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OXI DATI ON I'NHI BI TED ARYLCYCLOBUTENE PCLYNERS Thi s invention relafkgfpd Qf:
pol yneri.c conpositions nmade from aryl cycl obut ene contai ni ng nononers and
met'hrods”f or preventing autoxidation of said polynmers. 5

Aryl cycl obut ene nononeric conpositions are useful in preparing thernoset
and thernoplastic polymeric conpositions. Such pol ynmeric conpositions are
hi ghly desirabl e because they exhibit hydrophobicity, =excellent thernal
stability, chemi cal resistance and el ectrical insulative properties. Such
pol ymeric conpositions typically can exhibit thermal degradation
tenperatures above [err] are insoluble in many organic solvents and in
water 10 and have dielectric constants of less than 3.0 at 1 MHz.
Therefore, they find uses as filns, coatings, adhesives and as interlayer
dielectrics in multichip nodules and other nultilayer electronic circuits.
Johnson et al. disclose in | EEE Transacti ons On Conponents, Hybrids, and
Manuf act uri ng Technol ogy, Vol. 13, No. 2, June, 1990, that a polymer of 15
20 [err] 1

, 3-bi s(2-bicyclo[4.2.0]octa- 1 ,3,5-trien-3-ylethenyl)- 1,1

, 3, 3-tetranet hyl di si |l oxane (hereinafter DVS), available asa partially

pol yneri zed solution in nmesitylene from The Dow Chem ca

OXIDATION INHIBITED ARYLCYCLOBUTENE POLYMERS

This invention relates to polymeric compositions made from aryléyclobutene
containing monomers and methods for preventing autoxidation of said polymers.

5 Arylcyclobutene monomeric compositions are useful in preparing thermoset and
thermoplastic polymeric compositions. Such polymeric compositions are highly desirable
because they exhibit hydrophobicity, excellent thermal stability, chemical resistance and
electrical insulative properties. Such polymeric compositions typically can exhibit thermal
degradation temperatures above 300°C, are insoluble in many organic solvents and in water

10 and have dielectric constants of less than 3.0 at 1 MHz. Therefore, they find uses as films,
coatings, adhesives and as interlayer dielectrics in multichip modules and other multilayer
electronic circuits. .

Johnson et al. disclose in 1EEE Transactions On Components, Hybrids, and

Manufacturing Technology, Vol. 13, No. 2, June, 1990, that a polymer of

15 | | .
ORI,
Si-0-Si
CH=CH-"%" 7™ cH=CH
CHy CHs
20

1,3-bis(2-bicyclo{4.2.0]octa-1,3,5-trien-3-ylethenyl)-1,1,3,3-tetramethyldisiloxane (hereinafter
DVS), available as a partially polymerized solution in mesityléne from The Dow Chemical
Company as Cyclotene 3022° (hereinafter partially thermally polymerized DVS ar DVS
prepolymer) may be used as an interlayer dielectric to construct thin film multichip modules.

25 The partially thermally polymerized DVS may be applied by spin coating a solution of a
prepolymer onto a substrate, evaporating the solvent and then polymerizing by heating to
250°C for one hour in nitrogen. Catalysts and/or initiators are not required for the

polymerization.



Conpany as Cyclotene [err] (hereinafter partially thermally polynerized DVS
or DVS prepol yner) maybe used as an interl ayerdiel ectrictq_canstructthir
f|In1antrch|p nodul es. 25 The partially-thermally polynerirgefdsH¥d HrS\HEeN
applied by spin coating a solution of a prepolyner onto a jsubswEBACED
evaporating the solvent and then polynerizing by heating tlo-feft—for—one
hour in nitrogen. Catalysts and/or initiators are not required for the
pol yneri zati on. 2 Wihkeexpeseq mar@rylcgel cbiutenapalnteyseinddngr eidetigno Ayetered under go
OX: dat.i on. dAteneder%v@és%L JxRIBRER ?Jc%éfe?a‘ieé hﬂ'\eﬁme%alg'h@'%xltiﬁesaf's@@hﬁfaﬂh%lny\hen the
pol ymer oxidizes,. it al ins r rties ra
Oxi dat i on maf PERE < degrage% Pé&f‘ réa‘?té’tal o'r?e'o SP‘%? aHensys ﬁ%dymeg 1 91"n sever e
cases to an meﬁasvmman@@eqqlomeﬂ Wl“f‘f"f'l"?sns. One may encapsul ate the

aryl cycl olsut ene pol yoBs méyentapsulidigie aijlcRiopaene doimed by forming dfMokygén. batrienever
this adds coglldeaRey 5Qm?adﬁééaﬁty&@set99fa%r.&faﬁﬁpﬁoce@aéameeanﬁpg@wqué are al so

subj ect to break age an crac ticu under, t her nal cycllng
whi ch subject to breakage andfor cracking, p. rtucularly under therm cycling, which leads to loss 6f

the barrier protection.
To preserve optiéal clarity and important electrical properties such as low

" 10 dielectric constant and low water uptake without the use of hermetic packaging or barrier
coatings, it would be advantageous to have an arylcyclobutene polymer compaosition that is less
susceptible to oxidation when exposed to air. '

The invention is a composition containing a compound containing an
arylcyclobutene moiety and antioxidant compounds of the formulae:
15 1)

@—CH_@ N_@-ﬁﬁi@

20 .
[HC*@ CHzCHzCOOCH%_
3)
25
B OH -
(CH3)3C C(CH3)3
T 30 CH2CH2-C .
OCHZCH%]"‘S
- 2
35
—_—
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| eads to l'oss of the barrier protection. To preserve optical clarity and

i nportant electrical properties such as |ow dielectric constant andl-ew,
wat er’ upt ake wi thout the use of hermetic packagi ng or bl&ﬁ@@ﬂﬁ@ﬁ&h&ﬂ@grtlt
woul d be advantageous to have an aryl cycl obut ene pol ynern compemiacedn t hat
is less susceptible to oxidation when exposed to air. The invert+en—isa
conposition conprising either a conpound containi hg an aryl cycl obut ene

noi ety which is capable of polynerizing by side ring opening, a prepol yner
or polymer thereof andy a stabilizing anount of an anti oxi dant sel ecting
fromthe group consisting df"f-ornula%rI3 3 [err]

N
5 . X
1:] CH3
H
wherein
10 R is hydrogen, an electron withdrawing or electron donating group; and

oligomers thereof;
5) hindered amines of the formula:

. 1 )
15 (R1)2
(R1)> R1),
(R€), °N g2
20 i (R%) > .
R
wherein
Ris hydrogen, an electron withdrawing group or an electron donating group;

25 each R'isindependently, hydrogen, an electron withdrawing group or an

electron donating group, with the proviso that two R’ attached to the same carbon may
represent a single moiety joined to said carbon by a double bond:;

each R?isindependently, methyl, ethyl, n-propyl or isopropyl;
said antioxidant being effective to inhibit oxidation of polymer formed by side ring opening of

30 the arylcyclobutene.

In another aspect, the invention is a composition containing a polymer formed by
the side ring opening of an arylcyclobutene moiety and an amount of said antioxidant
sufficient to inhibit oxidation of the pofymer. -

In another aspect, the invention is a method for inhibiting oxidation of a polymer

35 formed by the side ring opening of compounds containing one or more arylcyclobutene
-
-3-
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4 [err] 1) 2) wherein R is hydregen, an
el ectron w thdraw ng or el ectron donating group; and 5 b ;
jﬂ%&ﬁﬁaﬁh
up; @5c

5)'hrndéred am nes of the formula: [err] 4a wher.ei

el ectron withdrawi ng group or an el ectron donating gr

i ndependent |y, hydrogen, an el ectron -w thdraw ng group an el.ectron
donating group, with the proviso that two [err] attached to the sanme .carbon
may represent a single noiety joined to said carbon by a doubl e bond:

moieties by adding to the monomer compound, the prepolymer or polymer of the compound
an amount of said antioxidant sufficient to inhibit oxidation of the polymer.

In another aspect, the invention is an article containing a component whichis a
polymer formed by the side ring opening of an arylcyclobutene moiety and an amount of said

5 antioxidant sufficient to inhibit oxidation of the polymer. _

A feature of the invention is that the polymer formed by the side ring opening of
an arylcyclobutene moiety contains said oxidation inhibitor in an amount effective to prevent
oxidation of said polymer. ‘

An advantage of the invention is that said oxidation inhibitors inhibit oxidation

10 of the polymer formed by the side ring opening of an arylcyclobutene moiety. Inhibition of
oxidation delays an increase in the dielectric constant and the formation or darkening of color
in the polymer. An additional advantage is that said oxidation inhibitors are compatible with
the compositions in that they do not precipitate or separate from the compaosition and thus
become ineffective. An additional advantage is that cured films may have substantially the

15 same dielectric constant as the uninhibited cured films. An additional advantage is that cured
films may have the same hydrophabicity as the uninhibited cured films.

In one aspect, the compositions of this invention contain compounds having an
arylcyclobutene mbiety. Compounds having one arylcyclobutene moiety are referred to
hereinafter.as mono-arylcyclobutene compounds. Compounds containing two or more

20 arylcyclobutene moieties are hereinafter referred to as poly—ar’ylcyclobutene compounds.
Compounds containing arylcyclobutene moieties are described in U. 5. Patents 4,724,260;
4,783,514; 4,826,997; 4,965,329; 4,661,193; 4,642,329; 4,999,449; 4,540,763; 4,812,588.
Preferred mono-arylcyclobutene compounds contain a 1,2 diaromatic substituted ethylenically
unsaturated moiety such as those described in U. S. Patent 4,783,514, a maleimide moiety such

‘25 asthose described in U. S. Patent 4,826,997; or another moiety which is reactive with an
arylcyclobutene moiety. Exemplary poly-arylcyclobutenes are those formed by the partial
polymerization of mono-arylcyclobutenes, those disclosed in U. S. Patent 4,999,449, the DVS

= monomer described hereinbefore and partially thermally polymerized compositions of said
monomer.

30 The inventive composition can contain other materials which do not interfere
with the usefulness of the compasition such as, for example, monomers copolymerizable with
the arylcyclobutene compounds such as other monomers containing arylcyclobutene moieties,
ethylenically unsaturated moieties, acetylenic moieties, and other compositions which can .
undergo addition polymerization reactions; miscible compuositions, such as blowing agents and

35 fire-retarding agents; reinforcing fillers such as glass or carbon fibers, or organic fibers such as .
aramid fibers; fillers such as quartz glass and powdered silica; metal and ceramic powders for

electrical conductive and insulative properties.
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each R2 is independently, nethyl, ethyl, n-propyl or isopropyl: said
antipxi dant being effective to |nh|b|t OX|dat|on R is hydrogen, an

el ectron mnthdramnng or electron donating group; and oligoners thereof; or
4) hindered am nes of the fornula: .In another aspect, the invention is a
met hod for inhibiting oxidation of a polymer forned by the side ring
openi ng of conpounds contai ning one or nore aryl cycl obutene: noi eti es by
adding to the conpound, a partially polynerized prepol ymer of said conpound

or a polyner of the oﬁ,'mmﬁe cmoﬁm% alsy be%Qm@leoQ%b%&‘tTo%UEirhéH ent to
i nhi bit OX|dat|on of S

ad.sald Fﬁ% ﬁ%ﬁﬁe aievaobutene dant $s re'ofened Lr?dCt ed
fromthe groufPYEBHESISAT syTe o K Foutene SMROUPYF
reacted to create dimers, trimers and higher ofigomers and polymers. However, some of the
side rings of the arylcyclobutene compounds remain unreacted in the partially polymerized
5 composition. The mixture comprising the partially polymerized form may contain unreacted
monomer, oligomers, polymers in a variety of branching configurations and gelled polymer as
well as materials described hereinbefore as optional components of the inventive composition.
Preferably, the partiatly polymerized composition is not polymerized to its gel point. For DVS,
one may use FT-IR to measure the appearance of the tetralin structure at 1500 ¢m™, the
10 disappearance of the side rings at 1472 cm™ or the vinyl groups at 985 cm™. One may eliminate
concentration and path fength differences between tests by measuring the ratio of these peaks
to the peak at 1254 ¢ for Si-methyl rocking mode which remains constant through the
polymerization and curing process. Using a given polymerizatioh method, one may determine
the degree of polymerization that gives undesirable gels empirically and then use that number
15 to monitor subsequent polymerizations. Typically, for DVS, 35 to 40 per&ent polymerization is
preferred.
Aryl moieties are those referred to as aromatic compounds which contain
(4n + 2)n1 electrons as described in Morrison and Boyd, Organic Chemistry, 3rd ed., 1973.
Examples of suitable aryl moieties include benzene, naphthalene, phenanthrene, anthracene,
20 pyridine, a biaryl moiety, or 2 or more aromatic moieties br_idged by alkylene or cycloalkylene
moieties. Preferred aryl moieties are benzene, naphthalene, biphenyl or pyridine moieties.
The most preferred aryl moiety is a benzene moiety.
An arylcyclobutene moiety is an aryl moiety to which one or more cyclobutene
rings are fused such that the two carbons of the cyclobutene rings, not part of the benzene
25 ring, are bonded directly to two adjacent carbons on the same aryl nng Exemplary structures

include:

3C

@ T



R is hydrogen, an electron withdrawi ng or electron donating group; and
oligoners thereof; or 5) hindered amnes of the fornula: [err] 4c

wher €i n R‘is hydrogen, an electron w thdraw ng group or an el ectron _
donating group: each Rl is independently, hydrogen, an el ectr.on w thdraw ng
group or -an el ectron donating group, with the proviso that two' Rl -attached
to the-sane carbon nmay represent a single noiety joined te-said carbon by a
doubl e bond; each R2 is independently, nethyl, ethyl, n-propyl or '

I sopropyl . e L .

: The ‘side ring’ of an arylcyclobutene contains two carbon atoms not in the
aromatic ring that are connected to adjacent carbon atoms on the same aryl ring, the bond
between said carbon atoms and the two bonds between the carbon atoms and the aryl ring.

Arylcyclobutenes are thought to react by the opening of this ring between the

5  two carbon atoms which can produce an orthoxylylene moiety as a reactive intermediate. The
orthoxylylene moiety is a diene which may react with dienophiles and with other orthoxylylene
moieties. The orthoxylylene moiety may also participate in free radical reactions. A feature of
the side ring oy;ening reaction is the breaking of the bond between the two side ring carbons
and their bonding to other atoms. _

10 The side ring of the arylcyclobutene can be opened by subjecting it to sufficient
heat. Typically, temperatures from 150°C to 300°C are sufficient to open the ring.
Polymerization solvents, catalysts or initiators are unnecessary. Preferably, the side ring

-opening is conducted in an inert atmosphere such as nitrogen containing less than 100 ppm
oxygen.

15 One may also cure a thin film of an arylcyclobutene by passing it through an
infrared furnace with an inert atmosphere such as nitrogen. This will permit curesto 92
percent conversion at 300°C in 20 seconds with a total thermal cycle time of three minutes
above room temperature. o

Electron-donating moieties are molecular or nuclear groups which donate

20 electrons more than a hydrogen atom would if accompanying'the same site.

Electron-withdrawing moieties are groups which morereadily withdraw an electron relative to

a hydrogen atom.
Examples of suitable electron-withdrawing moieties include -NO2, -CN, Br, I, CI, F,

-CO,H, -CO,R,
o 0 0 o) 0
25 n L] n " n
-C-R , -C-Aryl , -S-R , -S-Aryl , -S-R ,
"
o]
and aryl.
Examples of suitable electron-donating moieties include alkyl, aryl, alkoxy,
30

aryloxy, hydrocarbyl, hydrocérbyloxy, hydrocarbylthio, -OH, -OR, -NH,, -NHR, -NR,.
Hydrocarbyl refers to any organic moiety containing only carbon and hydrogen
atoms; hydrocarbyloxy refers to such organic moieties which further contain a hydroxyt-

moiety; and hydrocarbylthio refers to organic moieties which further contain a thiol moiety.

35 In a second aspect of this invention, a polymer is formed by the side ring opening .
of an arylcyclobutene compound. This polymer contains structures which are susceptible to

autoxidation. Exemplary structures contain benzylic hydrogens.

-6-



4d I'n another aspect of the invention there is provided an article
cont ai ning a conponent which is a polyner forned by side ring opening of an
aryfdyclbbutene noi ety and an antioxidant in an anount sufficient to

i nhibit oxidation of the polyner, said antioxi dant being selected fromthe
group consisting of: [err] R is hydrogen, an el ectron w thdraw ng or

el ectron donating group; and oligoners thereof; or 5) hindered am nes of
the forrmula: [err] wherein R is hydrogen, an el ectron w thdraw ng group or
an electron donating group: each Rl is independently, hydrogen, an el ectron
Wi t hdrawi ng group or an el ectron donating group, with the proviso that two.
Rl attached to the s&remrleasBefuRL)IY8pr esent a

H H

or
10

H H
N

H H
A4
,5 ofe}

which are two of the possible structures formed when two side rings open and react with each

other; and

- H H - ' 0 H H |
| N
4]

wherein one side ring opens forming the orthoxylylene which reacts with a dienophile, the first
30 instance being an example of the product formed by the reaction of the orthoxylylene and a
vinyl group and the second being an example of the product formed by the reaction of the

orthoxylylene and a maleimide.

Some of the benzylic hydrogens in these structures are depicted for the purpose

. on.
35 of illustratio

When thin films of the arylcyclobutene polymers depicted are exposed to
elevated temperatures such as 100°C or 200°C for extended periods of time, such as 200 hours,

in an inert atmosphere, such as nitrogen, there may be no changes in the dielectric constant or

-7-



single nmoiety joined to said carbon by a double bond; each R2 is

i ndependently, methyl, ethyl, n-propyl or isopropyl. A feature of the
invention i's that the polymer formed by the side ring opening of an

aryl cycl obut ene noi ety contains said oxidation inhibitor in an anmount
effective to prevent oxidation of said polyner. An advantage of the
invention is that said oxidation inhibitors inhibit oxidation of the

pol ymer formed by the side ring opening of an aryl cycl obut ene noiety.

I nhi bition of oxidation delays an increase in the dielectric constant and

t he for mati ontrerfT-Rapdeatm.Nyharfthie dingrof tha arylaelopakremelymedepivtidiate eapradd tadvant age

is that said Q%P%Laﬂirlg'am&éﬂe%&cﬂEs%irF:ﬂéW@ania%lfoMoiohtﬂefafele%l?m&ia#ti ons in
that they do no rechpgﬁ te or sgﬁarate tnog1t?e gpqﬁos”tloqﬁggd t hus
become i nef f elffEPEs 2nAHe S *PIBHT PA8RT e QY20 SN KA UENF R e PHE TR have
subst ant i al | ympteseadiyrthardinekidizadrandcydeivtanapalymes. Aryéncrepdsiirvaterdonsent leadste | ns.  An
addi ti onal sadyfinth@G@rease it ihabielettrieébnithrt Mhe ERAMgEI AMRe didl6rtricadiRtahtysdd thladi City
as t he. uni nhi PlleFF'Eﬁ{sge%{rfrgdigdlﬁrrelLQ, sgq‘%tgx%g\%gﬁ'lf)m%obgmag%m%édwl&n of this

I nvention contai n compounds "havi ng an aryl cycl obutené noiety. npounds
havi ng one ar AR PHBEASENG haspesiytha FRlRereFBITted t o hereinafter as

mono- aryl cycl obut ene GQRROHNUSsw RS WAR BerG M2 hidrSeRSrd $4Rer My nilRY ©

susceptible to oxidation than other sites in the polymer or prepolymer. For such studies, thin
10 films of the arylcyclobutene polymer are placed on bare silicon substrates having fno silicon
oxide coating so that the strong absorbance of silicon oxide does not mask the FT-IR spectrum
in the area of interest. One may monitor the FT-IR bands at 2952, 1700, 1500, 1254 or 1050 cm*.
The band at 1500 cm' is particularly useful as it indicates a ring bending mode for the polymer's
tetrahydronaphthalene structure. The spectral absorbance of this band decreases with the
13 decrease in concentration of the tetrahydronaphthalene structure as oxidation occurs. The
broad band between 1800 to 1600 cm’, particularly at 1700 cm™ is an absorption band for aryl
carbonyl moieties. The absorbance of this band increases with the concentration of benzylic
carbonyls. During polymer thin film oxidation, there is a strong correlation between the

reduction in the absorbance at 1500cm™ and the increase in absorbance at 1700 cm™.

20 :
The "dielectric’ lifetime or as hereinafter nominated, the ‘lifetime’ of a thin film

polymer coating made from a compound containing an alfylcyclobutene moiety is nominally
defined as the time it takes at a given temperature in air for the dielectric constant of the
polymer to increase by ten percent. This approximately correlates with the time it takes for the
25 FT-IR absorbance band at 1500 cm! to decrease to 80 percent of its initial value. It also '
correlates well with the time it takes for the absorbance at 1700 cm™, divided by the film
thickness, to reach 0.02 pm. Since changes in the FT-IR spectrum are easier to measure than
changes in the dielectric constant, the changes in the FT-IR may be used to measure lifetimes.
The preferred arylcyclobutene compounds of this invention include compounds

30 of the structure

35



aryl cycl obutene noeties are hereinafter referred to as pol y-aryl cycl obutene
conpounds. Conpounds contai ni ng aryl cycl obutene noeties are described in
U.S. "Patents 4, 724,260; 4,783,514;.4,826,997; 4,965,329; 4,661, 193;
4,642,329, 4,999, 449; 4,540, 763; 4,812,588. Preferred nono-aryl cycl obut ene
conpounds contain a 1,2diaromati c substituted ethylenically unsaturated

noi ety such as those described in U S. Patent 4,783,514, a naleimde noiety
such as those described in U S. Patent 4,826,997, or another noiety which
is reactive with an aryl cycl obutene noi ety. Exenplary poly-aryl cycl obut enes
are 4f those formed by thg-partigl polynerization of

nono- aryl cycl gbut enes, those|discloged in U S. Patent 4,999, 449, the DVS
nmonomner desdmﬁbgd heg<i nbef orfe gdnd parg3i al | y ererdaﬁ pol yneri zed
conposi ti gns of ' yoner .t The inventiye i'onfcan contain other
mat eri al s which ImtRer-fre iSé ~-0i~trh Stik@ ss of the conposition
such as, foggéxanpl noners'gopolyﬁgrizab t (mﬁg,arylcyclobutene

conmpounds such s ot @ﬂ nonofer's cont ai ni ng a? gcyclobutene noi eti es,
q .

)q i
[ Jn
1v
wherein

each R?isindependently C, ¢ 3lkyl, cycloalkyl, aralkyl, or phenyl;
each R*is independently ethenyl, propenyl or 2-methyi propenyl;
each R®is independently C, ¢ alkyl, methoxy, or chioro;

15 each Réis independently C, ¢ alkyl, chloro, or cyano;

nis an integer of 1 or more; and
each q and ris independently an integer of zero or 1.

The most preferred compound (DVS) is represented by the formula:

[ CHz CHs
_ _-S1-0-Si~_
CH=CH- ' CH=CH

CH3 CHgy

25 The depictions of this compound herein should not be construed to define any
particular geometric isomer or spatial orientation about the ethenylene double bonds.
Compounds made by the processes disclosed herein contain positional isomers about these
double bonds.

These organopolysiloxane bridged bisbenzocyclobutene monomers can be
30 Prepared by methods disclosed in U.S. Patent 4,812,588 and EP published application 0506314,
These organopolysiloxane bridged 'bisbenzocydobutene monomers can be
prepared by reacting an excess of a 3- or 4-halo benzocyclobutene, preferably
4-bromobenzocyclobutene, with the desired diterminal vinyl, allyl or methallyl organo- '
polysiloxane compound. Typically, a molar ratio of the bromobenzocyclobutene to the
35 organopolysiloxane bridging group of at least 1.5:1 is desired, preferably at least 2: 1.
Preferably, the bromobenzocyclobutene is a 4-bromobenzocyclobutene

represented by the formula:



ethyl enically unsaturated noieties, acetylenic noieties, and ot her

conppsi tions whi ch can undergo addition polynerization reactions; mscible
conposi tions, such as blow ng agents and fire-retardi ng agents; reinforcing
fillers such as glass or carbon fibers, or organic fibers such as.aramd
fibers; fillers such as quartz glass and powdered silica; nmetal and ceramc
powders for electrical conductive and insul ati:ve properties.’ The

i nventive conposition nmay al so be partially polynerized. To be partially
pol ynmeri zed, "at | east some of the side rings of the aryl cycl obutene
conpounds are opened and reacted to create diners, triners and hi gher

ol i goners and pol yners. However, sqQne of the side rings of the

aryl cycl obut ene conpounds{Femm, reacted in the partially polymerized 5
conposition. The m xture conprj $ @ he partially polynerized form may
contain ungeacted nDnoner%RghVﬁbw- ] lymers in a variety of branching
configurations and gell ed ‘pol'ymer s well as materials described

her ei nbef ore as opti onal conponentE? f the inventive conposition.
Preferably, the partially polynerized conposition is not polynerized to its
gel point. For DVS, one may use FT-1R to neasure the appearance of the
tetralin strudtemire at 1500 [err], the N

RSis C, . alkyl, methoxy, or chioro;

. 10
R®is C,  alkyl, chloro, or cyano; and

each q and ris independently an integer of zero or 1.
A preferred organopolysiloxane compound is represented by the formula:
~ —

15 R3 R3

R

R Si-0 si-rY
1 1

R3 R3

20 wherein

each R} is independently C, ¢ alkyl, cycioalkyl, aralkyl, or phenyl;
each R* isindependently vinyl (-CH = CH,), allyl (-CH -CH = CH ), or methally|

-CHZ—C-‘-CH
25 ' s and
L. CH3 _

nis an integer of 1 or more.
For R?, the preferred cycloalkyl is cyclohexyl and the preferred aralkyl is benzy!,
30 Most preferably, R?is methyl, R? is'vinyl andgandrare0.

The coupling reaction of the organopolysiloxane compound with the
halobenzocyclobutene is possible because the organopolysiloxane compound is a bisvinyl or
bisallyl bridging group. The substitution reaction of an olefinic compound possessing at least
one hydrogen on a vinylic position with an organic halide is known and disclosed in U.S.

35 patent 3,922,299 (Heck). '
Heck discloses the substitution reaction of aryl halides with olefinic compoundsin

the presence of a Group VHI metal, a trivalent arsenic or phosphorous compound, and a soluble

-10-



10 di sappearance of the side rings at 1472 [err] or the vinyl groups at 985
[err]. One mamy elimnate concentration and path length differences between
tests by neasuring the ratio of these peaks to the peak at 1254 [err] for
Si -nmet hyl rocking node which remai ns constant through the polynerization
and curing process. Using a given polynerization nethod, one rmay determ ne
t he degree of polynerization that gives undesirable gels enpirically and

t hen use that number 15 to nonitor subsequent polynerizations. Typically,
fﬁr DVS, f 35 tgné@uwecemhtremwd@rake?sah}da@eﬁ &n ﬁr@f@rs@dﬁ podiyh witihe bigsfic ar e
those referre c | C S ‘as
described in I\?Brtn Iugg nl'%r&g%@ q}'cnf rﬁ)ﬁ’prgﬁgéd b&enzoc g%Eeﬁgplallo%(frlan%§$r%Lar anpl es
of suitable arhyreaﬁwe'eq%%mplﬁtqfa@ew R UteRg iR T’P&Ptéﬁé‘“"‘ﬁﬁénant hr ene,
ant hr acene, 2Q,3pininyd1, N8 3-tarabietuyiyisilBahein yhe pesente di b car@ytie adbaivat patladin et | es
bri-dged by al lud&endicoh (ﬁlo%},mhm%m RS flbAhEWhHadl Abn S L1 €5 are
benzene, napht hal ene, phenyl or pyridine noieties. The nost preferred
aryl noiety |§‘a¥1e"8%fnzene moi ety. An aryl cycl obut ene m)l ety is an aryl

noi ety to which one oPromemiysipgdnebant erpeesses fogirersrieg ther erd ksayvotent Hisdoseche t wo
carbons of the, gy ekehys 82027, 3/766195/W470 P& indQfsod, R, RER%ENE: plepafingly, are

bonded dir ect l m(fgenzocyclgbulte%%grrt]etdlsccic?égp rLFS PaQentsnleSﬁ sﬁ%néi X él9|1 454 nn% by Exenpl ary

structures i nc
10 Lloyd etal., Tetrahedron, Vol. 21, pp. 245-254 (1965) at page 253.

Following one of the procedures for making the preferred monomer, one will

obtain a mixture containing as a major component divi nyltetramethyldisiloxane—_bis-
benzocyclobutene monomer. This monomer mixture has a low viscosity.

Partial thermal polymerization of the arylcyclobutene compound forms a

15 prepolymer which may have more desirable properties in use, such as a wider temperature
range between the melting point and the cure temperature and a more desirable viscosity. The
prepolymer retains its solubility in organic solvents because it is not polymerized to the gel
point. The prepolymer may retain its density and shrinks less than the monomer upon curing.
The prebolymer can be empioyed to prepare cured polymeric compositions.

20 If the arylcyclobutene compound is not already a liquid, it will often meitto a
liquid upon heating before it polymerizes. The meited arylcyclobutene compound, typically,
has alow viscosity. As polymerization proceeds, the arylcyclobutene compound reaction
mixture becomes more viscous.

The prepolymer contains both reacted and unreacted polymerization sites. It may

25 contain completely unreacted aryicyciobutene conipound_, oligomers and cured polymer as
well as other unreacted materials included in the arﬁcyclobutene compound.

In one method of forming the prepolymer by partial thermal polymerization, an
amount of the arylcyclobutene compound is heated to a temperature sufficient to initiate and
sustain polymerization. Arylcyclobutene compounds may also be partially polymerized with

30 any type of radiation such as X-ray or E-beam orin any way that will lead to polymerization.'
Polymerization with E-beam or X-ray is not recommended for compositions already containing
the antioxidants represented in group 4) such as AgeRite® MA.

Partial thermal polymerization may be effected over a wide range of
temperatures. The lower the temperature the longer the process will take. Partial thermal

35 polymerization takes place at a temperature effective to polymerize the arylcyclobutene
compound. Such a temperature is preferably above 150°Cand below 220°C. The reaction

mixture is removed from the heat after it attains an appropriate viscosity which is greater than
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[err] The "side ring" of an arylcyclobutene contains two carbon atoms
not in the aromatic ring that are connected to adjacent carbon atons on the
same aryl' fing, the bond between said carbon atons and the two bonds

bet ween the carbon atons and the aryl- ri-ng. Arylcycl obutenes are thought to
react by the opening-of this ring between the 5 two carbon atons which can
produce an orthoxylyl ene noiety as a reactive internediate.” The

ort hoxylyl ene noiety is a diene which nay react with di enophiles and with
ot her ort hox yleyhig4l GiscoWty 8f th€meltelRAB/1 Pl ol RN doynand aRDIVREHenBBI: mdteeBreimé L | Ci pat e

in free radigal f{“ﬁE%""ﬁﬁaﬁm?'zg‘?‘%‘"?h&'&f the side ring opening reaction is

the breaking o side ring carbons and their
bondi ng to ot her at oFh.viseys: Pa“'a”y‘he"’“a"yﬁ’ﬂé'“%"iz?fé°f"P?f@mﬂfa"tbﬁ gmrlexefl 87cl obut ene
can be openedinbyheseaijratieitivgamabunoofsuy featgiasially dolyatrized ygmpodiidnyis applietped at ur es
from [ err ]5 t Qn*{a?er £r]d sé’tﬁ?qu@Mf furﬁ'le?ﬂ:tlynxe‘azéapéptﬁe Bgmsﬂyrﬂxgl mErﬁka/ &;ﬁlrpbs?tﬁh kQ’\n
sol vent s, caL X«% | ors are unnece ﬁ %f ¥ t he side
ring opening°f8"¢ 'éa(ﬁ’esﬁ"'eé‘ﬁ ey '°5f"1’?15'§95 %‘U(Q,ﬁ §cen7 2 105 %n
cont ai ni ng | ewgoratagand Heparpaty polymenzed composition further polymerized to provide a
polymer film.
The partial thermal polymerization of DVS to form partially thermally
10 polymerized DVS may be performed by heating the DVS at 195°C for two hours under nitrogen
or alternatively, by heating the DVS at 170°C for 22 hours under nitrogen. Most preferably, the
DVS is heated and stirred at 160 to 180°C for a period of time of 20 to 24 hours, toreach a
weight averaged molecular weight of 30 to 35,000 as measured by gel permeation
chromatography against a polystyrene standard.
15 The partially thermally polymerized DVS and fully cured DVS may contain units of

the formula

20

25 wherein the tetralin structure is formed by the Diels-Alder reaction of one of the vinyl groups

and the side ring opening of one of the benzocyclobutene moieties.
When coating a substrate with a benzocyclobutene, it may be desirable to use an

adhesion promoter. Suitable adhesion promoters include triethoxyvinylsilane (CAS# 78-08-0)

and other organosilane adhesion promoters as taught for example in U.S. patent 4,831,172.
30 The adhesion promoter is most advantageously used when bonding the polymer
to an inorganic surface. The adhesion promoter may be coated onto the surface prior to
application of the compound containing an arylcyclobutene functionality or it may be mixed in
and applied with the compound containing an arylcyclobutene functionality. Preferably the
triethoxyvinylsilane adhesion promoter is applied as a thin coating to the surface and a
3 partially thermally polymerized DVS in solution is coated over it. Then, after removal of the
solvent, the adhesion promoter and partially thermally polymerized DVS are subjected to

conditions sufficient to polymerize the DVS at least beyond its gel point.
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oxygen. 15 One may also cure a thin filmof an aryl cycl obut ene
by passi ng it through an infrared furnace with an inert atnosphere such as
nitrdgen. *This will permt cures to 92 percent conversion at [err] in 20
seconds with a total thermal cycle tinme of three m nutes above room
tenperature. El ectron-donating noieties are nolecular or nuclear groups
whi ch donate 20 el ectrons nore than a hydrogen atomwould if acconpanyi ng

the sane site. El ect ringelpsihidsderibey imthie SericissEngyciovediafelvmgiigencednd readi |y
W t hdraw an eé;@%&g.g; Whdy Htéritnle01980, BY A0 8l ERe gdi PoTht dEsemEPd @isicadpoistin thabl e
raw N

electron-with ng. npi eties incl err r - thES AR
suitabl e el ecwyd'?f-"ﬁag'ﬁﬁ '?'H§mﬁ‘i'ﬁmeetr?oeag‘(’j]g'ﬁ%rleﬂ%Jéyngﬁ‘?’k%/e}fr&ggg/ﬁ&%ltfgox , égs °
aryl oxy, hydrsotuhielirydood sojvents dtis daljedameg! andhigaltiquidavesiif highivyisfout- rafy"lf\?\é}eéﬁ'ar byl
refers to @nypdirtgripolymeid idt dompRENALINbIBGveNih ygavd sddent. Hogevirjew mglerulat ons;
hydr ocar byl oxyuhgh&lRnd @ AHGL BLORRLE gl es vhi ch further contain a
hydr oxyl noiety; an HJ rocarbylthio refers to or anic.nnietie§ whi ch
further contain a thi quzferﬁlﬁy,gteﬁel point can be defined as that point wherein one parto

polymer will not completely dissolve in 100 parts of a good solvent at its boiling point. Good
solvents include aromatic hydrocarbons such as toluene, xylene, mesity]ene; aliphatic
10 hydrocarbons such as pentane, hexane; hetero atom containing hydrocarbons such as
N-methyl pyrrolidone and methyl ethyl ketone. More preferably the gel point can be defined
as that point wherein one part of polymer will not completely dissolve in ten parts of xylene at
its boiling point.
Antioxidants and stabilizers may be chosen from broad dasses of known materials

15 such as those disclosed in: Oxidation Inhibition In Organic Materials, Ed. Pospisil and Klemchuk,

CRC Press, Inc., Boca Raton, Florida, 1990, which is incorporated herein by reference.
Antioxidants useful in this invention are those effective to prevent autoxidation
of a polymer made by the side ring opening of an arylcyclobutene.
Exemplary antioxidants include:

20 1) a compound of the formula:
=N F o

25 which is nominally called 4,4'-bis(a-methyibenzyl)diphenylamine and is commercially available

from Goodyear as Wingstay® 29.
. 2) a compound of the formula:

30 4

which is nominally called tetrakis {[methylene (3,5-di-tert-butyl-4-hydroxyhydrocinnamate)]
methane (CAS No. 6683-19-6) and is commercially available from Ciba-Geigy as Irganox® 1010.

35
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35 In a second aspect of this invention, a polyner is forned by
the side ring opening of an aryl cycl obutene conpound. This pol yner contains
structures which are susceptible to autoxidation. Exenplary structures
contai n benzylic hydrogens. Exenpl ary structures include: [err]. which
are two of the possible structures fornmed when two side rings ‘operi .and’
react with each other; and [err] wherein one sidé ring opens form ng the
ort hoxyl yl ene which reacts with a dienophile, the first 30 instance being
an exanpl e of the product fornmed by the reaction of the orthoxylylene and a
vinyl group and the Str@fgewWiohtyeimedxanpl e of tHhe product formed by the
reaction of the ortho*ylylene(§$d a mal eim de. Sone of the benzylic
P%/fjlrjg?regfl |02-these str(Hﬁg)uarCes ecq(égg 3ted for the purpose 35 of

5

V4
CH2CH2-C

OCH,CH,T— S

— 4,

10 whichis nominally calied thiodiethylene bis-(3,5-di-tert-butyl-4-hydroxy}hydrocinnamate
(CAS No. 41484-35-9) and is commercially available from Ciba-Geigy as Irganox® 1035.

4) compounds of the formula:

CH,
N
15 R /<CH3
- N
) CHj
H

20 wherein
Ris hydrogen, an electron withdrawing or electron donating group; and
oligomers thereof. Preferably R is hydrogen, but it also can be any substituent that does not
interfere with the antioxidant activity of the compound. Preferred R substituents are phenyl,
C,, alkyl and alkoxy. .
25 This group also contains the oligomer of the formula

wherein Ris as hereinbefore defined and n is 0-6.
35 | 2,2 A-trimethyl-1,2-dihydroquinoline, wherein Ris hydrogen, is available as
AgeRite® MA from R. T. Vanderbilt as an oligomer with a degree of polymerization of about 3
ord(nisabout 1 or2). ]

6-ethoxy-2,2,4-trimethyl-1,2-dihydroquinoline of the formula
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When thin filnms of the aryl cycl obutene pol yners depicted are exposed to

el evated tenperatures such as [err] or [err] for extended periods of tine,
such as 200 hours, in.an inert atmosphere, such as nitrogen, there nay be
no changes in the dielectric constant or -7- the FT-1R spectrum When
thinfilms .of the aryl cycl obutene polyners depicted are exposed to

oxygen- cont ai ni ng at nospheres such as air, they forma yellow color, the
dielectric constant increases and the FT-1R spectrum changes. The oxi di zed
aryl cycl obut ene pol yner absorbs water nore readily than unoxidi zed

aryl cycl obut ene polymer. Any Jpcrease indatercontent leadsto 5 a further
increase in the dielectric coRs anges in the dielectric constant
and those in the FT-1R spectrum ¢ rel ate, so that one may nonitor
changes in the dielectric constan Kl ng changes in the FT-IR
spectrum FT-1R studi es show t hat W t h\benzylic hydrogens are
generally mdre susceptible to oxidation than other sites in the polyner or
prepol ymer. For such studies, thin 10 fiknms of the aryl cycl obutene pol yner
are placed on bare silicon substrates having no silicon

wherein R is ethoxy, is available as Permanax® ETMQ from Vulnax.
6-dodecyl-2,2,4-trimethyl-1,2-dihydroquinaline of the formula

10
C;oHy N
N X
1
15 E

wherein R is dodecyl, is available as Santoflex® DD from.Monsanto.
The hereinbefore recited oligomer is available as Goodrite® 3140 or AgeRite® MA X9 Type from

B. F. Goodrich wherein the manufacturer is said to remove the terminal vinyl group and nis 0 to

6.
20 5) hindered amines of the formula:
(R1)2
(r1), R,
N
25
(R<) 2 1;1 ( RZ) 2
R
30 .
wherein
R is hydrogen, an electron withdrawing group or an electron donating group;
each R'isindependently, hydrogen, an electron withdrawing group oran -
35



oxi de coating so that the strong absorbance of silicon oxide does not mask
the FT-1R spectrumin the area of interest. One may nonitor the FT-1R bands
at 2952, 1700, 1500, 1254 or 1050 [err]. The band at 1500 [err] is
particularly useful as it indicates a ring bending node for the polyner's
t et rahydr onapht hal ene structure. The spectral absorbance of this band
decreases with the decrease in concentration of the tetrahydronaphthal ene
structure as oxidation occurs. The broad band between 1800 to 1600 [err],
particul arly e¢cra7@datiraordupivwththe prbdsothst ok’ ptaseeditathe gmprareytyny |
noi et i es. ThereglsAi ARGIE Moty jbilédo RiitdrbbMby RPEWEbaNidadt he concentration of
benzyli ¢ carbonyl's. Qg gag ROl WD, Ll P8 AR 1bBm Lhere s @ strong
uctl IRt he” ahsor

correl ati on between the ré on ance, at, 150 éerré,,and t he
i ncrease in absor bandbesaeomppatss pelpagto akpwhiglass ciiedhipdersdiamine fight gekilizers o a5
her ei naf t es na@desattieeth,Oxidaon ihtiligdn | anid Mgtedids) fd. Paspinih JpetdfiemchdoRPi ng made
from a conpousg pGighidy, SHch Recd) Fidhids, 146 VO bR 28 RHidisheresy iR@FHoRaklsy def i ned
as the tinme it takes at a given te erglt u({]g‘ i r&ha;‘ror;orntltpaeer(,ljlatgrlmeag‘gr| C
constant of tRESHEY JRSHUEYE INMEPRALE YT e &t AR M HI"SC9appr ox1 mat el y
correl at es Wi fobr or fi@ cérbereatorts and kelyydfogens pithe eBbqRtqnRadiprsetp g fiedesethd at 1500
[err] to decr@asfenhem80 percent of its initial value. It also
correlates, ywell with the tinme it takes f EarBlhed 700 [err],
di vi ded by 'fhe film t''Fﬁ’rc‘f{trtf’e":,"g‘,’a”’tt(r)'esreéoarlI§ °u'8°.r58¥{faér r %E _?r{r%%ea changes in the
FT- IR spectr LAPPEPPBatekesdne with ammania ypdar knpwp conditions to form triacetoneamine or a

derivative thereof. Thisis then r_educed to make the alcohol of the formula:

OH
¢ P R,

15

N
(R%)2 "M% (r?),
H

20

R' and R? are selected based on the ketone used in the synthesis. The hydroxy
function may be converted to an ester function by treatment with the appropriate acid and

25 removal of by-pi'oduct water using conventional techniques. The ketone function may be
converted to an amine function by treatment with the appropriate amine with catalyst and

hydrogen using conventional techniques.

30

35
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changes in the dielectric constant, the changes in the FT-IR may be used to
measure lifetines. The preferred arylcyclobutene conpounds of this

i nvention include conpounds 30 of the structure 35 [err] wherein each
[err] is independently [err] al kyl, cycloal kyl, aral kyl, or phenyl; each
[err] is independently ethenyl, propenyl or 2-nethy| propenyl each [err]
is independently [err] al kyl, methoxy, or chloro; each [err]_ls

i ndependently [err] aIkyI chloro, or cyano; n is an integer of 1 or nore;

and each g and r is in an |nteger of zero or 1. The nost
preferred conpound (DVS?’Q"'@”WW”I‘%G@HF@%E by the fornula: [err]

C4Hyg
i
5 HO CHZ—IC-C- N-CH,
_ T=°
(o)
10
~
N
|
cx,

which is available as Tinuvin® 144 from'Ciba-Geigy;
15

0
1l J:
O-C-(CH2)g—C-0

% QQ
CHa CH3

25 which is available as Tinuvin® 292 or Tinuvin® 765 from Ciba-Geigy or as Sanol® LS-292 from

Sankyo Co. Ltd.;

= i:i:)}-o -C- (CHz)a—C-
o

30

which is available as Tinuvin® 770 from Ciba-Geigy or as Sanal® LS-770 from Sankyo Co. Ltd.;

35 glo— N-CHz~CHz~0-C-CHz~CHp~C~G-CHs
0 o,
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25 The depictions of this conmpound herein should not be
construed to define any particular geonetric isonmer or spatial orientation
about the’ et henyl ene doubl e bonds. Conpounds nmade by the processes

di scl osed herein contain positional i,somers about these doubl e bonds. These
or ganopol ysi | oxane bri dged bi sbenzocycl obut ene nononmers can be ‘30 prepared
by methods disclosed in U S Patent 4,812,588 and EP published application
0506314 These or ganopol ysi | oxane bri dged bi sbenzocycl obut ene nononers can
be prepared b acti or 4-hal o benzocycl obut ene,
preferably 4- Féﬁnagﬁg%%?%V%%%?éﬁggaaf?%?%he desired diterm nal vinyl,

allyl or nethallyl organo- polysiloxane conpound. Typically, a nolar ratio
of the bronpbenzocycl obutene to the 35 organopol y5il oxane bridging group of
at least 1.5:1 is ceS|Ned preferably at least 2:14. Preferably, the
bronDbenzocycIobuf‘—'(:ED ﬁbﬁvbéﬁ%bhwtrdb‘réﬁ‘ [ Tepresented by the

formul a:
N N
| | _
— H n
o | H

which is available as Cyasorb® UV-3346 from American Cyanamid Co.;

10

—

— H H n

(CH2)g—N-(CH2) 2T

20 '
which is available as Spinuvex® A-36 from Montefiuos, (Borg-Warner for U.S. and Canada);

HH

N-CH3-CH5-N

which is available as Goodrite® 3034 from B. F. Goodrich;

25

30

35



[err] [err] is [err] alkyl, methoxy, or chloro; 10 [err] is
[err]. alkyl, chloro, or cyano; and each q and r is independently an integer
of zero or 1. A preferred organopol ysil oxane conpound is represented by the
formula: [err] 20 wherein each [err] is independently [err] alkyl,
cycl oal kyl-, aral kyl, or phenyl; [err] n isan integerof 1 or nore. For

[err], the preferred cycloal kyl is cyclohexyl and the preferred aral kyl is
benzyl, 30 Most preferably, [err] is methyl, [err] is vinyl and q and r are
0. The coupling reaction of the organopol ysil oxane conpound with the

hal obenzocycl obut ene i s possi bl e because the organopol ysil oxane conpound is

a bisvinyl or bisallyl bridging group. The substitution reaction of an
ol efinic conpound pogsessing at |Bast one hydrggen orf a vinylic position
with an organic halide is known ahd disclosed in U S| 35 Patent 3,922,299
N N
(-Heck) . s
N
——@ N—(CH2)s— N
N N
~
10
e
NH-?—CH;-?—CH3
CH CH
| 3 3 —
15
which is available as Chimassorb® 944 from Ciba-Geigy;
20 " '
H~0—  N-(CH2)20H| | CH;0-C-(CH,),-C~OCH;
"y _ .
25
which is available as Tinuvin® 622 as a polymer from Ciba-Geigy;
30
35
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Heck di scl oses the substitution reaction of aryl halideswith olefinic
conpounds; in the presence of a Goup VIII netal, a trivalent arsenic or
phosphor ous conpound, and a sol uble -10- trial kyl am ne. The reaction
di spl aces a hydrogen on a vinylic or allylic position with the organic
conpound. FoOr exanple, the nost preferred bi sbhenzocycl obutene nonomer can
be prepared by reactlng about 2 noles of brombenzocycl obutene with about -
one nole of 1,3-divinyl-1,1,3, 3-tetranmethyl-disiloxane in the presence of a
catal yti c anount of palladlun15 acetate and tri(ortho-tolyl)phosphine, in
addition to triethylamne, which acts as an acid scavenger.

Or ganopol ysi | oxanes and procesges for gpreparing them are known and
disclosed in U S. Patents 3,584, 027; 3, 701,195; 3,770,768; and 3, 803, 196.
Processes for prepari n§-§# ighehtldey ¢ | WS, endlHnRe di sclosed in U S. Patents
4,822,930 and 4,891, 455 and by 10 Ll oyd etal., Tetrahedron, Vol. 21, )
pp. 245- 2541 1965) at page 253. Foll ow ng one of the procedures for making
the preferred nononer, one wl|

CqHlg
wherein R = —(/ 'C
10 “\
CqHlg ™ 'Q — CHj
which is available as Chimassorb® 119 FL from Ciba-Geigy.
15 The antioxidant is added to a compound containing an arylcyclobutene moietyin

a manner in which is effective to inhibit oxidation of polymer formed by side ring opening of
the arﬂcyclobutene. The antioxidant may be combined with an arylcyciobutene monomerin
liquid or solid form. The arylcyclobutene monomer and antioxidant may both be dissolved in a
mutual solvent. The antioxidant may be dissolved in a liquid aryicyclobutene monomer. Asthe

20 aryleycdobutene monomer is heated to polymerize it, the antioxidgnt may mix uniformly with it

and maintain mtnmate contact with the polymer.

The antioxidant may be added to a partially polymerized compound containing
an arylcyclobutene moiety. The arylcyclobutene prepolymer and antioxidant may both be
dissolved in a mutual solvent. The antioxidant may be dissolved in a liquid partially
25 polymerized arylcyclobutene monomer. Asthe partially polymeriged arylcyclobutene
monomer is heated to polymerize it, the antioxidant may mix uniformly with it and maintain
intimate contact with the polymer.

preferably, effective antioxidants for polymers formed by side ring opening of an
arylcyclobuterie moiety, will survive the polymer cure without decomposing, biooming,

20 evaporating or reacting disadvantageously with the monomer containing an arylcyclobutene
moiety. AgeRite® MA may deteriorate in effect if the monomer or prepolymer compaosition
containing it is polymerized using electron bean (E-beam) radiation.

The antioxidant is added to a compound containing an arylcyclobutene maiety in
an amount which is effective to inhibit oxidation of polymer formed by side ring opening of

35 the arylcyclobutene. The lower limit is defined by the gmount necessary to obtain measurable

extension of the oxidation lifetime. The upper limitis defined by the amount of antioxidant

which degrades polymer properties to an unacceptable level or beyond which additional
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obtain a m xture containing as a maj or conponent
d|V|nyltetranethyld|5|loxane bi s- benzocycl obut ene nononer. This nononer

m xture has a | ow viscosity. Partial thermal polynerization of the

aryl cycl obut.ene .conpound fornms a 15 prepol yner which nmay have nore
desirable propérties in use, such as a w der tenperature range between the
mel ting point and the cure tenperature and a nore desirable viscosity. The
prepol yner retains its solubility in organic solvents because it is not

p0| y mar ized to tah? ?Jﬂglnt cBQs ng{ éxte-m ﬁue%&‘?&? ﬁ)ileé{rq? ﬁm"éaea%ﬁbﬂ r$n§_;§s f% i ttoXO and

shrinks |l ess tha can enpl oyed
to prepare cur ed"’ﬁ!ﬂS‘F mﬁi‘ﬁﬂtﬁ@ﬂﬁ!ﬂi?f“‘ﬂ bé‘ﬁ%“ ‘26‘°’“P°”"d ‘°“‘a'"'"9 ?'Ta'¥'f¥é'°°”"e“e
aryl cycl obut ene ntxierpaundle preferred ansdunerardiys feont 0.5jtwi6aveight perdentiof e bativxidadtt to a
L:)?r;:)d . 3 pO[l Begtgailg ohek anﬁ:ohtgd oQﬁ%E;\S%E b grﬁ&:logmghemlétﬁ A n?st\’dr@f*’r?%d%@ﬂ%ﬁ@&

u y W VI Z
aryl cycl obut e %%%{56 8”?”5‘3?6? Hﬁ'g?hpi't‘figgﬁﬁsﬁ%ﬁé Nlﬁfl"%"’\f#’%@’@%& %’?QVS
pr epol yner cont ai ns bot RincegbeR\Gabolamer findrrageaiar ek apathinfim figlattiiainsi tes. 1t may
25 contai n conplegdtarhifation isPrgdraly aaaméocxgér@@nmaﬁ.ogmwd&d\s sdall UnXBIBRESand R -
Cured p0| yrrer a?srg\é%!'nmen d tapt(?ﬁfs bgrrérmte)a%t eg lOﬂ?Ot%e OnCLLSJn% gﬂt Inlrl}épn
aryl cycl obut ene "‘conpoun hBne el neas of *4°0rm h %ﬁ@

partial thernal aWBVWFPQ'a?'P*MHt cag e wARYRd by entacting thg aptiex PU‘HUP’@A%‘ ‘%ﬁ‘ﬁ'ﬁﬁund
IS heated to B hiexp@iiratHidride. Suéfbrally i RtisdoPed iAbA brginix saliaght such as mesitylene to

enhance the extraction. The antioxidant may then be isolated from the solvent and water by
decantation, vacuum distillation and/or freeze drying. ' '
The following examples are given to illustrate the invention and should not be
interpreted as limiting it in any way. Unless stated otherwise, all parts and percentages are
15 given by weight.
Procedure A: Preparation of a Bishenzocyclobutene Monomer Represented by

the Formula:

‘CH3 CH3
ORI
CH=CH-" %" = % ™ CH=CH (vI)

CH3 CHj

A solution of 3.0 grams (g) (1.64x102m) 4-bromobenzocyciobutene, 1.52 g

25 (8.2x10*m) 1,3-divinyl-1,1,3,3-tetramethyldisiloxane, 1.66 g (1.64x10"m) triethylamine, 0.152 g
(5.0x10*m) tri-o-tolylphosphine, 72 milligrams {mg) (3.21x10*m) palladium (1I) acetate, and
10 cm? acetonitrile in a 50 cm? 2-neck round bottom flask equipped with a reflux condenser and
magnetic stirring.bar is heated to reflux for 24 hours. After 24 hours, the reaction mixture is
cooled to room temperature and then poured into 60 ¢m? of 10 percent aqueous hydrochloric

30 acid. The resulting mixture is extracted with two 50 ¢m? portions of methylene chloride and the
combined methylene chloride solutions were washed with three 100 ¢m? portions of water.
The organic phase is dried over anhydrous magnesium sulfate, filtered, and evaporated in
vacuo toyield a yellow oil. The oil is chromatographed on silica gel eluting with 20 percent
toluene in heptane. The product was removed from the coiumn and the soivent removed to

35 yield a colorless oil. Reverse phase high performance liquid chromatography showed a mixture
with one major component. 'H-NMR (CDCI) 7.3-6.1 (m, 10H), 3.2 (s, 8H), 0.2 (s, 12H) ppm.
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sustain pol ynerization. Arylcycl obutene conmpounds may al so be partially
polynerized with 30 any type of radiation such as X-ray or E-beamor i n
any way that will lead to polynerization Polynerization with E-beam or
X-ray is not recomrended for conpositions already containing the. _
antioxidants represented in group 4) such as_.[err] MA. Partial thernal

pol yneri zation nay be effected over a wide range of tenperatures. The | ower
the tenperature the longer the process will take. Partial thermal 35

pol ymeri zation takes piragdural: PredaeioeptRisherdoedidhutent Menamer Perjvpthise2e t he
aryl cycl obut engefRERGMBS compsiund And ESFREIALIHG @ theFordiuRfl er abl y above [err] and
below [err]. The reaction mxture is renoved fromthe heat after it attains
an appropriate viscosity which is greater than the initial viscosity of
the nelted aryl cycl obutene conpeund and whi cly enabl es nore effective use of
the partiallsy pol ymeriged conpgsit ign. The vifscoug, partially thermally

pol yneri zed conposi¥ion can be|enpljoyed as a {fil nfwherein an effective
anount of the neag hald=yu Pt ! HETNHOSH s mpplied to a 5
surface, and subse further meri zed. the partially

pol ymeri zed conposi

10

(a)g =3
A 25-cm? flask equipped with a reflux condenser, nitrogen inlet, and magnetic
stirring baris charged with m-dibromobenzene (1.0 g, 4.2 x 107 m), m-divinylbenzene (2.75 g,
15 2.1 x 10 m), tri-n-butylamine (8.4 x 10 m), tri-o-tolylphosphine (64 mg, 2.1 x 10* m), palladium
(1) acetate (20 mg, 8.4 x 10" m), and acetonitrile (10 cm?). The mixture is stirred under nitrogen
an-d heated to reflux for 2 hours. The grey slurry is caoled to room temperature and stirred into
60 cm? of 10 percent aqueous hydrogén chloride. The resulting precipitate is collected by
filtration, washed with water, and air dried. This product is dissolved in ethylacetate, filtered,
20 and the solvent evaporated to vield a yellow residue. .
. Recrystallization of the residue from heptane gives 0.60 g (42 percent yield) of a

compound of the formula

25 CH,=CH @ CH=CH @CH=CH @ CH=CH,

hereinafter referred to as diterminal olefin, with a melting point of 105°C. '
A 25-cm? flask equipped with a reflux condenser, nitrogen inlet and magnetic
30 Sstirring baris charged_ with 4-bromobenzocyclobutene (1.5 g, 8 x 10 moles), the diterminal
olefin from part A (1.34 g, 4 x 10” moles), tri-n-butylamine (1.8 g, 9.7 x 10 moles), tri-o-
tolylphosphine (62 mg, 4.0 x 10 moles), palladium I acetate (18 mg, 8.0 x 10”* moles) and
acetonitrile (5 cm?). The reaction mixture is heated to reflux under nitrogen for 4 hours.' The
mixture is cooled to room temperature and stirred into 60 cm?® of 10 percent hydrachloric acid.
35 The precipitateis coiiected by filtration, washed with water and air dried. The dried precipitate
is then dissolved in 150 cm® of boiling toluene, filte.red hot and cooied to yield 310 mg of the
product g = 3. The monomer has a melting point of 180°C to 215°C.
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be m xed with a suitable solvent. The solution can then be applied to a
surf.gce, ,the solvent evaporated, and the partially polynerized conposition
further poI ynerized to provide a polyner film The partial thernal

pol ynmeri zation of DVSto formpartially thermally 10 pol ynmeri zed DVS nmay be
performed, by heating the DVS at [err] for two hours under nitrogen or
alternatively, by heati ng the DVS at [err] for 22 hours under nitrogen.
Most preferably, the DVS is heated and stirred at- 160 to [err] for a period
of time of 20 to 24 hours, to reach a wei ght averaged nol ecul ar wei ght of
30 to 35,000 as neasuf®@ Y gel perneation chromatography against a

pol ystyrene standard. ARS-cm? flask equipped withld@ef[u@ Edndérsérynitrdves intet, laiyd panytieer | zed-

DVS and full y s%gfﬁgr pﬁrd@ﬁ%ltﬁ%‘ﬂoge&myzlgbugneE1h‘>@g a‘UﬂHhﬁ) L'netflJlr]ylbngzegé
wherein the t ture e§c5| on of

one of "t heovi 48 ¥la Bl B ayierins (L 87 F [ e e e 2 i - 0
berizocycl obut @nlé,ﬁdwm (Btaretate (19narB-GURE ik gndapcesoriitsite{Hened). g rigaction mixture is
benzocycl obut @eged tokefiiRiyhdohitéeh Witk ltfridgGordhurd Thedh@fddnxtDie®tBdie o SUi t abl e

adhesi on pro m?&o% témppgtuégﬁd sttrrr npo%¥¥j d YA pseiréeﬁtrlSueQ%%roze%cplgﬁpe). The
resulting precipitate is collected by filtration, washed with water, and air dried.
The precipita{e is dissolved in 75 cm? of boiling ethylacetate, filtered hot, and
10 cooled to yield 800 mg (60 percent) of the desired monomer with a melting point of 150°C to
152°C.
Procedure C:
A Partially Polymerized Compaosition From The Compound Of The Bisbenzocyclobutene

Derived From Meta-Divinyl Benzene Of Procedure B (b)

H H H E H H
H
|| | I
B C=C C=2cC —— H
B - S
H H \a H H
H B H H

A 1 g sampie of the monomer of Procedure B (b) is heated from 189°t0 222°C at
25 the rate of 1°C per minute. The partially polymerized composition has a viscosity of 249 poise at
220°C, the partially polymerized composition is solid at room temperature and becomes gel-
like at 180° to 190°C. The partially polymerized composition contains 51 percent unreacted
polymerizable functionality as determined by differential scanning calorimetry.
Examples |
30 The noted antioxidant is dissolved in a partially thermally polymerized 1,3-bis(§-
-bicyclo[4.2.0]octa-1,3,5-trien-3-ylethenyl)-1,1,3,3-
<tetramethyldisiloxane, available as a solution in mesitylene from The Dow Chemical Cgmpany
as Cyclotene 30229 at one weight percent based on the weight of the prepolymer. A control,
containing no antioxidant, is run for comparison purposes. The solutions are spin coated onto
35 oxide free silicon wafers at thicknesses resulting in polymer coatings of about ten microns.
The coating thickness can be controlled by selecting the viscosity of the solution,

the spin speed and the spin time. Viscosity may be controlled by adjusting the concentration of
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and ot her organosilane adhesion pronoters as taught for exanple in U S
patent 4,831,172. 30 The adhesi on pronoter i s nost

advant ageousl y used when bondi ng the polyner to an inorganic surface. The
adhesi on pronoter may be coated onto the surface priorto application of the
conpound contai iing an aryl cycl obutene functionality or it may be mxed in
and applied with the conpound containing an aryl cycl obutene functionality.
Preferably thqors;ronyaahmévmwnsprlemsn aadnwnq&tmn.ﬂmp%rceat%@m&ij@cl (@S @ thin

'l
coat i ng to the S deng‘gnd Ia pe{cer%.rﬁta oxldan?tfbfééd on t%e wenght% Of%ggygnzﬁrv 8?\ d'e§1°ﬂt§a .

solution is coat r enov
adhesi on pr ool wafRl Thaefesis then taya faraliont3 seeonge e o0 sreparpsnspus farabdusct ed t o
condi ti ons suf3oseorenst S0 rro kosprend e prlepiynidviéenly. | east beyond its gel point.

-12- Thesgel point ang PRe6H DS, {.ue;mnt@wgaoﬁﬁedl%n&%@lf.mﬂ?ﬁtm‘agcum' ymer
Sci ence And Eng nt ersci enc gel poi nt

ri n
describes a crf %ga%g?mﬁ ?ﬂ‘f"'?dﬁyﬂﬂté”ﬁﬂfmpfrfﬂﬁjfﬂﬁb‘fﬁ"g%"ﬁ‘g?fﬁﬁB?PéPo PR a fully
cured pol yner .ox@etghecuredepolyeier ¢oated wafers are thep plpeadiin dirpured eNghsatthe good
sol vents. |t itempeaduiréthoted S6d ar@Ri@hdréwripelibdikdilydo BMEIR Fi-ik gt bsorbbrize OUS. Beyond
t he gel '

measurements.

10 Lifetimes of the films are based on the time it takes the absorbance at 1500 cm™' to
reach 80 percent of its initial value. This band indicates the presence of tetralin which contains
the benzylic hydrogens. Comparisons have shown that this corresponds to about a 10 percent
increase in the dielectric constant which is the real indicator'of interest in thin film dielectrics.

The use of silicon wafers permits the taking of the absorbance spectral
15 measurements through the transparent wafer and polymer film without degrading the film.
' Absorbance measurements in this context refer to the definition given by:

A=-logT
wherein T is the transmittance and A is the absorbance. Transmittance is defined as:
T=1/
s b

20 wherein | is the intensity of light transmitted by the cured-polymer coated silicon wafer and I
is the intensity of light transmitted by the silicon wafer alone.

The absorbance band at 1500 ¢cm™ typically does not have a local baseline at zero
absorbance. Therefore, the absorbance at 1500 cm™ is measured relative to a line connecting
two points taken as the local spectral baseline. 1520 cm™ and 1470 ¢cm may advantageously be

25 used to define the local baseline.

The lifetime of the control at 100°C is greater than 3500 hrs. Lifetimes of cured
DVS with 1 percent by weight of the noted antioxidants, at oven temperatures of 125°C and
150°C are shown in the TABLE I

30

35

-24-



5 pointthe pol yneri snotconpl etel ysol uble, even in a good sol vent.

However | ow.nol ecul ar wei ght fractions (sol fraction) may still be
extractable. Preferably, the gel point can be defined as that point wherein
one part of polymer wil | not conpletely dissolve in 100 parts of a good

solvent. at-its boiling point. Good solvents incl ude aromatic hydrocarbons
such as tol uene, xylene, nesitylene; aliphatic 10 hydrocarbons such as
pent ane, hexane; hetero atom containi ng hydrocarbons such as N-net hyl
pyrrolidone and nmethyl ethyl ketaqne. More preferably the gel point can be
defined as that point wherein one part of polynmer will not conpletely
dissolve in ten parts of xylene ateaBts boiling point. Antioxidants and
stabilizers nay be chos I ‘ own materials 15 such as
t hose di scl osed i n: Cxigg%%%%akﬁﬁ?ggfééﬁf?giﬁng%?c Mat eri al s; Ed. Pospi si
and . Kl enchuk, CRC Press, |ggny,Boca - HEE241 090, which is

I ncorporated herein by reference. Antiaxiispits usefudsee¢n this invention are
those effective to1preven;céﬁgf%ELdation %B a_po!ynE{Onpde by Fhe side ring
openi ng of an aryl cycl obut ene. enpl ary "anti oxi dant's i nclude: 20

1) a conpound of tRe. forntdgeRiterr] - 94 447
Stalite®
(Vanderbilt)
10 3 *big(diphenyl 95 440
phosphino)
methane
y *Irganox® 1076 95 456
(CIBA~GEIGY)
5 = *AgeRite® DPPD 100 482
15 {Vanderbilt)
6 *Irganox® B215 108 528
(CIBA~-GEIGY) ‘
7 Wingstay® 29 121 669
(Goodyear)
8 Irganox® 1035 127 631
20 {Ciba-Geigy)
9 Irganox® 1010 131 678
{Ciba~-Geigy)
10 AgeRite® MA 431 2780
(Vanderbilt)
* not an example of the invention
25
Similarly, various other antioxidants are screened. The exposure to air is -
conducted in an oven at 170°C and accordingly the times are shorter than in TABLE I. Each
antioxidant is added to a solution of DVS prepolymer at one weight percent based on the
30 weight of the prepolymer. Four controls, containing no antioxidant, are run for comparison
purposes. The solutions are spin coated onto oxide free silicon wafers at thicknesses resulting
in polymer coatings of about ten microns. )
After spin coating 2 film, the solvent is evaporated and the film is thermally cured
at 250°C for one hour under a nitrogen atmosphere, preferably containing less than 100 ppm
35

oxygen. The cured-polymer coated wafers are then placed in air purged ovens at 170°C and are

withdrawn periodically to obtain FT-IR spectral absorbance measurements.
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25 which is nomnally called 4, 4'-bis(a-nethyl benzyl)di phenylam ne and is
comerci ally avail able from Goodyear as [err] 29. 2) a conpound of the
formula: [err] which is nomnally called tetrakis [nmethylene
(3,5-di-tert-butyl-4-hydroxyhydroci nnanmat e)] net hane (CAS No. 6683-19-6)
and is commercially available fromC ba-Geigy as [err] 1010. '35 *, 3) a
conmpound of the formula: [err] 2 10 which is nomnally called

t hi odi et hyl ene bis-(3,5-di-tert-butyl -4-hydroxy) hydroci nnamat e ( CAS No.
41484-35-9) and is conmercially available fromC ba-Geigy as [err] 1035. 4)
conmpounds of the f orfetines of tRd fiidns are based on the time it takes the absorbance at 1700 cm”,

expressed as a ratio relative to the film thickness reaches 0.02 microns™ This ratio has been
shown to correlate with a ten percent increase in the dielectric constant. Lifetimes are less than

those indicated in Table | because the test temperature is higher. Results are reported in

S TABLEH
TABLE II ’
Polymer/Antioxidant Lifetimes -
Lifetime
10 Sample At 170°C
{Hrs)
1a *Control | 30
11b ~ *Control 28
1e *Control 28
5 14 *Control 31
12 AgeRite® MA ’ 136
13 Chimassorb® 944 102
14 Cyasorb® UV-3346 95
20 15 Tinuvin® 144 66
16 Tinuvin® 292 47
17 *g-dodecyl-1l,2-dihydro- 35
- 2,2,4-trimethyl quinoline _
18 *Tinuvin® 770 - 32
25 19 - *Tinuvin® 622 29
20 *g-ethoxy—~1,2-dihydro- 28

2,2,4~trimethyl quinoline

* not an example of the invention L

30

35
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20 wherein R is hydrogen, an electron withdrawi ng or el ectron donating
group; and oligoners thereof. Preferably Ris hydrogen, but it also can be
any substituent that does not interfere with the antioxidant activity of
t he conpound Preferred R substituents, are phenyl, [err] al kyl and al koxy.
25 * This group al so contains the ollgoner of the fornula [err]
wherein Ris as hereinbefore defined and n is 0-6. 35 -
2,2,4-trimethyl -1, 2-di hydroqui nol i ne, wherein Ris hydrogen, is avai | abl e
as [err] MA fromR T. Vanderbilt as an ollqpner with a degree of
pol yneri zation of a blbla fxpscteﬁthgg t}cq.feqsgn fabfGUtre qF sype }hese antioxidants to function
6- et hoxy- 2, 2 ashudhtin thigtybrgdnis tat thHe-adiidxiddmtdsopat saloblie inghedredolyamef solutivrn @ thel 4-
[err] antioxidant volatilizes or decomposes under the elevated temperatures of the cure process.
Antioxidants within the scope of the invention must be tested for function in this use because
5 ofthese properties which are unassociated with their ability to prevent oxidation in similar
systems to those tested.
Similarly, Agerite® MA s tested as an antioxidant for the prepolymer made in
Procedure C. The exposure to air is conducted in an oven at 170°C. The antioxidantis added to
asolution of the prepolymer at one weight percent hased on the weight of the prepolymer.
10 The solutions are spin coated onto oxide free silicon wafers at thicknesses resuiting in polymer
coatings of about ten microns.
After spin coating a film, the solvent is evaporated and the film is thermally cured
at 250°C for one hour under a nitrogen atmosphere, preferably containing less than 100 ppm
oxygen. The cured-polymer coated wafers are then placed in air purged ovens at 170°C and are
15 withdrawn periodically to obtain FT-IR spectral absorbance measurements.
Lifetimes of the films are based on the time it takes the absorbance at 1700 cm*',

expressed as a ratio relative to the film thickness reaches 0.02 microns™ Results are reported in

TABLE il
20 TABLE III
" Polymer/Antioxidant Lifetimes
‘ Lifetime
Sample At 170°C
(Hrs)
25 21 *Control 6
22 AgeRite MA® 15

*not an 'example of the invention

30 The polymer stabilized in this test differs from the polymer tested in the other tests in that the
vinyl groups are not fully reacted. Accordingly, since these vinyl groups are susceptible to
oxidation, the times given are much shorter than for the other polymer.

Similarly, Agerite® MA is tested as an antioxidant for the Cyclotene 30229
prepolymer at the weight percents indicated in TABLE IV based on the weight of the

35 prepolymer.
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wherein Ris ethoxy, is available as [err] ETMQ from WVul nax.

6- dodecyl ; 2, 2, 4- trinmethyl -1, 2-di hydroqui noline of the fornmula [err] wherein
Ris dodecyl is available as [err] DD from Monsanto. The herei nbefore
recited ollgoner is available as [err] 3140 or [err] MA X9 Type fromB. F.
Goodrich wherein the manufacturer is said-to renove the term nal vinyl
group and nis 0 to 6. 20 - 5) hindered amines of the formil a:

[err] Ris hydrogen, an el ectron withdrawi ng group or an el ectron donating
group; each [err] is |ndependently, hydrogen an el ectron mnthdramnng gr oup

g,: t Zghgg to flthtS;ﬁg g'g %: uthr% gr ;I;m E)dateWontto oane fré)e s? nwafersta‘ffl{hu:kneasg%j t 0 sai d
car bon by a douUBjuing ﬁlrpal-ymarr;aatmgs of about ten microns. After spm coatmg afilm, the solvent is

evaporated and the film is partially cured using E-beam at the doses stated in the TABLE IV.
After the stated E-beam dose is administered the film is cured at 250°C for one -
5 hourunder a nitrogen atmosphere, preferably containing less than 100 ppm oxygen. The
cured-polymer coated wafers are then placed in air purged ovens at 150°C and are withdrawn
periodically to obtain FT-IR spectral absorbance measurements.
Lifetimes of the films are based on the time it takes the absorbance at 1700 ¢cm”’,

expressed as a ratio relative to the film thickness reaches 0.02 microns™ Results are reported in

10 TABLEIV
TABLE III
Polymer/Antioxidant Lifetimes

Antioxidant Lifetime

. E-Beam Dose o

15 Conc;:tr:txon (microcoulombs) Aiﬂizoc
23 *0 0 102
24 1. 0 460
25 2 0 612
20 26 *Q 200 96
27 1 200 500
28 2 200 640
. 29 *0 1200 96
25 30 1 1200 175
31 2 1200 288

* not an example of the invention -~

30 These results indicate that E-beam curing may have a negative impact on the antioxidant effect
of AgeRite® MA. But in ali cases the polymer containing AgeRite® MA is thermooxidatively

more stable than the polymer without it.
Testing with fully hydrogenated DVS polymers and other fully saturated

bisbenzocyclobutene polymers indicates that similar extensions of polymer lifetimes may be

35 obtained.

-28-



each [err] is independently, methyl, ethyl, n-propyl or isopropyl. These
compounds belong to a known cl ass caIIed hlndered am ne |ight -
as descri‘bed in Oxidation Inhibition In Organic Materia §m$§HEEpapssLﬂl\
and KIenchuK"_P“‘P‘——CRG—PUbFrsh|ng, Boca Raton, Florida, I

pp. 1-28, whi mh& nggrporated.by reference. Th udes
a six-rrenbere I’Qzﬂlm r two-nitrogen atons and four or five carbon

s 5

atons and no e carbon atons adjacent to the hindered
nitrogen ato In order to prepare these conpounds one may
react acetone or another appropriate ketone with anmmoni a under known
conditions to formtriacetoneam ne or a derivative thereof. This is then
reduced to nmake the al cohol of the formula: 15

OH [err] [err] and [err] are selected based on the ketone used in the
synt hesis. The hydroxy function may be converted to an ester function by
treatnent with the appropriate acid and 25 renoval of by-product water
usi ng conventional techniques. The ketone function nay be converted to an
am ne function by treatnent with the appropriate amine with catal yst and
hydr ogen usi ng conventi onal techniques.

CLAIMS

1. A composition containing a compound containing an

arylcyclobutene moiety and an antioxidant compound of the formula:

1)

5 @_CH_@ N_@_;‘?_@

: 2) | |
EIO cngcnzcoocn%‘ c
10 4
3)
: 15 0 OH 7
(CH3)3C C(CH3)3
o)
V4
CH,CH2-C
20 OCH2CH2 T S
- -2

25
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30 35 -16-
[err] 144
[err] 765

which is av
Sankyo Co.

5

10

15

20

T 25

30

D

Exenpl ary structures i ncl ude:

—froem-Ciba-CGeigy; 15 [err]
Ci ba- GElgy or as [err]

e

4shi 770 from G ba-Geigy or as |

[err] which is avail able as
25 which i.s available as [err]
LS-292 from Sankyo Co. Ltd.;

292 or

[err]
err] 1S 770 frnm
TMS&EHHaSmuél

REPLACED.

a)
CH,
) \/<CH3
A ¢
H

wherein

Ris hydrogen, an electron withdrawing or electron donating
group; and oligomers thereof;

5) hindered amines of the formula

(R1)2
(r1) r1)
\2 2
(R )2 I\II (R2)2
R

wherein
R is hydrogen, an electron withdrawing group or an electron

donating group;

each R' is independently, hydrogen, an electron withdrawing
group or an electron donating group, with the proviso that two R! attached
to the same carbon may represent a single moiety joined to said carbon by
a double bond;

each R?is independently, methyl, ethyl, n-propy! or isopropyl;
said antioxidant being effective to inhibit oxidation of polymer formed by
side ring opening of the aryicyciobutene.

2. The composition of Claim 1 wherein the antioxidantis a

compound of the formula:

-30-
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which is available as [err] 622 from C ba- Gei gy; [err] 10 which is
avai.l able as [err] UV-3346 from American Cyanam d Co.; [err] 20 which is
avai l able as [err] A— -Mont ef | uos, ( Bor g- War ner for U S. and Canada)

wh
[err] whi chThisShad Bhd [err] 3034 fromB. F.  Good THIS SHEETéI,‘S BEEN |

[T - [ |

CH4
N
) /<CH3
N
5 ) CH3
H
wherein
Ris hydrogen, an electron withdrawing or électron donating
10 group; or an oligomer thereof.

3. The composition of Claim 2 wherein the antioxidantis a
compound selected from the group consisting of 2,2,4-trimethyl-1,2-
dihydroquinoline, oligomers thereof, or oligomers thereof with the
terminal vinyl group removed.

15 4. The composition of Claim 3 wherein the antioxidant is an
oligomer of 2,2,4-trimethyl-1,2-dihydroquinoline with a degree of
polymerization of about3 or 4.
5. The composition of Claim 4 wherein the compound with

an arylcyclobutene moiety is DVS, a compound of the formula:

20
CH CH
oL &
Si-0-Si
CH=CH-" 1 ' CH=CH
25. CHz CHg
or a prepolymer or polymer thereof.
6. The composition of Claim 5 wherein the compound with
30 - an arylcyclobutene moiety is a partially thermally polymerized DVS

prepolymer.
7. . Acomposition containing a polymer formed by the side
ring opening of an arylcyclobutene compound and an antioxidant

compound of the formula:

-31-
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S [err] 15 which is -available as [err] 944 from

G ba- CGei g ch is available as [err] 622 as a polyner from
Ci ba- GEi [err]

.. as [err] B i ba- Gel gy. The ant|OX| dant is add - -rﬁ)iEHmd
cont ai ni obutene noiety in a manner in whifch i '@%%%%Rives

i nhi‘bit oxidation of polymer formed by side ring opening of the [ ——
aryl cycl obut ene. The anti oxi dant may be conbi ned with an aryl cycl obut ene
nonomer in

I ch3 L]
©Fe--0-@

5..
2)
{}0@ CHZCHZCOOCHZ;}' Cc
4
10
3)
[ oH 7
(CH3)3C C(CHs3)3
15
V4
CHzCHz-C/ v
. OCHZCHZ_"_ s
20 " 2
4)
25 ) CH;
N
) CH3
H
30 wherein
Ris hydrogen, an electron withdrawing or electron donatin'g
group; and oligomers thereof;
5) hindered amines of the formuia:
; ~32-
/
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Iiquid-eF~sGLLd_LQLHL_IPg§aryIcyclobutene nmonomer and anti oxi dant_may both
be dissqlved in a nutual Solvent. The antioxidant nmay 1ﬁ3§3§§9}¥3§ntﬂ4

| i quid EBB adgpnomer . As the aryl cycl obutene QﬁgiAbﬁj heat éd to
pol yner i OX|dant may mix uniformy with {t and nmintain
intimate ,ihe pol yner.. - The anti oxi dant nmay be added to a

partially polynerl onpound containing an aryl cycl obutene noiety. The
aryl cycl obut ene prepol yner and anti oxi dant nay both be dissolved in a

mut ual sol vent. The anti oxi dant may be dissolved in a liquid partlally

pol ymeri zed aryl cycl obutene nmonomer. As the partially polynerized -

aryl cycl obut ene nononer is heated to polynerize it, the antioxi dant may m x
uniformy with it and maintain intimte contact with the pol ymer.

Preferably, effective antioxidants for polynmers forned by side ring opening
of an arylcyclobuterre noiety, will survive the polyner cure w thout
deconposi ng, bl oom ng, 30 evaporating or reacting di sadvantageouslywith the
nononer cont ai ning an aryl cycl obutene jnoiety. [err] MA may deteriorate in
effect if the nonomer or prepol ynerlf gposition containing it is

pol ymeri zed using el ectron beam‘ég eam (& ation. The antioxidant is
added to a conpound cont ai ni ng ry cl obutene noiety in an anount which
is effectsive to inhibit oxidation of pdlymer formed by side ring opening of .

10

wherein

Ris hydrogen, an electron withdraWing group or an electron
donating group;

15 each R'isindependently, hydrogen, an electron withdrawing
group or an electron donating group, with the proviso that two R' attached
to the same carbon may represent a single moiety joined to said carbon by
adouble bond;

~ each R?isindependently, methyl, ethyl, n-propyl or isopropyl;

20 said antioxidant being effective to inhibit oxidation.

8. A method for inhibiting oxidation of a polymer formed
by the side ring opening of compounds containing one or more
arylcyclobutene moieties by adding to the compound, a partially
polymerized prepolymer of said compound or a polymer of the compound,

25 ari amount of an antioxidant sufficient to inhibit oxidation of said said
polymer, said antioxidant being selected from the group consisting of:

1

" @_CH_@_N_@ 3?_@

I — -33-
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the arylcyclobutene. The lower |imt is defined by the anpunt necessary to

obt ai.n-measur abl e 35 extension of the oxidation lifetine. The uppe

i s definethi ettlfﬂesm acedf anti oxi dant whi ch degrades pp

to an unac or beyond whi ch -additional -20-

does not e lifetime. A preferred anount .
0 wei ght percent of the ant|OX|dant based on the conpound containi ng an-

arylcyclobutene noi ety. A nore preferred anpunt ranges from0.5 to 6 wei ght

percent of the antioxidant based on the conpound containing an

aryl cycl obutene noiety. A nost preferred amount for 5 the DVS ranges from

1to 4 weight percent of the [err] MA anti oxi dant based on the DVS. Since

the -DVS polyner finds a majoryuse as a thin filmdielectric, ionic

contam nation is preferab ayoi ded. [err] nti oxi dant contains sodi um
chloride and it is reco nde t this be repoved prior to addition to.
the conpound contai ni ng ap®ar Rtz (O0RHEY €1t can be renoved by
contacting the anti oxi dant—w ter to extracy
> 3)
OH ]
(CH3)3C C(CH3)3
10 . //0
CH2CH2-C
OCHCHz T S
- 2
15
. 4
CH,
N
CH
= ) X 3
N CH;
H
é5 » wherein

= Rishydrogen, an electron withdrawing or electron donating
group; and oligomers thereof;

30

- o34
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10 the sodiumchloride. Preferably it is dissolved in an organic solvent
such as gesitylene to enhance the extraction. The anti oxi dant mmy-then be
i sol at ed frmsﬂaeﬂsmem laggdd wat er by decantation, vac s dpsd T hhsBEon,
and/ or freez oI | owi ng, exanpl es are given o I | REPSACED e tﬁ

i nventi-on anaM interpreted as limting it Lo-any—wey—UTreESs
stated ot herw parts and percentages are 15 given byvver ght.

Procedure A: Prepar ation of a Bisbenzocycl obut ene Mononer Represented by
the Formula: [err] Asolution of 3.0grams(g) (1.64x [err])

4- br onobenzocycl obutene, 1.52 g 25 [err]
1,3-divinyl-1,1,3,3-tetranethyidisiloxane, 1.66 g [err] triethylam ne,

0.152 g [err] tri-o-tolyl phosphine, 72 m| rans (ng) [err] palladium(l1)
acetate, and 10 [err] acetonrsﬁjf“inf’ﬂe‘??ﬁ“%\essﬁhvgﬂ‘fa 2-neck round bottom fl ask
equi pped with a reflux condenser and nmagnetic stirring bar is heated to
reflux for 24 hours. After 24 hours, the reaction mxture is cooled to room
tenperature and then poured into 60 {Ra’r)rz] of 10 percent aqueous

hydrochl oric 30 acid. The resul tn"g% xtur iﬁi extracted with two 50 [err]
portions of nethylene chloride d net hyl ene chloride

sol utronsswere washed with three 00 [err] portrons of water.

(R )2 N R2)2

10

wherein
_ Rishydrogen, an electron withdrawing group or an electron
donating group; _

15 each R'is independently, hydrogen, an electron withdrawing
group or an electron donating group, with the proviso that two R' attached
to the same carbon may represent a single moiety joined to said carbon by
a double bond; ]

each R?is independently, methyl, ethyl, n-propyl or isopropyl.

20 8.  Anarticle containing a component which is a polymer
formed by side ring opening of an arylcyclobutene moiety and an
antioxidant in an amount sufficient to inhibit oxidation of the polymer,
said antioxidant being selected from the group consisting of:

1)

II-I CH3
30
H CH2CH2COOCHiL, c
4

3)

25

| | ~35-
R —
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evaporated ield a yellowoil. The oil is g
silica el el ut| n eeﬁxlke ecpercent t ol uene i n hept ang.

removed fr s d the sol ventrenoved to 35)vyi el'e cet-ortess oil .

Rever se phas nce |iquid chromat ography Showed a mxture Wi th
one ngj or co -21- Procedure B: Preparation of

Bi sbenzocycl obut ene l\/bnorrer Derived Froman O efinic Aromatic Conpound And
Corresponding to the Formula [err] A [err] flask equipped with a refl ux
condenser, nitrogen inlet, and magnetic stirring bar is charged with

m di br onobenzene (1.0g ,4.2 x [err] nm), mdivinyl benzene (2.75g, 15 2.1-x -

[err]m,tri-n-butylamne (8.4 x [err] m,tri-o-tolyl phosphine (64 ng,2.1 x
[err]m, palladium (Il) acetate (20 @, 8.4 x [err][]m, and acetonitrile
(10 [err]). The mxture issfi¢¥adCynaer FR{€EDgen an{l heated to reflux for
hours. The grey slurry is cgoled to mtenperature and stirred into

4
CH2CHo-C
5 OCHzCH T S
- — 2
4)
CH4
10 N
RO /<°H3
N CH3 .
15, H
) wherein
Ris hydrogen, an electron withdrawing or electron donating
group; and oligomers théreof;
20 S) hindered amines of the formula:
(R1)2
(r") ) r1) 2
25
(R<) 2 lf ( R2 )
R
30
wherein
R is hydrogen, an electron withdrawing group or an electron
donating group;
each R'is independently, hydrogen, an electron withdrawing
-_— -36-

g

2



60 [err]_of 10 percent-agueous hydrogen chloride. The_resulting precipitate

is collected by filtration, washed with water, and ai-ngg ﬁ B duct
i s di sSOl vEds $heet ¥, filtered, 20 and the s Iven;E N BaEed| t o
yield a yel HM“N crystallization of the resi rom4i@pt ang gi ves

0.60 g (42 of a conmpound of the formula [err] hérermafter
referred to as diterninal nal olefin, with a nelting point of [err] A
25-cnB flask equi pped with a reflux condenser, nitrogen inlet and nmagnetic
30 stirring bar is charged with 4-bronobenzocycl obutene (1.5 g, 8 x [err]
mol es), the ditermnal olefin frompart A (1.34 g, 4 x [err] noles),
tri-n-butylamine (1.8g, 9.7 x [err] noles), tri-o- tolyl phosphine (d62 ny
4.0 x [err] noles), pall wpmnaﬁi'eﬁ@éldmaénq&'B‘ng‘{"‘“Bt.hf)p'R"'%é'F)ﬁ’}W"Fﬁ)ftéasf?e and
acetonitrile (5 [err]). itRe samacirbddimagieptesenea sirglelmietidoinedto said datpen bhder
nitrogen for 4 hours. The,fxtyse IS cooled to roomtenperature and stirred
into 60 [err] of 10 percent hydrochloric acid. 35 Th recl pi ot i S

col lected by filtration, washed SR “RASBF &N 5 ryl'(ejtrﬁYl'Fe”(fer%rﬁéernsgIr’rig%’Jcll
precipitate is then dissolved in 150 [err] of boiling toluene, filtered hot
and cooled to_yield 310 ng of the product g = 3. The nononer has a nelting
point of [errP to [err] -22-

10
15
20
25

30

- -37..
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29 CLAIM5 1. A conposition conprising either a conpound containing an
aryl cycl obutene noi ety which is capable of polymerizing by side ring
opening, a prepolynmer or polyner thereof and a stabilizing anount of an
ant i oxi dant sel ecting fromthe group consisting of fornulas: [err] wherein
R is hydrogen, an electron withdrawi ng or el ectron donating group; and

ol igoners thereof; or 5) hindered am nes of the fornula:

38

OXIDATION INHIBITED ARYLCYCLOBUTENE POLYMERS

ABSTRACT H

" The invention is a compbsition contalmng a polymer formed by side ring

l opening of an arylcyclobutene compound and an antioxidant combound of formulae (1),
(2), (3), (4), wherein R is hydrogen, an electron withdrawing or electron donating
group; and oligomers thereof; hindered amines of formula (5), wherein R is hydrogen,
an electron withdrawing group or an electron donating group; each R! is independently
hydrogen, an electron withdrawing group or an electron donating group, with the
proviso that two R! attached to the same carbon may represent a single moiety joined to
said carbon by a double bond; each R? is independently methyl, ethyl, n-propyl or

isopropyl; said antioxidant being effective to inhibit oxidation.

THIS SHEET HAS BEEN

—_— REPLACED

This Sh .
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[eir] wherein R is hydrogen, an electron withdraw ng group or an el ectron
donating group: each [err] is independently, hydrogen, an electron with
drawi ng group or an electron donating group, with the proviso that two
[err] attached to the sahe carbon may rgzoresent a single noiety joined to
sai d carbon by a double bond; each R2 is®independently, methyl, ethyl,

n- propyl or i s¥yhemexposedital aararyloydlmmJIEnehmel\gerefdndeﬁgoV@adanohn Mttelévated

ene.

The- conpos il onk%?@%r”e%“%}?y's Aecioftdt) ARER 0 rvier Drfinest il
[err] wher H1sHIaNg properiesn deawdede&xmhowmﬁadvtp mg/aﬂowsllsaotqratwnobfrlm i ng
group; or polyfler,dmdEh sbi?égé%éfsest%an %r%@@%ﬁlh%ggmfgﬁ: rr? 2 V\/nerel n the
o At e et hy O TRLSHARSB Bl i eIl AN TEGRING 3D baRE  cof
wi th the teraundat. HowgVergﬂmeddsamﬂgcktep@ -tetahfabicalioR pfodass. mBdmiér doatings

are also subject to breakage and/or cracking, particularly under thermal cycling, which

leads to loss of the barrier prot_ectio'n.

To preserve optical clarity and important electrical properties such as low
dielectric constant and low water uptake without the use of hermetic packaging or
barrier coatings, it would be advantageous to have an arylcyclobutene polymer
composition that is less susceptible to oxidation when exposed to air. -

The invention is a composition comprising either a compound containing an
arylcyclobutene moiety which is capable of polymerizing by side ring opening, a
prepolymer or polymer thereof and a stabilizing amount of an antioxidant selecting
from the group consisting of formulas:

e W
O0T0+-0+0
2)

HO CH,CH,COOCH,|—C
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di hydr ogui nol i ne and 6-dodecyl -2, 2,4-trinmethyl -1, 2-di hydroqui noline. 4.

The conposition of claim3 wherein the antioxidant is an oligoner of 2,2, 4-
trimethyl -1, 2-di hydroqui noline with a degree of polynerization of about 3
or 4. 5. The conposition of claim4 wherein the conpound with an

aryl cycl obutene noiety is a conpound of 3the fornula: [err] 31 or a
prepol ynmer or polynmer thereof. 6. The conposition of clain1§ wherein the
conpound with an aryl cycl obutengymiety is a partfjally thernﬁlly

pol ymeri zed prepol yner. 7. A cofposition containing a polyner fornmed by
side ring opening ¢f (@H 4G cy but @feHgmpound gnd an anti oxi dant

sel ected fromthe ¢group cons of conpounds off the fornulas: 1)

0
/4
CH2CH2'—"C\ ’
OCH,CH,—-S
L 12
CH,
X 4)
R CH,
1}1 CH,
H

wherein

R is hydrogen, an electron withdrawing or electron donating group; and
oligomers thereof; or : ' '

5) hindered amines of the formula:

R,
1 1
R, R'),

®)%” N R
R

wherein

R is hydrogen, an electron withdrawing group or an electron donating group:

each R' is independently, hydrogen, an electron withdrawing group or an
electron donating group, with the proviso that two R1 attached to the same carbon may
represeni a single moiety joined to said carbon by a double bond;

each R2 is independently, methyl, ethyl, n-propyl or isopropyl:

said antioxidant being effective to inhibit oxidation of polymer formed by side ring
opening of the arylcyclobutene.

in another aspect, the invention is a composition containing a polymer formed by
side ring opening of an arylcyclobutene compound and an antioxidant selected from
the group consisting of compounds of the formulas:




[erg] 2). wherein R is hydrogen, an electron withdrawi ng or el ectron
donating group; and oligoners thereof; or 5) hindered am nes of the

f or mul a: [err] wherein R is hydrogen, an electron w thdraw ng group or
an el ectron donating group; each [err] i 4 i ndependent |y, hydrogen, an

el ectron withdrawi ng group or an electron donating group, with the proviso
that two [err] attached to the same carbon may represent a singl e noi ety
joined to said carbopilpy a double pond; each R@Hs i ndependent |y, nethyl,

ethyl, n-pro |s|op op a|d|ant dant |b i ng ective to inhi bit
OX|dat|on. :

2)
HO CH,CH,COOCH,—C
4
- 3)
[ OH
(CHz)sC C(CH3)s
//O
CH2CH2_—‘C\
OCH2CH2_"S
L -2
CH,
X | 4)
R CH,
Iil CHs
H

wherein _
R is hydrogen, an electron withdrawing or electron donating group; and

cligomers thereof; or
5) hindered amines of the formula:

R,
R') R"),

Ry ONT R,

REPLACEMENT SHEET }
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8.; A nethod for inhibiting oxidation of a polyner fornmed by the side ring

openi ng of conpounds contai ning one or nore arycycl obutene noi eties by

adding to the conpound, a partially pol‘%lmari zed prepol ynmer of said conpound

or a polymer of the compound, an anopunt®®f an antioxidant sufficent to

inhibit o ﬁ%} j on of said polynmer, said antioxidant being selected fromthe

group consisting of: [err] [err] wherein Ris hydrogen, an electron

wi t hdr awi ng orRds dwerogenden Aaledtongwithdsawing rewn gb@breledtresy depatingraroyp;

hi tﬂﬂgr ed agacRer? G iﬁd&éeﬁ@(frm;!t hydr{ogéﬁ,] ?M’@%ﬁzﬁ‘brﬁ‘ withtifawing bRARNer 8A @ On

WI raw “&n%%ﬁé’ pgrgtrlp,a\r:\]litt(la tﬁg prrg\ﬂso ?Hé?t Mt‘)g Rgrgtkja%hed to the same carbon may
represent a single moiety joined to said carbon by a double bond:

each R2 is independently, methyl, ethyl, n-propyl or isopropy:

said antioxidant being effective to inhibit oxidation.

R is hydrogen, an electron withdrawing or electron donating group; and
oligomers thereof; or

4) hindered amines of the formula: | _

In another aspect, the invention is a method for inhibiting oxidation of a polymer
formed by the side ring opening of compounds containing one or more aryicyclobutene
moieties by adding to the compound, a partially polymerized prepolymer of said
compound or a polymer of the compound, an amount of an antioxidant sufficient to
inhibit oxidation of said said polymer, said antioxidant being selected from the group

consisting of:

REPLACEMENT SHEET
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each [ery] is independently, hydrogen, an electron w thdraw ng group or an
el ectron donating group, with the proviso that ‘two [err] attached to the
sanme carbon may represent a single nDieEé&joined to said carbon by a double
bond; each R2 is independently, nethyl, hyl , n-propyl or isopropyl. 9.

An article containing a conponent which is a polyner forne% by side ring
openi ng of an aryl cycl ob and an anti oxi dant in ‘an anount
sufficient jyo ; ol Ha saisd—aqt i oxi dant bei ng

sel ected f %‘ wherein Ris
hydr ogen, o /group; and ol i goners
t hereof; or

2)
HO @ CH,CH,COOCH,1—C
4
- - 3)
OH
(CH;)5C C(CH)s
40
CH2CH2_C\ )
OCH,CH,—1-S
L 42
CH;
A 4)
R CHj3
-T CH;
H
wherein
R is hydrogen, an electron withdrawing or electron donating group; and oligomers
thereof; or '
5) hindered amines of the formula:
-
R):
1 1
(R R)2
2 2
(R)z ITI R)2
R
| REPLACEMENT SHEET
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35rwherein R is hydrogen, an electron withdrawi ng group or an el ectron
donating group: each [err] is independently, hydrogen, an el ectron

wi t hdrawi ng group or an electron donating group, with the proviso that two
[err] attached to the sane carbon may r4present a single noiety joined to
sai d car Mdwerdly a doubl e bond; each R2 is independently, nethyl, ethyl,

n-propyl or ise éﬂf@ W!f' r ' g{gg% n.. an
el ectron withdr %ﬁﬁéhgr e leaé ron 5%&‘5 §§5°ufd:[f &h %ecﬁoh%ongt g‘,"p'and
ol i gomers t h&AEHR' i§)indgnendently, hydisesn.oan elsetramwithdrawing group or an electron
' donating group, with the proviso that two R attached to the-same carbon may represent a

single moiety joined to said carbon by a double bond:
each R2 is independently, methyl, ethyl, n-propyl or isopropyl.

10 0CT 1997




[erir] wherein R is hydrogen, an electron w thdrawi ng group or an el ectron
25 donating group; each [err] is independently, hydrogen, an
el ectron withdraw ng group or an el ectrgn donating group, with the proviso
that two [err] attached to the sanme carbon nay represent a single noiety
j oi ned to saildapatheoaspect af tie inveptibothere is@rovided an article containing a companent

[err] isy d rfFﬁ'TeBy h lan0
ant i oxi da%@aﬁ%??l ‘%'H%Hl ve tﬂ()) I n ﬂﬁ Hﬁ% ° ?(rlﬁﬁ aBlyorq érylcga%lﬁe&?/é fm ﬁgdarl)dyarsll de
ring operft QX'G?”tt"hé“éf'}ﬂ”@&ﬁll'f@%‘ﬂtéﬂé‘h'bzt oxidatio ghihePolvms, gid @Ptéﬂxl'ﬁai' RRBgei n
the anti eelattadd frord tite gRUP@AAsistirig éthe f ormul a: - 30-

o+o+o+o

2)
HO CH,CH,COOCH,1—C
4
-~ - 3
OH )
(CH3)sC C(CHy);
//0
'CH2CH2_C\
OCH2CH2""‘S
I 1,
CHs
N 4)
R CH,
N" Ch
H
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group; or an oligonerthereof. 3. The conp ‘
wherein the antioxidant is a conpound selected fromthe ¢r up . e@sBb 1w '
2,2,4-trinmethyl-1,2- dihydroquinoline, % i goners thereof, @?_ Ol T GONBr S e
t her eof wihelein he term nal vinyl group renoved. 15 1 gg']
by

0cT 1
4. The conpogy i Cl ai ' X dlaating .
2,2,4-trinmet Eé ‘s_l‘yb,rgé_e I’ é&yﬂ?é&%ﬁfﬁlﬁ@?@ﬁ@ﬁ%@ﬂé t'l'(:?%ﬁegr eem%@%@l' ynerl @gﬁegén of
about 3 #eraof, er The conposition of Caim4 wherein the conpound wth 20

an aryl cycl olgyhpgeredRinfih¥s bfthB¥srmufa:conpound of the fornula: [err] or a
prepol ynmer or polynmer thereof. 6. The conposition of Caimb5 wherein the

[err] wherein Ris hydrogen, an electron w thdrawi ng or gFreclr l?ﬁg&&jl@g‘-
10 s'?%‘tﬁ?‘l’]&o aim 2

conmpound with 30 an aryl cycl obutene noiety is a partially
thermal |y pol yneri z$d DVS
R)2
1 1
(R), (R)2

®)” N R,
R
wherein |

R is hydrogen, an electron withdrawing group or an electron donating group:

each R1 is independently, hydrogen, an electron withdrawing group or an electron
donating group, with the proviso that two R1 attached to the same carbon may represent a
single moiety joined to said carbon by a double bond;

each RZ is independently, methyl, ethyl, n-propy! or isopropyl.

A feature of the invention is that the polymer formed by the side ring opening of an
arylcyclobutene moiety contains said oxidation inhibitor in an amount effective to prevent
oxidation of said polymer.

An advantage of the invention is that said oxidation inhibitors inhibit oxidation of the
polymer formed by the side ring opening of an arylcyclobutene moiety. Inhibition of
oxidation delays an increase in the dielectric constant and the formation or darkening of
color in the polymer. An additional advantage is that said oxidation inhibitors are
compatible with the compositions in that they do not precipitate or separate from the
composition and thus become ineffective. An additional advantage is that cured films may
have substantially the same dielectric constant as the unhibited cured films. An additional
advantage is that cured films may have the same hydrophobicity as the uninhibited cured
films. _

..In one aspect, the compositions of this invention contain. compbunds having an
arylcyclobutene moiety. Compounds having one arylcyclobutene moiety are referred to
hereinafter as mono-arylcyclobutene compounds. Compounds containing two or more
arylcyclobutene moeties are hereinafter referred to as poly-arylcyclobutene compounds.
Compounds containing arylcyclobutene moeties are described in U.S. Patents 4,724,260,
4,783,514; 4,826,997; 4,965,329; 4,661,193; 4,642,329; 4,999,449; 4,540,763; 4,812,588.
Preferred mono-arylcyclobutene compounds contain a 1,2diaromatic substituted
ethylenically unsaturated moiety such as those described in U.S. Patent 4,783,514, a
maleimide moiety such as those described in U.S. Patent 4,826,997; or another moiety
which is reactive with an arylcyclobutene moiety. Exemplary poly-arylcyclobutenes are



prepol yner. 7. A conposition containing a polyner formed by the side ring
openi ng of an aryl cycl obut ene conpound and an anti oxi dant conpound of the
formula: -31- [err] wherein: R is hydrogen, an electron w thdraw ng or

el ectron donating group; and oligoners ther eof ; 5) hindered am nes of the
fornul a: thdge formed by the partial polymerization of mono-arylcyclobutenes, those disclosed in

U.S. Patent 4,999,449, the DVS monomer described hereinbefore and partially thermally
polymerized compositions of said monomer.

The inventive compostion can contain other materials which do not interfere with the
usefulness of the composition such as, for example, monomers copolymerizable with the
arylcyclobutene compounds such as other monomers containing arylcyclobutene moieties,
ethylenically unsaturated moieties, acetylenic moieties, and other compositions which can
undergo addition polymerization reactions; miscible compositions, such as blowing agents
and fire-retarding agents; reinforcing fillers such as glass or carbon fibers, or organic fibers
such as aramid fibers; fillers such as quartz glass and powdered silica; metal and ceramic
‘powders for electrical conductive and insulative properties.

REPLACEMENT SHEET




[er l‘hydrogen, an electron wthdraw ng group or an el ectron
g“mmmnmuﬂ h [err] is independently, hydrogen, an electron

r&wm Ag Yr dup *or an el ectron donati group, with the proviso that two

[err] attached to the sane carbon may r}gresent a single noiety joined to

said carbon by a double bond; each [ &LAIMS independently, nethyl, ethyl,
n-propyl or 'ISOPVP%fnpoﬁﬁon compnsmg eithePla coMoufid | BaRIniRE! 'anrkﬁ I%fy&l%ﬁﬁﬂeﬁ@ to
i nhi bit oxidation g}) |nh I t.I'ng oxl dati on &DP‘é

formed byRQifly whigh is F‘H&b &mﬁfl Hng SRETING, % GTHA IB‘?T ymer

aryl cycl clsresfand® s@bilizingbymewitti ofgant mtiohﬂamosamungl from &y gioapl conpisdiygrer i zed

pr epol yrr?{)%l%h%%ai d conpound or a polyner of the conpound, 25 an
anount o tioxidant sufficient to inhibit oxidation of said said

pol yner, said antioxi dant being selected fromthe group consisting of:
[err]

e Sl Wk
2)
HO CH,CH,COOCH,+—C
4
_ 3
OH | )
(CH3)3C C(CH3)3
- O
CHZCHZ——C
OCHZCHz ~S
L Jd2
CH,
X 4)
R . CHz
N CH;

wherein

R is hydrogen, an electron withdrawing or electron donating group; and oligomers
thereof; or )

5) hindered amines of the formula:
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' -SSHerﬁ'm I's hydrogen, an electron wi thdrawi_ng or_ electron

donat i ng‘ﬁrom\\m\“\l goners thereof; 30 -34- [err] |[Be W%%@ﬁﬁ

o etr FAUEI

n Ris hydrogen, ar:]; el ectron wi thgraw n%—g_@gm_
' Date :

R,

“R), R'),

R NT®Y,
R

wherein ,

R is hydrogen, an electron withdrawing group or an electron donating group:

each Rl is independently, hydrogen, an electron with drawing group or an electron
donating group, with the proviso that two R! attached to the same carbon may represent a
single moiety joined to said carbon by a double bond;

each R2 is independently, methyl, ethyl, n-propyl or isopropyl;
said antioxidant being effective to inhibit oxidation of polymer formed by side ring
opening of the arylcyclobutene.
2. The composition of claim 1 wherein the antioxidant is a compound of the
formula: ’

CH, ;
N
R CH,
N" “ch
H

wherein

R is hydrogen, an electron withdrawing or electron donating group; or an oligomer
thereof,

3.  The composition of claim 2 wherein the antioxidant is a compound selected
from the group consisting of 2,2,4-trimethyl-1,2-dihydroquinoline, oligomers thereof,
oligomers thereof with the terminal vinyl group removed, 6-ethoxy-2,2,4-trimethyl-1,2-
dih&droquinoline and 6-dodecyl-2,2 4-trimethyl-1,2-dihydroquinoline.

4.  The composition of claim 3 wherein the antioxidant is an oligomer of 2,2,4-

| trimethyl-1,2-dihydroquinoline with a degree of polymerization of about 3 or 4.

5.  The composition of claim 4 wherein the compound with an arylcyclobutene
moiety is a compound of the formula:

oL 1
Si—O—Si O
CH=CH”| | Nape




donat [err] is independently, hydrogen, an el ectron
mﬁm@gm an el ectron donating group, with the proviso that two
[er 0 the sane carbon may represent a single nmoiety joined to
sai d carbon by a double bond; each [erd! is |ndependently, met hyl , et hyI

n- pr opyl opa prepobymerydr. pdlPmer thereof. : An article
cont ai ni ng .aco or ned b S| g of an
aryl cycl obut gnenﬁn%ggpﬁlpﬁﬂgggﬂk 3%?? ‘Xe ccgppo 5‘?’?‘816@0%?&{%
i nhi bi t oietnts @pamallyhherplaﬂlyrmiym@med peepolyssérdant bei ng sel ected fromthe
group consi syi ng A0 i Sinb) éA@ﬁr in: [err]
R i"s hydr an eqr%ﬁﬁ% b°r?‘"</3 'Eahg % gy%err fgll—lg%dt?yoﬁdé gopemn ag and
ol i goner gryﬁ’qyé:} ne compound and an antioxidant selected from the group con31st1ng of

compounds of the formulas:

e
2)
HO @ C_HZCHZCOOCHZ C
4
- 3
OH | )
(CH3)sC C(CHa,)s
//O
CH2CH2_C\
OCHzCHz__S
L. : ) J2
CH,
A 4)
R CHj :
N" ch
H

wherein

R is hydrogen, an electron withdrawing or electron donating group; and oligomers
thereof; or

5) hindered amines of the formula:




5) shindered—amimes of the formula: 20 [err] wherein R is hydrogen, an

el ectr, | ' oup or an electron donating group; each R is
indepelﬂilmll ‘ﬂgﬂ!ﬂg& an el ectron wthdraw ng - 36- group or an
el ectr , With the provis¥ that two [err] attached to the

sanme carbon may represent a single noiety joined to said carbon by a double
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wherein

R is hydrogen, an electron withdrawing group or an electron donating group;

each R! is independently, hydrogen, an electron withdrawing group or an electron
donating group, with the proviso that two R! attached to the same carbon may represent a
single moiety joined to said carbon by a double bond;
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said antioxidant being effective to inhibit oxidation.

8. A method for inhibiting oxidation of a polymer formed by the side ring
opening of compounds containing one or more arycyclobutene moieties by adding to the
compound, a partially polymerized prepolymer of said compound or a polymer of the
compound, an amount of an antioxidant sufficent to inhibit oxidation of said polymer, said
antioxidant being selected from the group consisting of: !
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wherein :
R is hydrogen, an electron withdrawing or electron donating group; and oligomers
thereof; or
5) hindered amines of the formula:
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R
wherein
R is hydrogen, an electron withdrawing group or an electron donating group;

" each R! is independently, hydrogen, an electron withdrawing group or an electron
ddnating group, with the proviso that two R! attached to the same carbon may represent a
single moiety joined to said carbon by a double bond;
each R? is independently, methyl, ethyl, n-propyl or isopropyl.

9. An article containing a component which is a polymer formed by side ring
opening of an arylcyclobutene moiety and an antjoxidant in an amount sufficient to inhibit
oxidation of the polymer, said antioxidant being selected from the group consisting of:
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wherein
R is hydrogen, an electron withdrawing or electron donating group; and oligomers
thereof; or
"~ " 5) hindered amines of the formula:
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R is hydrogen, an electron withdrawing group or an electron donating group:

each R! is independently, hydrogen, an electron withdrawing group or an electron
donating group, with the proviso that two R! attached to the same carbon may represent a
single moiety joined to said carbon by a double bond;

each R is independently, methyl, ethyl, n-propyl or isopropyl.
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