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(1969), 7(7), 519-523 Cuipaily) pRVIMIOR EsiNG 9’??9‘?‘?528! F‘Bﬁ”?i? which are' employed as

thin film dielectrics in the electronics industry. However, polyimide resins may absorb water
and hydrolyze which can lead to circuit corrosion. Metal ions may migrate into the dielectric
poiyimide layer requiring a barrier layer between the metal lines and polyimide dielectric.

30 Polyimides may exhibit poor planarization and gap fill properties. Non-fluorinated polyimides
may exhibit undesirably high dielectric constants.

Kumar and Neenan, in Macromolecules, 1995, 28, pp 124-130, disclose
numerous polyphenylenes made from biscyclopentadienones and bisacetylenes. They teach
that the polyphenylenes have potential as photodefineable organic dielectrics. Wrasidlo and

35  Aug), in J. Polym. Sci,, Part B (1969), 7(7), 519-523, disclose the copolymerization of |
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- 2- An uncured polymer, as used herein, is defined as a reaction product of monomers of the

30 invention which no longer gap fills but which contains significant unreacted
cyclopentadienone or acetylene functionality. A cured polymer, as used herein, is defined as
a reaction product of monomers of the invention which contains no significant unreacted
cyclopentadienone or acetylene functionality. Significant unreacted cyclopentadienone or
acetylene functionality requires that said moieties be reactive to further advance the

35 polymerization.



A feature of the invention is that it conprises the reaction product of one
or nore pol yfunctional conpounds containing two or nore cycl opent adi enone
groups and at | east one pol yfunctional conpound containing two or nore
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Preferably, the oligomers and polymers and corresponding starting monomers
of the present invention are:
30 I Oligomers and polymers of the general formula:
[A], [B], [EG],
wherein A has the structure:
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and B has the structure:

groups having one or nore of the structures: EG=
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R® A
Ar
Rl
1
and B has the structure:
i
- R .
R1
~N
RZ
!

wherein EG are end groups having one or more of the structures:
EG=

2 e
Ré—==—ar’—

wherein R' and R’ are independently H or an unsubstituted or inertly-substituted aromatic
moiety and Ar', Ar’ and Ar’ are independently an unsubstituted aromatic moiety or inertly-
-4-
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[err]



wherein R err] and Rl err] are independently H or an unsubstituted or

I nertly-substituted aromatic noiety and Ar', Ar[err] and Ar[err] are
i ndependent|ly an unsubstituted aromatic noiety or inertly-
- 4- wo osin11 40 98/ 11149 PCT/US97/15142 .

PCT/ US97/ 151 4gnstituted ardhiafid r'nB;Elgqq isPd O Ay ﬁn%ﬁ Fn\(egipM)f' thred opﬂgg pilife Y s an

i nteger of three or nore, unreact ed acetyl ene
groups in t hdugieeeef Uﬁ@“'&ﬂ?‘e‘eM?nelQEOQPﬁé" e given manunitheis soerdses then the number of
reacted acet yhaiRl AeGIeRs giodps RV mdRit 4 barBS. & B ¥asker Forh 81 eger
fromO to 1000; w e |gs gn |nétggeger fro'm 0t 6+r33§1 1000 and %;elrio a§1 (?mdggmer of
two or nore. 'S3'5'"*398"")'"0*010003%&ﬁ@|'migmf%voaaﬁmomal ymers can be prepared

by reacti Isg a bls&mﬂvwﬁwmcﬁ%ﬁr&iﬁd rB&Bhyh€Ne containing
t hree or Igaﬁ noi eti es and, optional I y, a pol yfunctional
conpound c 0 nt éﬁc)‘ﬁ ?% “%ﬂeo%?'PE‘a%&?é’teW@H EoniRiniag theae orgipsp,acetylene moigtisact i on

may be repr esedtaptoisly, a miyhmostnaionRbukdsBRRIHGSWE hronfific éwgdeaﬁmetles. Sudhd) a

bi scycl opent of the fornul a: . rr] 10 b) a
pol yf uncti ongﬁ%%%gﬁﬁ]%%% r%?fesfﬁtgg*g%&'ﬁﬁ?aé’."ml ‘?‘é’f’ﬁ"""ds of the P}m A%, optionally,
a di acetyl ene(abfamé.wclcbpmtadieaoneQfeferﬂ]»rmhlh: wherein R err], Rerr] Arferr],
Arferr], Arf[err] nd y. ar(-ﬁ.as pr(gvi ously defined. The
\ Vi | udes phenyl, polyaromatic and fused

tituted neans the substituent groups are
k{)pent adi enone and acetyl ene

readily react under the conditions
of use 02 t he curedgpol ymer igimcroelectronic devices with environnental 2

speci 2 such as water. Such substituent groups include, for exanple, F,
CI, Br, -CF[ él?)rﬁipolyqupm*ﬂt}etyleneofthemﬁ[uar] -O-Ph and al kyl of fromone to
ei ght car bon atons, cygleal kyl of fromthree to eight car bon at ons.
For exanple, the noi et %‘E‘H can be unsubstituted or inertly-substituted

aronmatic noieties include:
(c) and, optionally, a diacetylene of the formula:

aromati c noieti es.
essentially ing » Ar 4
pol yneri zati on reacylons and ¥

=

Ri=Art-= R?

15 wherein R', R® Ar', A%, Ar and y are as previously defined.

The definition of aromatic moiety includes phenyl, polyaromatic and fused
aromatic moieties. Inertly-substituted means the substituent groups are essentially inert to
the cyclopentadienone and acetylene polymerization reactions and do not readily react under
the conditions of use of the cured polymer in microelectronic devices with environmental

20  species such as water. Such substituent groups include, for example, F, Cl, Br, -CF,, -OCH,,
-OCF,, -O-Ph and alkyl of from one to eight carbon atoms, cycloalkyl of from three to eight

carbon atoms. For example, the moieties which can be unsubstituted or inertly-substituted
aromatic moisties include:

o O
JCCNCCEERCE

25
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wherein Z can be: -O-, -S-, alkkylene, -CF,-, -CH,-, -O-CF -, perflucroalkyl, periluoroalkoxy,

’T’ ﬁ r|<3 0 CF3 CF;
—8j—— B — P /lk

[ .

R R &r,
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-0,

-S-,

al kyl ene,

per fl uor oal koxy,

-CHerr], -

11.

10

o

CH,

Ph

rr]
CH &errl, -GCH err
Pol yphenyl enef ol i gonrer s| and pol

wherein each R err]

-CFlerr]-,
[err]

i's i ndepend

-CHerr]-,
10

wherein each R’ is independently -H, -CH,, -CH,CH,,
~(CH,),CH, or Ph. Phis phenyl.

il

r

2
Ar-.

®' RS
1 Rl Ar
2
) R Arl) R

1
12 R

R Arl r! R’ Ar 1

1 1 R

1 R R

Polyphenylene oligomers and polymers of the general tormulas:

f or mul as:
CF3 ’

1)kgrrlCH err] or R gﬁﬁ’hy’ghg‘ﬁ’enw
ijs?s of the generEl3
Qor
Ph,

1 2
R 1 R -
1 R Ar—+t=——R
R
h!
2 A 3 R
r 1
R 1 R
R
- -X
1
Rz i
Ar
R
1 r!
/] ] R
2 R 0
X
2
iR
R 2 2
AYy~———p——mR
1
R
1
R
“X

wherein R', R?, Ar' and A¢® are as defined previously; and X is an integer from 1 to 1000.
Preferably, x is from 1 to 50 and more preferably from 1 to ten. Such oligomers and
polymers can be prepared by the reaction of a biscyclopentadienone and a diacetylene of the

0 0
R? R
R! Rl

general formulas:

-7-
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Lerr] [err [err]

WO 98/11149 PCT/US97/15142
wherein R', R?, Ar' and Ar are as previously dsfined.

. Polyphenylene oligomers and polymers represented by the formula:

wherein Ar* is an aromatic moiety or an inertly-substituted aromatic moiety, R', R* and x are
5  as previously defined, as can be preparéd by the reaction of the cyclopentadienone
functionality and the acetylene functionality of a polyfunctional compound of the general

formula:
0
R R’
4
R r
A\
2
R
wherein R’, R® and Ar* are as defined previously.
10 iV Polyphenyiene oligomers and polymers represented by the formula:

EG\

AT ~EG

EG

wherein EG is represented by any one of the formulas:



WO 98/ 11149 PCT/ US97/ 15142 wherein
Rlerr], Rerr], Aferr] and Ar[err] are as previously defined. [,

Pol yphenyl ene ol i gomers and pol yners represented by the fornul a:
[err] rein Ar[err] is an aromatic noiety or

inertly- substltu%s’égqarorratlc noiety, Rerr], Rerr] and x g?gmssgnstlgé
previ ously defined, ag can be prepared by the reacti
cycl opent adi enone functionality and the acetyl eng¢ Runcii onalitly of a
pol yfuncti onal clgirrpo of

it he gener«l formul a:

wherein Rerr], R e d Ar[err] are\as defined prevyioug V.
Pol yphenyl ene oI | go and pokyners r presen@ed by {R&-TO r
Ar‘ Ar? “NEG

wherein R', R?, Ar* and x are as defined previously, as can be prepared by the reaction of the
cyclopentadiencne functionality and the acetylene functionality of a polyfunctional compound

R

of the general formula:

RL R

2N

wherein R’, R’,and Ar" are as dsfined previously.
A polyfunctional compound containing two or more aromatic cyclopentadienone moisties may
be made by the condensation of benzils with benzyl ketones using conventional methods.
Exemplary methods are disclosed in Kumar et al. Macromolecules, 1995, 28, 124-130;

10 OQOgliaruso et al., J. Org. Chem., 1965, 30, 3354; Ogliarusoc et al., J. Org. Chem., 1963, 28,
2725; and U.S. Patent 4,400,540.
A polyfunctional compound containing two or more aromatic acetylene moieties may be
made by conventionat methods. An aromatic compound may be halogenated and then
reacted with the appropriate substituted acetylene in the presence of an aryl ethynylation

15 catalyst to replace the halogen with the substituted acetylene compound.
Once the polyfunctional compound monomers are made, they are preferably purified. In
particular, in preparation for use as an organic polymer dielectric, metals and ionic species
are removed. For example, the polyfunctional compounds tontaining aromatic acetylene
groups may be contacted with a water wash, an aliphatic hydrocarbon solvent and then

20  dissolved in an aromatic solvent and filtered through a purified silica gel. This treatment can
remove residual ethynylation catalyst. Additional recrystallizations may also help in removal

of undesired impurities.



[err] wherein EGis represented by any one of the formulas:
- 8- WD 98/ 11149

PCT/ US97/ 15142 [err] wherein R err], Rerr], Ar[err] and X
are as defined previously, as can be prepared by the reaction of the

cycl opent adWaHBAM4? unctional ity and the a_ceta/l ene functi SREUSIHISYE o

pol yf unct i WA N Bigseahtp be bound é{ theery, itje Reliexed thatthe pelyphenylens oligomers and
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A Oy N Pdliere grBups wheh T1b rixturas bf £y iropantalionones nd Seehfensd in soion 2! enone
noi eti es n8§ group yciop

are heated. These oligomers may contain cyclopentadienone and/or acetylene end groups

S and/or pendant groups. Upon further heating of the solution or an article coated with the

solution, additional chain extension can occur through the Diels Alder reaction of the

remaining cyclopentadienone end groups with the remaining acetylene groups resulting in an

increase in molecular weight. Depending on the temperature used, reaction of the acetylene

groups with each other may also occur.

10 The oligomers and polymers are shown in the structures as having either
cyclopentadienone and/or acetylene end groups and/or pendant groups. In gensral, the end
groups will depend on the relative concentration of cyclopentadienone to Diels Alder reactive
acetylene functionality employed in the reaction, with a stoichiometric excess of
cyclopentadienone functionality giving more cyclopentadienone end groups and a

15 stoichiometric excess of Diels Alder reactive acetylene functionality giving a greater
proportion of acetylene end groups.

A feature of a preferred embodiment of the invention is the haiting of the
polymerization reaction prior to the reaction of all the cyclopentadienone moieties. The
cligomer may then be applied to a surface prior to advancing the polymerization to react the

20 balance of the cyclopentadienone moieties. In such an oligomerized state the oligomer may
planarize and gap fill when applied to a pattemned surface. Preferably, at least ten percent of
the cyclopentadienone moieties are unreacted. Most preferably, at least twenty percent of
the cyclopentadienone moieties are unreacted. One may determine the percentage of
unreacted cyclopentadienone moieties by spectral analysis. The cyclopentadienone moiety

25 s highly colored in the visible spectrum with a distinct red or purple color which fades as the
cyclopentadienone moieties react.

Planarize, as used herein, means that an isolated feature may be planarized
by seventy percent or more, preferably by eighty percent or more and most preferably by
ninety percent or more. The percentage or degree of planarization is calculated from the

30 equation:

Percent Planarization = (1-t/t ) x 100
when a layer of oligomer is coated over an isolated square line, one micrometer wide and
one micrometer high at an average thickness of two microns and t, is the height of the
oligomer or polymer over the feature above the average height of the oligomer or polymer

35 andt_is the height of the feature (one micrometer). Use of this definition is illustrated, for
example, in Proceedings of IEEE, Vol, 80, No. 12, Decembaer, 1992, at page 1948.
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be made by the condensation of benzils w th benzyl ketones using
conventional nethods. Exenpl ary net hods are disclosed in Kumar et al
Macr onol ecul es, 1995, 28, 124-130; 10 Qgliaruso et al., J. Og, Chem
1965, 30, 3354; liaruso et al., J. Og. Chem, 1963, 28 5973335 and

W

U S. Patent 4, 51 n d Wo or
nore aromatic acet yl exvé‘"?m?t@ﬁ gg"%ﬂ‘“’ %eo(?y %e pﬁﬁeﬂ%ﬂ%@%@&lﬁé nmet hods.
An aronmatic pnl;mpmlcamibﬂmprdsenthdagmgaﬁnaswlwad t hen reacted w t h the
appropriate substituted acetylene in the presence of an aryl ethynylation
15 catal yst to repl actthe aalogequn phe substituted acetyl ene
conpound. Onc pound nononers are nade, they are
preferably purifi & parti gul ar y -ﬁbnaﬁéLhaa_ggi;usg as an
organi ¢ polyner dielectri 1 C speci es are renoved. For
exanpl e, the polyfunctig al conpounds cont\a ni ng aromatic acetyl ene

groups nmay be contacted™w th a water wash,” an aliphatic hydrocarbon sol vent

and then 2 0 dissolved in an aromatic solvent and filtered through a
purified silica gel. This treatnment can remove residual ethynylation
catal yst. Additional recrystallizations nmay al sgq help in renoval of
undesired inpurities. -9-
WD 98/ 11149

PCT/ US97/ 15142 Wil e not intended to be bound by theory, it is
bel i eved that the pol yphenyl ene oligoners and pol ymers arge forned

wth
acet yl enes
ent adi enone

through the Diels Al der rgaction of gffhe cycl opent adi enane group
t he acetyl ene groups mhenwthe m xt urjes of cycl opent adijfenones an
in solution are heat These |ol i goners nay contfai n cychp

and/ or acetyl ene end group and/ or glendant R§oupy, UporH her
heating of the solution orf an ar Oated wth th sol ution
addi ti onal chain extensior can oc uﬁcﬂhrough the Di g der repction of
t he remai ni ng cycl ogent agt-en groups w B emai hi ng
acetyl ene groups resulting in an in ase-Tn nollecul™ar we| ght.
Dependi ng on the tenperature used, rigaction Bf the aceflyl ene gr oups
wi th each other may also qccur. 10 e oligongrs and

pol ymers are shown in the structures as having either
cycl opent adi enone and/ or acetyl ene end groups|af@/or pendant groups. In
general, the end groups w Il depend on ghe relative concentration of
cycl opent adi enone to Diels Alder reactive acetyl ene functionality
enpl oyed in the reaction, with a stoichionetric excess of

cycl opent adi enone functional ity giving nore cycl opent adi enong end groups
and a 15 stoichionetric ex¢gess of Djels Al der reactive acetyl ene

functionality giving a great&r Rproportion of Racetyl enelend groups.
A feature of a preferred enbpdh ing of the
pol yneri zation reaction prio \‘ e cycliopent adi enone
noi eti es. The ol i goner i prior to

advanci ng the pol yneri zation

cycl opent adi enone noi eti es. ol i goner may

wherein R', R®, Ar', A and x are as defined previously.

5 Furthermore, while not specifically indicated in the structures, some of the
carbonyl-bridged species may be present in the oligomers prepared, depending on the
specific monomer and reaction conditions used. Upon further heating, the carbonyi bridging
species will be essentially fully converted to the aromatic ring system. When more than one

acetylene-containing monomer is used, the cligomers and polymers formed are random,
-11-



pl anari ze and gap fill when applied to a patterned surface. Preferably, at

| east ten percent of t he cycl opent adi enone noi eties are unreacted.
Most preferably, at |east twenty percent of t he cycl opent adi enone
noi eties are unreacted. One nmay determ ne the percentage of unr eact ed

cycl opent adi We»881IMdi et i es by spectral analysis. The cycl BFBMEHUESEAoNne
noi ety 2 5 whilsghtstpigiugeseas|dpaveomaysuggestplosksare fosped t TherRiels Aldlepredétioni nct r ed

or purple cgipsenthib eﬁaJpaﬂsaeﬁb%efah&acetyrene fsa(&.bm& a@ak@me&:mé.mefar eact .

Pl anari ze, as used herein, neans that” an 1solated feature may b narized
by seventy w?dgmeta;@m"@mmfeﬁehwa}edwge. ghty percent or nore and nost

preferably by ?mbu o@amegaberﬁ whrearcsn diddtRe IR NS 0Me ARBSHRREOT
pl anarization is calculated fromt 3 equat i on:

Per cent Pl af8r9eA0d e be heated {ojthe %RW?B"aS? pﬂy@nnzanon teffperatge PERAEAL of ol i goner
I s coated OmmbossHerit, %Qbﬁhﬁﬁbh%ﬂ@ﬁsﬁpéfaﬂ&:spmﬁ pPasEiire &ﬁil@be Udede sﬁadpues of oOne

m cronet er hi at an ave e .t hi ckne and r s the

hei ght of t?'f'é‘gg‘e solvenfs 'P‘d'é‘f?e’ﬁe%ly'e'b%lp%‘i?e g\?&*’% & J.'Pé!"a 89 f%’g)aver age

hei ght of tinethglibegzaty, ethyl henzoats; butgl tienacute, icfa@dpehtahene! b}fk!ohéﬁ@rbﬁe,Of t he
ustrate

e g Rk D boocdind crbAh S nd Sk b G e,
1948. 10 as dibenzylethers, diglyme, trigiyme, diethylene glycol ethyi ether, diethyldhe glycol methyl
Whi Lo not  E2erIRISRyena gueplmeln etner, etonyln gyeoldmey| sther prppiond a4
pol yrmer carphseylrethsr.csenyienel glyeal aettiyl qlhqstrlf!@byimwcd methyl ether, toluene, [err]
mesitylene, xylene, benzene, dipropylene glycol monomethyl ether acetate, dichlorobenzene,
propylene carbonate, naphthalene, diphenyl sther, butyrolactone, dimethylacetamide,
15 dimethyiformamide and mixtures thereof. The preferred solvents are mesitylene, N-
methylpyrrolidinone (NMP), gamma-butyrolactone, diphenylether and mixtures thereof.
Alternatively, the monomers can be reacted in one or more solvents at
elevated temperature and the resuiting solution of oligomers can be cooled and formulated
with one or more additional solvents to aid in processing, for example. In another approach,
20 the monomers can be reacted in one or more solvents at elevated temperature to form
oligomers which can then be isolated by precipitation into a non-solvent or by some other
means of solvent removal to give essentially soivent-free oligomers. These isolated
oligomers can then be redissolved in one or more different solvents and the resultant
solutions can be used for processing.
25 The conditions under which the polymerization reaction is most
advantageously conducted are dependent on a variety of factors, including the specific
reactants and solvent. In general, the reaction is conducted under a non-oxidizing
atmosphere such as a blanket of nitrogen or other inert gases. The reaction can be
conducted neat (without solvent or other diluents). However, in order to ensure
30 homogeneous reaction mixtures and to moderate exothermic reactions at such temperatures,
it is often desirable to use inert organic soivents, such as those mentioned previously, for the
reactants.
The time and temperature most advantageously employed will vary depending
on the specific monomers employed, particularly their reactivity, the specific oligomer or
35 polymer desired, and the solvent. In general, the reaction to form the oligomers is conducted
at a temperature of from 150°C to 250°C and for a time of from 60 minutes to 48 hours. At
-12-



[err] wherein Rerr], Rerr], Ar', Arferr] and
X are as defined previously. 5 Furt hernore, while not
specifically indicated in the structures, some of the car bonyl - bri dged
speci es may be resent in the oligoners prepared, dependi ng, ‘#?USP

specific non reaction ond sed...Upon, fu th

carbonyl bri g‘{ﬁ ‘ﬁ%ﬁ“’ °"g%'B%'8 F@g |a‘eg§roggt§gmﬁcg%pr§yx¥1[ﬁ r)"s ?u / |""[ 9?%.},9 he
aromat i ¢ ri nof ssgwsfacen Addftienalchaie exthaeionofadvancement)ehay Eeonduntedsit aitergpanatureer

'92 / lﬁigg t heoﬂl&ng%a‘a’éﬁo ngc.pporlefxgsfﬁro];noédaeg t*450°¢ ZRFRPL time of from 1 minuteto V'O

PCT/ US97/ 151452h0urs morehiefarakithirons t mimteitockhaas Alv ahauradsy cerad gelgnershaydies ar e
formed. The (Bl d% a 4FREd M)&stl g from QE&W “\Aﬁnhaeﬂﬁ:}{ Q g%ﬁu@? ﬁ%ﬁ&ggﬁmﬁ“d

acetyl ene functlona Ity can take ﬁ ace rmeit
met a- at t acheimanagee sulkcignty iynaysditibe useful in a damascene process.

The concentrations at which the monomers are most advantageously
employed in the organic liquid reaction medium are dependent on a variety of factors
including the specific monomers and organic liquid employed and the oligomer and polymer

10 being prepared. In general, the monomers are employed in a cyclopentadienone to
acetylene stoichiometric ratio of from 1:1 to 1:3, preferably at a 1:1 to 1:2 ratio.

The oligomer or polymer can be directly cast as a film, applied as a coating or
poured into a hon-solvent to precipitate the oligomer or polymer. Water, methanol, ethanol
and other similar polar liquids are typical non-solvents which can be used to precipitate the

15 oligomer. Solid oligomer or polymer may be dissolved and processed from a suitable
solvent. |f the oligomer or polymer is obtained in solid form, it may be further processed
using conventional compression molding techniques or melt spinning, casting or extrusion
techniques provided the solid precursor has a sufficiently low glass transition temperature.

More commonly, the oligomer or polymer is processed directly from the

20  organic liquid reaction solution and the advantages of the present invention are more fully
realized in that instance. Since the oligomer or polymer is scluble in the organic liquid
reaction medium, the organic solution of the oligomer can be cast or applied and the solvent
svaporated. Molecular weight increases (chain extension or advancement), and in some
examples, crosslinking, to form the fina) polymer, occurs upon subseguent exposure to a

25  sufficiently high temperature.

The polymer of this invention may be used as one or more of the insulating or
dielectric layers in single or muitiple layer electrical interconnection architectures for
integrated circuits, multichip modules, or flat panei displays. The polymer of the invention
may be used as the sole dielectric in these applications or in conjunction with other organic

30 polymers or inorganic dielectrics, such as silicon dioxide, silicon nitride, or silicon oxynitride.

For example, coatings of oligomers and polymers of the invention, such as an
electrically insulating coating used to fabricate interconnect structures on an electronic wafer,
are easily prepared by spin-casting a film of, or otherwise coating a substrate with, the
organic liquid solution of the oligomer or polymer and then evaporating the solvent and

35 exposing the oligomer or polymer to temperatures sufficient to advance the oligomer or

-13-



Any inert organic solvent which can dissolve the nononers to the
appropriate 5 degree and can be heated to the appropriate polynerization
tenperature either at at nospheri c, subatnospheric or superatnospheric
pressure coul d be used. Exanples of sui tabl e sol vents |nclude

mesi tyl ene, WQP¥#di4®e, triethyl ami ne, N-nethyl pyrrolidi norRETUPTISI42

met hyl be nE?M{‘%! to B‘QH%'“%‘&H‘%&P‘SM ?ﬂf‘r'? theyposs Bretesred @Wﬁﬁ?eﬁtaaﬂeﬁﬂ“ked

cycl ohexangdgigmer with hlglf@(é‘sb@’éﬁéﬁoﬁﬁé)ﬂfbratﬁﬁéd Ooct anone,

cyclohexylpyrrolrdr ne and hers or I 0X rs s
di benzyl et hers, di gl ﬁi?my'L"F'l's@? é/‘ﬁ@'esﬁﬁ“é'i"ﬁ ¥ X@%’Eﬂ"yéf%ﬁ)@sét%?ﬁemc
di et hyl eneccgismnhsumtnb)‘datenal in the@ktBRbnnedi AU ¢? an u@eigm@d ciftoit,Buch &4 her

o o oF % <" odh Rk T k5 i SRR 6 ST St v BBRR e e

mesi t yl enemultiple ¢ayers djmmumdudmprsewktemby ohe/arohoremBaiating mydterishaheacet at e,

di chl b : bonat th t her,
0 O 0BG 5h6 o f  FRAE o S R03 R sl AR L
t her eof . Teandpetorsdén theaamelayemm/mbetwme iconduetoeievels of the interconnect structure.

t hyl t
her sof | e POWRAAE of i bleoeioH Uik i B bty oM ABIY i 06 R, L0
one orlGor such@s\BiPtor SiN,, in a compes'wmemnneshﬁe:pmm rFeor gxacnpleh theraligemers agd
sol ution Oﬁolﬂf\érggméﬁwgﬁtﬂa%g%g%g&fim%%r&gfsmr %ﬁﬂ%'ntegrated’\éutcnit gr more

addi ti onal vents to al rocessi I'n" anot her approach,
20 the nBHMHScaﬁteb@ $@a&9§éérsr ﬂatemré@r" 670 ped Heyagkiret al.. 1996:Bvmposivm

t enper at ur gy ¥@ e @'r - ikpo et pgﬁélaé hﬁ{b dgorh&v8 bad FslyrRdrs of

reci pitatjon |nfo a non solve nmeans of sol vent
D P 2L gy i haupehnded oo B SE St Bofdisciosera b medra oo

ol i gone3 s disglodelen be redi ssolved in one or nore different solvents and the

resul t ant sol utiops _can be d for _processing. 25

e condi ti ons unger AR obFes Seipt 3t pHanS ol Helisnfeh may g used as
advant ageodslegtric bl altaye taugbt miegeesedan similar oceasdsdo jabodatd arcinbomted arcliudi ng
the specif 'ﬁlaéﬁ RNeH: r, ' S
conduct ed b:‘fi grc °'3"'Fﬁi) - OX g\%e;sl,uﬁ&gté@n\’a‘ﬁm;; "d"g'ﬁgr e sdﬂalc? ﬁ'éggﬁg rrgﬁrgé{}(n%?l

ni trogen o?tﬂ@!trﬁ%rmrrtar@ﬂs pajfagrsé mercﬂ ngssgparpied, aﬂmsmma"y. by layeyis @ tagiogs me at

(Wi thosls Stie\cBMpodition®s tHelinvhtigaent s) . However, in order to ensure 3 0
honogeneous reactronr m xtures and to m)derate exotherm ¢ reactions at such

t enper at ur es, he pplymges;of the graspatpyentianpre algo pseiyl {o Rianaszg mategiigent s,
such as t hash mm&aromdrs m&aym @uaicyndufcmrs tb Bffow the produaiaﬁ bﬁsﬁoéﬂer (hrgher

vant a Varl%’rperu

The tine a e endi ng
on t he speRinelnE SRR CacliRy 8 SR SRR lo-Rlra e o el BpmEE b
specific oamgedmom(soluﬁorﬁsuch poObYSPBY Contieg qrsdrayanamgheﬂwbqesrto levlehargener al,

the r e ti RJG sg 813 sklﬁat]%ék §(rakeS ﬁg%ﬁ’\%?\s%}are sllg et B} SuBHTRFdrafcL € of

froml [err err testo4 ours.
as Jenekhe S.A., Polymer Processmg fo Thm Films for Microelectronig Applrcatrons in

V\D 98/ 111490!ymers for High Technology, Bowden et al. ed., American Chemical Society 1987, pp. 261-
PCT/ US97/ 15142 this poi'nt the oli goners may be isolated fromthe

reaction nf®ure or used as is in the coati ng of a surface.
Addi ti onal chain extigheitablicitdd CmicRigRdEirdnid@elices, reler\dryccﬁuedefa&t-rﬁetmaaerat ure

of fro 100 err to 475 refe from 200 C to 450[.err] C and
Tor & &l Fpino 4y RiaBLprpigrably wom 8 12 plefo e e ahes Gt drPreierie

m nut e to ashmacra of Asuusrtraierfmbxarnple silienh, gidogrentaining nimenal'é silicos didxitler coati ng
a surface DyGaSdoRd, QM Aokl Mum Wb, SR, BuRE) HBSalRaiiae2r 1111

Coatings are conveniently prepared from solutions of an oligomer having a molecular weight,

for example, of 3000 M_ or less and 5200 M, or less, in a variety of organic sclvents such as
35 xylene, mesitylene, NMP, gamma-butyrolactone and n-butyl acetate. The dissolved oligomer
or polymer can be cast onto a substrate by common spin and spray coating techniques. The
-14-



or planarize sufficiently, it may still be useful in a damascene process.
The concentrations at which the nononers are nost advantageously

enpl oyed in the organic |iquid reaction nedium are dependent on a varlety
of factors | ncludlng t he speC|f|c nononers and organléb{

PonLee oo ikapLa euRpel LR &%&mmsi}%v%weﬁtsaﬁ%meéwgee”‘”a' e

st oi chi onmetr Mteughahnd)thoé triarmnasﬂybf the sdluthn gsvedi @s aplarying tha spinbpéesl. 1: 2 rati o.
The ol i gonmer or pol ' ,

coati nggor P oﬁ?gf e% ay%gér\ag’%we&ap%bm%ﬂrng@g lnbgﬂt‘ogﬂ{ékggg?ﬁggrgfg‘reror
pol ynmer. Wat &y wprceatmnsﬂray rmatmn extrusion coatmgdormndueprearanm kyrspinaioating. iFqualds ar e
typi.cal ngn

Sol 1 d ol 1 Gomaroesy e Spiahiithy sl he 6B a il Bl & cltipeoe coROIBR TR
solvent. If meezjlto tg!metam ammtv i pasticutar. P may sbsoriwater fmm the watey be
further procGsseh e amb.emsa.rnsvmws%eewmwwc%mrgo%ﬁf 78 SlocttleboRfioh s Bioftt oS

or nmelt spinning, casting or extrusion es provi ed the solid
precursor hagirandegst ﬂ‘élf@hml%ﬂw bumigityervironragndi Whem usiegNMP as thesolvent,

More commonl yretdrhly, dd a@mrhmdmé aambnéasat w%ﬁm ;sélréeﬁféddxné feRBbialife B O

organlc |IQUId reaction solution_and the a vantages of present

i nvent i oh%ar SoRoMed at 27| G or greater. r@&l@i'@'& may herpuediaftar %B‘@"°“§‘W@é‘”‘f’h@e or

ol i gomer or Wﬁfﬁblate% &p&\kshl a'd&nfbhﬁﬂ&f&?d’é‘sétdolsqu'd reaction medi um
the organic solution of the ol |8orrer can be cast. or lrg’pl | ed and the sol vent

evaporated. Ml ecul ar ‘W@Pﬂ‘mp"f"i‘? Tefsa SYRD 88 thpsp fased R Rlans EhemisioymaYdsnent ) |

and in E one applaed toemaamis&&e pE6Ias tHel aﬁplldfa]gon ofand ;lmyaiﬁérliyﬁnélongﬂmq@e} pokpiar OCCUr S
upon subsequent ufficiently high tenperature.

The pol yner 3& ‘Hﬁ'r ﬁ?/‘gﬂ %Vﬁloﬁjﬁegls%‘g' “Used as one or nore of the insulati ng

or lBi el ectric I alsr!erohgdmersan@qb/mnrs ohihd prpseant inmgndion edndaxt usied il either a

i nt erconnect i J .

modal oo, or  { e, naf!ay & airactye meja BSRI EHlril of bliGmofTU hbGiklel
used as the sl 'ﬂﬁfeqf@e@trstf@cwfﬁ ngeseaﬁrprfabciaqtlnanemmcenw"t,egnpqmea ?rGr'anwf!

ot her organi ﬁ\tﬁegnpgéé’ﬁpéx%n%eUBoPﬂ%éGa@é Qézﬁé‘f{drs 6g8,276uch as silicon
dioxide, silicon nitride, or silicon ox For

n
exanpl e, coatings of (ﬂ‘#‘@f&!’?@r"é‘hﬁﬁ&tﬁi@f ‘S’?%ﬁé‘i’%d%‘le With &ypical fepftive jon eltich as an

el ectricably ptoﬁéddrﬁdsﬁ@ oRyfeh| drgon) snmlgéro hblR#T, carBbiedibXide; FIGNAB eeritaus‘hg uct ur es
on an el ectronic

S r epar ed spin-castin
of . “or "ot her GPbEeuBEe, B fixures.ofeF aF83{pprarBed REnG & pRoo B 5iRe( ol ok an ™
sol ution of eiwexyabvaaeyera ghotgresist irecondivgtidrineith anviagroarad Thagintabld sscﬂamo,.and 3
5 exposi nggf ,@eo%étglorrer or polymer to tenperatures sufficient to advance

be

the ol i goner - 13-
VO 98/ 11149 The oligomers and polymers may be used in conjunction with Al, Al alloys, Cu,
PCT/ US97£4.51¢4 alloys gold) Siver®Y, dn O{Hegbcﬁﬁmémln@@Fﬂoﬁ&u&ﬁ'nﬁ@dals@ﬂ?’cddﬂuéth@ lifgast

preferred exa to a crosslinked pol ymer with |g.pn gl ass
transition t@%@i‘%ﬁ@ feResited by physmal vapor deposition, o3 YRRALEPROSHION (YAPGEROBa Nt

i nvention ar enea&fptatiﬁgl Iecetirmess&ﬁbwmoasarw dtmmdégmlnenmetrﬁds AdditiorPimetablByers
i nsul atlng nect structure of rated circuit,

t t
such as 9 Tt béie mptel SRpuribrigenth & AMEBHT. LRV, HIYHARA BRI CooRl ol
I nt egr at ed C aNoystidr theiynitdbes ympayctsd dsed Iafilkkholes, enhanael rhatgllfitt, dnbyree adbdsiomet al

conduct 05§ SSPJ@iQ@E%eriQX opﬂgdi@rmém rr&eicw'l ating materials. The

Depending on the fabrication architecture, either matal or the dielectric
material of this invention may be removed or planarized using chemical-mechanical polishing
technigues.

Multichip modules on active or passive substrates such as silicon, silicate

35 glass, silicon carbide, aluminum, aluminum nitride, or FR-4, may be constructed with the
polyphenylene polymer of this invention as a dielectric material.
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pol ynmer material of this invention can be used as insulation between

di screte netal conductors in the sane | ayer, and/or between conductor
| evel s of the interconnect structure. The pol yners of the present

i nvention can al so be used in conbination with other materials, 10 such
as SiJerr] WOSBIN r|N,, in a conposite interconnect strREFUPIISIfLr

exanpl e, the ol i goneFlat pangl displays op @ktiverer saasiveShh;tratns'emmgrsmmsib@tmsed in

t he process I aifFAK I8 A d

pat cnt . 5ot otouleRf olide Mrhiih hufihi Yo ArC R Ty b congetkBlvinthe S
on VLS Temwwnapgug@r@fthwwmpcmsaldtgbetﬂgmamaes 89. The oligoners and
pol yners of thend aig%ﬁkis%d Wm% oﬂh@wstemmnwmémn% ggecpssher .

resin disclosed in the process di scl osed
ol i gomer>, (RTBIGFIVE cpRingsan '"&9’9;5‘?51 ?’WF chigs forrotectipn Againg! alphg Pafticiels ed as a

dielectric $éimwsauabmsencbm Blsdebfie HRf eRbrs Wheh hipha PAriiedSsrfified fiomt abri cat e
an i ntegrate , ci I’CUI article conp risi ng an active substrate

cont ai ni ng "Brigadive fr B‘fes"%ﬁ‘(i‘"&ﬁtsé'l‘ g‘@tpPF’E?SWQ CHPETIISATHY Materials strikg the Active, o

cont ai ni ng mearmdtagﬁwl cirbdit A b&@)ﬂﬁrﬁﬁ& aﬂh a plotdcB@SEoaliy 6fitkd potymdd )t thay er s
or regions of osition o

The pol ymer'%m?ﬁ"t ’PH@"B'F eB@fﬁ.a b AO K¥RGTY %{PB“ ‘3?'%8‘"3@ b? [eunted @ & fulisiratg and

mat eri a@lts held in ptace Wita an apgropiate athbsives Alcaating of tsepolynan dtibe presedtinvehtionw t he
producti on I hi,gher N t cireuit T cheethe
desired pl %é‘fk? y,n a?@é’ﬁ[‘?‘ﬁg“&?""f’ ?‘gy%ﬁorstg%é%tw%?u 38? 0{1%? Ch'g Bpt'ona' yappl I ed
from sol ut i asiditional Inrcae;:tIUy'ssvmvmedbabmagsujanwpdayf lmaxanrr;ge epoxyfdr a\silismeas to

e Y Zaed by SRE Gy biie BHEbA iiefllon ik SHHNS UEAY & a 1A ot MO0

are illustrated by su erence
Processi ng digleriic matgriathin qirswt baagdssipdnted witng bagigs. i hetdirgidoard made up dbol yer s

for High Tetﬁbgama.yof tHRPAELRA iRvenBidn h@,dmounM%I.@@maGB@mt&ﬁé fordtioBd Yed®@r. PP

261- fabrication of nicroelectronic

devi ces, r FOREYGINCCYits; Fheeifcui pogrd é\é‘yf'\"l“ﬁﬁv in agglition (0. fha PAyMEr 9fthgRTesedt t o 20,

pref erabl y ihvention) varidue ranfaacsmmtse&h a&w&}en easﬁconamn@m:wke BOGH dsafihse Bloth. a
surface of C§Ub t‘trbat% for exanm d n con i ning materials,
silicon di ox{eg&ireutboa Sé’fﬂm"ﬁﬁ'g"c%dﬁ e?sw |a|s| 8'6%3?{ ?rd'éu W0 num ni tri de,

al um num quart z, andhgpdlymersrotthe preserd invention ma@@sblbagasefalnmremcmml ently
repareg fr for
gx aﬁpl ?b %ég&élé/['%w&f'h Qt‘as 22%'%%%%6%%}@{&&(1]% gg@ﬁelrﬁﬁﬁfg%r | ety of
organi ¢ sol aigGads mwsage'sfomng fion areat. ﬁ@yﬁ%ewaé'ﬂ%'e‘wwng waterials faluge ol act one
and n-butyl flb'éF?E@é Bartiduy Bbsr sy %I@Momrnon-woven)(graﬁm& %ﬁfcuiﬁ%’brﬁﬁhﬂ@ ast

onto a substra common spin and sp coat i ng t echni ques
-14- mat (woven or NORMOYRD): Feylag™; NomexT and glass Spheres. The composites can be

PCT/ US97/ 15chédb from prefdrib, me@anaé intrighofiRAér dngorﬂayartaeeﬂmérrstﬂrlnmhudgy varyi ng
t he percent ty of

the Sol4a | oiate (el i3 Befy iaiog e ang mofneh piefomer & Saded inthasiT Y O

pol yphenyl epmymﬂnzg)orrer or polymer in this invention may be applied either
shin Coat  ng. For af L& kpdbitirk 3 el nithuof inalTBl Bl AR, 2V
coati ng prioeans@sonet-etching, plasmacatiehing, r@ahvmqrhetchmg (RIE)y drg-giehing: a3 phetafpsent ur e
and hum di te‘buadon s%i'%&é filkefed bp]lwg,/mys PE Et}%n%sfcaflérgnﬂaﬁ RERBI8E (1989)

vapor in the anbient air. I"ssol ve one should protect the
solutic fr W?fﬂ7s Patterning maﬁP? agaeaplisher by multitevel iechpiaues ipWhiRD fRedattgm is

envi r onment jtnofpdihicey dilinddVF a3Ssist Ry eS@IatR1bh the polymeric dielectric layer and then
etched into the bottom layer. A particularly useful technique involves masking the portions of
oligomer or polymer not to be removed, removing the unmasked portions ot oligomer or
polymer, then curing the remaining oligomer or polymer, for example, thermally.
35 In addition, the oligomer of the present invention may also be employed to
make shaped articles, films, fibers, and foams. In general, techniques well-known in the art
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preferably, the relative humidity is controlled at less than thirty percent
and the tenperature is 10 controlled at 27[err]C or greater. The coating

may be cured after application either with one or nore hot plates, an
oven, or a co Qg{ tlon of bt heze t ool s. ,ﬁggbgﬁglg{ll i

t ose based on. s ed to
the subst r at @ G069 °‘E98”%9F'f'e°'88'5ﬁ“F'8é‘[°f“osr?p G PRELS SPry PE eenaraign AEReh

pol ymer prodmﬂtsjt ion, or added directly to the soI ution. 15

The oligomers and poly rﬂ’%b{’r ac?’r @éﬁe@&leh?&@ Hﬁﬁgegﬁﬁgﬁ%g?(ﬁ@egi ther a

"damascene" netal inlay o
fabri cati on suchiaafitays,pigments, carborcblackuq:qndumwemtahmmeSs@mva;md lupricating ses

o e o R S g R P A o aos 4k Bty <o

Pat t er ni ng o‘hel gan eonveniently bﬁﬁ‘}deﬁéo therebigamerior PW% aplutioacpriol torepgringthen 2 0

procedures Ugiapgd Q?&Ml@eﬁ'ha lﬁ{uﬁf&%mpﬂé&dn@%ﬂamiﬂ? kﬂe%orﬁé%p?&yﬁé@éb%r aldouor i ne
cont ai ni ng ounds m xtures of these and ases, using a

ohot or esi ot CnAIRglers, may b apalied Ay any of thewsual JecARURSABOCIOSNOFolMG CIBPERT St i

conbi nati on %&Nn@@pﬂaﬁﬁé Qﬁﬁk'o@aﬂrﬁaémskcoa%lﬁ& rﬁ&ms’éugﬁhﬁd) to a number of
rr The ol i goners, and pol yners

Siferr]N e
b oL WHerSE guBRHESo  the BAVEAPYISne ol areRyor Pakmer S SPacH BISplsy oI A 1
silver, W aadtitvesedn seated toths mbit fO51H6ISlodssing intd 4 éﬂa@eoﬂ b@itleconductive |ines

Geponi  oh, “evapor at i dte BB i Aehfiit of BE Bresent BentpR Spn 6 anelBB B vpriogs  ang
ot her deposi subswataebihadsmbehodtimbihodsduchras, ablutiandpssition, liquidkphaté epitaay iscreamet al

conductors, @Aﬁ%ﬂg f?r?e:ts%%ﬁ%b% 5&8&@%1"’!%&:?@ gkﬁrﬁfxrmgﬁug@ﬁ&g&r%%m&%%t thle: r

alloys, or t nitrrdes hance net al
enhance Hdhewrajsh), Seay coptﬂm/pweac@&m,lmﬁsmacﬂepwwhfq:sm%snmmgeaqlmm y.

marer al ot T PRSEAHG Brdditel SR ufedd 1k RN Lo lold, ShpLER! ! ©
cheni cal - C‘H&‘ﬁ?@%‘f‘c'fﬂﬂg the V‘ﬂ'@ Explosion Bpraypg M@@gd and explosion bondmg, press

Mul ti chi p nosbromg with has pnasen@mmﬁawa &s&fé‘ﬁé‘:d'n&ﬁ aa.ssbte.bn ffedRiwithGObseqGérti cat e
35 gl ass, sili um num ntr+ or FR-4, may be

Go
const Fuet ed MeHa ok gsersor g st Bonding, Bet) bibding b jressiie, amtenkh as o
di el ectraa rmWeonmént vulcanization, extruding molten polymer, hot-gas welding, baking, coating, and 15-
WO 98/11149 .
PCT/ US97/ 151 Arétenng Mono- and multilayer films cap a&so Bg Heeﬂos'(ﬁdso oa@ EUDSHathF'n%e or

passi ve substangmuis-Bindgeit techniqueiat am air-witer oratieer interface gl ass, silicon carbide,
al um num al um num ni WHeﬂ% pl%g B o ﬂ%onm?)‘)r Pcﬁyn%?%ﬁﬁné %Eﬂ@n%wkom& specific

pol yphenyl ene pol yner of |s I nvention as a dielectric materi al
The ol i gomr@"ﬁﬁﬁ‘ﬁ%ll’?'ﬁ@%za&?n angothar @%ﬂis'ﬂgwmq‘%"ﬁﬁ)ﬂdf’%%%s%e used as

5 protggti Mﬁpl@)ﬁb@@r@%eﬁ@eﬂt a.s egém;e& t4chdrS, PakticHBiyRRe §;§HcmB bﬁgoafetr biQsblyReERi NSt

al pha particl es. duct or . devi ces, are Susc soft errors
oo ol ahe. PR dapasiteg, i PP conting. e SoRTDR BURHDLNE THEADeE, ATORR ARTHES | |

t he packagi r@ptwanoﬁh&mmmmm tmtg%leaiea a6dotdirkly. tHupreasiitati@ solvents whidh tace. An
I nt egrated [ a protective coating of the polyner
of the Cbe g'H | nv§n ‘lgegénbe 'evcog%]Y an integrated circuit chip wuld
be nounted on a subst Sabstratefs) whigh ca'Inb¢ Qbatﬁﬁi vithdleeeoligpinhr eripolymmer— ofihe invantion

adhesi Veyg A &Q%i dng rr%ieri%%i@ﬂ@é@ﬁﬁici@ﬁt iﬁtgﬁi% b2 %Qéte& WGERE ier)Romer, oligomer or
polymer. Representative examples of substrates include wood, metal, ceramics, giass, other
polymers, paper, paper board cloth, woven fibers, non-woven fiber mats, synthetic fibers,
Kevlar™, carbon fibers, gallium arsenide, silicon and other inorganic substrates and their
oxides. The substrates which are employed are selected based on the desired application.

35 Exemplary materials include glass fibers (woven, non-woven or strands), ceramics, metals
such as aluminum, magnesium, titanium, copper, chromium, goid, silver, tungsten, stainless
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provi des an al pha particle protection |ayer for the active surface of the
chip. Optionally, additional protection is provided by encapsul ant
made of, for exanple, epoxy or a silicone. The

pol ymers of the present invention may al so be used as a substrate
(dielectric WOUO¥til48 ) in circuit boards or printed w ri ngPEEE¥FS5142The
circuit bosatesl Hastelloy]y, cArbaresteel tdtier pska) aloys end thiie oxidass antt thémmpeettandn  has
mount ed ony _H?I'rﬁop‘féﬁltt, ﬁ&?rg&@sf:éﬁr é}.sept':ﬁf re¥|§§ pQHﬁnI@A&S?érﬁdo? clob tane pBPﬂ)@I‘éCt or

circuits. e circult” board t1on nmer of the
present  benzopyglpbpiang Rolyrjers; RYystyrese rﬂW?érﬂ%Yca@GWesaQO’WEﬁ? dthers

nonconduct hMprda@Ess THeWobstRge @ndathEhdNers of the premmsmroﬁw durOBfdls may Dbe
single sided, as wel] as double sided or multila

The poI?mers of the ﬂﬁé&%ﬁ%‘%ﬁﬂe@ﬁ%ﬁvMeé@dh%%‘%e@ﬂspen%nI%tm Bited 2 0

conposi tes usenapwambn aFéremahcgahé subsﬁﬁbyr@rbehrsmé frmfoPs GRK, prté,vireGbey, nore
reinforcin ri,als relnforcm%’flber

Repr esent ag?% ﬁpB?rﬁf‘E? d?"??gcﬂ'ﬁaﬂr ?@ﬁs"@h&"ﬁﬂb‘” non-wovgn fgbrc, Iﬁ'g?gciudmg
part ihp ul ar tymhingled y?lnaﬁ SrdBTRt polymerss andDiovien dr Ilmwewen .o Ratiecaspatid i C gl alr Iy
raphite mat ven or a errl].;: an ass
gphgr es. TRPSHERIMY, l’\[ggkoﬁ%véﬁrsrﬂ’ﬁgn'"\‘% °aﬁé8%h ﬁﬁ%?tg'f‘%ﬁ ?ﬁ!ym?fl%ﬁf(ﬂ(f Pt s |gn
nmonomnel o or eiHer gvothy theansilieroe sutride pithe balystratwel (ThGI gulistrbte mdy\dompﬂsetd‘;mrmt i's
| aced int I 0 r n
Bol yrrer: Zeg%y&h?ucms%r&rﬂﬁe ABEGH e i g{ agd rr?{i%; %Hﬁé fasgnrﬁ%q@ﬁeﬁisﬂ% F?%Izg br esent
i nventi on may be patTtheIOImm&worsmlymys of the ineemtien adhevacdirectlydbimagy materials
I t ' ' I
Dbl ot on, - Sictke cbARES finnfihe SplRphaith Hbpiofi sl itels FonfOBAP, O0°T
CRC Press fextygshmeialg, S"'Cﬁ'ibm SIJEO'ZI‘?*O’“%@FW"YIQWHW“EQ“ aiclisam Prideseglassy
nul til eyel s.naﬁhmnw RN/ Wirigs) anmnap@amﬁ Bl’s'e?ﬁde quartz, ahd ééaaani:@n%wew y
defined in re5|ste[dd%%er coat ed dielectric er and then

etched i ntU PHacBat PSR ¢ eﬂeﬂaﬁ WP'@U?'&W{P%@P%W%WV&@S % | ves
maski ng the porti onReptesentative extrhplgd Bitsucd hdHeSlol FRIMOLING mht@n&leaﬂé%ﬂa\éeﬂ,

renmovi ng the,unnasked ort 0 nmer, then curing
he r emai PRI GamaseTes B dimetbos N SRRe cretiarayniiieds. 5 5

In additi oh@xatr‘mmytdlsﬂgqmet(CUf;)stSlwfpsw&;)gl omaraminasiianepupiéssuicivas gnpl oyed to
Vrr\z |kf_ ig@ gwﬁ%@r@l@?{hoxysﬂane cra cl%e{a?e su gsfalggr%m monogmace%oacettaltee%!bnl ques -16-
WO 98/ 1114@opropylate [((ISOC3H70)2A|(OCOC2H5CHCOCH3))] In some cases, the adhesion

PCT/ US97/ 15142 r castin goners or. pol rs from solution may be
enpl oyed | RromQter fﬁ,aé;aqué{{qnbpr()bfve%nmr entto 5 "ﬂﬁ'%ﬂﬁ’f’g’“ solution, excess solution is

I'n prepari rgnovbdped tmltueowphbmedppmm otRér caeésyf&éxamixe @lchslateadldi t i ves
such as fil erstMBi%%F‘n%sét ca{kgo.. ate SN uctive mataoléﬁart Igs,

abr asi ves AHEMMIYPPTRIVAG °@§ea?SJ§I59PI8P Fref?" 98 MEAPPERAS PN AR8Y of

I ncor pRs at sprgadifgea ilene salationiof the ehelateichiacsubsteateland then baking thecamatedonveni ent | y
be added t M I

shaped ar t PAFase Bt a8PETy mfilled By lontd ) b (bR ERAARImEBR | | e
al one or apdnesion promatiog taxernf ayminum exide onthe sustace.p@thremeans f@m’yp@ﬁﬁt'ﬂghe usual
techni ques g, A dxidithre fiWisetditaitl. iHeRHatively, the adREdiSH BréiHoteS Waﬁ%irﬁ&nt &pin

coati ng, extrusion coati ng or nmeni scus coatin ) to a nunbe

di fferent ig¥arpeie.dom §.65 ‘t‘ﬁ@mﬁ’@ﬂ’?ﬁﬁ@ ﬁWG&WéP%FQ"@B?ﬁ?P B l'hepﬁﬂ'%ﬁfrth? s prepared

in solgg f arom;méfhean be blendBd With thé@foriomidr Blord PR ehetizhiib) aeg&ilng mmeea tdrO
processing,into a d article. he ol i goner and

pol ymer of 'Of'ﬂét‘%l"éggﬁg‘??W'éﬁ&Fon can be applied to vari ous substrates -

by a number of met hoihesiorbéanatico beGintiancet by etk breparatitd siich ds RRAGENEG Pbrt axy,

Screen . . . . :
example, scratching, etching, plasma treating, or buffing) or cleaning (for exampie,

degreasing or sonic cleaning); otherwise treating {for example, plasma, solvent, SOg, plasma

35 glow discharge, corona discharge, sodium, wef etching, or ozone treatments) or sand
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printing, nmelt-spinning, dip coating, roll coating, spinning, brushing (for
exanple as a 15 varni sh), spray coating, powder coating,

pl asma- deposi tion, dispersion-spraying, solution- casting,
slurry-sprayi owder - sprayi ng, fluidized bed technlq ng,
expl osi on Wo {ﬁﬁgt t(; uw % t he Wre Expl osi.on Sgrﬁu {nmgz and
expl osi on bon%f?ﬁé’g N5 Skbgtrate’s surtaggor ysing elgeirep techiique ‘%(ﬂs \ Buoripgyy

di sper si on i nioas; dleshossit dwensities at 50itd mmubwacugeﬁbatnons at 0.2 B0V tOf MeVv;

di spersion ne [ eat bo ure, seous 2 0

envi r onnent vﬁgl@rgrﬁg b ?ag?\@o lg%(rgt} ﬂ%{l“ﬁgﬁaﬂ pﬂgﬁ %E%@I‘gg‘hg‘?ﬁ

baki ng, coati mgermmnched ﬂamesiraamnt rmgan ammratemn‘gasmbn treatyent. fi | ms can al so

be depositgd onto a su et.t chnl e at
§ Pg,t Jgﬁ&n&?&% &lgomenzed B?oﬁl&%’f {he I?D’%mg%u Spqt & %

an air-water or other 1nt
ol i gorer or pRh99)‘\‘@'?9)Q!$(2l4%tﬂphwnlmd09ﬁntﬁdlmnsmnsllt1|.mﬁrlnsmhenyléthwyl)benzene a

condi tions Ofm&@p)’éf@ﬁddzéiﬂdo@ﬂ?ﬂm t%tdn@é'nﬂﬂg 9%@%‘6&9@0%%%1&& Sf}{)t?\]p %Emtanmng

advant ageousI:i/ are dependent on a varl
particul arly ¥#minepragy! si aoedlssgmem mgthopupropenol, avallable beVM@SQeﬁpuwufbdt ort he

condi tions of Apgpad fraﬂ,mblm%wQﬂﬁMdQQC&%n&'tlé’ﬂﬁf‘% fied ater s&g %ﬁn%%%*;ze

applicatign, with the solvent being seléecte entatl

sol vent s Yhi R SR"gRd across 'h%%"‘@ﬂ"@?% @llgyyed to ﬁ'ég@oﬁé%‘iﬁﬂg% @nﬁﬁm}w Spun dyy at
Substrate(s) 3000 edn N0 b&oﬁa@tﬁesblwoh bt thé Shgﬁhieg@ of¥ed PPY Bi'a 28b nin? ﬁafeb
e

i nvention 3 can be an erial whi as sufficient integrity t
coated with Sﬁ' & 'H@HH ion %‘fmr@h?f’é'?" gystem, ‘"'p%‘c’) [Befer onterihg weater stidace\ag thex anpl es
of subst r at egvaferds smie anpEIpMITha vafee Rtaioh BSaccgbra®d.to BGdGQﬁm nmmedlatla9| yners,

aper, paper [ Sy 0N ep f etic
1? | Eer s, Pep f&ﬁ%ﬂ tﬁ%@r r car%g' "p% s%’gtl’oé' anaﬁ'%?él%ma eaé?°r§§¥?"t98ﬁiﬁ Iaﬁ'ld
ot her i ndbgarfoptinygussstieamct mesitylenk és applied to thedeickkins. oﬁﬂneuaferbsrterms\tshhﬂdﬁ are

enpl oyed are ﬁ@&.@ﬁ&»ﬁ%ﬁﬁf&@om& %nhﬁoﬁj €Rkdr g&n %)éun Ré #li%% drie dis 3n a hot P%Fﬁ ag

mat eri al s i ncl ude % ass ers non- vvove
net al s 790 € flor 29 sapands Aty therdtyrhake aiep, the 2amtsprﬁ mm@dge beacud themioating igol d,

S|1I7ver t Ung&&rﬁ&ed%tﬁh%ﬁtﬁﬁous s]t_rfzrg of mesitylene while the wafer is spun at 2000 rpm; either
PCT/ US97/ 151 8% app"°‘=‘"°"§&°€b‘f‘e biﬁé‘f’%m diseplyfrom the sondiear the edge. Aftenthe edge bead

al | oys amd thmavaommgomarﬂfuhmrpﬁl?ﬁ@ﬁzea%ﬂahot Iatetahgiﬁ"@%r%‘étsbgonagbr\ﬁg? &GS
such as epOXYy.,F gg A &bgh’m des erfI Horoc but ane p

benzocycl obui"an 'b%?ﬁg i 9@? kggleithey an ta'é? at A3 &‘HF%B‘H&EP&JPC‘GV

pol yaryl ene eitdogersor mamtroge‘t(bqngddyﬁsﬁ 81 450°C hoe 65mREd.at € can be the polyners
of the present invent |.ﬁ>‘n i n.cur he substrate

may be of any shape, ang the sRa z:boév "‘95"}1@55?{8'81?{‘ Ccanbe ARpliedip. °°mb'"a"°"d‘§'§
appl i cat i on. oiheradditivestombiairt dpeciticiiesiitsa Reprsentitive bhsuch addibesaa mataldi sk,

plate, whge, li n brick, flber
b en or non&vg%}@ﬁg pomp rc:ugd?&ﬂﬁ ds {ﬂ%ﬁk%‘?lcgamglgg ’for%kgrg%lﬁ%\é 2 ngf;awg)oxlds,r der ed
pol ynmers, anepm@/nnam-wﬁ%mtnmomer metahmta:ramapms for use ismagtetiat e may
be hoIIowor"ﬁ,gil tical nddlE oCoRe? s) is
on 10 ei ther grébb|c h t heol nsi criéegoor out SI ?ﬁ‘éﬁah’b@ @ a[é‘?rﬁetillﬁ}’?arré "?
substrate malP’ UBhi FoDductivesaaiagls, conductivp 89'?95"’9%G@W“&%"aﬁamﬁ»t%eqmmameﬂc
fabric, gl asnteratenos (EMijiradio frequ&ey infarforoREe (FEF)ishield &aﬁ%t Shiicdissipation, and

h I f h
mat or o 20 Sebtigl BonkdF. Jyfo s@&e%%%{»@fs@e T AN -

sol vent, met aﬂ@saﬂmdal cularly textured netals, silicon or silicon
dioxide, especially e [of0) i con OXIdeS S silicon
nitride, alum num ni t?ﬁggﬂ‘"ﬁ\e {Zﬁ E'mebg *“f \HeYP maY glso bgﬁ'&“P’Pied agotetionn| cs.
However , against the environment (that is, protective against at ieast one substance or force in an

object's environment, including conditions of manufacture, storage and use) such as coatings
35 toimpart surface passivation to metals, semiconductors, capacitors, inductors, conductors,

solar cells, glass and glass fibers, quartz and quartz fibers.
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when increased adhesion is desired, a material may be introduced to inprove

adhesi on. Represent ati ve exanpl es of such adhesion
pronoting materials are sil anes, pref erably organosil anes such as
tri met hoxyvi nyl sil ane, triethoxyvinylsilane, hexanet hyi di si | azane

[(CH err])[ emo{98@4MH- Si (CH err]) 3], or an aninosilane co®8STUE#Eh as Y-
20  ani nopropyl t ri eThefelowinggrampiss are sehiorth tadliustraty thespragsenphinyantipn and

nmonoet hyl acpbag a6l Britrued to limit itsXeBEL AN it dkamples all parts and percemages are by

[((iso(Jerr]H err]0) err Al OCOC[err]H[err] . I'n Sonme cases,
t he adhesi dJﬁ’Jm“" less icpted appl i ed from 0 01 wer ght percent to 5
wei ght percent sol utgmcesfé b5 A bRRRe t he

pol yphenyl ene applied. I'n other cses or exarrpl e, achel ae of -

al um nu%t nm%%cet oacet at edi -i sopropyl ate, can be incorporated onto a
sugst rate bydz ﬁ ssi\am'mh pamhorbmeomebmtdé aiid &detyidhe compomtie werd ?
substrate and then baking,the strate at 350 C or 30
i it eq. | n SRR PR SPGB SO, 0 FCHres o heBR STTpTAUnGS 31840t BrTpble!

adhesi on prheraraitag Iayer of al um num oxi de on the surface. Qther neans for
deposi ting al ugi num oxrgl A y, the
adhesi on pronoter, in" an anpourt Ut § y XaTp G. U T ght
percenthtoLEQMIgidIAlpercent based on the wei ght of the 3 0 m)norrer can
be bl ended with the nonmer bgf.oL L. ‘ i el B éng t he need for

formati on of an additional |aye N Adhesi on can al so be
enhanced by surface #Benaphen @mﬂﬁﬁ@o 9.40463mal), tipnyifchloride (300 mbkmq:)l e,

scrat chi ng, pg Qﬁbﬁ\%mBlv?e?@@hérééﬁ%'ari%er%unhlﬁutdrﬂQ%e?{ed%ﬂiéa&hnpﬁ M}[ a €xanpl e,

degreasing or sonic cleaning); otherwse treatin or asm,

sol vent, SCpikxicpndagseiang a mechanical stiiprqTae 1eastiga mi wmawg:eﬂqmepewdr um
vvtlat3 et ai NGO Clor 2700, deirad émmosr)scmbbSra&Obscaprng gases. The thiony! chioride was

T Uo7/ 1 £8Yapprated and the gl imopheny gga chioBse, ag PYRIR SR ASGHE el ect r on
beam t echniwjthdéenzame{3@mLS MeV fl uori ne I ons; electrons at
intensities of 50 to ;OOOV hydr 0g | 0.2.t0 500 ev to 1 MV,

hel i um cati ons at 206)Ktho orctitorine ions at 0.5 MV,
neon at 280 KeV, Benzene mg&.amwmm chloaqme(?t‘ Geh$5femel) wese mixed into a

accel enat ediagk S thd Rikudrs 864- Hi%mophenytaéetyl chloride and benzene m S&EP Ela) ¥aRhigaat i on of
the oligonerized product of the reaction_of 3,3

phenyl e ne) tﬂfwe@l sWing ,ﬂ'&ﬁgﬁﬁﬂpg wvewg ﬁp&d'[t@rfaﬁ'@yn m%pre was shrred at room
1, 3, 5- tri s(iphpaiaturi 1y N6l 1. DRARSAR podired into ice Wilire EpyRicetatedd LpWhostidsa s of the

invention, silane b ed a es ronot er

it nopr o ieckT Pbrpeekiates BORES TR elorR el J9PUBEN ot e Sobarisiaver wes i 652

f r om DuPontwashed successwét?&ﬁtﬁ@ M agueoldHCDeatureted riguedus 8aHPap Yrind anditherst
applie 5t 0 f u | owl he entire
sur f ac% cfngg oV N SS 2a;|'h@$§ive Rg% té'%rrr] gtéap\érat dﬂ? P{VQ F%Qﬁrﬁ‘ﬁﬁe%ﬁvﬂ%éw&

3000 rpm fdﬁcmssa!md@nmsathy)acs@lelhaxmsob givi theditle g@rmumri @%pspentsm!d aslanml for
a 200 mm fidw solid. by a high precision punp/filtration system
MIIipore n-2, onto the water surface as the wafer is spun at 750
rpm The wafer rotatf%n is acB@paal g0zt pm i mredi at el y

follow ng the di SpenP@rcﬁanddtﬂi (296 N\E?Ma&@k%b'nm? @{anaglyﬂoiﬂtmétmém&pl n speed
for 20 seconds. A i nuous stream of n}/ ene J)dpl ied to the
05 ol) brom e

backsi d& of(O¥me) (AP 5\‘-’ f“?ﬂ"'"ﬁ' U0 piratedritydrate, $22.0 g, and 4- oxybenzoin

(68.75 g, 0.25 mol) were charged to a 2-liter round bottom 3-necked flask equipped with a

reflux condenser and a mechanical stirrer. The reaction mixture was heated under nitrogen
to reflux for & hours. After cooling to ambient temperature, methylene chloride (500 mL) was
added. The resulting bilayer was decanted off the precipitated Ti(l) salts formed. The layers

35  were separated and the organic layer was washed with water, saturated aqueous NaHCO,
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t he di spense of the oligomer solution. After spin coating, the filmis
dried on a hot plate at 70[err] C or 20 seconds. After the dry-bake
step, the 2 nmto 5 mm edge bead of the coating is renoved with a
continuous stream of mesitylene while the wafer is spun at 2000 r ei t her
by applicati oWWe8M4®he backside or directly fromthe top r?&é‘f"%g’_ dge.
After the edged pringefolowsd by regrysializationpt they 'Pﬂ%\*@ﬁdps""l"h?'i"lﬁ’é?"%e'l"ﬁ? %d on a
hot plate atceimsdufidr] C for 90 seconds under a nitrogen bl anket. The
filmis crosslinked either on g hot plaje, at err] C for 2 mnutes under
nitrogen or in a ni tré&en pur getREs gh4-(Ehenviethunylinenzl 6 i nut es.

The ol i goner or pol ynarBrokotienil (10\0e))Di03H6 mal), phenyiazetylene (3.88 g, @U3sMaiol)on Wit h

it ves® ar B EPR) POBE LA RobbE ol S HBemBR CERER) Hee et IR, 11 o e

for exanpl e, telrperatne for 72 ihbies, followed by coheentration to dryriess.OTHel regiduewas thendakene
with cobalt, or oth a taining partjcles far use | n._nagneti
e a. opt | ¢4 ABRIMEne SFIofte, SABAITs Bl Biewisf by KRl ARATBIE ch

as netal or pmp@rehgives the titlefcompasnsl. as conducti ve seal ants, conductive
adhesi ves, conducti ve(g)oati ngs pf I ERAIELAE A interference
(EM)/radio frequency 'I'nterferé&nce (Rl J shreldrng coating, static

di ssi pat}®n, and 30 4dPeerylethynybensit(@@ 0.0.068#mnl).usi ng t hese additives, the
ol i gorer or ﬁ’,@ld{d?ﬁﬁylér?r:fgtr&\g?tﬂf V679 PhdliB¥%d ethanol (ﬁ:@tng_g%e?e i85 75°C

The ol i gomer or pol _ e Invention may also. enPone as protection
agai nst t he Brapsiushiestexider(KQH) (a8 0.:05328 eal)vdissplyad insathage! (18 g4, wen@ddeshst ance
or force in ampwise over@bi5eKiAutS pSiddl MRS PEMBlion rhifkGlelolis  batel Relietiintds3rhinutes,

manuf acture, .storage angd. use) such as. coatings,3 5 to inpart surface
passi vation 1§" ﬁ%‘fq ‘8,%3%%%%?18@8'{”&'%9' P’B&fféﬂ’gﬁ fYtered qﬁn‘ﬂﬁ%‘ﬁgp'gf‘ °<e!§ RfEor s,
sol ar cels s, agy dried. Rectyghizator frdhe 2 Dropansigives haditiecamgound.i ber s.

-19- BV\D98/11%9 . O D A E bbb N
PCT/ US97/ 15142 ) e - or FOW- Nyt Xanpres are-setforth to
il lustrate t{GompoandBY invention and shoul d not be construed to limt
Its scope. In the exa n { aQ6 | ght

m@-@@?en%betw (t1 %3%, g.ow%&,g%(@eﬁy@&xg%}g?bg{]%e,

unl ess ot herwi se indicat ] . ¢ ron’ of
Cycl opent adi eMeneciglyRysinbieastigiPEB oy anSeilg Corgasation (he@P g 0.00292 moli) and

Sever al gy cCt eAgi HAinf!) Wafs 4088 BHETHD A0 E-nBEREYOUPE BolEHIMANK HESd WY £refiux

prepared as descri bed bel ow. _The structures of these conpounds are set out
in Tabl e 1. condensepniirogeniniet, The reaction mixiure was heated to jeflux and an aqueous KOH

4A- (4- (Phenyl ﬁﬂmnw.)wydsnwgz mal)dn vf?atélr (erzlsemiy lmya&aqaﬁ mkiailddarQDNOF n?aeladde_saqmppund
. epar.ati.o - hr ono etyl . chloride
4- Br onophe ny?’géglﬁm@ tﬁ'g?‘gd?'ri 68:?8@36:&}8%0% mnfaurtema% @W%‘ﬂ@%ﬁ@@“gﬁ g6d ﬂ’ﬁ? and

DVF (about Z2alieiwvpd tosoel. chdarigsalid which piscipitates wascnilelctiabbyt filvatidn nad dvedyzed by k
equi ppe it e [ens ' | re The
reacti ogZé,n\q x?'u@“émi sC R‘gﬁ?‘é@féﬁﬁgﬁﬁi 'rgl{i)%ég% %C%&QQE‘B@IP? F’gné%)? 05 hour s,
usi ng a chareempousdBubber for escapi ng gases. The thlonyl chloride was
evaporated and the preduct, 4-RuaosRRNERMARHSE i 616 4 yBg Ut into an
addi tion funnel

rabi C
(a) r ' -lod ny! Aceta

30 4-iodophenol (25.00 g, 0.114 mol) and methylene chicride (100 mL) were
added to a 250-mL round bottom flask fitted with a condenser/nitrogen inlet, thermometer,
and a dropping funnel. The slurry was stirred and pyridine (10.11 mL, 0.125 mol) was added
via syringe. The reaction mixture was cooled to 10°C using an ice bath and acetyl chloride
(8.89 mL, 0.125 moles) was added dropwise. The mixture was stirred at 10°C for 1 hour

35 then allowed to warm to room temperature and stirred for 2 hours. The reaction mixture was
filtered and the filtrate washed with water four times. The organic layer was dried (MgSQ,)
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W th benzene (30 nL). (b) Preparation of

4- br onbdeoxybenzoi n Benzene (200 nlL) and al um num
chloride (74 g, 0.558 nol) were mxed into a 2 0 flask and the m xture of
4- br omophenyl acetyl chloride and benzene in Step (a) was added

dropwi se al I'w@etpe%he reaction to evolve HO . The reacti ofCHISIIRME was
stirred at andsoivent removied Wpeicad torgivef37(3 gLoftan olarfge bilUNMIRaANdly$i® waecbnisisteat | Ce

water. Eth t di ssolve the precipitated
sol i ds. Th>e<"'l gsﬁ/ee%@ v'\‘ééé' é ég’}g? gg‘égd the or gam C Iayer was washed
successively with 1 (ﬂ)aqueous aration SGEEL bri ne and

then 2 5 dried ove&.ma&%ﬁ;&gm (Iasogfq |¥"§ﬁer¢y€9%ﬁ§,ﬁ2§é’ give a

solid material which wa om et t at exanes to

give thé timale a@«prtbuhmmer(SBmLmre eﬂde@tp e|2§0-aﬂ- rqund bottomyflask fistgd with ad.

(c) 45 RbABARESZ P hc acid

(250 ni), e gér?@%%%%"%et ﬁ% "ene gl éjgoﬁ St T e {0200 9 Gﬁ?é‘{nﬂ{wg) (500

nL), thal | ianhPPh 1)50d, 5r7§mqi)rw¢19 thentaddgcbeng tige glxtuoa Beates! tp refiyy. When the

4- br onodeo 7, I iter
XYRRBF Mixture r?ﬁchec( & u(?\gg% ofh V\%% 738 mmotkR aﬁ?% IR bRodrsAn

round bottom 3-necked X condenser and a
mechani cal reaqtipn was atipmed ﬁtza%s@t rRiKtiEe yas O\Mgd Wi metylgneiehiorise @pd geyted to

refl ux1bor ifo W&szi— ?500'%L)e"l‘hé; Qdﬂebﬂé)lailé? wad BiirilealvARSRidhe @nlohgd (b Fn‘ilf‘
chloride (500 The resulting bilayer was decanted off

t he preci plTlhatCBEP mmgppaggfqygrspn@f%@heqwgh ERAF00- "3'-'50"' n%of watgh 969t ed and
t hg or gani qMg8P9[ ankileitas tmdswe‘nhwmbﬁfovecﬂaww@tt@gtv@wgewsyéuawl@@[demhl-

-2
PCT/ US97/ 1579498l was r °°9’ﬁi§"'5‘?‘{’%f§“ “‘?’@P?%%é’&'e 9“‘15’8'39%’(%‘1"? MPat34onC & 148R:C-

resulting solid froncp- propan ) phenol conpound.

d P t Lot hvoy]
Sf ?Sr om%t?enm IreE)iBaOI ag)rb 83‘2%?%}'%‘“"%%%%@1? ?%6 mo'ﬁ §).' %%p%?e%.aﬁf?gﬁs nol ),
5 and ( PRofigmyifoside ]mm\l[)eemd]tet(@qumrag (aqn mDDQerereﬂqedimaaHeEdeylmmrne (950
n) was st 'ﬂraélggwdaéé i B 1‘39&\_}?1mperatu&gmoﬂsu r'r?:efnﬁ:fturz %anQL‘iEkﬁed \Lﬁ}{ +!9 Mgd by

concentration to ness ue was then net hyl ene
chl ori de. <catifhaid(! Q][!'éb'tﬁ" g I@ObWP%)TelaeMéd Tb? aﬁ'&?ﬂ?%@l’l"@i@!ﬂ?‘@ﬁ apdom 2-

propanol g 'é*ﬁﬁct&hﬁltﬂ ﬂefré@dmm organic layers were combined and Joﬁ&entrated ona
Preparatlon of nzil (20

b
D D 2Ry ipipvan 5 Ths Wi Sog - Te saic wap Beec Wi bovgheny D) GHTA SOm ARG o
(150 mL) wweand thectadt eclution débdred frdth the solid. thsepmdwdmmwmddéﬁ}@e df1. 8 g,

25 s oute WeteR Y AAEE), Aol NaRSdrydelizel b el Eliion poon SR UoB e o1 2
t hen cool edsdiajediby @iratioq and driedie vaguets give 18 @df wiitéisolid, wps1 267C toet2gtC.of f
washed wi t i\ugQ Iaﬂal%%écfnlétem vﬁ{?n%éjéahfé@ne S é’e%k@d nheadii on f 50 g] (2 pr opanol

gives the title co
1, 4- Ph@ﬁylene)bls(z @) 5-t ri ohBigpaus gienone) ( Cormpound B)

Decafluorobiphenyi (5.00 g, 14.96 mmol), 4-(phenylethynyl)phenol (5.81 g,

29.93 mmol), potassium carbonate (16.54 g, 0.1197 mol), and dimethylacetamide (150 mL)
were added to a 250-mL round bottom flask fitted with a condenset/nitrogen inlet, a
thermometer, and a stopper. The mixture was stirred and heated to 70°C for 16.5 hours.

30 The reaction mixture was filtered to remove solids. The filtrate was added to water (500 mL)
and extracted with methylene chioride. Brine was added to break an erulsion and the
organic layer was ssparated and washed with water twice, then filtered through a plug of
silica gel. Solvent was removed in vacuo leaving an oil. Methanol was added, forming a
white solid which was isolated by filtration and dried in vacuo. NMR spectra were consistent

35  with the structure of the title compound.
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1, 3- D phenyl acetone (1.23 g, 0.00584 nol),

1, 4- bi s(phenyl gl yoxal oyl ) benzene, commercially avail abl e as Bi s- PGB
from Ken Sei ka Corporation (1.000 g, 0.00292 nol) and 2 0 ethanol (50 ni)
were added to 3-necked round bottomflask fitted fb! ux
condenser/ ni m&’éﬁgﬁ‘ﬂt The 1 e 1 S Sk st?’ (%X?and an
aqueous KOH sol fion (0. 0545 riamn 1 1) 0 pperpadano t) was
added. Addi t{Compburdd®y was added untll the solution turned dark and
stayed dark. The m xt | owed
to cool. A dark soli dﬁmﬁp%%%dr‘g% %}i(g <§eé)g'ﬁ/aliigac !Pﬁégg @%’f‘*@ﬁ*ﬁ'?g ,egﬁﬁland
anal yzed by macs of phéﬁylﬂmyle{leﬁoﬂqmmmbma thedmBthylsiig) prafebtingagraupwaing a

consi ste%t k: Pg formati on of Conmpound B. C
4. 4' - Bi s(4- (phenyl'€t hynyl } phenoxy) - 2 2'.3.3.5.5.6.6"-

oct af | uor obi phenyl (CBQound = e 2.5 a) Preparation
of 4-1 odoph Rb&tadi 4-| odophenol (25.00 g, 0.114

mol ) and met'l ene ChT ofr I de ) added to a 250-nL round
bottomflask fitted wi@h a conBwhaa@ 9R20N t her nonet er and

a dropping funnel. Thﬂsabwamvmn@aehwe&yaé\éswbdamoélaoe:ﬂyué , 0.125
ol ) was added via syringe. The reaction m xture was cool ed to 100C

usi ng artG cvamxyetaot-aebyhiazeltinybromide (1.70 g, 9.8068angly and driethylamigg @< Gnas
aldlded gr ?pvv' @@ostmﬂ) iNeiRbAG) @12&&1&1{) ab l‘sh%h aa{roow{earpéﬂaﬁré f3F 60LhdLRs) [I_Th35ea6trbﬂt?n
allowed to warmto room ure irre r rs e reaction
m xture was Mxiure was qonge 'ﬁ'&trggﬁ% '?'ﬂ'éssf ?'b“‘?/\ﬁg“{e@ Wg? H’?y\é'ﬁﬁrl’ WA Wi hes.
Tgi or gani c Hici\aat ssamtedy aqadm(sN@SﬂO; ahd )ined (Na,S0,), then concentrated, giving 25.2 g

PCT/ US97/ 15149 percent) of g 1 ‘sg%ﬂsxygi‘{w pilnichsplioifies Hpop StepdingfiRem temperatute. o

orange ais . 'NNMRR(GDGY BT . A8, J=815Hz PH))157.52 (d, J=8:5 Hb, 2H)£7.44 (U89 1z, @H),t he
desired pro i

4- (Phenyl et ?fﬁ@) FiRea i 28 oF AMP (cocy) 8487.33, 107.56, ‘35%9a'r3%§8&1§8y13°a48et ate

(50.00 g, O.1e8M6n1H9)31, (2298 F56&tL Yyl ene (23.40 g, 0.229 5 nol ), and

tri et hyl am ne (54 rrL) zere addM@%—Mbottomflask fitted with
condenser/ ni t? gen inl d a stopper

PdCi [err] (PPh[ err]) [ eAspiutan ofdad’ gbromopaaomm 2 g, 0.055 mejy; gmphiumnitrad® (4 5. 73

ol ) wefge tdesasipes aﬁ@&fggﬁll)%%ﬁ ég 15@8%961)0‘5%6 G bé’ﬁercéﬁhﬂﬁhewheacenc

reaction m xture reached [err mmol ) was added.
After 2 hourasid (RpRml) was heategat 1 foﬂég'f% ’P%Jhﬁéeaét'ﬁﬂ m"“W?é”%ﬁ“»?P‘ﬁFé’m@

di | ut ed \|M t Rerpérhtiterdia m&;b:eeucd@mamdt aaméacbuwas filldted o ashed W etidnol aﬁe
agueous a Wwas . e e
cgnbl ned o?/dii'ﬁi’ Iy {é’irigg i/%rp@"i%@ ﬁ&‘é 9\‘}/‘? s Pﬁs’éﬁ&%ﬁmfﬁ_mﬁ%gﬁtﬂgzﬁ)fz wat er,
dried 'Hm@ﬁqmmj))‘n 83r(d, J=BI5tH; &), 7.58¢d, S8 B &1zt 4MyR'SC NeWRCed),) :1192623,)0 t O

gi ve 49 g of e | i.d material was recrystallized from
hexanes % % ‘334){ 1414}9’,%%# ?ystals rrp 104 5[err]C to 105 5[err]C

(c) Pr epar at i o(n:) of 4-

4- (Phenyl et hynyl') phen ‘ o ous
sodi um hydr oxi de 400X l?% ggté?rrgén%b%‘r ?‘USESZQ E@bg%ng &\%eﬂ&re%%%% 'a 2-L
Erl enneyer 0.0485 rﬂql)aﬂzlf'hd{ﬂﬂcél(q 131 0&1002 sobrre A< 829:8.0.0048 n®ibur s. The

M Xture was g &&lh@ﬂsmli‘w% A& at refiux ové}ﬁugﬁt' %@Ha@tvcfrﬂrﬁf&u@ﬂasum' | a pH of

7 was reached. The aqueous | ayer was renove extracted with

tetr ahy dof Feasetrated ‘%ﬁ"&%ﬂ?ﬁ éh?%‘?@?“s“% 8. SoliBe 'r‘i‘ébl washed “ih d S HCh 18 getsenta
Na,CO/H,0, brine and dried (Na,SO,), then concentrated. Crystallization from 2-propano!

gives 7.92 g (45 percent) as a light tan solid, mp 168°C to 170°C. 'H NMR (CDCl) § 7.97 (d,
=8.2 Hz, 4H), 7.64 (d, J=8.2 Hz, 4H), 7.55 (m, 4H), 7.37 (m, 6H); °C NMR (CDC!,) §193.03,
132.46, 132.03, 131.82, 130.21, 129.84, 129.06, 128.47, 122.37, 94.28, 88.55.




20 rotovap to give a tan solid. The solid was heated with hexanes (700
m.) on a steam bath and the hot solution decanted fromthe solid.
This was repeated with a second vol une of hexanes (700 nL). A while
solid crystallizes fromthe hexane sol ution upon cooling and was

i sol ated by WOP¥HMS on and dri ed in vacuo to gi ve 18 g of PEAMTAM42s0l i d, np
1 26[err]C to 127[er{d) C. (Ao ' ks consistent with the

structure of the deSA mom;m% 34 35} 0061 moi) in sthanol (5 mL) wefd)added dropwise
Preparation of Conp Decaf | uor obi phenyl™ (5. 00 g,

14. 96 mol )‘°aﬂQ'?‘&Hé’M-ﬁe?'ﬂ?WV'ﬂS‘MMBF"Z('@ B8 QO122mol)andg 93 nmpl ), pot assi um
carbonate @ @dt@'ﬁhnﬂac&m@(@%s grd.01283Rd) i bﬂﬁﬁ@ﬁﬁﬁ@taﬂllﬂs"dﬁ Thé P85ulthg solutlon wer e

added to a 250- round bottomflask fitted with a condenser/njitro

inlet, 3 Wwas he?‘ﬁ%?‘rfﬁﬁ'@‘t’%’r°"°5‘ﬁ€f cpoladdp fRopm temperalyre gng tae RigeiPLats fille

heated to aﬁ{i afidd Digeationlét the ;hedchSfrora b8lling etiemol VBB 51281y prbduct!(78 perent) aé t er ed
to renove S%I"I ds. The fi Itrat

extract ed Wi ﬁkWQtsﬁ'ﬂ dhe %?HTQ) HB?M%ZC%EV@ é‘?ﬁ’( S%OEELQU)a%%%?%gQ’on and

t he w&q& &H), W(dVlﬁ% oswoamat“smm cbmmfbngt 528 @32.81M1G£34,t hen
filtered throu silica ent was reaned i N vacuo

| eavi ng an 1893, 1@8195'&1?3157“2%89%8@94 e H§751 12728 1RR% 123912 1P24% ch was

i sol at ed byolsd) 8. MSTERBES (E8), %4(M+\&9;%6Nmasama) rA8\(E00g. consi stent 35
with the structurecg the tit unq

_29. VO 98 éthynyl)phenyi)-

PCT/ US97/ 1ammmammmmaD

4- (4- Et hynyl phenyl) (% 3, 5-triphe £k 0Rs none ( Conpound D)
Corpound D was prepdfed as i “ret hyl si | yl acetyl ene in

pl ace of phenyl acet yfreprzed & in (Ewefdplby Etayrbyt tiom fbranmbenzaldebyde(R8.0loy0.135
rotectkn o di_
p G 5NJ ni) é;'chIkﬂZ% %Ghr@ o)xgeﬁheyﬂ #b‘&aﬁg&%ﬁﬁm bromjde (1.70 5, 0.0068 mal), an

3. 4- Bi s- (4- (pheny I ohen cl ooent adil enone
( Conpound #nethylamine (4. 10 g,00405 mol) in ethanol (125 mL), g:mgggf,étg,( pgyeent) of a viscous

4. 4" - Di br oGO NMR (CDC|f8804£s 1H) 7.75 (A\Jéﬁblﬂzl mv) @%1 b@ﬁﬂ%%al dehyde
(25.0 g, 0.135 nmol), 3-ethy

( s g‘drox et h{tﬁ rret h i azol i um
bronmi de (1773 &, 1H), b@%@‘ﬂﬂ!‘)‘“ﬁrﬁﬁﬂsl E‘!)hyq; M h) %96 140.48, 166%05 nol )
in ethanol 164.85, 134 )b3\\Rs .68l 130620 15Y.63, 990124, a0 €7, abeis, 128195/ Feurs. The
reactign mxture was concent r at gd to drgnesi then taken up in
CH[err]Z&I [err] (150 HL) was D and saturated agueous
(Nchq err] and ](CZII’I ecPré;N&édEasth&EmpléhlE(b)tﬁmeﬁbmemceiu?m&badmngém; 8p.087. 2 g

100 percent) of a .vis S | L)
Foom | orpe il FRmBai K8 g B Eisph 1) Sepppa afeste 33 B ¥odr A o5,
87.52 (d, peRelt ddneot@H):etnc?ﬁcMZQanL)J gl&nm?-l.@,g (69-pegreent) produit 57 light yelow. 2

241 1,071 C R AR I b gliST o Yo a2, 38 3 R0l 4§§b§0

130. 43,

Pr epar 26i ordd=810,/8.0 Bi 2N KHNMRI(CDCI,) 5 191.58, 137.87, 134.27, 132153 3BO60,JB8.59,
4,4' -di brongggpzoin (20.2 g, 0.055 nol), ammniumnitrate (4.6 20 g,
0. 0575 nol) and copper(l1) acetate (0.100 g, 0.0005 nmol) in 80 percent
agqueous acetic () Preparation of 3.3-Bis(phenylethynyi)benzi

A solution of 3,3'-dibromobenzil (5.0 g, 0.0136 mol) and phenylacetylene (3.47
g, 0.0340 mol) in triethylamine {30 mL) was deaerated by bubbling nitrogen through the
30 solution for ten minutes. (PPh),PdCl, (0.067 g, 0.0001 mol) was then added, and the
reaction mixture heated at reflux overnight. The mixture was concentrated to dryness, then
taken up in CH,Cl, (100 mL), washed sequentially with 1 M HCI, saturated aqueous NaHCO,
and dried (Na,S0),), then concentrated, giving 3.67 g (66 percent) product as a white solid:
m.p. 144°C to 145°C; 'H NMR (CDCl,) 8 8.12 (s, 2H), 7.96 (d, J=7.9 Hz, 2H), 7.81 (d, J=7.7
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acid (200 nL) was heated at reflux for three hours. The reaction m xture
was cooled to room tenperature and the product which crystallized out
was filtered off, washed with ethanol and dried, giving 13.0 g (64

percent) of p@ {”as a light yellow solid, 226[err]0;§‘. 3955‘145 C
"H NVR ( CDCI 6

err] C R B b o o3t BuFPont b St gl s5%en. )
(c) themrfﬁelasmza‘aeflsﬁds@hai ph@iylhezﬂwyl ) benzi |

A sol ution of 4,4 &),smm)benz 15.8 0. 0413_.1 nol ), phenyl acetyl ene

(5.06 g, 0. 0495 err] (0.151 g, 0.0002 nol)
and Cul (0 820 g, O. Oﬂéaumlo) KOhH (0.25 g, 0.0045trhoy) iaethaso! (5.0) wds)added diopwised at

et aken b Phuihyt i BEphatbytybbigefel B3 b oo RRARRY ' b Py fia™ o

Na[ er r ] o H{(207 B¥.0088) ma}) ia ethagel i(t09 r(mag #5°C] S easulling siuven wes heater atastisy.

Can sol i d. iy Shegb B en hdbdShom tmperaly oo B G Efidgy o | 911

J=8.2 Hz, 4Hped 7Digastiod of the groglugifromAdajiing 2thamo! gives 216{p, (387pegcenl)pyrodsrhas g err] C
NMVR (CDA [ er, 29. 84,
6 o be! le)?reé%ﬁ #?8’&%%9 (0Sg). é—éﬁl&ﬁ‘l@i)c%?g?%(brﬂr%h)%n A3 Qpalo0H):

-23- 10 6.9(d, J-79Hz\w)gzg7r1mm4goc1 ) 5 199.38, 152.83, 132.87, 131.48, 131.25, 131.12,

PCT/ US97/ 15 R in@n pHnd E

A sol ution (])1%3}9&_128650 %8 P 2)2 5 127 9‘[ qb?ﬁllé g?\oIﬁ%g %%)ﬁmkéggasd ed dropvm se
to a sol uti ®8.69f887Y" - bi s(phenyl et hynyl )ben2| | (5.0 g, 0.0122 nol) and

1, 3-di phenyl acet one (&. 69 g, sa) aF=Tyl b ‘nlu'&_tu, gt 75[err]C
The resulting solution our, cooled to

room tenperature and 1 W@’Vfﬁ"&ﬂ (Bﬁ S)E E'PF?’M @Wéﬂ‘"@f (- 7865 9) P%'ﬁ@“@ﬂc@éte

Di gest It ;1!5 of(1.0b05 g;mﬂw;u &rﬁanw hﬁmhmme (2000 LY We bl dhafged 10255 Gles-AGKEd rdurd
percen as

(cDA [err]) ng?rP ilas? egu:eB%d w@L%f?)gmﬁfougﬂ%_,Dan m;erééfxdr vpr%c%gé_ﬁgsgrfer a co?li%e Bg
i::i)z 3?. 9?3& dddﬂmeuﬁndeandzﬁﬂi)eam{genadﬂé)wWEtc{rﬁﬂh@{nwmb@t)goll{e:erTh]s rﬂ:ﬂﬂre(lls’éb,; sggnéh 72,
127.71, 127 f‘%% mipyles ?1‘}'%%58%2’%%533%;‘ %%H‘%Vﬂé’?yg"d" '9%@]9% B8 (El) 585
(28), 584 ( Mibroagdenzsed1901®)and @ viagelylen(B3.67 bPWsre added. The reactor was F.
3. 4- Bi S53- (o%%awnﬁmxae/rl PRl ?arf‘then heated ¥ ﬁaemﬁh&aasin&?ﬁ&méf@mne

(Conmpound F Preparation o
3.3 -Dibr on@BE‘PﬁPB?’ﬁ After heating at 70°C for 30 m'"“PF-ﬂS‘&NéQPey?"P f! 35,33 vas glowya) . but

from 3- br ormylgarbslaty s\er b peridd ¥ ab&»t J}%urlgnd th@'@rr)perature increased to 80°C
3-et hyl - 5- (2- hydr oxyet hyl ) -4- et hyl t hi azol i_.um bromde (1.70 g, 0.0068 nol),

and t Hea W%ﬁﬁonm\eﬂ anedfaﬂoﬂe' ’Mﬂ)@“fﬁal"?‘el"??"é‘f%‘&?ﬁ} ony @2!?“6?;5“"@ vi ng

523402 ( g (99 mseemaa aab water (BRENIFas added whith |pf§bipﬂatbs cri€d prbdh NMhel febdtlct er r ] ) 8
S

050115 257 g fitef g, s e st it oo iy Boratisor etk arcasep wab pog e g |

196. 96, 140 cydohekarte. $be crystals wefe3Ac@4m dried at 75°C overnight to give 226.40 g (92.1%

13193, 131, Gt 300 G2 479 536 13028y 2 ol 0t 1R sd Rerk oshed
Prepared as t¢lueﬂ§>(b$(19l rel)1m&(illeyed thipugl siinmge), and Ve selvend amoved an a2dtalg g, 0. 067
evaporator to give 214.2 g (94.2% yield) that was 89.19 area % pure by gas chromatography.
30 The residue was then recrystallized from a mixture of toiuene (375 mL) and 2-propanol (696
mL). The white crystals were filtered, rinsed with a mixture of toluene (100 mL) and 2-
propanol (400 mL), and vacuum dried at 75°C overnight to give 1,3,5-
tris(phenylethynyl)benzene (190.0 g, 83.91 percent yield) that was 99.83 area % pure by gas
chromatography. Additional recrystallizations from toluene/isopropanol gives material of

35 acceptable organic and ionic purity.
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nol ), ammoniumnitrate (5.63 g, 0.070 nol) and copper(ll) acetate (0.12 g,
0. 0007 nol) in 80 percent aqueous acetic acid (200 nL), giving 17.0 g
(69 percent) product as a light yellow solid. "H NWMR (CDC [err])

[err] 8.12 (s, 2H), 7.88 (d, J=7.8 Hz, 2H), 7.79 (d, J=7.9 Hz, 2H), 7.40 2
5 (dd, J=8wO9stu1® Hz, 2H); [err]C NNR (CDCI[err]) [err] mw,tsxam 87
134.27, 132.53, 130.#0, 128. 304- o ! (c)
Preparation of 3.3

sol ution of 3,3 -di bﬁoﬁﬁ%ﬁ%ﬁ &%M&thw*i% il a)thermacouﬁigr‘fvf ug lg{tjpeldene
(3.47 witg, angverheas meahpnica| stirrerea egrrdarﬁen@nq Q@G#L")J Wﬁe withe tﬁﬂ‘!ﬂ@tﬁﬂw
bubbl i ng ni t

(PPhlerr]) [egﬁtﬁﬁ%rag” th&ﬁ%gmﬂe (199 0% thﬁ}ﬂa’n I(H'hoérﬁ'r[?\ﬁrﬂ ﬁ‘g’éd palladnrJ]r(rj\ he
reacti of niaeeld éoﬁ t 9 V“r‘l@r‘?’%?"mﬁéﬂﬁﬁght‘” @’"?H*Bhen)"@“\%@aédﬂcentrat ed
to dryness phbrymetyrene (sﬁﬂ@m Nru.mahﬁrmaﬁﬂa@(iﬁrmi dn&98 nrtlarwatwsrr%d

sequenti al Iéq , saturated aqueous S’&J and dried
(Na[ err] SO ﬂr)vasPH'Sﬂd E’B’hﬁ’g?ﬂer"d?re\? migytes. agd 9‘987‘933? 03¢ Wil paintginkgifct  as

a white SO|n||td>gen atmospHB’é)tor igHdurs.r re rbéhu&ﬂﬁ&@ﬁ:"ei\ &oled'iom {ofrigetalpé hdd [err]

8.12 , 2
-24- (s |;r?aﬂer (80 mL) was\Mdgg /ch&@%@roduct was fi fgtered anrz the solids rinsed once with a

(P%U[Sg.ﬁ/ ]1 ?29 L pomgg og%luigﬂnd féufiitndsithGd mLporfng 68 wahidnio gil€ ubbrdMivgR
err er
129. 04, 128. %’ém 5’!3““28’ H“'%&S%‘g?]‘géagﬁiej"if“ P’??‘”’%’Z needies of 4,4™ (d)

Prepar at i orbrs(xiheﬁyietpmyhdipllr_enyl ether that were 99.64 area perdhnsmlrelbygas ahonebgrighy25 g,
0.0045 mol) in ethanol (5 m), yas.A0E6RA S6he ol ution of

3, 3" - bi s(phenyl et hy e/l ) benzi | o J, U.UUBY T ' 3-di phenyl acet one
(2.07 g, 0.0098 nol )@ n et harRieparain B3-otemen IThe resul ti ng

0l uti gg vas heat ed ateflhition o). Fo (é@rane%@r ,thgnézasgaasﬁg&e dLgoom

tenperature. The result precipitate was fi of f
Di gesti on deckeddasy eswipped wmméhqmqagst@@haﬁendqgwwn@c@dgo Q'BBB'p‘EarP@ﬁt )
product as a@ addition fufkidl KTREEAIxRIAS WAL strﬁb@ an@@ BfatdréwhdMGihtaink8 B{/LWaWR

( CDCl[ F; ]r %bég‘NéI!;}f%é)@‘ 'r“?ﬁcéﬂr(fl ?9 mZ) was added if%p\l;?se over a penod9 oi(z 5 hours The

[ er r ] 199. 38nikbid. wh3,skdet &t fookd empBralidd fo2 an additiohdl two hours. GC showed 5 percent
129. 80 29. 60 %28 53

127 922227 MEAoR" mefb‘bT%‘?"Vﬁq PoEceptfliromo-ggerphenvhand 9 percent iriggmgrp-tepheny).
1. 3. 5- Tr i ls¢ b2 NINaCH/soptiph meecatded Gaheahovd s@jtion until it was basic.

Tri et hyl arigig 6 b rad dachl ko ROEHRA BN T mo R AC ! ot 2 15

(1.0205 g9), di me rmam de arged to a 5 liter
3-necked r @ulfme was addefl ¢a l‘"‘érﬁHQL@QIU‘IQmW!Q‘p‘@%F then eréﬁctth@ﬂm Bughiner fuanel over head

mechani cal ﬂﬁéd \Xn{he:femeacﬁf&%i&ﬂﬁﬁ‘a(s reﬁnﬂved To th@wﬂﬁlie@o@cf‘w&é%@& 75@:'39 o?giél%i‘t ! “9

mantle with a tenperature control This m xture was stirred 5

m nut e$3t o %?Wlwdtm?é'wm%%?‘edmﬁ V%ﬁ‘%t"ﬁ&’/"lﬁﬁ?ﬁ F@)&W&‘tﬂaﬁ et ’{‘5 s@]P 1. 3 5-
trib [ onpbenfaned. T rra) somdn me?waaféahﬂfé gneod Al bﬂeg)Tﬁéﬂéﬁdrﬁ%ﬁiﬂuasIﬂg t
react or was nitro n en heate 0]
oLer 1] C et DRSS At 1 beloit feggaamo SerbRerhat pRea et Bar | ng ot
70[ err] C f asrpBéhyhanie mecenpdenidriboeioyd-rerphefyl. 3Bhedatetig sakdtion boullowed to cool added
dropwi se o [ of 0 hour r re increased to
gL or 1] G © 1tookh BRb0R Wt (O ousb e BT HeRbinforBremBRE
reacti @@ wderphdngh 83 peked 4{40-diboam-o-terphenyl, and 13 percent 4,4',4"-tribrorno-o-terphenyl.
This material was used in the preparation of 4,4"-bis(phenyiethynyl)-o-terphenyl.
®) ion ©
4,4"-Dibromo-o-terphenyl (40 g, 0.0103 mol), phenyiacetylene (50 mL),
triethylamine (500 mL) and pyridine (300 mL) were charged to a 1000 mL 4-necked flask

ed.

35  equipped with a mechanical stirrer, a condenser, N, inlet and a thermometer. Nitrogen was

used to purge the system for 20 minutes.
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tenperature and water (1 liter) was added which precipitates crude product.
The product 2 5 was filtered, washed three tinmes with 500 nL portions of
wat er, then once with 500 niL of cycl ohexane. The crystals Were vacuum
dried at 75[err C overnl ght to g| ve 226.40 g (99. 1% éﬁj t was

r % r '1v in
T e s T s By TR B 2 RS SRR FoL B S ST AR e

on a rotary 554sgomp%aetavdea ONigbyéh »BaisfbuBbled (h%ga%ewomhd) withstirringdsr 329. 19
area % pure bé‘ %?S{"C r omat o I due was then recrg tallized

rom a i xt PR HER e &Y Rt toe s, (g wiEmahBini bt o |
crystal s werWhite sdlidfaohs duringsteelreatidm. a m xture of tol uene (100 ni) and 2-

| (400 niL t 3, 5-
Fr1 S pheril ot hyryi ) bor 2 SatHblf pBein@i 26 bSlet ani EBiri s infhif whs o
area % pure iinsegaith watersemtaiﬁm&mgkmprep mmmmbteakanarhemhdjmmgdi wagfiteragns from
tol uene/ i sopLRPABRING! fifiver BRY b AbsrRh sBvbral tAES Gl AeE ﬁi&ﬁg }gf&s gadhonic

purity.
WO 98/ 11149 dissolve the sdi@TFy 4 50 beaket.4 Phe upper layer was decanted into 1-L flask. The lower

4.4’ -Bi S( phelg dranibh %Mé 95’&%4 fgﬁ'{%ﬁerrialg %@%Q%imﬂuene and Ihle toluene. solutugw a

1-liter 3-nec ed roun ottom er nocoupl e

equi ppe
with an Wer‘ﬁ%ﬁaﬁ?ﬂ?ﬁ@ﬁdﬁh@%ﬂ desanted upper Ryeroloraing a deephrewnsqlidioni fbe deeRt |l e with
a tenperat urgrown solutno?nQFHsro@h&l&fze%ftﬁcﬁéi’&fag efhesblufidr Was3Ehie8 ir 4 WatePbaih while
tri phenyl phosphine (1 pal |l adium 5 acetate (0.2487 g),
di et hyl hydro?&yf%ﬂ'f'ﬁ ?‘%35’4“’@5{“9'43 &8k br onodi pheny!l ether (68.6 g),

phtenyl agﬁt yl ene (67. 74’hﬂ§oluthNad'ﬂﬁ@é@thé@ihmgﬂﬁs ]ftﬂe'i@n(ﬂﬂhb sanfh:msntdoI ]
wat er e ur.ge es n en
heated to Qo'ﬁtsvmesé’%ng{‘?%@ﬁr‘fgﬁ&gﬁgv‘m '"32 %é‘ﬂmé’%rﬂiﬁ’ﬁg%’téa'f’%}eaf hour s.

The reacts ononwesliskéiest, msnﬂmldoft:mplrmnmtmmedanuwstamzb the solid. e e+l Kedkerml)
was added. T, with a
107 120" . Wi S ISR ke Sl o e Mo i S laOlRE "
to give, updnonIogannlg The yellowelid welglhﬂd 25rgl ekheyallow solid §8s ﬂasrgd (A@Esa@x@ryn asdd) of
fine white r\ﬁ@ﬁjbrgéalﬁied‘}w%e in eth lacetﬁésﬁﬂﬁ%?%fetfmﬂé’ﬁééj‘lao&enyl ether that
were 99.64 area percent pure y gas chromat ogra

4. 4" - Bi s(phenyl et hyny¥) - o- t er pSénblipthynyidig gihey (a)
Prepar atggon of 4. 4" - Dalah f04‘t(ﬂt$r51|ﬂ8@§l|len§¢fi_bther (9.8 g, 0.030 mol), Pd(CAc) f0.0516NY |

(1009 e & ol donpecth il 14 5: Cldon gt Coni s St 0.5 Aeed et 1

an HBr trap iamtethylamine (@0 nil)idas spangddwithalitrogdin ibr 80 minutes, widis sty eatingod
tenperature \A@? mai nt ai ned by a water bath. Br[err](47.5 nmL) in
CHO [err] (1§ ) was added dropw se over a period of 2.5 hours. The
m xture vvas ZMethyledibatyn-2-ob{T6t g, 01980 atol)r whifrowascapagyed with oitragert faxBtoinutss, GC

showed 5, ﬁ;‘sﬂg?{&y Qad éﬁg'{}%%fﬂm %oﬁ,ﬁ%rP&%Pé{ 5 n{uﬁnjre ;Eeeffog €8he resulting reaction

dlbronD 0- ter ercen tribrono-o-
lce and 2 N wam ‘Q%ﬁ hﬂarqﬁr@twélwefoaaﬁ beurs, @oqiﬁfétomt tsempatawh and concentyatog s

basi c. toTiHﬁ\eébOmﬂé rés?d(!érwa‘éﬁl&eﬂ%? ERL! m&@ﬁat%{mdrdnnﬁ Qhg#t | On washed
with nore water. e was ‘added to the err] solution

whi ch was t h@‘?c?qtﬂafeér gﬂe fasidge RS taken, umindelengdena m) and S°‘?“|"P Ihlé‘éf'dﬁn il8elite.
Chl or of or m v@20 MBIy wes Bdded0 Thé Raddtintriixtal wad heaed mm a?xaapﬁ’oxmfatew woinal 2 5
ﬁgle]E ! gf a3§:| d @@’?q s%??veentswausrc{ Q{ule\%a %f hn%%tsglﬂn&’% v'\[rag c%ol\’\@1 en concentra Qﬂee rrers' S:e' waAsb out

taken up in CH,CI,, washed with 1 N HCI, water, saturated aqueous NaHCO, and brine, then

22!

1.

dried {Na,SO,) and concentrated, giving a dark colored oil. The residue was filtered through

a pad of silica gel, eluted with CH,Cl, and concentrated, giving a viscous il which slowly

solidified upon standing. 'H NMR (CDCI,) & 7.45 (d, J=8.6 Hz, 4 H), 6.93 (d, J=8.7 Hz, 4 H),
35  3.04 (s, 2 H); °C NMR (CDCI,) 3 157.02, 133.93, 119.20, 118.94, 117.16, 83.16. The

reaction scheme was as follows:
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di ssol ved. The hot solution was decanted into a 1000 nL beaker. The residue
solid was 71 g which consisted of 1.4 percent nonobrono-o-terphenyl.
93 percent 4,4"di bronro-o t erphenyl and 6 percent
4,4"4"-tribrono-o-terphenyl. The acetic solution was allowed to cool

to roonttenﬁ@b&&ﬂﬂ@ White crystals were collected. GC shBGHUSP7TEHEILent

nonobr ono- o- pheny percent 4, 4"-di brono-o-terphenyl, and 13
percent 4, @r 2 )‘4 &yl . This material was used in the
preparation of bi s(ph et hynyl ) -o-terphe

nyI
Preparati on of Corrpoun NaH _ 00- en
g, 0.0103 nol), phenyl acet yl en@d(m ’t_rl e m ne rrL) and

pyridine (300 nL) were charged t@py, 1000 nmL 4- necke ask 3 5 equi pped
with a nmechanical stirter, a cond&pfer Nl err] inlet and a thernoneter.

Ni t rogen was pur geEttt}ﬁ system for 20 m nutes.
- 26- WD 98/ 11149

PCT/ US97/ 15142 After the solid was dissolved, 2.783 g
of Pd(PPh[err])[err]Cl[err] 2. i

wer e added. N trogentwas bubbret ; O Y
m nut es. HegdmpeiaRd KYr ned on to refl ux the mxture RefIUX| ng was mai ntai ned
overni ght . Wi te solid Jorng Lng.th ] n. .9
The sol uti on was put(tntoa reparale C1Y “&. The flask was
rinsed with water sétoarﬂtrrytofnbmumndcnmuewQgtW%hml)bemhmylené'&ehmdel d
formed was I eral

i o wi ¢ h oAy aFEG wes ol cgheg!  B6on'of Bfcry ffr 150 AT

beaker. Th Qhwbeﬁlvllcakaede (182 gde6&irmelinirateylene chiotide (58 o), oVera $Qmeme

ayer i C Bef@bigind RitioA Ua GeimBBA! hé Bt mikliBSad abdd Gl ae, and. { he
t ol uene solution was co i ne ecante upper layer, formng a
deep bi@wnadbienttpHperatprrandstiped overnighyy Evmregeloumlﬁwemg carefully peurech with t h

charcoal . dffing @1 6&g omawaeat m&hylan@cm@heh 500 i) Whé Addled to a.ssoheluttg
stirred. NaJerr sol ution

wms 111t er BeIRADY g Trol AR SRAALeE THA SHRAMCAPT MR Mephe fpan,gaie, e
r ot ovapped carfckntralérbtosinyniess. VRecndtatiizationddm toluandgitesbid 6 lgd®2 pertdnt) b thenitie of hot
t ol uene an i ssolved, 1300 ni of isopropanol was added to
crystalli zgoT?ltogm 8?9@91%{;%&%'— beaker was put i nto the refrigerator
overni §ht, the cryst® s wer e Rrepamtioplof £4'+B dlyoxak or

i sopropanol . The yelAq%tfsqtsrqgmwh@ds %é.gmpJJtﬁtaeﬁanwag%aéa :%Ssme@%red
wi th acet one and twce in ethyl acetate d of

t he | I'ized™t
white fl aké4 qaageny@c%}yldiphenyl ethgt (50 0g, 0 123 mol) ip DMSO (400 mL) and the resulting
4. 4' - Di et hyighed MBB ﬂaétbd fbtfmfc {foravasiLRg thé}n céalé to ambaent temperatuﬂa Stregr ry of

4. 4" -dib di OA
0 0002 mr)f))r'g‘ctl& e ‘)’aﬁ Q?(S‘f" Be‘?‘?fq‘!{%e"gw' %& ! leﬁrﬂr’b‘r?e?{bt thg@bhu ne
(1.0 g200. Qﬂsﬂwamha)shed with water 3r}{ Edmtl.)amlmd(b?&rashhg witisbring pargiednoentrition

2' }\/L?ﬁsr f r%\?eoa Wﬁ&%%%n?ht‘éﬁh{lﬁﬁ?%@% Q/ollpﬁéac} \X%g f?gdm%at amb:e%‘%%eﬁtlurm trogen
for 30 m n&perystalﬂzewon from ethangligives 38.8 9d67 pescarit)of ﬂ@fﬂ!immm@us@huvmgbthﬂwr abs
m nute perigs The resulting reaction m xture was heated at refl ux
for 14 hours, cooled to anbient tenperature, and concentrated to

dryness. The residue was taken up in CHerr]dJ[er], washed with water and
bri ne, then




concentrated. The residue was taken up in toluene (200 nL) and sodi um
hydride (0.10 g, 0.20 nol) was added. The reaction m xture was heat ed
to reflux and approxi mately 100 nL 3 0O of the solvent was distilled off.
The sol ution was fofs) | ed, then concentrated. The residue wa ken up
in CHerr]d [8’ Z‘SEd V\nth 1 N HCl , water, rs]aturat ed agﬁ‘é’gﬁ’g”ﬂaﬁcoe and
brine, then dr| (Na[ er centrated, giving a dark
colored oil. The resi doa ntgef plryed B Mdaoo figgk equipped mthpﬁdemfoc&idle’ esflugel ,
eluted with [ Ig i ch
Clony oty ARG SRREAH ST e B IS 4l (]

J=8.6 Hz, 4 (91)4498601@31 p@g) 5;48715(;)Myiglyomlqyl)GShenyBatm 198,9 dipiienylagatone] C NI\/R
(CDC [er rs] ) [ A@ b530 a2 QgF%)r ?th& ng%. bdokyGbhatetidthandr. The mixtGe was nddted HEhux, at

reacti on schene was
-27- which point a homog@@pusisbifion was attained, and the solution was sparged with

PCT / US97/ 153 T d i ¢ 2
COxydr - ropon KE b rinutss, To hp aefion unnelwas i 2 o onianing £5.2 § KO
( Oorrpou nd KO- 4598 mol, 1.0 eg), 200 mL ethapgl, and 25 mL water: dipq temregRiurgwas reduced to

4.4 -di 0hen%%‘fSﬁd’ih@ld@??éb‘t’dtnoﬂvﬁ@édded rapidly over 5 minutes. An@otﬁerﬁhé’?eé&soﬂfwas
al um num chl oride (97.9 nmol ) in methylene dichlorid 200

m) at G€ wé@*ca'ueé@b"sav%m rg%ma'ae%@r'm wngikthese qHP'Eﬂﬁ%ﬂWe %q'tn'er' vtased@ﬁdg 0.294
mr)]: ) agd (5 svheréalnemé &erwebémrsbégw 16 Gedrabbe. %daﬂ‘d&ﬁ;\ill\% H&br)waslbbg?bfdﬂ ene

C ori de 0 en e addl tl on was
ol ot od.  IRBeNiatehtipom Srelien i Boasnd sPIcNEB GO VERLEAHTS BUdlN weg sBPBRIE

t enper at ur e Aleticaipidte adkitonehe h@tbtogeﬂ@iﬁs Eelativhiwase haatud ws&au@&flaﬁfoeisxl |y

poured, with Lrrin I_nt war er. t.h e, Iorlde
(2500 )" weindaeardl bidh Puerplle? s Brich. pg b es byorfS o o B
separ at 4. B8§ mlgmllaceﬂcaysr(oﬁwmu t baeuwamdmghnd:sﬂrnea&r Sﬂhmmutes The

concentrat eq zsﬁ.ﬁ&d %gﬁ:?alnéﬁ *v%ﬁ& I’n‘}ﬂé ﬁ:&# Hﬁﬂa vﬂi\ Vﬁ§ watkf) 39, (92
per cent) of t|t oun
(b) EtfPlrle%)lampil-b nndﬁﬂed for' 12Bpurs st @‘Pf%l ty 99 @Mdawaywr@ a'wng B2¥g (2

Aqueous HBr p@%@nlﬂhu@é DPO@PWH%%Q&F Sé‘rGént ?&E‘BgL@n)‘hU‘@fﬁd%Qéqaltv&sa slurr y
acetyl di enyI et her i n DVSO (40

(r)rfL) and t4hg dfsglg'g?‘{ inHFLC oradefethniane chiedoe, g meight Qfg%@[‘éﬁﬂgﬁe 2 phG0r s,
t hen coaqbed flask «amtypem with & bpreineflush @alvd Bsd mechanie#l aﬁﬁerpahdmahw AgorBuisly for
P o RS e B Bl S Bt 5 Gl P T RS, 20,
and concent rsakti@rwas then flashed through a 5 cm column containing 75 g of sllica gel in CH,Cl,. The
column was washed with an additional 1 L CH,CI, at which point the filtrate was essentially
clear. The solution was evaporated to dryness and re-dissolved in THF and evaporated again
25 toremove the bulk of the residual methylene chloride. The powder was transferredtoa 5 L
flask equipped with addition funnel and Friedrichs reflux condenser, and dissolved (0.07 to
0.12 g/mL) in deoxygenated HPLC THF at reflux. An additional 1 L THF was then added and
a nitrogen sparge tube was inserted into the solution. The solution was sparged with
nitrogen for three hours and the THF was condensed at 45°C to 50°C while residual
30 methylene chloride was removed by distillation. A distillation head was attached and 700 mL
to 1 L THF was removed. The solution was then allowed to slowly cool over several hours to
room temperature then cooled with an ice bath to below 10°C during which time
crystailization occurs. The crystals were isolated using a 5 mm PTFE filter in a 4-L Millipore
clamp-frit suction filtration flask. The crystals were then washed with 1-L MeOH and dried
35  over night at 80°C to 80°C under vacuum giving 70 1o 85 percent yield DPO-CPD with 99
percent LC purity, mp 270°C.
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to give a viscous, bright yellow oil which solidified upon standing at

anbi ent tenperature. Recrystallization fromethanol gives 35.9 g (67
percent) of the title conmpound as bright yell ow cubes.
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PCT/ US97/ 15 MG 98/11149 (c) Pr epar at i RETERNBMApound K
To a nitrogen purged- 5-L Mor 2ak plpke ypylidihhon gr (Compounddlipl e, refl ux
condenser with nitrggen inle ddi ti on funnel was
added, 195.4 g %(o 4498 e e

4, 4" -bi s(phenyl gl yosrine Iﬂbﬁﬂh@tﬁ?ﬁ mal) wes slowlssdgadgir@nwmewea@wwe 5
(0. 9220 ”Dhaph&\ype“th&qéo 08'6h# rﬁoltat%%‘ yﬁﬁﬂﬁﬁﬁé’acﬁ%ﬂ N mgﬁgﬁnm WhihiGwi

heated to ref oi nt a Ronpbgeneous solution was a tal ned,
and the® sopr®6%§“§ﬁ&rfgéﬂ‘°Wﬁ ma“'“‘*“"%‘rﬁt ihabiﬁﬁ\ﬁe'%&fe fotveinsutsedhe To t he

addi tion fmmﬁb wiE theA HEREd &,m@twa@wm&t tHeR Icaae&% afbfentéeli Porature fife- 4498
era

nmol, 1.0 e 200 nlL et hanal 25 water. The tenp ure was reduced
to &T’@f’? yes e v R, g‘&th)dra%%waamwmmump 5 "Mnut es. An
exot her m cahigANkISD)) Mf‘coﬂ&bntratﬁu | fling/aE5 al@b Ipé%@ﬁb productiad & tadky GicvHigH | uX

until three quariers of the solution was added whereafter the

terrperatur§’°‘B'¥§?H’éﬁef’6'p%itf“é%(!9eatambl?ﬁ“ﬁmﬁﬁ%’ree col or was observed

i medi ap el y upon adgpyti on of gps observed before addition

| Af lete on,
heat ed i strong refi HMEE Yt p?aﬁ R ENATCE e G
1; gre {TFS aIIhg oﬁooauml)vmpai(l)mm (6™ V\gcsmigggaémaﬁbmmbﬁén@ipﬁosbﬁme (X86g 9 glsacll_ ﬁle
o ot proutiopS 23R iRtyerding (356 mt) VRS SO WA il fof 56 riries) gt
wth, 1L matlegtoreﬂux EtOH 2 L MeCOH, and dried for 12 hours at

60[err15C to 90C undg W%E&H ‘il]'ge CI‘LII.%))( %I?nch was Fpa&gﬂ’d%ﬂtrgtroﬁ%vg?% OCPD

whi ch was 94 percent p %’e materi a ved in
HPLC gr ademifetes,wasrapigagdedie thewflywinggalutionevesn f)minyte periole Thetesulingy 5- L

Morton 2 OreacfdnamituROvdsitead\at iehmafobm ﬁ&;aa, ffﬂéss@lu\(&{ W e%etéd @@&h@&hc al
stirrer, and washed vi 0 90 _nm nute

of egmr a1 :
with equal tepeintte poad I 6‘&/’?%‘4\‘?(‘!”%"@? up ’ﬁ@"z@ﬂ["éﬁsf‘f‘tﬁ“f'b} P"]HC'
sol uti on waatet, rssmraﬁécmdned;d NeHO O} ang bﬁne; e @bhbEhitrRedoAi00 mild/olimed Thfs Si | i ca
gel in ,CH err Clg{aer_ e% The [o10) hed w t itional 1 L
iy er 70 | B9 2 T o rer gt Ffim Spp e ey SpgHe snd e

resulting filtrate concentrated. The residue was crystallized from EtOAc/hexanes to give 39.0

g (73 percent) as a light tan solid, mp 123°C to 126°C. 'H NMR (CDCl,) 3 7.77 (bs, 1 H),

7.53-7.44 (m, 14 H), 7.34-7.26 (m, 20 H), 6.98 (dd, J=8.0, 8.0, 2 H); °C NMR (CDCI,) §

156.81, 156.00, 136.49, 132.93, 132.57, 131.31, 131.22, 128.23, 128.10, 128.06, 127.99,

25 127.87,123.04, 122.74, 122.51, 119.63, 119.09, 118.67, 117.84, 116.30, 95.05, 89.47,
88.72, 87.79, 83.87.
M. -(1.4-Phen i -di-(4-fluoroph -4-

clopentadi
1,3-Bis(4-fluorophenyl)-2-propanone (1.476 g, 0.006 mol) and

30 1.4-bis(phenylglyoxaloyl)benzene, available as Bis-PGB from Ken Seika Corporation (1.026
g, 0.003 mol), were dissolved in 90 mL of 1-propanol and benzyltrimethylammonium
hydroxide (0.32 g, 40 percent in methanol) was added. The solution immediately turned
purple. Reflux was continued for 2 hours. The mixture was cooled to room temperature and
then at 0°C. Solid was collected and washed with cold methanol. Yield was 1.92 g. The

35 solid had a metallic shiny color and meits at 316°C as measured by DSC.
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clear. The solution was evaporated to dryness and re-di ssolved in THF and
evapor ated again 25 to renove the bul k of the residual nethylene

chl oride. The powder was transferred to a 5 L flask equi pped vvith
addition funn (f Hgll EI‘I edrichs reflux condenser, and di ssolp¢g %

0.12 g/ L) in deoxyge was

t hen added and {‘Qta?sg? g%#";ﬁ@ éémﬁg%’tlra‘gé\gg Rser Jﬂé&ﬂﬁ he "#Fearsl_"gl ution.
The sol ut i ordegeribed jnckr.drice. fi $.1Hay, J. PO/YnSW (e G fmym%ﬁ@emhtm@ hﬁ‘i@-’ﬂﬁb THF
was condensqqigﬁ 45[err]C to 50[err]C while residual 3 0 nmet hyl ene
chloride was refroved by distillation. A d| sti IIatlon head was attached and
700 niL to 1L TNIF was r ehdhdedrs(ohenyietivadi-otembaav {Gompound Nhed t o
slowly cagol over seve hours%émguﬁ%w%t hen cooled with
an ice bath to below\ﬂé‘[err]c urin crystallization
occurs. The crystal s wehePheBy (&9, 8%(%9@”9%' SO weregharged o 3 1L 3-

M1 lipore neckeinaéWEmidpb& wﬁwsme@ﬁhrﬁdal dtirdt, Ia%néanaérkconﬂaa@d% XS HB} fap/dpige_t hen
washed with 1 -L MeOH and dri ed over ght at 80[err]Cto 90[err]C

under vacuu rﬂ"g"idg'f'?fgfu?@?' + Hhesmixfies \%ﬁﬁ“"?ﬁ én@'emve;awaﬁ PRintggied by a waggs; cent LC

\F/’\g |9t8yi1r1r29%9{ Br(2635 mL) in CHCI, (100 mL) was added dropwise over a period of 1.5 hours. The - 29-
PCT/ US9 A1 54%ixture was stirred at room temperatyre for an additional 2 hours and then at 65°C for 2

(2 )4 4' - Tri s(ebenEosnowey ?4 péerpéme ﬂwonﬁil;h—wrprgeﬁﬂlhml nLﬁr']ibromo-o-terphenyl and 0.7

a Pre Lon o tri bronodi phenyl ether

Brom ne (57. %anﬁa*?é’é"%f’)‘ %? 'sl oW y added dropwi se to neat stirring

di phenyl ether (20.0 IgeafdaidNadb Sokaibn wefecaddédo thrisolutign Lhtd it vael basianThet he

t enperature . actio

mai nt ai ned é‘% ?ﬂ@tep%gr/r%eec?gtte ﬂ?@@ k{%@@&%ﬂsﬂ%ﬂ% Mﬁ?mo'% V%tter go%ﬁ'%' t hen
heat ed 116 7Gulate Was fdvled XDthaiOhQ], eslutmrmmcmw theh filtereaithrioagit a Bmt\perrfamm e The

t
;ﬂqﬁeng Kg[se?ﬁa@&&é&e' Cnicfdséii e rbiida gmg%g{eaem.i n\%;éiwnﬁ e
gi ving 44. 8 agelcrse q@eﬁwmv WRsdwaion will avales BRY abPF CuYi o soid g plbagieyic

solidified taerama%traﬁsl}eamaauz BEDEMBItinFORE ba.tcwita 4" Jafbromo-merphenyn 88 pdident
Preparati on of

P St A B By B 2nc6 gergentUmBEMATPOON IS 1aUR pps pepcin
g, 0. 00091 nﬁﬂbrepaﬁ‘ﬁmﬁﬁl 4@i¢-tﬂ§mﬂeﬁlﬂetﬁﬁ% errpGe ) 3the dEdlic actiddlution contamed

tri phenyl ph phi ne th ne (300 nL) was
Sparged w t FORPIPB A qharTe g amhanyieas Petpt Bt o 1o gL AF BRIoEL | b
15 tetrabromo-o-terhengH acetyl ene (41.4 g, 0.406 nol), which was sparged
with nitrogen for 30 t added to the refl uxing
solution over a 5 mn{n)e er|o reacti on m xture was
heated at reflux for 444k WB’“*W@'PMVU@F@@ Obﬁéa E‘Qb-lpédﬂx'@eahbeéﬁﬁml-)

t enper abyr € uifiihHeeas i) tk pyliRe 185 hily Rolithalgglita up 11 Ollerr] ciferr],
washed with er, saturate ueous NaHCO err] and brine,

t hen concent%@&ﬁﬁcﬂm‘aﬁ‘tewpﬁwm Feshanipal gt‘?ﬁhﬁ“@?ﬁ’%&%’ 19 N.&Hetn8 Br ough

a pad of si higmoget:. Miroedvasiubdl BRURYSIIRSG sﬁmfefﬂzdamata@l t he resul ting

filtrate concentrated e re m E c/he nes to
give 30,0 (7 7M5EIRE i we S, BN L o of S 0p ot ane HR,
126[err] C. (2:21‘:!\5& wete bdded.r Nitrbgérewds bubbléd thrfagsh thHe dd)ution with starﬂngl‘?&:i) rﬂlﬁuéﬁl 14
H, 7.3 0] 6,98 d, J=8._.0 0, . o Jerr] C NVR | [err])
(i o) 30" Phatss e gl s Rgbeciygimgt e d it ine
128. 23, 128. téxctidh28. 06, 127. 99, 25 127.87, 123.04, 122.74, 122.51, 119.63,
119.09, 118.67, 117. 8ﬂie s&lﬁ@on%?as p%?m% a 2-§%eé(7er which contains ice. The flask was

rinsed with water several times and poured into the beaker. The gummy solid formed was

filtered with a Buchner funnel and then washed several times with water. Toluene was used

35 todissolve the solid in a 2-L beaker. The upper layer was decanted into a 1-L flask. The

lower layer which contained undissolved materials was rinsed with toluene and the toluene
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88.72, 87.79, 83.87. M
. 3" - (1. 4-Phenyl ene) bi s(2. 5-di -(4-fl uorophenyl)-4-
phenyl cycl opent adi enone) ( Conmpound M
1, 3-Bi s(4-fl uorophenyl)-2-propanone (1.476 g, 0.006 nol) and 3 0
1, 4- bi s(phenvpgﬁly%%‘al oyl )benzene, available as Bis-PGB frBRI/FIHIM& (4
Cor por at i ofoftiongNsre °°'“b‘“°§ forming 3 degp hrowsgniytion whish wag gubsgausotiy  of

1- propanol degslor2edwith Erardtal, e RONWSH WEB heated in walréowud@m(e(be&% PiredtO per cent

ot [ was Mo WRRLTPPYagPcs Thsipoliborsfes e & pheorid B et f o

t.enper at ur Qraafﬁﬂovapped oft. '@ gatnrr@[serd was disslved invesL ﬁ@éldeenmesboamdowm hed with

ggldd nenF[f’ hagg[e ‘3’1% [ﬁ\aﬂ%@azssw% ﬁgﬁp@@é{egg%%é&a&ed wstn acetoneneilh Irght yel?o | réx)(id col or

- 30- weighs 11 g. The soli@wa8 ciydthiided twice from ethyl acetate. Yield of white powder was

PCT/ US97/ 13142 1 ,3-Bis(4-fluorophenyl)-2-propanone
was prepar F ol | owi ng the procedure descri bed in E. Elce, A S
Hay, J. Poly. Sci.: ®art A < ‘ (1995).

N. 4.4' . 4" 'Ewg&Wgtghﬁ%%ﬂ terphenyl (Corrpound N) 5

(a) Pr epara bno- o-t er phenyl
o- Ter ph@nylt G(-QD'OGIO@QZBMWZG 03265 mamad), MW’WF}“OQM)MédinECMeged to a

L ed (0SS ERA i beRBhoRBShg .08, FEERAB) Bppeit pa8E Bagondenser

connected to an Xt ureé was
stirred an@-S4anpel gyidine (rr&g\tn&%mmeahﬂwaewapem 0.783 molhyuera mied[asd |

(26.5 nl) isfivréeltilaberitidgen m%%huzwsrredﬂﬁdmdraewnssrrmeavem@qr rRélsdhbtion - ©
hours. The 10 m Xt ure S st ed a om tenperature for an additional 2

hours and MA&ReYRd ihiq 2 pptptice B?‘hzT“e sdi WhﬁBLﬂ'@"d Sqisctediandwanbed with

di brogmso mwhewéqudi%s piesohaatin foluché eﬁmmsﬁsa:mbm)égalaﬁa% fﬁ;r;éﬁl off. 'lrhe per cent
tetrabrono r nyl . . , ce an sol ution were
ndded t ot KRS cRUf was fecplorzed it charesal. Isqarepeni Vi aged OTITR BRI

decant ed amgstalse TGkiClySaisviersisblated by filvationams neigh it m(mdrrmnmastepercéimdl um 15
sul fat e wag;.pfdgd : SRMRL ed t hrough
a Buchner ﬂﬁ Pglnﬂ&p&m%a?_{%ﬁdsp VH d“%‘a\%r@ %&JE*; 'EQ Jeersm%ge(rj The
white soli &Omeweﬁ‘%@ms%ﬂ'wffwfécﬁ %t‘ﬁ(Phe"Y'e*hYB)é)@PW"&cr d and the slurry
was hegped with a wgher bath g Bhvic 8 sednd paf ter all acetic
acid was renoved was_42.5 CONSI St | ng

4, 4" - di br omo- o- t er pHeRTR °un<38"r9érp&@ﬁfedasmCO'nP%md?exP?mm%M o-terphenyl and
0. 6 per cenidibrahstbienevag ub&d ipfteaydf. The solid was used in 20 the
preparation of 4, 4 é4 -tris(phenyl ethynyl)-o-terphenyl. The acetic acid
solution c rﬁ%ﬁ’ﬁ@&b € 56 percent 4, 4" - d| br ono- o- terphenyl 36 percent
4,4',4"-tribrono-o-t@r phenyl had Bhg : 7 L Q)D- 0- t er phenyl .

b bramo-o | A 1 erpnens
Wk 4% Tr b onar o (&R enW%‘@"‘mﬂ"ﬁ"&%ﬂn&%ﬂ“ 07 tethylamine (250, , )

25 triet hymla map degazsey iy spatging withry, dor 36 minuges. rﬁ_'Pthpéoﬁt’h'aﬁged to a 1
000- L 4- n?@h‘ado bba%%rn&)%s%ash %llB@e@bsKlﬁﬁb?«&' @abogtd;ﬁmas n@m@éanser and
Nl err] inlet and én was’ used t he system

for 20 mi n®-8% g.0. 00165 mol), and the resulting mixture was heated to reflux. Phenylace Iene

(20.1 g, 0.197 mol), which was sparged with N, for 30 minutes, was added dropwise over a

30 10 minute period. The reaction mixture was heated at reflux overnight. The reaction mixture
was cooled to ambient temperature and concentrated to dryness. The residue was taken up
in acetone (200 mL) and water (300 mL) was slowly added with stirring. The precipitate was
fitered off, washed with methyl alcohol (500 mL), then water (200 mL) and dried, giving a
light tan colored solid which was further purified by recrystallization from acetone/methanoi,

35 giving a white solid in 60 percent yield. NMR analysis was consistent with the structure of the

desired material. The reaction scheme was as follows:
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After the solid was dissolved, Pd(PPh[err])[err]C[err](1.1 13 g), Cul
(1.005 g) and PPh[err] (2.218 g) were added. Nitrogen was bubbl ed
through the solution with stirring for 30 m nutes. 30 Heat was turned on

and the mxtu%me 5ef|uxed overnight. Wiite solid forned glll ﬁ'ﬂa 2 hich

reaction. The solution was put into a

contains ice. The flask®¥as rinsed with water several tinmes and
poured into the beaker. {The ggumry solid forned was filtered with a
Buchner funnel and th hed sevehidcd i mes W th water. Zoilene was used 3
5 to dissolve the s in a Zfﬁipﬁﬁﬁgr? The uppe

intoal-L flask. The | ower er Zwhi ch cont

QYer was decant ed
ﬁ d undi ssol ved

materials was rinsed wi gh tol uene an *he toluehv Nph
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PCT/ US97/ 15142 solutions were cd§b|ned formng a deep brown sol ution
whi ch was subsequently decol ori zed mnth charcoal. The sol ution was

heated in a water bath while belng stlrred hb[err]so
added. The sol ution gpajation o ' 1.CS ) ppdba Mistiite of
o s st |
beaker mﬁth or I e en colTected
and washéd ¥t h acetone. The | i ght yeIIOM/solld wei ghs 11 g. The
gol idwas crystalli zecbmwuﬁ@(m)r(mmbmw-ewsetmﬁmmﬁ{buﬁlr?in@mmwm%\@ wasd
g . eny| et enzene npoun
0) 278, 0.259 mmo) ik Coymegupe RRHE mik D o TPl e tpd

1, 3-di br ormbehdismoréyﬂaeﬂﬁer@ (4 2R) for #2rbdyrs. The dark solution turned red and became

bi s(tri phen hos al | adi chloride 794 mmol ),
Cr phenyl phdSHTHend e doitenea bt Fontel of 4 viaics 80 eyrse o AP 2R s foring 2

2. 64 mMmbdb), flperr@lra@h()ﬁScmmrerS)as}aﬂmt) triethyl am ne (110 m.), 0.783 nol)
were m xed and stirred under nitrogen for 30 m nutes. The m xture was
t hen refl uxed overnight. The sol ution was poured into a water/ice
bath. The solid which forned was coll ected and washed with 15 water. The
solid was dissolved in toluene and the insoluble material was filtered off.

err] was t hen

The t ol uene solution was decol orized with charcoal. |sopropanol was
added, form ng yell ow crystals. The crystals were isolated by
filtration and weigh 4.0 g (13.1 muol. 50 percent yield). Melting

point was 109[err]C (DSC). NVR and mass spectroscopi ¢ anal yses were
consistent with the proposed structure of 1, 3-bis(phenyl ethynyl)benzene. 20

P. 1. 4- Bi s(phenyl et hynyl ) benzene (Conpound P)

Compound P was prepared as in Conpound O except that 1,4-

di br onobenzene was used i nstead of 1, 3- dlbronnbenzene

Q 1.2, 4- Tr|s(phenylethynyl)benzene (Conpound Q 2 5

A slurry of 1,2,4-tribronmobenzene (20.0 g, 0.0635 nmol) in triethylam ne
(250 nL) was degassed by sparging wwth Nerr] for 30 m nutes.

Tri phenyl phosphi ne (2.2 g, 0.00836 nol) was added, followed by
Pd(OAc)[err] (0.2100 9, 0.000445 nol) and Cul (0.315 g, 0.00165 nol),
and the resulting m xture was heated to reflux. Phenyl acetyl ene (20.1

g, 0.197 nol), which was sparged with NJerr] for 30 minutes, was added
dropwi se over a
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30 10 minute period. The reaction m xture was heated at refl ux
overnight. The reaction m xture was cool ed to anbient tenperature and
concentrated to dryness. The residue was taken up in acetone (200 ni)
and water (300 nL% was slowy added with stirring. The precipitate was
filtered of f ,YREEHME with nethyl al cohol (500 nli), then wRGVUss2BB2ml) and
dried, giving a | i ght tapcol d solid which was further purified by
recrystallization from acet , 35 giving a white solid in 60
percent yield. NVR analgsis fent~u Jh the structure of the
desired material. The
-32-
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Ph [err]
Compound M and a M xtu
O and 1.3.5-tris(phen
Compound (M (316 ng,

Br

Preparati on of Polyner from

bi s(phenyl et hynyl nzepe nmpound

p (Conpound 5 e

pl ), Conpound (O ( , Fw =
ng, 0.116 mmol) were refluxed in

1, 3-diisopropyl benzone (4 ni) for 42 hours. The dark sol uti'h turned red

and becane vi scous. The sol ution was spin-coated on a wafer and cured

at 400[err]C for 1 hour, formng a 10 film The reaction schene is as

fol |l ows:

Ph
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PCT/ US97/ 15142 F [err] (0)
(M
WO 98/11149 PCT/US97/15142
Example 3 Preparation of Polymer from Compound M and a_WMixture of
*-bis(pheny! -0-% und | 4'.4"-tris eth - hen
{Compound N)

Compound (M) {316 mg, 0.415 mmol}, Compound (I} (107 mg, FW = 430,
S 0.249 mmol) and Compound (N) (88 mg, FW = 530, 0.166 mmol) were refluxed in 5 mL of
1,3-diisopropylbenzene for 48 hours. The yellow viscous solution was cooled to room
temperature and spin-coated on a waler. The polymer was cured at 400°C for 1 hour,
forming a film. The reaction scheme is as follows:

-35-



Ph [err] WO 98/ 11149

PCT/ US97/ 15142 Exanple 3 Preparation of Polyner from
Conmpound M and a M xture of 4. 4" - bi s(phenyl et hynyl ) - o-t er phenyl
(Conpound 1) and 4.4'.4"-tris(phenyl et hynyl)-o-terphenyl (Conpound N)

Corrpound (Mwe iy, 0.415 mol ), Conpound (1) (107 ng, FONUSIABH2 5
) (

© ©

~-O—~0—-0", F

o" 000 .o
O-0-0-0~0-0~0~0

OO0 0. 00O
Ph

@OQ

Example 4 Pre ion of (8] . i-1.4-ph elbi 5-
iphen ieno ompound K 4,4’-Bis(phenylethynyl
er (Co
5 3,3-(Oxydi-1,4-phenylene)bis(2,4,5-triphenyicyciopentadienone) {15.0000 g,

0.019158 mol), 4,4*-bis{phenylethynyl)dipheny| ether (7.0974 g, 0.019158 moi), and N-
-36-



formng a film The reaction schene is as foll ows:
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methylpyrrolidinone (51.60 g) were added to a 250-mL round bottom flask. The flask was

attached to a nitrogen inlet and the magnetically stirred solution was heated to 200°C in an oil
bath. After 19.5 hours at 200°C, gel permeation chromatography indicated a M, of 1551 and
a M, of 2383 relative to a polystyrene standard. The solution was allowed to cool and was
bottied. A portion of the solution was taken up in a syringe and filtered through a 1.0 micron
syringe filter onto a 4" silicon wafer. The wafer was spin-coated at 2000 rpm for 60 seconds
under a heat lamp which warmed the wafer. The coated waler was then placed on a hot
plate set to 30°C for several minutes. The wafer was then placed in a nitrogen purged oven
where it was cured by purging at room temperature for 45 minutes then heated to 400°C at
10°C/minute, held at 400°C for 1 hour, then allowed to cool to rcom temperature. The
resulting wafer was thus coated with a polyphenyiene polymer. The solution, when applied to
a gap fill structure with submicron gaps and cured, was found to completely fill the gaps.
Example 5 tion o er fr

i lcyel ieno 4'-Bis(ph iphe

1.3.5-Tn nylibenze Jo)

To a 100-mL 3-necked round bottom flask was added 3,3'-(oxydi-1,4-
phenylene)bis{2,4,5-triphenyicyciopentadienone)(10.0000 g, 0.01277 moles), 4,4~
bis(phenylethynyl)diphenyl ether (2.3660 g, 0.006386 moles), 1,3,5-
tris{phenylethynyl)benzene (2.4170 g, 0.006386 moles), and N-methylpyrrolidinone (34.5
mL). The flask was attached 1o a nitrogen inlst and the magnetically stirred solution was
heated to 200°C in an oil bath. After 11 hours at 200°C the solution was allowed to cool and
was bottled. A portion of the solution was taken up in a syringe and filtered through a 1.0
micron syringe filter onto a 4 inch silicon wafer. The wafer was spin-coated at 2000 rpm for
60 seconds. The coated wafer was then placed on a hot plate set to 90°C for two minutes.
The wafer was then placed in a nitrogen purged oven where it was cured by purging at room
ternperature for 45 minutes than heated to 400°C at 10°C/minute, held at 400°C for 1 hour,
then allowed to cool to room temperature. The resultant wafer was thus coated with a
polyphenyiene polymer. The solution, when applied to a gap fill structure with submicron
gaps, and cured was found to completely fill the gaps. The cured polymer was insoiuble in

N-methylpyrrolidinone.
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Example 6 ion of Polymer § '~ -1.4- | i -
riphenv! j -Bis le benzene
d -To e

To a 25-mL Schlenk tube was added 3,3"-(oxydi-1,4-phenylene)bis(2,4,5-
triphenylcyclopentadienone) (2.0000 g, 0.002554 moies), 1,3-bis(phenylethynyl) benzene
(0.4740 g, 0.001703 moles), 1,3,5-tris(phenylethynyl)benzene (0.4834 g, 0.001277 moles),
and N-methylpyrrolidinone (6.9 mL). The tube was attached to a hitrogen inlet and the
magnetically stirred solution was heated to 200°C in an oil bath. After 20 hours at 200°C, gel
permeation chromatography indicated a M_= 1463 and a M_ = 2660 relative to a polystyrene
standard. The solution was allowed to cool to room temperature and was bottled. A portion
of the solution was taken up in a syringe and filtered through a 1.0 micron syringe filter onto a
4° silicon water. The wafer was spin-coated at 2000 rpm for 60 seconds under a heat lamp
which warms the wafer. The coated waier was then placed on a hot plate set to 90°C for two
minutes. The wafer was then placed in a nitrogen purged oven where it was cured by
purging at room temperature for 45 minutes, then heated to 400°C at 10°C/minute held at
400°C for 1 hour, then allowed to cool to room temperature. The resultant wafer was thus
coated with a polyphenylene polymer.

Exarople 7  Preparatio i ion fro 3'-(oxydi-1.4-phenyiene)bis
i lo di 0 n -
is (&) Compou

To a Pyrex®1-L 3-necked round bottom flask which had been rinsed with
deionized water and HPLC grade acetone and dried was added low ionic 3,3'-(oxydi-1,4-
phenvyiene)bis(2,4,5-triphenyicyclopentadienone) (100.0 g, 0.128 moles), low ionic 1,3,5-
tris(phenyltethynyl)benzene (48.3 g, 0.128 moles), and electronic grade N-methylpyrrolidinone
(346 g). The flask was attached to a nitrogen/vacuum inlet. The magnetically stirred solution
was degassed by applying vacuum and refilling with nitrogen five times. Nitrogen gas was
then allowed to flow through the headspace of the flask and exit through a mineral oil
bubbler. The solution was then heated to an intemal temperature of 200°C. After 8.5 hours
of heating the soiution was allowed to cool and was transferred into a bottle made of
tetrafluorethylene. Analysis of the final solution by gel permeation chromatography indicated
a M =1498 and a M =2746 relative to a polystyrene standard. Analysis of the final solution
by reverse phase chromatography indicated a residual 3,3-(oxydi-1,4-phenylene)bis(2 4,5-
triphenylcyclopentadienone) level of 1.8 weight percent. Analysis of the final solution by
neutron activation indicated a sodium level of 52 ppb, a potassium {evel of 190 ppb, a
paliadium level of 80 ppb, a bromine level of 2.4 ppm, an iodine level of 0.6 ppm, and a
chiorine level of 2.4 ppm.
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1,3, 5- Dynanaie M Aal§is) benzene (2.4170 g, 0.006386 nol es), and
N—rret hyl pyrrol i di none (34 5 20 m.). The flask was attached to a nitrogen
inlet and the magnetically stirred sol ution was heated to 200[err]C
in an oil bath. After 11 hours at 200[err]C the solution was allowed to
cool and was bottled. A portion of the solution was taken up in a
syringe and filtered through a 1.0 m cron syringe filter onto a 4
inch silicon water. The wafer was spin-coated at 2000 rpm for 60

seconds. The coated wafer was then placed on a hot plate set to 90[err]C
for two mnutes. 2 5 The wafer was then placed in a nitrogen purged oven
where it was cured by purging at room tenperature for 45 m nutes then
heated to 400[err]C at 10[err]C/ mnute, held at 400[err]C for 1 hour,



then allowed to cool to roomtenperature. The resultant wafer was thus

coated with a pol yphenyl ene pol yner. The sol ution, when applied to a
gap fill structure with subm cron gaps, and cured was found to
conpletely fill the gaps. The cured polymer was insoluble in 3 0

N- net hyl pyr reoisgiinene. PCT/US97/15142
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filtered through a 1.0 mcron syringe filter onto a 4 silicon wafer.
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25 (346 g). The flask was attached to a nitrogen/vacuuminlet. The
magnetically stirred solution was degassed by appl yi ng vacuum and
refilling with nitrogen five tines. N trogen gas was then allowed to
flow t hrough t pdspace of the flask and exit through a njineral o

bubbl er. The solutlon was then heated to. an internal tenperdCEUSOHFIe2
200[err]C. After 8.5 hours of &%ﬁ%ﬁ&@mﬁHgﬂsolutlon was allowed to
cool and was transferred into f bottle made of 3 0 |etrahl uorethyl ene.
Anal ysis of the final per meat i on CthﬂBtOt{aphy i ndi cat ed
a Merr]=1 498 and a i ¢' st andard.

Anal ysis of the final
i ndi cated a residual 3,

tri phenyl cycl op di

final solutlon
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PCT/ US97/ 15142 Exanple 8 Coating and Curing of Qlicomer Solution
from Exanple 7. A sil ane based adon pr onot er,
AP8000 avai | abl om The/Bow Chenjresl irst applied, 3
m. for a 200 nngggth——%qgjg%—su : = ; spun g o "1 to
spread across t ntire acg; e dogds; and
finally spun dry at 3000 rpm for 10 seconds. The @ e,

ol i goner sol ution prepared in Exanple 7 was appl 7 4 nmL for a 200

mm waf er, by a high precision punp/filtration system Mjllipoge Gen-

2, onto the wafer surface coated with adhesion pronDterlbs the wafer was
spun at 750 rpm The ygd rot on mas accelerat&d to 2000 rpm

i mredi ately follow ng ¥ ~( 60 ol i gonmer sol ution and
hel d at that spin speed for\"' secon A contlnuous stream of 10

nmesityl ene was applied to the bacRside of the wafer for 5 seconds during
t he application of the oligomer solution. After spin coating the
wafer with the oligomer solution, the filmwas dried on a hot plate

at 70[err]C for 20 seconds. After the dry bake step, the 2 mMmto 5 nm edge
bead of the coating was removed with a contlnu@ms st eam of nesityl ene
whil e the wafer was 3 € application fromthe
backsi de or directly f Pom After the edge bead
removal , the oligoner wa - : pl ate at

325[err]C for 90 seconds undc a nltrogen blanket-hThe filmwas then
crosslinked either on a hot pIate at 450[err]C for 2 m nutes under
nitrogen or in a nitrogen purged oven at 450[err]C for 6 m nutes. The
filmhas a glass transition tenperature greater than 450[err]C as neasured
by Dynam ¢ Mechani cal Anal ysi s.
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Ph

P Q
Since the compound preparation procedures described above employ
standard chemistry practices and it is known that slightly diffsrent reactants can require
5  slightly different reaction paramsters from those for other reactants, it is to be understood
that minor modifications to the reaction parameters set forth such as the use of an excess of
one reactant, the use of a catalyst, the use of temperatures slightly higher or lower than room
temperature, for example, and/or high speed mixing and other such conventional changes

are within the scope of the present invention.
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CLAIMS:

1. An cligomer, uncured polymer or cured polymer comprising the reaction
product of one or more polyfunctional compounds containing two or more cyclopentadienone
groups and at least one polyfunctional compound containing two or more aromatic acetylene

5 groups wherein at least some of the polyfunctionali compounds contain three or more reactive
groups.

2. The oligomer, uncured polymer or cured polymer of Claim 1 whetein the
polyfunctional compounds containing the cyclopentadienone groups contain two
cyclopentadienone groups and at least some of the polylunctional compounds containing

10 aromatic acetylene groups contain three or more acetylene groups.

3. The oligomer, uncured polymer or cured polymer of Claim 2 comprising the
reaction product of:

(a) a biscyclopentadienone of the formula:

Q I R 0
R! R!
15 {b) a polyfunctional acetylene of the formuta:
2 3
Ri==
[

(c) and, optionally, a diacetylene of the formula:

Ri=Ar?-==

20 wherein R' and R® are independently H or an unsubstituted or inertly-substituted aromatic
moiety and Ar', A¥ and Ar® are independently an unsubstituted aromatic moiety, or inertly-
substituted aromatic moiety, and y is an integer of three or more.

4. The oligomer or uncured polymer having the formula:
[A], [B], [EG),

25 wherein A has the structure:

Sheet Has Been Replaced
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Ar?]

and B has the structure:

R R
r
2 1
R Arl R
Rl
L

2
Rl

endgroups EG are independently represented by any cne of the formulas:

EG=
1
R
1
: R 1 R
Arxr 1
1 R
. R
rR! R Y
1 (¢}
r? rR!
2
R Ar
.
AY o)

p —
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wherein R' and R’ are independently H or an unsubstituted or inertly-substituted aromatic

moiety and Ar', A and Ar® are independently an unsubstituted aromatic moiety or inertly-
substituted aromatic moiety and M is a bond, y is an infeger of three or more, p is the number
of unreacted acetylene groups in the given mer unit, r is one less than the number of reacted

5 acetylene groups in the given mer unit and p+r=y-1, z is an integer from 0 to 1000; wis an
integer from 0 to 1000 and v is an integer of two or more.

5. The oligomer, uncured polymer or cured polymer of Claim 3 formed by the
reaction of:

{a) Compounds K and G;

10 (b) Compounds K, H and G;

{c) Compounds K, HandL;

(d) Compounds K, Hand Q;

(e) Compounds K and N;

(f) Compounds K, O and G;

15 (g) Compounds K, P and G;

(h) Compounds K, O and L;

(i Compounds K, P and L;

(i} Compounds K, O and Q;

(k) Compounds K, P and Q;

20 () Compounds Kand L or

{m) Compounds K and Q,
wherein Compound G is 1,3,5-tris(phenylethynyl)benzene; Compound H is 4,4'-
bis{phenylethynyl)diphenyl ether; Compound K is 3,3-(oxydi-1,4-phenylene)bis(2,4,5-
triphenylcyclopentadienone); Compound L is 2,4,4'-tris(phenylethynyl)dipheny! ether;

25  Compound N is 4,4' 4"-tris(phenylethynyl)-o-terphenyl; Compound O is 1,3-
bis(phenylethynyljbenzene; Compound P is 1,4-bis(phenylethynyl)benzene and Compound Q
is 1,2 4-tris(phenylathynyi)benzene.

6. An uncured or cured polymer formed by heating the oligomer or uncured
polymer of Claim 3, 4 or 5 at a temperature and for a time to react a sufficient number of the

30 pendant and terminal acetylene groups to achieve gelation.

7. The oligomer, uncured polymer or cured polymer of Claim 3 formed from
the reaction of 3,3'-(oxydi-1,4-phenylene)bis(2,4,5-triphenylcyclopsntadienone),
1,3,5-tris(phenylethynyl}benzene and 4,4'-bis{phenylethynyl) diphenyl ether.

8. The oligomer, uncured polymer or cured polymer of Claim 3 formed from

35 the reaction of 3,3'-{oxydi-1,4-phenylene)bis(2,4,5-triphenylcyclopentadienone) and 1,3,5-
tris(phenylethynyl)benzene.
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wherein R' and R’ are independently H or an unsubstituted or inertly-substituted aromatic
moiety and Ar' and Ar’ are independently an unsubstituted or inertly-substituted aromatic
10  moietly.
11. The oligomer of Claim 2 wherein the cligomers have one or more of the
following formulas:

1 2
2 R 2 2
, . R . R~ R Ar~==—R
2
0O R R Ars. R
1
1 R
R! ar! rR' | g2 ar )
1 1 R
Rr? R R
L X
2 R 1
R 1
] i :Ar\ 2
1
R
B N 1
R _1
1 2 Z R
R R 2 3 o
o R Rl R1 Ar R
Ar~
3
R
R:t Rl R2 Ar] 1
R1 R
1
R L -
ThlsﬁlT i tl iiii’iaein I
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2. The oligomer, uncured pol ynmer or Caim1l1 wherein the
pol yfuncti onal conpounds contai ni ng mua none groups contain

t wo cycl opent adi enone groups and a S OIFe @ t he poI yfuncti onal
conpounds containing 10 aromatic acetyl ene groups contain nor e
acet yl ene gr oup¥0 98/11149 3. The oligoner, uncured 9%@’/‘%& cured
pol ymer of Claim2 conprising the react I on product of:

(a) a biscycl opent adi enone of the [err], 15 (b)
a pol yfunctional acetyl ept gk t4e err]y (c) and,
optionally, a diacetylene of the fp € _%a.cyg% and
Rlerr] are |ndependently H or an upsub {ed or I tuted
aromatic noiety and Ar[err] NG r[err ndently an

unsubstituted aromatic noiety, or
noiety, and y is an integer of thrp
ol i goner or uncured polyner having the fornul a:

[B][err] [EG
REPLACEMENT

10

15

20

matic
. The
[Al[err]
n R and R? are indepefB&t Horan MRsudstited of MS&Iyl&lﬂasz%ned aromatic

moiety and Ar' and Ar are independently an unsubstituted or inertly-substituted aromatic

moiety and x is an integer from 1 to 50.
12. The oligomer of Claim 9 wherein the oligomer is the reaction product of:

(1) Compounds K and H;
(2) Compounds K and O;
3) Compounds K and P;

wherein Compound H is 4,4'-bis(phenylethynyl)-diphenyl ether; Compound K
is 3,3-(oxydi-1,4-phenylene)-bis(2,4,5-triphenyicyclopentadienone); Compound O is
1,3-bis(phenylethynyl)benzene and Compound P is 1,4-bis(phenylethynyl)benzene.

13. The oligomer of Claim 12 wherein the oligomer has a number average
molecular weight of from 1000 to 15,000 as determined by size exclusion chromatography
using polystyrene calibration standards.

14. A polyfunctional compound of the general formula:

wherein R' and R® are independently H or an unsubstituted or inertly-substituted aromatic
moiety and Ar' is an unsubstituted or inertly-substituted aromatic moiety.

15. Oligomers, uncured polymers and cured polymers comprising the reaction
product of the polyfunctional compound of Claim 14,

16. Oligomers, uncured polymers and cured polymers comprising the reaction
product of at least one aromatic monomer containing at least one cyclopentadienone moiety

and at ieast one acetylene moiety.

e
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17. The oligomer, uncured polymer or cured polymer of Claim 16 formed by
the reaction of 4-(4-(phenylethynyl)phenyl)-2,3,5-triphenylcyclo-pentadienone or 4-(4-
ethynylphenyl)-2,3,5-triphenyi-cyclopentadieone.

18. A polyfunctional compound of the general formula:

VAR

wherein R’ and R® are independently H or an unsubstituted or inertly-substituted aromatic
moiety and each Ar’ is independently an unsubstituted aromatic moiety or inertly-substituted
aromatic moiety.

19. An oligomer, uncured polymer or cured polymer formed by the reaction of
the compound of Claim 18.

20. The oligomer, uncured polymer or cured polymer of Claim 19 formed by
the reaction of 3,4-bis(4-(phenylethynyl)phenyl)-2,5-diphenylcyclopentadienone or 3,4-bis(3-
(phenylethynyl)phenyl)-2,5-diphenylcyclopentadienone.

21. A process comprising applying the oligomer or uncured polymer of Claim
1, 3, 4, 8 or 10 to a surface and heating to react additional cyclopentadienone or acetylene
moieties to form an uncured polymer or a cured polymer.

22. An integrated circuit article comprising an active substrate containing
transistors and an electrical interconnect structure containing patterned metal lines
separated, at least partially, by layers or regions of the dielectric material comprising the
oligomer, uncured polymer or cured polymer of Claim 1, 3, 4, 8, 10 or 16.

23. 4-{4-(Phenylethynyl)phenyl}-2,3,5-triphenylcyclopentadienone.

24. 4-(4-Ethynylphenyl)-2,3,5-triphenyicyclopentadienone.

25. 3,4-Bis(4-(phenylethynyi)phenyl)-2,5-diphenylcyclopentadienone or
3,4-Bis-(3-(phenylethynyl)phenyl)-2,5-diphenylcyclopentadienone.

26. 4,4"-Bis(phenylethynyl)-o-terphenyl or 2,4,4'-tris(phenylethynyl)diphenyl
ether or 4,4',4"-tris(phenylethynyl)-o-terphenyl.

27. 3,3-(1,4-Phenylene)bis(2,5-di-(4-fluorophenyl)-4-
phenylcyciopentadienone).
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( I ) o g‘c HWE ok (TEFORe angct of the invention is that it compn(seﬁthmﬁs‘g@g REPslugt oﬁhﬂea@ one or more
wh @slgfunctoanipothpeurnds b&ntalmﬁ’;% Svoldr nfok I@)}S&rﬁédf%ﬂé{é Qr@kﬁﬁ 260& leaSOSHR %Uf}ﬂlct’l)rla?col}np%und
bIS hen Ieth nyl ) di phen et her; npound

?‘6’% ra ) ﬁ"é’ﬁ{;P‘éi’FéBYEﬁﬂs gIous, thefem at 1ea%trsﬁ>rpmﬁ9¢ eglefuniiionsl sampensdegontaining
CO mmﬁuﬁd adetyléhe Zrotipécontdin SrdeltR Mok hdeimnk kﬁﬂu&h Wédvﬁﬁ&@ lof su%ﬁ a redcGP %Blgct N st it

- | eth nyk? o-terphenyl;” Conpound
bi ﬂ%r@ﬂf 1Lf"|‘*f£ﬂ§f‘§4ﬁer?2 sraed epfaersupr B pared havephigh ;slw@nw %Qbﬁy%y? Yighngless etransition
\_Kﬁp&ﬂtdxr@nda low dlel:‘ecﬂtw%oﬁ’stafnf | S( phenyl et hynyl ) benzene.

?cu%ﬁg red polyner forned by heating the ollgoner or uncured

gt E a§peﬁ1’° Hie present VERtion 4 pelyfunctienal epmpound efithe generalf

pendanf and term nal acetyl ene groups to

Tqat ol i gomer, uncured pol yner or
h

e reaction of

polyner
sufficient nunber of the 3 0
achi eve gel ati on.

cured polyner of Claim3 formed R
3,3 -(oxydi-1, 4- phenyl ene) bi s(2, 4, 5- henyl cycl opent adi enone) ,

1, 3,5-tris(phenyl et hynyl )benzene an \- bj s(phenyl et hynyl ) di phenyl
et her. 8. The %Ilgoneﬁr uncur ed polynmer or cured
polymer of Claim3 formed from35 the reagtion of

3, 3" -(oxydi -1, 4- phenyl ene) bi s(2, 4,5-tri phengl cycl opent adl enone) and 1, 3, 5-

tri s(phenyl et hynyl ) benzene. ~ 2

-45- R' and R* are independently H or an unsubstituted or_inertly-substituted aromatic moiety and Ar4 is an_

‘unsubstituted or inertly-substituted aromatic moiety.

In a fourth preferred aspect of the present invention, the oligomers, uncured polymers and cured polymers

comprising the reaction product of the polyfunctional compound of the third aspect mentioned above,

In a fifth preferred aspect of the present invention, the oligomers, uncured polymers and cured polymers

comprising the reaction product of at least one aromatic monomer containing at least one cyclopentadienone moiety.

and at least one acetylene moiety.

High thermal stability, a high glass transition temperature, a low dielectric constant and the ability to gap fill
and planarize patterned surfaces make the compositions of the invention suitable as polymer dielectrics in
micorelectronics fabrication. In particular, the combination of low dielectric constant, high thermal stability and high
glass transition temperature permit the use of the compositions of the invention as interlayer dielectrics in integrated

circuits.

Preferably, the oligomers and polymers and corresponding starting monomers of the present invention are:

L Oligomers and polymers of the general formula:
[A], [B),[EG], REPLACEMENT SHEET
wherein A has the structure: ' DEC
A 02834 1999
93 css0\- §
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"CLAIMS:

1. An oligomer, uncured polymer or cured polymer comprising the reaction
product of one or more polyﬁjhctionai compounds containing tWo br more cyclopentadienone
groups and at least one polyfunctional compound containing two or more aromatic acetylene

groups wherein at least some of the polyfunctional compounds contain three or mare reactive
cyclopentadienone or acetvlene groups.

2. The oligomer, uncured polymer or cured polymer of Claim 1 wherein the
polytunctional compounds containing the cyclopentadienone groups contain two

cyclopentadienone groups and at least some of the polyfunctional compounds containing

aromatic acetylene groups contain three or more acetylene groups.

3. The oligomer, uncured polymer or cured polymer of Claim 2 comprising the
reaction product of:

(a) a biscyclopentadienone of the formuta:

Q0 t Rl 0
Rﬁ M‘MR'
R! R'
(b) a polyfunctional acetylene of the formula:
o2 3
Rie=e==
(K=

(c) and, optionally, a diacetylene of the formula:

Rz Arl-== R?

wherein R' and R’ are independently H or an unsubstituted or inertly-substituted aromatic

moiety and Ar‘: Ar® and Ar® are independently an unsubstituted aromatic moiety, or inertly-

substituted aromatic moiety, and y is an integer of three or more.

4. The oligomer or uncured polymer having the formula:
[A], [B], [EG],

wherein A has the structure;

REPLACEMENT SHEET
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(3) Conpounds K and P; 15 RERLAGEMENT SHEET

poI yfunct i onal compound of the general fornula:

Q) A alicamar. comasicino tha oo
n-aliaon OFRL

) S action-predusto .:“.
groups ot one olymore polyfunctional compounds with the aromatic acetylene groups of the

same or a differentolyfunctional compound, wherein the oligomer fills a gap that is one
micrometer deep and dge half micrometer across without leaving a void when cured.

10. The oltlgomer of Claim 9 wherein the polyfunctional compounds are a
biscyclopentadienone and a'diacetylene of the general formulas:

0 0
R! R
1 2 2 2
Ar?l R+R:Ar:R
Rl Rl

wherein R' and R’ are independently H or an bpsubstituted or inertly-substituted aromatic

moiety and Ar' and Ar’ are independently an unsipstituted or inertly-substituted aromatic
+ 10  moiety.

11. The oligomer of Claim 9 wherein the oligomers have one or more of the
following formulas:

2
R
1.1 2 (
R} Arl R | g2 Ar
1 1
1 R

:l’
H
|
III
o]
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lerr] REPLACEMENT SHEET

wher ei:n Rlerr] .and Rlerr] are independently H or an unsubst

inertly- substituted aromatic noiety and Ar[err] is an unsubstituted or
inertly-substituted aromatic npiety. 15. i goners,
uncured polymers and cured poliyners cnhpr|5|ng the reaction 2 0 product of
t he pol yfuncti onal qdapeu.m}\ af} A aim 14. 1 1?3. adigoners,

uncured pol ymers and cured pollywer +Bi ng 13 -»-‘ tjon | __ oduct
of at lkeast _onhe aronm . nn-nmh f’.l‘ ala B ,-'(mnn _anj,&ienone
nmoi ety and at | east one cetzy Di ety. g 1 VO

98/ 11149 R R
PCT/ US97/ 15142 1751 The oIAi~gomar ancur ed |pol yner or
cured polyner ofNC aim 16 forned by t he reacti on of
4- (4- (phenyl et hyn phenyl ) -2, 3, 5-tri phenyl cycl o- ent adi enone or 4- (4-

et ﬁyngf)m»{@% ? é %/! 2 intgﬁp)@nwmaytm@g&nsgésméagor Euertly substituted aromatuc( 18. A

pol yf unchbigfaindoe ) )

wher ei n R['e{;}raé‘n and 'gfl? &%% g%n'g n%{/{}l‘i—?%?'['g%&'%ﬁ%%%guﬁq fff)g‘&n%r

i nert | y-rseBitandutie @n integes from 050 ITDI ety and each Ar[err] I s i ndependentl|y
an ursubstituted ay. | Jnertly

noi e'? y. AL O%g‘;méfé’tf W%ﬁ’é‘rm 8 eé&‘ﬁ%f“gﬁ‘i&?" BPdEEIrOEd

pol yner forned by (fhe reactCm’tpaind% d He conpound of C aim 18.

20. The ol igomer, cured p cu d pol ymer of Claim 19 fornmed by
the reaction of df 80r¥npounds K and Cs

3, 4- bi s(4- (phenyl e(BhynyI )pheamba,uria,s&( ahapheny cl opent adi enone or

3y 47 bi s( 3- en | et h pheny. 2, 5-di phenyl cycl opent adi enone.

217 A process corrp e§? &° H}ﬁ%f‘&‘? ﬁdsgﬁeb%ﬁp?‘ﬁﬁ\f‘r%”f‘ IR V«ﬁﬂ'ﬁ) ofoRRPUNEK O ai m
1 5|10 1, is3,3'4oxy8i-Da- pla@nyiléh E%Eié&@&ﬁﬁlc?&@één%:ér@né Gekpadkl biignal

cyce open %%.sﬁp Oer}x?/le?h na)bengene and Compound P is 1,4-bis(phenylethynylihenzene.

13. The oligomer of Claim 12 wherein the oligomer has a number average

molecular weight of from 1000 to 15,000 as determined by size exclusion chromatogtaphy

wherein R' and R® are independently H or an unsubstituted or inertly-substituted aromatic
moiety and Ar" is an unsubstituted or inertly-substituted aromatic moiety.
15. Oligomers, uncured polymers and cured polymers comprising the reaction
20 product of the polyfunctional compound of Claim 14. .
16. Oligomers, uncured polymers and cured polymers comprising the reaction
product of at least one aromatic monomer containing at least one cyclopentadienone moiety

and at least one acetylene moiety.
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moi eties to,forman uncured polymer or a cured polyner. SG 9’80539/“6
22. An integrated circuit article conprising an active substrate conyt?agnwtga
transi stors and an electrical interconnect structure containi nggmatterned

metal |ines separated, at |east partially, by layers or ---*.  ;¢- of
the diel ect.ri c" np@'ff[r al corrpnvosnmgmtﬂaeru&r&omnlmgmmmu uncur eiNg mer or
cured pol yner- of Claim 1, 1 QIgRtioqRgBur=ay 23.

4- (4- (PhenW@BMWH‘%AT@% PEBUSHB‘H@NPPB%‘IEMNB@P@R%TION TREATY (PCT)
24.  4- (|4siDintessmohsp PdanytBssiftatBn & t 11 phenyl yg) dRaabafbRABENumber: WO 98/11149

25, 3, 4- Bi gbgk 6eny! et hynyl ) phenyl ) ; 2213- di phenyl cycl opent adi enone or
3, 4-Bi §- ( 3- (phenyl et hynyl ) phenyl ) - 2, b- dif B dpriernational RypjisatipaRHitec n o n &9 MaRs 1998 (19.03.98)
26. 4,4 -Bi s(phenyl ethynyl)-o-terphenyl o
2.2, &' ey esbeagonJNapbr o JUTIUSSS16 |7 AR PAMOCLE, Neis - P D O, ox 1961,
404 8 SRR Y | ) BN, ABREbam 27

3,3 -(1, -Phenyl ene)bis(2,5 I"'uor ophenyl ) - 4-
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(54) Tille: POLYPHENYLENE OLIGOMERS AND POLYMERS
(57) Abstract

An oligomer, uncured polymer or cured polymer comprising the teaction product of one or more polyfunctional compounds containing
two or more cyclopentadienone groups and at least one polyfunctional compound containing two or more aromatic acetylene groups wherein
at least some of the polyfunctional compounds contain three or more reactive groups. Such ofigomers and uncured polymers may be cured
to form cured polymers which are useful as dielectrics in the microelectronics industry, especially for dielectrics in integrated circuits.




