueous solution of sodium bicarbonate (63 ml) and dichloromethane (94
ml) were charged to a 1L 4-necked round-botiom flask equipped with a
mechanical stirrer, pHAemperature probe and two 250 mi slow-addition
funnels, each with a side-arm. A 40% aqueous solution of potassium
hydroxide (250 ml) 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.

10049] 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 agqueous fractions were isolated using a
separatory funnel. The product was twice extracted from the agueous phase
with dichloromethane (40 ml each) and the organic fractions were combined

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



00 O~N~N~NN ~N~OHHHHHOOS S ~S~N~ ~N~-S~ ~O-N~ ~N~-O~ i ~ i i
H, H, H, and H provided that X cannot be oxygen when the cycl oaliphatic
epoxy noiety is epoxy cycl ohexane. 2. The conpound according to claim1l1 in
whi ch the cycl oaliphatic epoxy noiety is selected fromthe group consisting
of substituted and unsubstituted five apd six nmenbered cyclic rings;
substituted and unsubstituted six, seven and ei ght nenber bicyclic rings;
substituted and unsubstituted nine, ten and el even nmenber tricyclic rings,
in which any subsveighlcatral) wes Savdy 2qdagty the erganineaction aog mixgegolds. 3. The
conpound accordjng . to claim21 selected fromthe group consisting of O N-O
~O 32 H N O -eyRsing sigpred Thedesyiting whilg QUN'SP"PVE@P%CW" RO OO0 O/ H

and 33 0 O in and t he

ol ecul ar el ghii e nfie ftel ity Va8 Bt e BRRLANGE R lirtiy e
structure from the aqueous phase with dichloromethane (25ml) and the organic phases
were combined and filtered.

[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 m! 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 cyclohexane methanol epoxide (intermediate) (20.00
g, 0.1163 moles), toluene (50 mi), tetrabutyl ammonium hydrogen sulfate
(8.70 g, 0.0256 moles) and 50% sodium hydroxide solution (150 mi) were
combined in a 500 ml 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
dissoived.

[0053] Cinnamyl chloride was added over approximately 20
minutés. The reaction was heated at 90°C with mixing for an additional hour
and then allowed to cool to room temperature. The organic phase was
isolated in a separatory funnel and washed three times with 20% sodium
chloride solution (200 ml each). As a result, the pH of the washes dropped
from 12 to 8. 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 and the toluene was stripped in vacuo. The resulting



GO ~Z~~ ~ X- ~z>a v /mn in which mand n independently are 1 to 500, q
and v independently are 0 or 1; Ois a cycloaliphatic epoxy noiety, in

whi ch an epoxy group is attached to a cyclic, bicyclic or tricyclic ring
structure, which structure nay contain one or nore heteroatons; Gis -OR
-SR) or -N(R(R) in which Rand R ar#5independently hydrogen, an al kyl
group having 1 to 12 carbon atons) or an aronmatic or 34 heteroaromatic
ring or fused ring having 3 to 90 carbon atons within the ring structure;
or Gis an al kydargeraugs syeupi(arprok. 280) 12s diasdien insit eattion efmednegnéin ar omati c or
het eroaromatic ring or fused ring haV|nq 3 to 10 carbon atons within the

ring structure; e‘Wé?RP*Z“%’F’b“%S)‘*’ﬁ‘BHGFFé??c?“ '?)’I“iob'&‘h\-:@ tcage! Was| ymeri ¢ or gani ¢

noiety;, X is a djrect funtlonal sel ec dfromthe groups
CONSi st i ng of - deﬁ%t r.I'u ion anc%nf\lmﬁ_ure@wrrg or Cbgmi.:te or|g| 1 O O O ~N~

~N= WN=N- W QHtHr Jﬂtﬁe@ol@soﬂﬁ s%lveﬁvM” stnhﬁf Trom Vﬁtolﬁ%lﬁﬁé a!:uo , H, H

, and H 5. The conpound according to clal cycl oaI i phatl C

epoxy moi ety i SreS@HirRGh €6mpdLAM ddEth@loRinBe mmshsz%wmof substituted and
unsubstituted five and six nenbered cyclic rings; substituted and

unsubstituted six, seven and ei ght menber bicyclic rings; substituted and
unsubsti tuted nine, ten and el even nenber tricyclic rings, in which any
substituents onl00%8 ri ngsEXNPURNwer al kyl groups. 6. The conpound accordi ng
to claim4 selected fromthe group conS|st|ng of 35 0 C I

g(é@

Methyl-cyclohexane epoxide methanol (intermediate from EXAMPLE 1) (25 g,
0.1760 moles), 3-isopropenyl-o,a-dimethylbenzyl isocyanate (m-TMI) (35.50
g, 0.1760 moles) and toluene (30 ml) were combined in a 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 continued for 24 hours
resulting in a clear gold solution. The solvent was removed in vacuo and the
product, Compound |, was obtained as thick gold liquid product in

quantitative yield.

[0056] EXAMPLE i1

QN/\/\/\Q/O\D ©
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{0057] 6-Maleimidocaproic acid, having the structure
O
Nx\/\/\n,OH
0
0

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
MgSQ, followed by evaporating of the solvent gave the intermediate 6-
maleimidocaproic acid (MCA).

[0059] The intermediate 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 flask. The flask was

fitted with an overhead mixer and thermometer. A Dean-Stark trap was fitted

Z



O00O0O0~~-0

WA~ H, HO~N-N~- HH S 'S~ ~O-N~ i H ~N~ H,

~N~O~ ~O-N~ ~O~- ~O~i i H~H 37 w~i NNHHOOW-~N

, S ~N~O- and H 8. The

conpound according to claim7 in which the cycloaliphatic epoxy noiety is
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ogen purge were started and the oil bath was heated with a set point of
140°C.
[0060] When the reaction temperature reached 80°C the solids
dissolved, leaving the reaction mixture a clear copper solution. At this point,
sulfuric acid (2.70g, 0.0276 mole) was added. Reflux was achieved when the
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. Silica 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 80% yield.
[0062] Methyl 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, pHAemperature probe and two 250 ml

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



OO0,,~,~-ONOOOONOOOOSI.Osi OOOONO\ OOOOO-NOOO
~N O and 39 0 OO0 OO0 10. A conmpound having the structure: R R- R
N(Z) ~X-t;2)q] GO min which mand n independently are 1 to 500,

g and v independently are O or 1; Ois a cycloaliphatic epoxy noiety, in

whi ch an epoxy group is attached to a ¢§clic, bicyclic or tricyclic ring
structure, which structure nay contain one or nore heteroatons; R, R, and

R' are independentl g an al kX grog@ having 1 to 12 carbon atom;
or an aromatic 6935%‘{'@?3’ s ?rQPPE“")r"YaﬁQ yeedktp Lope! # AR #H3RNtIAYOf

sodium acetate (6.03 g) dissolved in peracetic acid (32% by weight, 137.00 g

OO
(ONO)
(ONO)

total) was charged to funnel #2,

[0063) The reaction flask was cooled in an ice bath to 5° -10°C with
vigorous mixing and a chilled 5% aqueous solution of sodium bicarbonate (90
ml) 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 (funnel #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 solution added
throughout the reaction was 137 ml.

[0065) The organic fraction was isolated using a separatory funnel.
Product was then twice extracted from the aqueous phase with
dichioromethane (20 mi 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 m saturated sodium chloride solution to remove residual peroxide.
Washing continued until indicator strips measured zero ppm peroxides in the

wash solution.



3 to 10 carbon atons within the ring structure; 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 carbon atonms; or Gis an aronmatic or heteroaromatic ring or fused
ring having 3 to 10 carbon atons within the ring; Z and Z are any
nononeric, oligoneric or polyneric orgéhic noiety; Xis a direct bond or a
functional group sel ected fromthe groups consisting of: 40 OO0 0 ~ -0
~N~O~ ~O-N~ ~O- ~O- i H~HOOO~N~ ~ N WN-N- W\~ OHHHHHOOS S
~S~N~ ~N~S~ ~O~W166lN~O~ i Next,jtolyeng; (400pml) wag usegyieegxirpcy aroduchiEore 8i¥pound

according to clalml v th tructure: O NCONvV hi OO 12. A
conpound havi ng®"H8"® Els{?]&l@n %Fbm@e a”?\l”as\s"r‘?p@{ﬁ?m ﬁ%e\ﬁfﬁagﬁ m and n

| ndependent |y a8, .waé,%nd the A DAEPEREOUI LYY FeBullip L. O1'S 2

cycl oal i phatic epoxy noiety poxy oup 1s a Tached to a
cyclic, bicycli /ﬁo:%rtolﬁefn'eph‘ﬁé fofbeﬁé FidticHs Wit ddhBinedBALRerSASHES WP

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 lll 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-TM!

according to PROCEDURE 1.

[00es] EXAMPLE V:
0
0
0 0
@)
According to PROCEDURE 86, 5-norbornen-2-ol is reacted with 6-
maleimidocaproic acid (intermediate from EXAMPLE 1ll), followed by reaction

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

EXAMPLE IIf.



may contain on
which R and R
car bon at ons,

1 to 12 carbon

ring having 3 to 10 carbon atons within the ring structure;

any nononeri c,
-O- N ~O- ~O-

conmpound accor
A conpound hav
in which mand
1; Ois a cycl
to a cyclic, b
contain one or

al kyl group havi

ring or fused
and Z' are any
di rect bond or

e or nore heteroatons; 41 Gis -OR -SR or -N(R(R) in
are independently hydrogen, an al kyl group having 1 to 12
or an aromatic or heteroaromatic ring or fused ring having 3
to 10 carbon atonms within the ring structure; or Gis an alkyl

group having

atons; or Gis an aromahc or heteroaromatic ring or fused

Z and Z' are

oligoneric or polymeric organic noiety; X is a direct bond
or a functionall0®%up sel @ANREYom t he groups consisting of: OO0 O~ ~ ~

N~~O~~O~i’!H:H ,OOO~N“~N~~|\|~|\|~~
NOOSS ~S~N~ ~N~S~ ~-O~-N~ A i D

ding to claim
ing the struc#™

n i ndependently are 1 to 500
oal i phatic epoxy noiety) in“whic

<N ~Z~) v X ~2)q

epoxy group

N~ OHHHH

H, H, H, and H 13. The
ucture HOONCO\ \, H O 14.

NOOR nm

Awd v independently are 0 or

is attached

icyclic or tricyclic ring structure, which structure nma
5 e 19z XM g

AsPelingds Be gEec
. 1 1 y
b BB B

RLE hp-aorbaaeheRbdeRer§d hydr ogen) " an
r_an aroqﬁtic on het eroaromati c
PP ng structure; Z

gm?ﬂgg&kﬁm§ﬁ$bE8€EbbﬁF%f polynmeric organic noiety;, Xis a

unctional group se

[0070] EXAMPLE Vil

g

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

according to PROCEDURE 1.

[0071] EXAMPLE Vit
O
0,
4 N\y/’\\//“\vfu\
0O
0 0

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

EXAMPLE L.

ected fromthe groups consisting of:



O0O0OO0~~~-0NO- ~O-N~ ~O~- ~O~ i i H, Ii , , OO0O ~N~ ~N~ ~N-N~ ~N ~
OHHHHHOOSS ~S*N~ ~N~S~ ~O-N~ ~N~O~ i i i H, H, H, and H 15. The
conmpound according to claim 14 having the structure 43 HO OO N~OF O
(ON0) AuAY ,.AF S A ,.AF ,.AF SSA f?2.AF A @.A3 S.AF ,y.A N@ .AY .AY
fAF@ 21

[0072) EXAMPLE IX:

According to the procedure from EXAMPLE |1, 5-norbornene-2-methanol is
reacted with peracetic acid (32% by weight) followed by reaction with

cinnamyl chloride according to PROCEDURE 3.

[0073] EXAMPLE X:

According to the procedure from EXAMPLE |, 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 Xl:
7 =0 o)
N N
9 N
Yl
@) o)
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[0076] EXAMPLE Xlli:
C N /J_Q
O @)

0]
According to the procedure from EXAMPLE |, 5-norbornene-2,2-dimethanol
is reacted with peracetic acid (32% by weight) followed by reaction with

cinnamy! chloride according to PROCEDURE 3.
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calcal ca] calcalc ca] ca] ca] dh] ca] ca] ca] fa] cja] ca] ca] callLr
7' Al } xsni d_ZU] ca] ca] d&] ca] ca] ca] ca] ca] ca] ca] cal] cal] ca] cal] ca] caU] ca] cal] ca
] ca] ca] ca] ca] ca] ca] caJca] ca] ca] ca] ca] ca] ca\ seF, 10%& () -
1096 () - FlOO/G&'AanTdi o PRYCEBURE 4, 3-vinyl-7- oxabnc ch[4 1.0]-heptane is reacted
109638 ()-f109%GZ& ()-j bC 10%& ()-,t10%&' () - 10G vy, - 1096&' () -
*S1096& () - 8109@&11(1)3 w&nﬁ\étﬁy@ﬂéﬂokhe@g&wg{&(:{[‘/) oxabicldd@ 1(0)- ! @& y@OY%& ()-Y
10%&' ()-LY 10%& ()-L}[9bC '"10%] C & () -

heptyl])ethyl]-1,1,3,3- tetramethyldlsnoxane further reacted with methyl

cyclohexene maleimide from EXAMPLE 1! according to PROCEDURE 5.
[0079] EXAMPLE XV
O O
N0
\§ o
0
According to PROCEDURE 6, 5-norbornene-2-carboxylic acid is reacted with

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



109 ()-1 @& 109 ()-!'03 10%Kk& ()-!3 10%& ()-Y10%&' ()-uV4A! A 10%KK& ()-F
@O0%&' ()-St10% ()- 1055 1055 10551 109%B5& ()-)!" ' 109%5& () - /
}[9uV4lTKI910%&' ()-!&910% & ()-Y -10%& ()-!'hv 10%"& ()- 109R& ()-!
10%' ()-/ 3 : CW] _ "2uV4lTKS)10%&' ()-t! y#glO0%F& ()-: y#glo%i& ()-:!
24
0. 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 Il

[0080] EXAMPLE XVil:

According to PROCEDURE 6, cis-5-norbornene-endo-2,3-dicarboxylic acid is
reacted with N-methylolmaleimide (prepared according to J. Bartus, W. L.
Simonsick, and O. Vogl, J.M.S.-Pure Appl. Chem., A36(3), 355, 1998),
followed by reaction with peracetic acid (32% by weight) according to the

procedure from EXAMPLE lil.
10081] EXAMPLE XVIiIi:

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.
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f10%@& ()-F f109%& ()-EHPakr~}1?44 10@5/ 10%& ()-

-10(V&'()-10)f1@ﬁ@2() ;) EXOMPREKIX - v o' - 10%&'()-l @0%~& ()--m4

10@5/ 1@10%& () -F &@L0%& () - PS 109%& () - 5@00/&'() ySs109%& () -

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:

Sagpe

Methyl-cyclohexane epoxide methanol (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 8.

[0084] EXAMPLE XXI:

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:



10 10 }7?N4 10Y "10%&' ()- Y "109%& ()- !y109% ()-310%& ()-F

3@0%& ()-!, @L0%& ()- "#$% %yfG 101 gl0%& ()-mil gl0%& () - mil

g10%&' ()-milft10%& ()- 10 10 1010%& ()-1 !bC 10Y " z10%& ()-s3 10%& ()-:F
109 ()-F 1090& ()- 10 10 101 glO9% ()- mi! $$$$$F&F(*bC 10F $S10% & ()-' 3
S109% & ()- 10% & ()-f@10% & ()- 10 1% 101 (109& () - S* +WX+Y+Z+] +- v2w2bC8

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 methy! 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.

[00886] EXAMPLE XX}
O e
o @]
I N/\/\/\n/
Q I
0]

According to PROCEDURE 6, 3-cyclohexene-1-methanol is reacted with 6-
maleimidocaproic acid (intermediate from EXAMPLE Ill}, followed by reaction

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

EXAMPLE 3.
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f10%& ()-m 10%& ()- @O0%& ()- 10 10 10K>Z>>>>>>>A @ y8S10Y

2109%& ()-" $! F@LO%&: () - 9f 109& ()- 10m DOm

[0087]) EXAMPLE XXIV:

Jiy
o

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

according to PROCEDURE 1.
[0088] EXAMPLE XXV,

Sasae

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

cinnamyl chloride according to PROCEDURE 3.

[0089] EXAMPLE XXVI

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 tnethylamine in

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



10m 410%r&' () -/ 10%m& () - ABDUE&E' E( E+EqQFbCY y8S10Y 10%&' ()-31ff10%& ()- 10
10 101 y2g10%& ()-:Y z10% ()- $Y z10% ()- $gFXHIKI LninLoLr LxnbCY
y8S10S@0%& ()- 10 10 10Y 109 ()-31Y 10%&k ()-31Y 10% ()-31lY
109" () -31r LMVMWPP} A?nbCY y8S10Y 0Z 109%&' ()-F
| 109&' ()-!f10%=& ()- !'YF10%&' ()- F 280%& ()-F 10%& () - PPPPPPP<QqQ $S4Y
109k ()-Y 10%' ()-f@0%& ()- 10 10
10! "2109%&' ()-!210% [ & ()-qQzQ-QXTTTT}[9r S4!'y3+10% & ()-!(03+10% ()-Y
in a Dean-Stark trap. The organic solvent is evaporated and 2M HCI added
to reach pH 2. Extraction with ethyl acetate and drying over MgSQO4 followed
by evaporation of the solvent gives hydroxy propyl tetrahydrophthalimide.
According to the procedure from EXAMPLE |, hydroxy propyl tetrahydro-
phthalimide is reacted with peracetic acid (32% by weight) followed by

reaction with m-TM! according to PROCEDURE 1.

[0090] EXAMPLE XXVII
0O

Q=

A

@)
N \/\/O\n/\/\/\ ﬁ
0 o g
A solution of one mole equivalent of cis-1,2,3,8-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 a Dean-Stark trap. The organic solvent is evaporated and 2M HCI added
to reach pH 2. Extraction with ethyl acetate and drying over MgSO4 followed
by evaporation of the solvent gives hydroxy propy! tetrahydrophthalimide.
According to PROCEDURE 2, hydroxy propyl tetrahydrophthalimide is
reacted with 6-maleimidocaproic acid (intermediate from EXAMPLE l1),
followed by reaction with peracetic acid (32% by weight) according to the

procedure from EXAMPLE III.
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[0091] EXAMPLE XXVIII.

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 a Dean-Stark trap. The organic solvent is evaporated and 2M HCl added
to reach pH 2. Extraction with ethyl acetate and drying over MgSO4 foliowed
by evaporation of the solvent gives hydroxy propyl tetrahydrophthalimide.

According to the procedure from EXAMPLE |, hydroxy propyl

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

by reaction with cinnamy! 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 Il, 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.
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WHAT IS CLAIMED:

1. A compound having the structure:
Rl

Z R
N
o@}a') X (2), 56
m

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

<0
is a cycloaliphatic epoxy moiety, in which an epoxy

group is attached to a cyclic, bicyclic or tricyclic ring structure, which structure

in which

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, orS;

G is -OR, -8R, 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;

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:

uP 910%QQ% ()- 3

m



10%&' ()- S, 10%& ()- 10 10 10

&0910%&' ()- & A0 ) 10%&' () - SkkKkkkkka?~_=!'11 10%P& ()-Y 3 10%& ()-Y
Z10%&' ()-Y @O%&' ()-F sZ10%&' ()-'P m 10% & ()-
kKk/1T{lI'llla?~_="1110+, 109%& ()-LI )Z 109%& ()-Y S&z10%&' ()-I $mLO%& ()-Y
"z109%& ()-! ,10988& ()-I1111T1TmrS4Y 310% ()-F f10% () - &SS10%&' () -
10:: 10::1Q+ 10% : & ()-L!0+, 10%&' ()-Lmmm] nnn}A?2rS4Y Y $ 109% ()-Y
0 0 0 0
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0 9] S S

: Yo7 oy
H H ,and H
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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 rings; 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

o]
A0S

consisting of

10: :



sIML0%&' ()-Y 109 ()-F 10%& ()-!" 10%]& ()-!'[ P 10%& ()-nnnnn; ogoho}~"?44
10Y ,5nl0%& ()-Y " 3s10% ()-F

1109 ()-!P 10988& ()-"!" 10/NV& ()- ' 10% ()- hoi oj onrboooogE4
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and
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109%<& () - @O0%& ()-"snettttu}[<SH= 10 .10%& ()-! " ( 109%<& ()-!% 109%&' ()-
& 10%& () - 310%& ()-! @10%<<& ()-u[ uuuuuuuub@ 10! Ym 10%&' () -

10908 () - @O0%& () - 10< 10< 10<3 @10%& ()-3 s010%& ()-uuu7vbvuvwa?b@
10! 109%00& ()- 109%0& ()- 109%0&% ()- 3D ()-10%2% ()-!'m

109008 () -wQuewf W wwx}A?b@ 10 210%0& ()- LOyl0%0&' ()-!c

b HC‘N ;
in which n and m are approximately 11, and the molecular weight is

approximately 17,000.

4, A compound having the structure

J3
S AN TG
o@ (Z)—X— (2)q

m and n independently are 1 to 5§00, g and v independently are 0 or

O@
is a cycloaliphatic epoxy moiety, in which an epoxy

group is attached to a cyclic, bicyclic or tricyclic ring structure, which structure

in which

may contain one or more heteroatoms;
G is ~OR, -8R, 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



0 (10%Q0 Q& ()-!$ (10%+& ()- S& 10%0& ()- ylO0%O& ()-x!x6x7x8x9Ix<x| xKx_@
10sm 10% & ()-!'sm 109k ()- @0% & ()- 100 100 100 7109%& () -
3&10%0& () - Kxgxxyyyz < @ 10! ) 10%##& ()-S'U )10%a& ()-S3 'S10% & () -
@O% & ()-110% & ()-!'110% . & ()-zzzzzzzz{eC 10!!) MLOY' () - MB
y109%&' ()-S10%& ()- 10( 10( 10(t10% & (3¢ m 9010% & ()-{{M{{{{a?eC 10!!
109 ()-:F -109%& ()-3 109%& ()-F 310%& ()-3
f109%&' ()-! MLOY& g)-l\/{| W ||]a?eC 10!'! 3(10%&k ()-!!3(10%x& ()-F

heteroaromatic ring or fused ring having 3 to 10 carbbon atoms within the ring

structure; 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;

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

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

0]

0 0 0
\N’u\o’ \O/u\';l/ /lLo/ \o’u\ o~

!
H H , | !

0O @)
\/u\ )'L/ \/u\N/ \N/ 0]

I-=Z
I-=Z
I-=2
L=
T-

0 0 ] S
\S/U\l}l/ \I}IJLS/ \O/U\I:J/ \r}l’u\o/
H H H and H
5. The compound according to claim 4 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 rings; substituted and unsubstituted nine, ten and
eleven member tricyclic rings, in which any substituents on the rings are

lower alkyl groups.

8. The compound according to claim 4 selected from the group

consisting of
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7. A compound having the structure

9 R
o@)- (2)—X— (2)¢ N);(
m O R'

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

O@
is a cycloaliphatic epoxy moiety, in which an epoxy

group is attached to a cyclic, bicyclic or tricyclic ring structure, which structure

in which

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.
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8. The compound according to claim 7 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 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
° X
@)
Danas
(0]
o]
O
0]
\ N/\/\/\n/ Zb\
0 0
O
O
O
(/ ;N\/\/\/u\ /ib
O
o) 0O

consisting of
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10. A compound having the structure:

RI
R
0 R
R
O<O::N () X—(2) 56
0 o n

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

<0
is a cycloaliphatic epoxy moiety, in which an epoxy

group is attached to a cyclic, bicyclic or tricyclic ring structure, which structure

in which

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;

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:
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11. The compound according fo ¢laim 10 having the structure;
0]
: *.*
O
N\/\/OYN
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12, A compound having the structure:
’ \/@
ETRLE]
NG
N——(2') ;—X— (2)q
O m
in which

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

O@
is a cycloaliphatic epoxy moiety, in which an epoxy

group is attached 1o a cyclic, bicyclic or tricyclic ring structure, which structure

may contain one or more heteroatoms;



#@OYOL () -!+s109%22& ()-! 0s10%&' ()-*aVK@ 100 100 100 84
10908 ()-2109%0% () -!d210% & ()-
110%0& () - @ 10%0& () -/ zX6VK@! (y10% 3-3& ()-!y1l0% u-u& ()-'yl0%-& ()-'y1l0%
& ()-'y1l0% u-u& ()-,10% u& ()-!Al zX6VK@'! 3 +10%&' ()-!K3 $-10%f xf& ()-3
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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
heteroaromatic ring or fused ring having 3 to 10 carbon atoms within the ring
structure; 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;
Z and Z' are any monormneric, oligomeric or polymeric organic moiety;
X is a direct bond or a functional group selected from the groups
consisting of:
0 0 O 0
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13. The compound according to claim 12 having the structure

14, A compound having the structure:
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in which

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

<0
is a cycloaliphatic epoxy moiety, in which an epoxy

group is attached 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 palymeric organic moiety;

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

O 0 ) O
\N/U\O/ \O/U\N/ /lLO/ \O/u\ —0—

) )
H }l , , T )

, and

15. The compound according o claim 14 having the structure
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