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WD 2005/ 010071 PCT/ US2003/ 041533 1 ORGANI C
COWPCSI TIONS  FI ELD OF THE SUBJECT MATTER 5 The field
wohodsmaomubj ect matter di scl osed herein is rel atedst@3m41533

conposition, and in particublar, tetrasubstituted
adamant ane derivatives, and oligonmers or polyners
thereof |inked vi éR(’;J&NY@%(?M#@ﬁ’I‘IONSJbSt i tuted
phenyl units, to a process for its preparation and to
its use, inter alia as a dielectric or insulation
material in mcroelectronic conponents. 10 BACKGROUND
Dielectrics are widely used in the sem conduct or

FIELD 08 THESYBIECHMAITERNSul ati on material between

conductive lines, such as |ntegrated circuits,

The ﬁg%épgg I(ﬂggm ml ttt%ﬁ%{%'%c@oggg uﬁﬁgﬁﬁs elg@ﬁ%% %tézﬁgxgghﬁéﬁj f&xd in particular,

tetrasﬁgéfﬁ‘ﬁ‘t@@ Sadathahfife SEMHVEENAUGHA oligddusd o pEshentieh®f linked via
conti nui ng devel opment of new generations of

unsubstitiget ot dbsiiutedyibesyltunals, @i sploagss §0¢ﬁtsgpféparé%\?}h@¢q {p e, inter
functional it si ons
alia ap 8 ds}eetidggy 1P "%lcéﬁ rﬁﬁtgnfﬁﬁg Hggﬁgﬁar?%éc?rpﬁes hus have
to be ever finer and nore densely packed, the
capaci tance between the nei ghbouring conductive |ines
i ncreases, which is associated with a series of
BacihSG6NaNt ages, such as increased current 20
—  consunption, longer signal delay tinme and nore
Crlﬁﬁ%ﬁ} aré\%&%dﬁséfﬁﬁ%é GerfiefRBictor MRIs@GLd. & .Cas 1nsu1at10n material
eritals may be divided into two categories: spin-
betwetep@sndictine (lres,eisnef taerinSEBtedarticaite nmmChMp drlultIChlp mod\ﬂes
dep 05|t|3n (herelnafter CVyD). Ef fort§ devel op -
laminaggesiregitdrads PT etheimieragleet Féppgpgl}%clude alterlng
the chem cal conposition (organic, ingr ganl .C,

of Tl gdanegsi mdhg aﬁmwn@rﬁ@h@%ﬁtwgreﬁth@l Eh i ing EV¥lopment of
new geéqpézftl(%l%gﬁ fieg ategscujg l?s f?l?t QH Hﬂgj\x/ | n HMH'fé@c%thlﬁy at the

severa |electr|c

sameGfnNé h@ﬂl%%uhéﬁ%ﬂ@g)eédirﬁmﬁal@ert S)mae the c()ﬁ%ﬁlctlvp linsnthus have to be ever
enhanced; HDP = hi gh-density pl] asm)

e o ordiatier carceebaeR] tesaniboriind gordlive tines
1ncreﬁ%eﬁy Qvixl? lhlt %Zgﬁlqsgagtea t\gvc\ﬁ] a bdie g al,dhySI % st Quex Rk Bhdreased current

cessary or op and chem cal

consRhPRET, 1oR8r sibee deldy tigfe dndundee dtoed;teldzt ric materials,
such as hi gher necKanicaI stability, high thermal 30

LR e Gy RS L S b s i
on deposition (hereinafter SOD) and chemical vapor deposition (hereinafter CVD). Efforts to
develop lower dielectric constant materials include altering the chemical composition
(organic, inorganic, blend of organic/inorganic) or changing the dielectric matrix (porous,
non-porous). Table I summarizes the development of several materials having dielectric
constants ranging from 2.0 to 3.5. (PE = plasma enhanced; HDP = high-density plasma)
However, many of these dielectric materials and matrices disclosed in the publications shown
in Table 1 fail to exhibit many of the necessary or optimal physical and chemical properties

needed for low k dielectric materials, such as higher mechanical stability, high thermal

stability, high glass transition temperature, high modulus or hardness, while at the same time
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to be processed on to a substrate, wafer, or other
weuodsaaen7i Therefore, it may be useful to invesCrgsak®3/041533

ot her conpounds and materiats that may be used as

dielectric materials and |ayers, even though these

still %ﬁg O%Q%P%aroggsg # %T%}étrﬁgtwﬁgl % O{hgpél.{ %aé;e Therefore it may be

ric ﬁhterla S in ent

usefiflab My eati YR 3@@56&%@&@}33 Red hd20:3hehby Be usgedT: ﬁbdleledztnc materials
MATERI AL | L DEPGCSI TI ON DI ELECTRI C REFERENCE METHOD

and IapMS TN thaghrhessrdompourdssir| materials ayaopbe ewpently cpntpnplated as

. Pat 6,278,174 OF) HDP- CVD Hydr ogen SOD
dielegtis BERilg HAFnr ‘21?‘{7‘%% 977; 5,370, 903; and
Si | sesqui oxane (HSQ 5, 486, 564; International Patent
Publ i cation WO 00/40637; E.S. Moyer et al., "Utra
Low k Sil sesqui oxane Based Resins", Concepts and
Needs for Low Dielectric Constant < 0. 15 ,um
I nterconnect Materials: Now and the Next M1 ennium
Sponsored by the Anerican Chem cal Society, pages 128
146 (Novenber 14-17, 1999) Methyl Sil sesqui oxane SOD
2.4-2.7 US Patent 6,143,855 (MsQ Polyorganosilicon
SOD 2.5-2.6 US Patent 6,225,238 Fluorinated Anorphous
HDP- CVD 2.3 US Patent 5,900,290 Carbon (a-C. F)



Benzocycl obut ene(BCB) SCOD 2.4-2.7 US Patent 5,225, 586
Pol yaryl ene Ether (PAE) SOD 2.4 US Patents 5, 986, 045;

w6 ,28054,16016;

and 5,658,994 Paryl ene (N and F) PCVDS2004/041533

US Patent 5,268,202 SOD 2.63US Patents 5, 965,679 and
Pol yphenyl enes and Waeterl oos et al.,

6, 288, 188B1;

“Integration Feasibility
Proc.
Tech. Conf.,

Dielectric"
| nt er connect'

Ot

Ther nbsettabl e SOD 2. 3

Publ i cati on WO benzocycl obu

he 2001

I nter

of Porous Si LK Sen conduct or
I nt er nati onal
pp. 253-254 (2001).

{]laa&? opa

Pat ent
00/ 31 183

POTWAERIAETES, | DERSSITERGL L B‘IE’LE‘@TRI@ET [T 0oT Ot Ny A FfRencE
mononer  Pol y{ phenybeuinosrdriane)y |[SCD 2. 3-3.0 US
] _'_’h, Shin - } 2,\" grulll \v3 HU
Flgn ga&éizs E?,OX'g%d aé;a%.?b)% 4; 3RaUS Hatent PU '?3585% Pgre 174
Z00dYdk8a40294 [Or gggy ¢ [{ol ySiotd. g£a L yyehteht§RIES, g%, @:370 903; and
SRat@kand (25CL, 273  Organi ¢ and i nor(gapise, 580Ihténddiodal Batent Publication
Honeywel | US Patent 6, 156,812 Matler i aW® @/4p@8AT.E-[Mvdyer et al.,
i norgani c SOD| 2. 0-2.3 Honeywel | Ug Péfrektw biegspuiggye Based Resins”,
Materials Organic mater/ials SOD Ngt r%’%@f?g% 1:% vy Dielectric
] . connect Materials:
US Patent 6,12 128 Qfganic SOD 2. i EiiSiam, Sponsored by
Patent 6, 214,746 O garnic and i norigaainea IR chtical Society, pages 128-
reported Honeywel|l US Ratent 6, 313, 185 1¢miNeventbrs14-17, 1999)
N'@thg'aﬁ'i@swoswq i ox3the CVYD, 8@13.%< 3.|9 HoneyWws RateW(, 143,855
1/ 2458b | upr osi| sesqui-oxane CVD—SCD < 3.9
T’ oraangsiicon .o s .5AD £~ Aan . ' US Patent 6,225,238
Fluorna? d' Amorphous | CHDP-CVD? | 0! 3 US Patent 5,900,290
Carbon (a-C:F)
Benzocyclobutene(BCB) SOD 2,4-2,7 US Patent 5,225,586
Polyarylene Ether(PAE) SOD 2.4 US Patents 5,986,045; 5,874,516; and
5,658,994
Parylene (N and F) CVvD 2.4 US Patent 5,268,202
SOD 2.6 US Patents 5,965,679 and 6,288,188B1;
Polyphenylenes and Waeterloos et al., “Integration Feasibility
of Porous SiLK Semiconductor Dielectric”,
Proc. Of the 2001 International Interconnect”
Tech. Conf., pp. 253-254 {2001).
Thermosettable SOD 2.3 International Patent Publication WO
benzocyclobutenes, 00/31183
polyarylenes,
thermosettable
perfluoroethylene
monomer
Poly{phenylquinoxaline), SOD 2.3-3.0 US Patents 5,776,990; 5,895,263;
organic polysilica 6,107,357; and 6,342,454, and US Patent
Publication 2001/0040294
Organic polysilica SOD Not reported US Patent 6,271,273
Organic and inorganic SOD 2,0-2.5 Honeywell US Patent 6,156,812
Materials
Organic and inorganic SOD 2.0-2.3 Honeywell US Patent 6,171,687
Materials
Organic materials SOD Not reported Honeywell US Patent 6,172,128
Organic - S0OD 2.12 Honeywell US Patent 6,214,746
Organic and inorganic SOD Not reported Honeywell US Patent 6,313,185
materials
Organosilsesquioxane CVD, SOD < 3.9 Honeywell WO 01/290562
Fluorosilsesquioxane CvD, SOD < 3.9 Honeywell US Patent 6,440,550
Qrganic and inorganic SOD <25 Honeywell US Patent 6,380,270
materials
Organic materials - < 3.0 Honeywell US Patent 6,380,347
Cage based structure SOD <2.7 Honeywell Serial 10/158513
filed May 30, 2002
Cage based structure SOoD <3.0 Honeywell Serial 10/158548
filed May 30, 2002




10

15

20

25

30

Organic and inorganic SOD < 2.5 Honeywel | US Patent
6,380,270 materials Organic materials - < 3.0

wolaoesyaed7i US Pat ent 6, 380, 347 Cage based str BCTAIS2003/041533
SOD <2.7 Honeywel | Serial 10/158513 filed May 30,
2002 Cage based structure SOD <3.0 Honeywel | Seri al
10/ 158548 filed May 30, 2002 WO 2005/ 010071
PCT/ US2003/ 041533 4 Unfortunately, numerous organic

SODnEYEiraHhy, HIBRIoEEMEARO SO sy¥dnis Bndbr @lePslbrnént with a dielectric
constant between 2.0 and 3.5 suffer fromcertain

constprhitstiedes 7-A andr i sofferniiorn Aeréan daﬁ@ackmn fiepms of mechanical and

erties as,descri bed abov ed exists
therfh Bt RS B b e O oo T s S0 Hifte T 267 Ty S devetop
impie@ed provaREES ahe ﬁ)eﬂb&ha@x@& fdr%é‘lédtﬂ@ﬁlnﬁb ihhis debl@u@eEdrstnt range.
const ant range Rei chert and Mat h| as descri be

CORRAUBASHA 5‘%& Be LhA &f&%% rﬁaﬂ?é?éig{a ise ad t
Fg Fl 5 ar ehl re1 thg cl as cage- %npnse acamantane
molafmlee,cwlheﬁl z&adn ahe claasighitagesbased uméefculesamd aie dmophtl to be useful as

diarqsgémays Stﬁ;éj}tqg?n ) E’Pl_%@gg;regyoﬁﬁnsglger{l 1§oc S[gll ]gln‘B C%g\é')]&P% Vol. 34
e 2

M, %‘%és (}?,’%Wfﬁ?ﬂ%&éﬁew K/Pagtlyerrgh@mrégsﬂ@% yol.g33 (), pp.

144-61Chemp Mater: 1998¢ Voo €5 lpps4-51 98krovalkculdsy 1094,) Vol a.7 24), pp.

3 BRSSPy o
Nat | oﬁnoalrrqig%%m :S |199§6V§11)36 9 747:]4'1 7435 2g95tA'C§%uinal Meeting,

Meet Conferen rogran1 1993
Conféetcortbga, eB),93;L@94,312/0Macﬂ)hc(lé’Gh)cs 994,74 - 97 (24), pp. 7024-9;
Macr omol ecul es

Macmlg%qeseé%$?es}7 ol 1@}53 {19) %|229é Z@O%,lggacrogb)leq_l 2%92 Yol. 24 (18), pp.
52325§ r‘géjgﬁﬁi\&lg?/dh‘éne%‘b Dogkgrtgio%s 58K N5 5. é&@"’AC % 1p. Ser.: Step-

ov’vt h Pol yner's
Growlihg RdPanérer fandéighviteefoimiee MAEjald/o119962 4] olpp624 pp. 197-207;

197- 207; Macrorml ecul es, 2000 Vol .. 33_(10)
Mactanicostiiso 20061 o 3 b Ky b- (&5~ 386%nk Olsge PSP GAth. Chem. Soc, Div.

Polyg1r. lé%ll;?{lll.)( mo’l 459@2 é)pve%(l) 6%33&)?% IF%Q%S;%Q) éﬁ%g %’&J M5, Polym.

Chetd9] 19990 V02)40 @p.. pptdB77-78; Mdbmnmmslutﬁepl@g Vba 3D, (19’p|pp 970-5975;
(&}1?2) _pg. 5970-5975; 20 ym Sci, Part

I. Ptynp gt Pt 195«71:/11%@619@1'@9}997;)801 f’ﬁz@ PP51743367§/1myP01m Prepr.
P . P ]

B ol A FERAE 300 198 o PILYR pEPE s B98, rr. (

Chem. Soc., Div. Polym. Chem.), 1996, Vol. 37 (1), pp. 551-552; J. Polym. Sci., Part A:

Polymer Chemistry, 1996, Vol. 34 (3), pp. 397-402; Polym, Prepr. (Am. Chem. Soc., Div.

Polym. Chem.), 1995, Vol. 36 (2), pp. 140-141; Polym, Prepr. (Am. Chem. Soc., Div. Polym.

Chem.), 1992, Vol. 33 (2), pp. 146-147; J. Appl. Polym. Sci., 1998, Vol. 68 (3), pp. 475-482).

The adamantane-based compounds and monomers described by Reichert and Mathias are in

contemplated embodiments used to form polymers with adamantane molecules at the core of
a thermoset. The compounds disclosed by Reichert and Mathias in their studies, however,
comprise only one isomer of the adamantane-based compound by design choice. Structure A

shows this symmetrical para- isomer 1,3,5,7-tetrakis[4’-(phenylethynyl)phenylJadamantane:
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551-552; J. Polym Sci., Part A Polynmer Chem stry,
wo20G/01Mol. 34 (3), pp. 397-402; Polym Prepr. PCAUS2003/041533

Chem Soc., Div. Polym Cheém), 1995, Vol. 36 (2),

pp. 140-141; Polym Prepr. (Am Chem Soc., Div.

Polym 25 Chem), 1992, Vol. 33 (2), pp. 146-147; J.

Appl. Polym Sci., 1998, Vol. 68 (3), pp. 475-482).

The adamant ane- based conpounds and nononers descri bed

by Reichert and Mathias are in ont enpl at ed

enbodi nents used to form pol ynggs’ wi t h adamant ane

mol ecul es at the core of a therposet. The conpounds

di scl osed by Reichert and Mathigs. in their studies,

however, conprise only one isd of the

adanantane based conmpound by de,|gn choi ce.

A 30 shows this sy 3

1,3,5,7- tetrakls[d'> phenyl Fadamant ane:

Structure

Rei chert and Mathias in the

'| nd| Vi uaI and | oi nt
work contenplate a useful wg¥yner conprising only one
i sonmeric formof the target

pdamant ane- based nononer
5 A significant problem exi st

, however, when form ng
and processing polyners fro he single isoner form
(symretrical "all-para-" isofmer) 1,3,5,7-tetrakis[4' -

( Bheme: sthad RelddbBe nyb hMdriaait s iefivitls and joint work contemplate a
adarmant ane- based mononer. According to the Reichert

usefutipsiyaet attionsiis oply ane svnern dporef tedreas adawntalzerb%@é onomer.

supra), the trica
A Sl@néca@t Pr ﬁ?é?’% i'gf 4h°‘YeﬁlﬁIén‘§/’]?(eé]t VAR p%eﬁy?c?%rgg fig from the
smgle Waeisol@erf OURAt O pgnindwitiie engughe-n cldmedf orins,biTabtrakis[4’-
H NVR spectrum coul d be obtained. However,

(pher@whbml)phwl]adm&ltmr@f fheurtimantape-bpsedr menome  fyspording to the
Relct%gtlt gl il n%gg} néxéqru]t élgﬁliq hglgqcr:jbrlr\llsl\/g?\gef e&olo?rg,]r (ppThRﬁS 7‘0@@) (supra), the
symnjeticad: 4 E:Qltar albRlf 1,3 @Pﬁ@ﬁﬂh@[wl@liéh?'ll@ﬂ@ﬂﬁﬂbﬂlﬁdﬂﬂmiﬁﬁﬁﬁﬁne ‘was

i'S |nso bl'e in standard organic.solvents and
found heref wiwle enoudhdi 1m shlobéoms Saila IR HMR appsitivgnepdf be obtained.
ui ring. sol ubi i vent a
Howq@g,a%cqplls AIVENFLITS Ware c}]fc'o {2) Fﬁl}g%aa?cgfgo& orb?aglglgig arkgﬁut%ﬂ hc NMR

spectgﬁgpar afue E‘i&a@éﬁle;t beh@vbtricee “al-para-’ ’USstﬂEle nt,3,5,7-tetrakis[4’-

734. 1 n our commonly assigned pending paten
(phempghysdpharyl RCINUSOE B2i2gxulile |ip dtanderghesganig solveptyjand therefore,

MFEEEE Y AR e e .
as ﬂ@g Ggétm 5 }%quatlﬁés o?%[ﬁ &atie. Se9ohPAADvE Hxeshplkul Peldd, See also

0 Serial 09/ 97936 filed July 5, 2001;
US PasnSeo0Lalr3No. 09/ 902924 filed July 10, 2001; and

Tn our commonly assigned pending patent application PCT/US01/22204 filed October
17, 2001 (claiming the benefit of our commonly assigned pending patent applications US
Serial No. 09/545058 filed April 7, 2000; US Serial No. 09/618945 filed July 19, 2000; US
Serial No. 09/897936 filed July 5, 2001; US Serial No. 09/902924 filed July 10, 2001; and
International Publication WO 01/78110 published October 18, 2001), which are all included

herein in their entirety, a composition comprising an isomeric thermosetting monomer or
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I nternational Publication WO 01/78110 published

Cct ober 18, 2001), which are all included herein in
woOheilsro1enTii rety, a conposition conprising an i BOWRISRD3/041533

t hernosetti ng nononmer or W 2005/ 010071 '

PCT/ US2003/ 041533 6 dinmer m xture was di scovered and

e [ | ' e .conprjses_at | east. on
dimfh SENERGes WREDRHAY AP (DRl SPRBR UbE RRatre SRt gy ast one
monBinkr & dinfdt Aavidg Redtcturedorrespbnding®y U~~,,,,,-.-.- R S R
RR3 2R3 R6 5 wierein Zis selected froma cage
conpound and a silicon atom R 1, R2, R3, R4, RS5,
and R ®'are independently selected froman aryl, a
branched aryl, and an aryl ene ethelR’1and whefEyn at
| east one of the aryl, the branched aryl, and |t he
aryl ene |et her has an et hynyl group and R 7 ifs aryl
or subg¥ituted aryl. Methods for formation of |these
ett

t Ber.nd \i\nsﬂm' xtures were al soVdiscl osed | Aldet.ai,) o,
Tﬁi“s nzvel i doreeric therrmseﬂitz’“ndrmno ' diger R's

mxtBra 10 is useful as a diel eRtyic miefial iR
m croel ectroni cs applications and sol uble in many
solvents such as cycl ohexanone. These desirable
properties make this isoneric thernosetting nononer
wherem Diisvesledted froiea ¢age abmpoind iddna §itesaitbom) RaL, R’,, R’s, R4, R’s, and
hesses of about 0.1mto about 1.0gm In commonly

hi |
R’ %fgls,‘i%é?@&dﬁé%?%ctiﬁatfr@m am fEYli edirpriedorg84udnf aylsde cther, and
0) b 2002, . whi [
wherYat 3st GRS ¢ grgrgll,:ltﬁe 81%5‘%1‘%&%1%?1 a%%ccﬁe alngegg ﬁ;‘ﬁjc?g P?ﬁ %ﬁgg\%@l group;

I ncor porate nin. rety,

and Risis avgrardsuastitutdi sey10 skethoasTRdri fsihgion( &) theR@BRkosefting mixtures
F?r la AQ Vv,\\E Qi Q 20 and (b) at [east one
wereg %%@ﬁ%?seérm (stemerhinRoved isenieac thanposwiisy BOOMer or dimer mixture

is us€idl és@&ggg{rgﬂgﬁal if rh@cr@electronics applications and soluble in Iﬁany solvents

such as cyclohexanone. These desirable properties make this isomeric thermosetting

monomer or dimer mixture ideal for film formation at thicknesses of about 0.1pm to about

1.0pm.

In commonly assigned pending patent application 60/384403 filed May 30, 2002 and
converted December 2002, which is incorporated herein in its entirety, a composition was

discovered and disclosed comprising: (a) monomer of Formula A

Q

m

\\\‘\\\\
T

Q

and (b) at least one oligomer or polymer of Formula B
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QGv Qrrr QEE~E /1 G~-G W.,QGv GV QI 1 QQ Q

QQ h where E is a cage conpound (defined bel ow);
weaals/i7s t he sanme or different and sel ect ed PCT@I$R003/041533

aryl, branched aryl, and substituted aryl wherein the

substituents include hydrogen, 5 halogen, alkyl,

aryl, substituted aryl, heteroaryl, aryl ether,

al kenyl , al kynyl, al koxyl, hydr oxyaﬂZyé, hydr oxyaryl ,

hydr oxyal kenyl , hydr oxyal kynyl hydr oxy (ﬂ cey boxyl ;

G is aryl _or suhstituted aryl-mhere sub¥''t'uent|s

i ncl ude halogen and|{al kyl; h is fromoO to [10; i ils

fromO to{l0; j is romO0 to 10; |and wis O or 1.

Cont enpl at ¢d Q groups inclu@ aryl jand ar

sub<tit ut ed h al kenyl and al kymy|l grougs'and roreaq

conjenplated groups include 10 q

nyl et hynyl}) phenyl

(ph I
et hynylEpheny I)§he%¥L(/ana”E\\\\ .
phenyl |noi ety. Cbntejplaﬁgﬁ‘ary .,

O(phény 7yl ) p
e2G,, |nd11ude pht yl, biphenyl | { and terphenyl]. Q
m)r_e contenpl ated G| group i$¥ phenyl| An e enel y
desirabl e fleature inp|the dielectrijcifilnmsl|is the
tunability|of filmt{nhi cknes fromi[l, 000Alto 25, JOOA.
Fil mthicknesses fof [spi nw \(el ectri gs\\“E
photoresistls is 15 o of | ed™ay [spi®ni dg speed |and
sol ution vilscosity. |The s&ution Vi scosiQy is a
function off matrix_ml ecul ar wei ght} solvent, and
sol ution concentration at a gi ven temperature. A high
nol ecul ar weight material is undesirable because film
defects such as striation may occur. In our pending
wher@‘l”it ﬁrH c;%%mohﬁ}%bh@ (He&i'ﬁ@_/bél%@;/ 22803 if tHeadmeni Qhﬁ‘ereﬂﬂand selected

comonl y- owned and i ncl uded here
fromi a:ryl éamzmchet wryloend sehstiitéd, arvhivdieraie thy sebsditysntsaing ”HP Fyydrogen,

halogfngr@ y; ta@fl’r gtl%stl}%ect Fﬁg}ém}ngeﬁoaﬁw) F%le r?§/ ei %lkﬁg alkgnyl alkoxyl,

hydrc@é%ﬁ%s%g%%?gr% g&?@ﬂﬁﬂ'ﬁen‘fphgmﬁﬁfﬂllﬁ@Y 7 hydroxyl, or carboxyl; Gy is aryl

or substituted aryl where substituents include halogen and alkyl; h is from 0to 10; i is from O

kl}

to 10; j is from O to 10; and w is 0 or 1. Contemplated Q groups include aryl and aryl
substituted with alkenyl and alkynyl groups and more contemplated Q groups include
(phenylethynyl)phenyl, phenylethynyl(phenylethynyl)phenyl, and
(phenylethynyl)phenylphenyl moiety. Contemplated aryls for Gy include phenyl, biphenyl,
and terphenyl. A more contemplated G group is phenyl. |

An extremely desirable feature in the dielectric films is the tunability of film thickness
from 1,000A to 25,0008. Film thicknesses for spin-on dielectrics or photoresists is
controlled by spinning speed and solution viscosity. The solution viscosity is a function of
matrix molecular weight, solvent, and solution concentration at a given temperature. A high
molecular weight material is undesirable because film defects such as striation may occur. In
our pending patent application (PCT/US01/22204 filed October 17, 2001), which is
commonly-owned and included herein in its entirety, our inventive mixture of the p- and m-

isomers of 1,3,5,7-tetra[3°/4’(phenyethynyl)phenylJadamantane, although an improvement
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8 over the prior art, has a very regular tetrahedral

structure and thus, has limted solubility in typical
wonganie7sol vents such as cycl ohexanone and t oPQ&MS2003/041533

and al so gelled and precipig¢ated. A thick filmof the

m xtures previously described (greater than 6,0001)

could not be obtained. In our pending patent

overatbf, pp@}é@qtolp]aS(aﬁmrggqg;@eg tpiml@draﬂ/g‘yucggre 2PdGhus fgs limited solublhty in
oGP DYRLE S o REAT e AEE B ST A AT B it

A tideld fillust th@dnlkﬂﬁéﬁ@ﬁe@ibuﬁ@' 8&ictibddy (%r@ﬁ&aﬁl% BiobDAPWould not be
prior invention. Thus, a thicker fi the m xture

obtaged.c rlp vy Pending ﬂ)ﬁte(lmimh@atlcel OB 4ebliled Mag r$0bé002 and converted

Dece%?l%% %tﬁﬁzﬁti@ Gl }%é;?er (gxs?l dsv&y@]\ g%?l% nagﬁlh%%dal déJﬁFd reg1ona1 symmetry

and s \HadUscragpd ls@l@bil@ﬁ@orhﬁarédfﬁlitﬁ\bﬂr ptir IReEHRNMANGS, a thicker film of
al ong with descri &Dl ons of related 10 conpounds and

the neighyse describersthers® Q06 /16.0004) cpBTihos2o0Ba0wd533 9
SUVWWARY OF THE | NVENTI ON Conposi ti ons and net hods of
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her ei n vvh]gre t he conpositi-on conprl ses at .| east .one

our BiEVRgRePP gatxﬁais );?fémpéqvepésr REAL %n}an@ @lorg w1thqi<g§cg§)1@ns| of related
com;lkou%ds and &)nﬁ)dsmdﬁsE QQQ" aC I ej, QQAAQQ
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Q 5hJ wherein Eis a cage conpound; each Qis the
sane or different and selected fromaryl, branched
wanyds/olentd substituted aryl wherein the substi PaBMIS2003/041533
i ncl ude hydrogen, hal ogen, @lkyl, aryl, substituted
aryl, heteroaryl, aryl ether, alkenyl, alkynyl,
al koxyl, hydroxyal kyl, hydroxyaryl, hydroxyal kenyl
SumimaRyay el INWENTIGW dr oxyl , or carboxyl; Ais
substituted or 10 unsubstituted aryl with substituted
Or CoRpYbisibhd bibE eheBiofs alfkisiiing Gn@Uiif S tHostE icbm@Bsitions are provided
include hydrogen, hal ogen, al kyl, phenyl or
hereiuilere thetceenpasijion cemgrisesyt lepsiona aligomperaspolymsi 9f Bpgmula I
napht hyl , terphenyl, anthracenyl, polyphenyl ene,
pol yphenyl ene ether, or substituted aryl); h is from

Oto 10; i is fromO to 10; j is fremO to 10;,—and w
is 0 or 1. 15 WD 2005/ 010071 PCT/ US20R3/ 04533 |10
BRI EF DESCRI PTI ON OF_THE DRAW NGS [Fi gur e~ZuwifQudt r at es

a nonomner preparéqian met hod di s¢l|osed i nj our pgndi ng

pat ent pplication| PCT/ USOL/ 22204 fil ed [Cct ober| 17,
20Q1. Figure_ 2 disicusses tQe Reichert prigpr art
noffonmer preparati on| net hod 5 2005/ 010071 Q

PCI/ US2003/ 041533 | L1 DETAIl LED
| NVENTI ON hods |of nodifE th
Qmw@\r\pgey%eﬂ"apgli%akfﬁﬁéﬁ |
0

|

"

SCRI PTI OF THE
subj e mat t er| of

€ itsi\bEQLQLnanﬁe

re desqribéd Hergf n%,
stateg, al ond wWRth
and cofrpositigns. 5
one ol { goner qr

ve | acd bee|d| scoverpd and
according to the gopls préevious
descriptijons of rel ated conpound
A conposijtion conpr|sing at |eas

pol ymer of Formul & Q@ QRIQ wE
oSG [T
Q - Q
__ T i i

wherein E is a cage compound; each Q 1is the same or different and selected from aryl,
branched aryl, and substituted aryl wherein the substituents include hydro gen,.halogen, alkyl,
aryl, substituted aryl, heteroaryl, aryl ether, alkenyl, alkynyl, alkoxyl, hydroxyalkyl,
hydroxyaryl, hydroxyalkenyl, hydroxyalkynyl, hydroxyl, or carboxyl; A is substituted or
unsubstituted aryl with substituted or unsubstituted arylalkynyl group (substituents include
hydrogen, halogen, alkyl, phenyl or substituted aryl; and aryl includes phenyl, biphenyl,
naphthyl, terphenyl, anthracenyl, polyphenylene, polyphenylene ether, or substituted aryl); h
is from 0 to 10; i is from O to 10; j is from 0 to 10; and wis O or 1.
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~e™'"'", QQAAQ Il I "oapE\ \ QI QQ.., Ot I Q
wQ20shi1b07iwherein E is a cage conpound; each QPCS/uSh@®3/041533
same or different and sel ectved fromaryl, branched

aryl, and substituted aryl wherein the substituents

i ncl ude hydrogen, hal ogen, alkyl, 10 aryl, substituted
BrigxYtsCRuEtioR oxmAE Dawingst her, al kenyl , al kynyl ,

al koxyl , hydroxyal kyl, hydroxyaryl, hydroxyal kenyl ,

hypioeey Blikystdtes ndhensyl prepirati@r bexyold; difelosed in our pending patent

substituted or wunsubstituted aryl with substituted or
appligatiarbRE TALR0S #2304 Fitad9eigher dr o1 bubst i t uent s i ncl ude
hydr ogen, hal ogen, al kyl, phenyl or substituted aryl;
anBigareyd diseuskesdbs Rpickery briotirpheryrher prepsypitonyrhethod.
ter phenyl, anthracenyl, pol yphenyl ene, pol yphenyl ene
ether, or substituted aryl); h 15 is fromO to 10;
is fromO to 10;j is fromO to 10; andwis O or 1. The
phrases "cage structure", "cage nol ecul e", and "cage
conpound” are intended to be used interchangeably and
refer to a nolecule having at | east 10 atons arrahged
such that at |east one bridge covalently connects two
or nore atons of a ring system In other words, a
‘cage structure, cage nol ecul e or cage conpound
conprises a plurality of rings forned by 20 covalently
bound atons, wherein the structure, nolecule or
conmpound defines a vol une, such WD 2005/ 010071
PCT/ US2003/ 041533 12 that a point | ocated with the
vol une can not | eave the vol ume w thout passing
t hrough the
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ring. The bridge and/or the ring system may conprise
one or nore heteroatons, and may be aronatic,

woaodsicabd7y sat urated, or unsaturated. Further PCT/US2003/041533
contenpl at ed cage structured include fullerenes, and
crown ethers having at | east one bridge. For exanple,
an adamantane or 5 diamantane is considered a cage

DETA?ﬁﬁﬂJﬁEEEﬁPTﬁﬁ Oeride RARRGRSN ene or an aromatic
i dered a cage structure

ﬁig%t%ﬂéﬁhg%%%ggﬁg%e & ggctqﬁgtjteﬁliotfio%p 8r§r‘?&1§”&§)gli@aﬁ0ns to improve its

an aronmat1 c spiroconpound do not have

perfoffshce HavEoh Gadt hasn Aneoterédigrl aoddseripdalieeein cegerding to the goals
conmpounds need not necessarily be limted, to bein

previewsipstatsrlongowish jessripéensss relaed aRmpeymds ad CYpRAFItions.
i ncl ude heteroatons such as N, S, 0, P, etc. 10
Het esmpssition craypristhgsat i eageaesiligoinar eraphlgeer of Formula I
non-tetragonal bond angle configurations. Wth respect
to substituents and derivatizations of contenpl ated
cage conpounds, it should be rec i zed t hat —spny

substituents and derivatizations Caggrzgriate. For

exanpl e, where the cage conpound$ are %“aTTQe y

hydr opholyic, hydroghilic substitluents may be

introduced to inc¢riease solubilifty in hy%rophil c

sol vents, or vicel|Jersa. Aterngtively, ikh cases where

18 pol ariltyQ s desilred, pol ar si|d groupF may be adg@ed

tg the cage |conmpouynd. It ijs furt cont enpl at ¢d t hat
it e g._t hernpl abil e

1¥ley
S
yed in thsg

rieci at ed t hat

substijtluent s al s
hi Ilrmmé\l\%g(,r— rosgs. g,
ggp\@ﬂ nctional groups gay.
(e.g.,ato faciliQate®

cage @onpoun

f
d
derivati|z
;
d

crossli nki ng reactfijons, tion eacti onps,

etc.) Where the cage conpounds a deriviati zed, it is

especi al lly contenpljated fEat 20 rivatdezat i ons

i ncl ude hal ogenatijgn @f" dhg\o@ge oapoyhd, d a

particularly preferred Q@alogen |fis flu@rine. Cage

nol ecul eg or conpqunds, as descr|i bed i n det ai Iyisr ein,

can al so be groups,That are affa d to a pol r

backbone, and therefore, can form nan r ous teri al
whergieEels tth éagec%@@%%sﬁd(?ﬂér% SERE %%ﬁgtgf&f“ %‘Pgeleae@ fom aryl,

H t . . . e
bran(r(hléeg s?r g%ldes(ﬁ%lsﬁwed%gg v«?lﬁgél@ g%ﬂ%g&ﬁﬁéﬁi {eltian %Plgtfogéﬁ, halogen, alkyl,

one part ne with itse or
aryl, an¥stigted agip dreeeroanl, f aryin ainay redicentyly pelkyiiyly gillebxyl, hydroxyalkyl,
i nternol ecul ar). Additional cage | ecul es, . cage :
hydr(é)@ﬁpéu ﬁw@roaypake\p)a},i hydroxyalkynyly Elé(&gxy I GAROXYL; %gls substituted or
i | ! arl1B1OEA/ (®ARBRents include
unsfHFREH 368 08 SERRTLLPBE g oGt ar iyl /o |
hydrbgeBi0 haigat,eslichly phefiyé renabstitmtedt aryl randr &yl includes olends biphenyl,

to our two prior inventions discussed. aboye, the. .. )
naphiu, terphemilt PESHagRS HOBRICT e ich 8P BPRTOISPS AR~y Yathifuied aryD: b

itc?'f?;'gi ig%@m {Jld;]c‘isrﬁ’&ﬁ 080hBRlR W s ¢ i cal organic

is frogo ven

The phrases “cage structure”, “cage molecule”, and “cage compound” are intended to
be used interchangeably and refer to a molecule having at least 10 atoms arranged such that at
least one bridge covalently connects two or more atoms of a ring system. In other words, a
cage structure, cage molecule or cage compound comprises a plurality of rings formed by

covalently bound atoms, wherein the structure, molecule or compound defines a volume, such
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WD 2005/ 010071 PCT/ US2003/ 041533 13 thus, provides
greater filmthicknesses (up to 19,0001). In addition,
woOheospmesent conpositions advantageously proviPde/Us2003/041533

flexibility and | ow melt vigcosities. In contenplated

enbodi ments, the conposition conprises at |east one

ol i goner or polyner of adamantane nononer of Fornul a
that 4 boinRlochfed With thé vdRuRe cRi RoRle¥vd thel wolurhe Rithout pagsiyg|thrpugh the
oo ~1 AYul .Y YIAAAA . . -
ring. RIKe priggs apd/qr they r\lfx}g sysjcenym?y/csmpp?;(e clnge %(f r?l(orflh:g};elrogattcl)qrpg a%fl may be
arom%@?, nﬁalﬂéﬂﬁﬂ?{tu%fedf ‘8% YiEftuQfed dRaARG ARGnRIRAzO btructures include
fullerenes, and crown ethers having at least one bridge. For example, an adamantane or
diamantane is considered a cage structure, while a naphthalene or an aromatic spirocompound
are not considered a cage structure under the scope of this definition, because a naphthalene

or an aromatic spirocompound do not have one, or more than one bridge.

Contemplated cage compounds ﬁeed not necessarily be limited to being comprised
solely of carbon atoms, but may also include heteroatoms such as N, S, O, P, etc.
Heteroatoms may advantageously introduce non-tetragonal bond angle configurations. With
respect to substituents and derivatizations of contemplated cage compbunds, it should be
recognized that many substituents and derivatizations are appropriate. For example, where the
cage compounds are relatively hydrophobic, hydrophilic substituents may be introduced to
increase solubility in hydrophilic solvents, or vice versa. Alternatively, in cases where
polarity is desired, polar side groups may be added to the cage compouﬁd. It is further
contemplated that appropriate substituents may also include thermolabile groups, nucleophilic
and electrophilic groups. It should also be appreciated that functional groups may be
employed in the cage compound (e.g., to facilitate crosslinking reactions, derivatization
reactions, etc.) Where the cage compounds are derivatized, it is especially contemplated that
derivatizations include halogenation of the cage compound, and a particularly preférred

halogen is fluorine.

Cage molecules or compounds, as described in detail herein, can also be groups that
are attached to a polymer backbone, and therefore, can form nanoporous materials where the
cage compound forms one type of void (intramolecular) and where the crosslinking of at least
one part of the backbone with itself or another backbone can form another type of void
(intermolecular).  Additional cage molecules, cage compounds and variations of these
molecules and compounds are described in detail in PCT/US01/32569 filed on October 18,

2001, which is herein incorporated by reference in its entirety.

In contrast to our two prior inventions discussed above, the subject matter described

herein, by having reduced regional symmetry is more soluble in typical organic solvents and
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R R ""}aR 1 Is 1 | R 10 wherein his fromO to 10;
woO 2065/0fl000m O to 10; j is fromO to 10; each R POT/US2003/041533
Formulae Il and 11l is thea3same or different and

sel ected from hydrogen, hal ogen, alkyl, aryl,
substituted aryl, WD 2005/010071 PCT/ US2003/ 041533 14
thushﬁbe'rd@aggebter fitry lthiekdeeses (@) ioelrW(boozia)l Ikey mddlitions theopewdent compositions

aIkyI hydroxyar I dr oxyal kenyl ,
%ﬁ%&%&% Kl flexyy 9?(0W61€th5@10@8%9ﬂ and each A in
For nul ae II and III is the sane or dlfferent and

cohbepuiemplisk embediegnior th@r@mititom@mmisyﬂ atnlep$t one oligomer or
Ols%gsf éute ar unsubs t ut aryl all cynyl groups.
POYETL ST F BRI HACHE © € g%ﬂ hal ogen, al kyl, phenyl

or substituted_aryl; 5 and aryl includes phenyl,_ .

bi phenyl , | napht hyl, terphenyl, Jant hracenyl r
pol ypheny] ene, |pol yphenyl ene etiher, or syh stituted
d

aryl. In pther ¢ MemﬂMedeMmmnmns A~&Fonwa
IVzz \DB-~t|YY 10 WO 2005/ 010874 Q%?R
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10 wherein h is from O to 10; i is from O to 10; j is from O to 10; each R in Formulae Il and IIT is
the same or different and selected from hydrogen, halogen, alkyl, aryl, substituted aryl,



wherein B conprises the formula: (Ani Are CC ny

where nis 0, 1, 2, or 3; xis 1, 2, 3, 4, or 5, yis
w,2005/018714, or 5 and xy _ 2. Arl and Ar2 are PETABRMW3/041533

or different and are substimuted or unsubstituted

aryls. Substituents include hydrogen, hal ogen, allcyl,

phenyl or substituted aryl; and aryl includes phenyl,

heterbﬁlph e;ﬁyll etllma pﬂttsﬂnyljl alk%m}é,r Tih@rw,l hycm»tylaﬂarb d'ryyltoxyaryl hydroxyalkenyl,
enyl ene (0] enyl ene et nher

hydrcawﬁ iy, o gaar%ﬁ?ow%&n%ﬁaébg i Fozylae ffyﬂﬂﬂgbﬁﬂﬁ the same or

dlffef%:lﬂ€ '&Xh %F)H%f)ﬁgés %E)%%ﬁltb% SRR BtitRed Wewnlh @ulyseﬁttut@(! Re hnsubstituted

ments, Bis selected fromt
arylaﬂ@hylogmmg; Su&ﬁltwﬁnﬂﬁﬂwﬁ'yrdjﬂgﬁn rhahblgem mmu pﬁweyﬂzcurse\bstltuted aryl;
(h f DE | CY
5 and. (i noRae PP DB WP RYAHY | IR hafiaocyl, polyphenylenc
et hynyl bi phenyl (hereinafter
pom&l%&@%“‘?%{BIBPES'%\%@&*’?&OOH PCT/ US2003/ 041533 16
i eth | anthra \ 5-di et hynyl
]t%‘h(}tg%ecﬁg eﬁ%)}ﬁ%fg&f(f eﬁtszf ‘? 1 Forr%{bl }aeIive nt random or

|rregular structures in that any one of the units h,
i, and j] may or may not repeat nunmerous tines before

another unit is Bresent. Thus, the ///,Z
N\ /
\e|> —
Y Y

10
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5 sequence of units in Fornmulae Il and |1l above is
random or irregular. In sonme contenpl ated enbodi nents,
woOheospomposi tion conprises at | east one adanaRC&S2003/041533
ol i gomer or polyner of Formdla Il above where his O
or 1, i is 0, and j is 0. This adamantane structure
is showmn as Formula V below where R, Y, and A are as
whedaf Breshpabawvbe forRuR:R i Y- | Y ,, 1 YY R/ 3 YAA
R 'l YYi-Y RRR h 10 WO 2005/010071
PCT/ US2003/ 041533 17 In other contenpl ated
enbodi nents, the conposition conprises at |east one
di amant ane oIigo r or polyner of Formula i1l above
where h is is O, a,nd_J_L his
di amant ane k é?s S —as—téirrrul a)TV bel ow
where R Y, and are asdflned above/* RIRR Il I
Il YYYY R=/ VFqYIliYY y

wherenis 0,1,2,0r3;xis 1,2,3,4,0r5;yis 1, 2, 3, 4, or 5 and xy = 2. Ar; and Ar, are
same or different and are substituted or unsubstituted aryls. Substituents include hydrogen,
halogen, alkyl, phenyl or substituted aryl; and aryl includes phenyl, biphenyl, naphthyl,
terphenyl, anthracenyl, polyphenylene, polyphenylene ether, or substituted aryl; Y is the same
Y as above; and Z is hydrogen, phenylethynyl, or the same as B above.

In yet other contemplated embodiments, B is selected from the following:

NAME STRUCTURE
m-diethynyl benzene RN F
H i 14 \\ \\ /
(hereinafter “m-DEB") ‘
Va

p-diethynyl benzene _;_</:\>__:
(hereinafter “p-DEB”) T\

Diethynyl naphthalene /N
(hereinafter “DEN”")

Diethynyl biphenyl

(hereinafter “BEBP”) = < > \ / =




10

I~Y\N Il 1l Il RRR 5 hiIn yet other contenpl ated
enbodi nents, the conposition conprises at |east one
weadeosanoeme ol i gomer or pol yner of Formnul a V abavais2003/041533
where h is 0. This adamantame dinmer 10 is shown as
Formula VIl below where R Y, and A are as defined
above. RRIIl Il YYY R/\t- R YAY L Y 1111

R R WD 2005/ 010071 PCT/ US2008/ 041533 18
cont enpl at ed enbodi nents, the conposi==o
| east one diamantane oligonmer or polymer
VI above where h is 0. This di anantane di nmer QWN
as Formula VII1 below where R, Y, and A are as defi

ab@y e0-dfethyinly| bhthr¥cénd Y [

1,5-diethynyl anthracene

Formulae II and 11 represent random or irregular structures in that any one of the units
h, 1, and j may or may not repeat numerous times before another unit is present. Thus, the

sequence of units in Formulae II and I above is random or irregular.

In some contemplated embodiments, the composition comprises at least one
adamantane oligomer or polymer of Formula II above where his 0 or 1,i1is 0, and j is 0. This

adamantane structure is shown as Formula V below where R, Y, and A are as defined above.




R R 5 In some enbodi nents, the conposition conprises
at | east one adanmantane ol igonmer or polynmer of
woanisien7y above where h is 1. Thi s adamant anePCTiUse003/041533

is as shown in Fornula |X1ielow where R, Y, and A are

as defined above. RRRII Il Il Y=YY RYYA

~~j--R Y1l =Y1I~YIl 1l Il RRR 10 In other

Capt gimBt AloatnHhedi dEFidmedtthe tikomoapotition compiscsed &tast one

| east one diamantane oligoner or polyner of For.nuba diis 0
diamaritarmbaigonweh er @olynies of Formple 1H; 2heymrases b i ﬁé’nr I, 418 §gand j 1s .

. §hown in Fornul.a bel o ' I 8,48 defined
This §EREREAC SBEVRE Ineonbas g’i%%% %@%"&‘2@%/@4@5@& 31%6 R
KRR YY-/ VY RAA\ /=R YYYY RR

abov

In yet other contemplated embodiments, the composition comprises at least one
adamantane oligomer or polymer of Formula V above where h is 0. This adamantane dimer

is shown as Formula VII below where R, Y, and A are as defined above.




In yet other contenpl ated enbodi nents, the conposition
conprises at | east one adamantane oligoner or pol yner
wohoimentia 11 above where h is 2, i is 0, andPLTiUs2@3/041533

(linear 5 oligomer or polym8r) and his O, i is 1, and

j is O (branched oligonmer or polymer). Thus, this

conposition conprises an adamantane |inear tetranmer as

s hiawnd ditiorfab reondempited ehnbmdiwtmtse thdRconvpostiah AolalpE'SQSat least one

defined above; RR R__11 Y- YI.YY,.R=/ Y
diamaptapq oligomer @r polymey offFommlpaVFE Rovovheredis o Hhia ARt dimer
is sh&f?g ﬁ&%x Wy ﬁ?ﬁ&& gwg 501 Al letinbehnenner e R,

, d A are as above. WO 2005/010071

PCT/ US2003/ 041533 ZORR RR 11 11 11 g¥ Y 1, YR =/ \

YIJAR YAYY R”YR-I- R

Y—21)

5
In some embodiments, the composition comprises at least one adamantane oligomer
or polymer of Formula V above where h is 1. This adamantane trimer is as shown in Formula
IX below where R, Y, and A are as defined above.
R
10

In other contemplated embodiments, the composition comprises at least one
diamantane oligomer or polymer of Formula VI above where h is 1. This diamantane trimer is

as shown in Formula X below where R, Y, and A are as defined above.



I/ YY RIn several contenpl ated enbodi nents, the
conposition conprises at | east one diamantane

wolo@gmrer7ior pol ynmer of Forrmula |11 above wher eCius2003/041533
i is 0, and j is O (linear 195 oligoner or polyner) and
his O i is 1 andj is 0 (branched oligoner or

pol yner). Thus, the present conposition conprises
di amant ane | iRear tetranmer asgshown in Fornul g, XE

below where R Y, and A arel s defi ned above RRI
I 1l Y'Y RI'Il'Y AA\N/ =R YYI1Y||III~
RRI | »F 2005/ 0109 / US2003/ 04153 21 and

ched tetranmerk shown For '
Y, and A are as defi ned above.
Y

di amant ane Hf
bel ow where
(N

In yet other contemplated embodiments, the composition comprisés at least one
adamantane oligomer or polymer of Formula IT above where h is 2, i is 0, and j is 0 (linear

5  oligomer or polymer) and h is 0, iis 1, and j is 0 (branched oligomer or polymer). Thus, this
composition comprises an adamantane linear tetramer as shown in Formula XI below where

R, Y, and A are as defined above;

10  and adamantane branched tetramer as shown Formula XII below where R, Y, and A are as

defined above.



R=/\ YAYAI~YIl Il RR YR~ -~\/ =R Y|

Y Il R 5 1In sone enbodi nents, the conposition
woanraieds adamant ane di mer of Forrmula VI abeve/uanm3/o41533

adamantane triner of Formul2a | X above. In contenpl ated

enbodi nent s,

the present conposition conprises

di amant ane di mer of Fornula VIII above and di anant ane
trimer of Fdmula X above. 10RIn other enbodiRents,
t he conposiqlon conpri ses adajant ane di ner of | Formul a

VIl above

Jol
Conponelyt :
herein flefers to any cage structure carbfn

d at | east one amant ane ol i gongr or
offmul a Il aboW

re at of h,

| east,__@n

he conposit|
la VII'l abo

The phrase "byidgehead carbori*as used

bound to
t hree owher carbons. Thus, for exanple, adanmantane has
mhi+e di amant ane* has ei ght

four bridgehead carbons
bri dgehead car

In several contemplated embodiments, the composition comprises at least one

diamantane oligomer or polymer of Formula III above where h is 2, i is 0, and j is O (linear

oligomer or polymer) and his 0, 1 is 1, and j is O (branched oligomer or polymer). Thus, the

present composition comprises diamantane linear tetramer as shown in Formula XIIT below

where R, Y, and A are as defined above

A -
B

|’\_ ' 2y

= Z

Il Il

R R
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5 The phrase "low dielectric constant pol yner" and/or

“"low dielectric constant material" are intended to be
wozedb/oiot7er changeably and as used herei n ref er PCO/US2003/041533

organic, organonetallic, a1 inorganic polyner with a

di el ectric constant of approximtely 3.0 or |ower.

The Iow dielectric material is typically manufactured

in the formof a thin [ayer having a thickness from

and i fong Pieigted B St P s FRUBT SgV Ela Pipedighe : and A are o
dﬁﬁﬁgpggvgents at | east one Iayer conprises a thickness
of up to about 25,000 Angstroms. In other
enbodi ments, the atgrleast onegd ayer conprjses a
t hi ckness of up tofabout 16, Q00 Angstrong. In yet
ot her enbodlnents e at Ie one | ayerLconprises a
t hi ckness of up Yorgbout 10 O/ ¥égiln

addi ti onal enbodi
conprises_g WM

coating as ap
Substrates an
conpri se any dgsirable su.stantlally
Particularly desirable substrate | aye
films, glass, ceramcg, [
netal, Or CONPON =8¢
the substrate conpri n-of germani um

arsenide die or wafey s e, a packaging surface

such as found in a coppe /s silver, nickel or gold

plated | eadframe, a co 19+—Surface such as found in a
circuit board or packag ||nterconnect trace, a

via-wall or stiffener interface ("copper" includes

consi derations of bare copper and its oxides), a

pol yner - based packaging or board interface such as

found in a polyimde-based fl ex package, |ead or other
meiratonad Erbhodimess) thercolmpbsitiem pérapleises gldassntameddipwr phEpgnula VII

a0V i PR O SR P DashmaR otchthiate, cRtbgligents, the

presé%ﬁ? bofdpoSitioh Radfded Hﬁﬁﬁhfahg%ﬁ&c Bf ﬁérm@lhl\l’ﬁpﬁbov%oﬁﬂeﬂlmnantane
gl ass, and another polyner. Generally, h, i, and j are

trimestog FermulaBéatsover om 0 t 0 10, in contenpl ated
enbodinents 0 to 5, and in nore contenpl at ed

enboethseatiBodimemts 2the ToRpsiitipn eshpitata maarhanaleodhh@ﬁ oEFormula VII
is 30 thus the diner &h is 0, iiis 0, and j_is in
abovegnfhitt deas| onespE)antage SHEMMCT oF IUYHEN of Enrmué?ow@m fyhere at least

one $E bE Bttt ol B 200kt PATAY Shufhdaieh MRRALS g goppostton
compi{sté URARMEMA41:n8B0f Poimula VII above and at least one diamantane oligomer or

polymer of Formula ITI above where at least one of h, 1, and j is at least 1.

|soI|d mat eri al .

1S woul d conpri se
met aR or coated

sope enbodi nents, 20
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The sinpl est di amantane oligomer is thus the diner (h

is 0, i is0 andj is O in Fornmula Il above) as
wehoewwioati Formul a Vi1 above, in which two di aramuanm3/041533

frameworks are |inked via 2n unsubstituted or

substituted aryl unit. The individual radicals R of

the substituted ethynyl radical on the phenyl ring

Thefhb&@eli@d Compoaehtie adamant ane or di amantane ring of
the type RC=C- are in each case the sanme or different

I nTRErMdsaebliligenkdd carbdhn” ¥ uddd he¥dih refdd o adyXeag stibture carbon
X1, Xill, and XIV. R

. I's selected %ron1hydrogen,
bourtiafootheas, othtrksakrhonar ylThus sfob skarpit catlaaraptane thes éruwdridgehead carbons

.aryl ether, alkeny], alkynyl, alkoxyl, hydroxyal kyl,
“mﬂﬁgéWBW§%W§@§elgﬁﬁ%#§gﬁgéW@PP&hydroxyalkynyl, hydr oxyl ,
or carboxyl. Each R may be unbranched or branched and o
undbeshiasaitlew dieleditinsenstant pelyaed andioy “lovbdieleeigissastag material
. n nched. or br d, Jt i 0 I d. t hat -
e TRl M ENGREC R AREP e, ., BB BB PPt TR organic
orgahiyrdstanivabkinbrgahiy doBuye ki dicleattid coidim oy apheyxivlately 3.0 or lower.
contain fromabout 2 to about 10 carbon atons and the |
The [t dielperia myateriad riy typseablarmanadertiipd ie i fym ebatthinpayer having a
. from.abo t t 18 car a . S d
ickp§REBGP 1hp o 25 E eaiin B BanbBl Bentba e B, ook,
cylinden! §ihelaatetd 1aRb06eiBblitentt at 1688 bnd M@er@%n?ﬁ@esm*ﬁicﬁless of up to
%roups on the pheq%I grog&; are two 15 different _
about 2808P Angsemp| Esolber ebqdaments.tthe abliepdt ope fayer eumprisgs a thickness

i hcl.ud - ara-,..a rtho- 4. r .
of v, B8 HE 1 SPGBl OB o Bt Mo O B B pre Ly comprises
a thit/sRIB LS uprte abBERAL0,e000 ARdtRms. SRNRIdstiongReMbIdiffentshthe at least one

phenyl rings in the Fornulae I1I, IV, V, VI, VII )
layengomprisps(@ thxckgss ofxapito abogt|5,000aeEsikpws] &1 yai othge pmbediments, the at

the.sane or.different d selecte om hydr ogen,
teast i R Bl 3R, R BEOER O NS " Ven v
is_aryl, exanples of aryl groups. include phenyl or

bi PheHn T saxurd bpisit ReBHFT h OB AAYAh Pt & applied to a surface

/G RRd RNt AiLRYAEO PRENYbnterdpidicli RRGA Yhay @RshRI iy desirabl
o @h coﬁtenﬁ?%te% e%gggﬁnents 3 ?%gen. The ?%rn1galkyy"fﬂua ©
substastiaife dolite meiterial. 0 Fastdoulalybdasiveble dsubstrage $tyesi gwhuldcdramise films,

saturated .hydrocarbon grOUf or substituen E& 1to 24..
glass SPIRBHC, A BHE, MERLA p2isdaneiph oF BITRPPsite Malerily in some embodiments,
the SuBQPHORYnprifksHLi¥bon b rsRhi¥ die BF Wker sHAGE a packagi

© FEtradecy ?&ﬁengégbl?ggﬁ%%gn?Fuﬂghrag%syl éﬁg t he @ packaging
surface lkech dnfmaden endopdenreiites, nickeltoe rgoldplattddeddftangy aupgper surface

suchC o g(gf.glldg.ﬁ :[:aiﬂ}iq%y};lf %egr ! b%g%}?aég ggi%rc%q-l;}gg‘rctirfﬁregt yéy\galtﬂ gr s%lfé}{ler"interface

“ F ahilel 6HidWYardRE oPbare WBhSer Gh 8 DxldeBIS 155}% -PYSd Fackagi
CO@%fyﬁ&nay be ﬁoﬁ%-, B?-?ﬁtrFﬁﬂor poI?cf@?igo epéndind‘&dc{agmg
or baand trit@facesntiess folind img polyimsledbsddnflaxmckageprad dr ofbleemetal alloy
term"aryl" i d '
solder barH surfa}{ce, gllzfés ua%g poq%eerls nsutcl? agegoqyi?nide. In other embodiments, the
substrate comprises a material common in the packaging and circuit board industries such as

silicon, copper, glass, and another polymer.

Generally, h, i, and j are whole numbers from O to 10, in contemplated embodiments
0 to 5, and in more contemplated embodiments 0 to 2. The simplest adamantane oligomer is
thus the dimer (h is 0, i is 0, and j is 0 in Formula II above) as shown in Formula VII above,

in which two adamantane frameworks are linked via an unsubstituted or substituted aryl unit.
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30 nonocyclic aromatic species of 5 to 7 carbon atons
or a conpound that is built with nonocyclic aromatic
wepeasicas7of 5 to 7 carbon atons and i s typical PgT/US2003/041533
phenyl , naphthalyl, WO 20033010071 PCT/ US2003/ 041533
24 phenant hryl, anthracyl etc. Optionally, these
groups are substltuted with one to four, nore
The ginpllest diinantme oﬂlgommlsathlkwme dankogyis By ds oxand jaind) igrFormula ITT

o G RS S b o BB S vi
anux’f‘sﬁﬂétﬂut%@%l’ é\mghﬁgedfa{rﬁ'ﬁn?t to 24 carbon atons and at

east one doubl e bond. Preferred al kenyl 5 groups

.r.] ei’ }%r(%(]!lq&a?'raghcjalstﬁ o%ém%%&%ﬂe@&%ﬁyl rgcngal toﬁ .rtﬁ@ phenyl ring attached

'S use here

to th‘éomaﬁiaﬁtaﬁg d0odibmahtkyd e Ende TOFORYEIG- Cararmleastpe@seeme same or
typically containing |less than about 12 carbon atons

diffefent trhBorarlgel i, Bé,r‘t’,l Wh VIR AETIWRGr S ¥, e XdHyand XIV. R s sclected

ﬂona%%ﬁ{ggﬁuﬁﬂo%%nkgﬁgﬂ - %%ﬁ%t&peg %%lgﬂgftgl“gl)éﬁgf a]:ry &B&f %ﬁ(tenyl alkynyl,
alko;@rlyhﬁr&waﬁ@@ 19849 Bry], h@dﬁ)xtybmzeﬁﬁruydrw}al ?/ﬁﬁHmzdroAyI or carboxyl.

is an‘integer in the range of 1 to and
Eacthl araenhﬂr unAranche_tJoorl wam;hetbm}d u@pbﬂlt@tgd OI sibsidigiad apd spid substituents

may b SoBreRFSelo PR, s qabevBitrd kil meSHRAISa R alisoes allomy
alkoM el[&d?oﬁy%lk@/l Hydio%yﬁker@'l‘ Chnbi Hy&ro%;(%ﬁg{y@ $6mhis fFoh bB&Ut 2 to about 10

branchi ng 4s "shown in Fornul a elow. It should be
carbamalems tand dhe lhlétcabraayicmhqhmyndahyﬂn@m@@sl saetainhizem agput 6 to about

t he Far nul ture cause furt hi
18 of@npBRBing AdaR Shevghifocgh corbmtflgee Pt Phent. 1o
contéﬁﬁl%ﬁ %oﬁﬁﬂerﬁé(, S0 Ilqé%%tgﬂtkfo oﬁhe |R(|,' o] érd%ps oh-thé bhemyRgrotipRare two
Jj
dlfferent isomers. Examples of at least two dlfferent isomers include meta-, para-, and ortho-
isomers. In contemplated embodiments, the at least two different isomers are meta- and para-

isomers.

Each Y of the phenyl rings in the Formulae 1T, IV, V, VI, VII, VIII, IX, X, XI, XII,
XTI, and XIV is in each case the same or different and selected from hydrogen, alkyl, aryl,
substituted aryl, or halogen. When Y is aryl, examples of aryl groups include phenyl or
biphenyl. Y is selected from in contemplated embodiments hydrogen, phenyl, and biphenyl

and more in contemplated embodiments hydrogen.

The term "alkyl" is used herein to mean a.branched or a straight-chain saturated
hydrocarbon group or substituent of 1 to 24 carbon atoms, such as methyl, ethyl, n-propyl,
isopropyl, n-butyl, isobutyl, t-butyl, octyl, decyl, tetradecyl, hexadecyl, eicosyl, tetracosyl and
the like. In some embodiments, contemplated alkyl groups contain 1 to 12 carbon atoms.
The term “cyclic alkyl” means an alkyl compound whose structure is characterized by one or
more closed rings. The cyclic alkyl may be mono-, bi-, tri- or polycyclic depending on the
number of rings present in the compound. The term "aryl" is used herein to mean é
monocyclic aromatic species of 5 to 7 carbon atoms or a compound that is built with

monocyclic aromatic species of 5 to 7 carbon atoms and is typically phenyl, naphthalyl,
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Il yl1%YIll Il RYR R/-41~Y Il R W 2005/010071

PCT/ US2003/ 041533 25 In addition to the branched
waizersanoEme structure of Formul a XI'V above, it peinmsba3/041533

be wunderstood that Fornul 24l 11 above when h is 0, i

iIs 0, and j is 1 represents further branching as

shown in Fornmula XVI below. It should be understood

pherfaRetrylp bReRyNGe.NEptRGEIY, they phcupshaé sibstitutéd&ithameLb dour, more
XVl structure because further branching of the pending

preferplisrene imevaskylsallsexy, hydrory raptvioa nig substitueiur e nay
also occur. R Y~ YR={,~.1. YR RI I R YAII
Y [The Rrivi "dlignp is-uged-heRin fo-m¥anfa branvhddl orlal straight-chain hydrocarbon

chain containing from 2 to 24 carbon atoms and at least one double bond. Preferred alkenyl
groups herein contain 1 to 12 carbon atoms. The term "arylalkylene" is used herein to mean
moieties containing both alkylene and monocyclic aryl species, typically containing less than
abéut 12 carbon atoms in the alkylene portion, and wherein the aryl substituent is bonded to
the structure of interest through an alkylene linking group. Exemplary arylalkylene groups
have the structure -(CH,);-Ar wherein "j" is an integer in the range of 1 to 6 and wherein "Ar"

is an aryl species.

In addition to the branched adamantane structure of Formula XII above, it should be
understood that Formula II above when h is 0, i is 0, and j is 1 represents further branching as
shown in Formula XV below. It should be understood that branching may occur beyond that
of the Formula XV structure because further branching of the pending adamantane units of

the Formula XV structure may also occur.
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RR YR- -~YR IYR 10 W 2005/010071
PCT/ US2003/ 041533 26 ADHESI ON PROMOTER: | n

woanisarpl7at ed enbodi ments, an adhesi on pr onopt ePCITAIS2003/041533
added to the conposition sscribed herein. The
adhesi on pronoter nmay be a conononmer reacted with the
present conposition or an additive to the present
conposition. 5 The phrase "adhesion pronnter" as 'used

hﬁé%h,giltigg %g ilbea%%%(%f g%gagli?n ante Q%%Feo??fe%’” la m gb&\ﬂ:e it should be
understRH Rdt Fofn sl tab&éSShRA, ER 0, Whd ﬁlstlhepﬂéﬁédtyfurther branching as
degr adabl e pol ymers. Preferably the at | east one

shown dh Esfnoria pRdrhsiay. Ttshudé e upiersioedithat brapehing gray occur beyond that

o EOREET: ALY PR AR AT hafB ffone s o

theFQx%leVI@[rﬁé?tHf&ﬁﬁ ko agtuaddi tive to the ther mal Iy 10
degr adabl e pol yner precursor. Exanples of useful

adhesi on pronoters are disclosed in comonly assigned
pendi ng US Application Serial Nynmber 158513 filed My

30, 2002 incorporated herein imits entirety.
Adhesi on pronoters contenpl ated lherein may conprise
conpounds having at least bi{ ionality wherein the

bi functionality may be the sang different and at

| east one of 15 said first fung¢tionality and said
second functionality is sele the group

consi sting of Si-coptaifi cont ai ni ng
groups; C bonded to Oc ' ':ﬁydroxyl
groups; and C doubl e bonded|t o i ni'ng groups.
The phrase "conmpound havi ng bi functionality"”
as used herein ans any conpqund having at_I| east two
functional group capabl e of linteracting reacting,
or formng bapdg~gs fol lows. The functi onalll gr oups may
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20 react in numerous ways including addition
reacti ons, nucleophilic and electrophilic
weubsstaioari i ons or el im nations, radical reacti 8a%/USe106/041533
Further alternative reacti @is may al so include the
formati on of non-coval ent bonds, such as Van der
Waal s, electrostatic bonds, ionic bonds, and hydrogen
ApHEB@NBROMOTERTE enbodi ments of the at | east one
adhesion pronoter, preferably at | east one of 25 the
f i SbntbtpRtddonabédideadat hehaeaopniosercisi aidad itd ythé Somposition
sel ected from Si -containing groups; N containjng
descriged ipesin. Tliso adhedion rometstBdh PAG eRBeRssIer Hyaitek yiith the present
roups; and. C doubl e bonded t.o C-containing groups.
Comp‘gﬁ“é?‘g‘?laaﬁll E\;{,gltivﬁgo %}e-pé%sﬁ?tacloﬁ}pr? aﬁlglrlbups are selected from
Si-H Si-Q . and Si-N ,the N.containing groups ar
Sdhe phBge TAbATIEN BRI BB PR RS B R fet when used
i Y, D681 doNRESImR d8Be a@Rbioh Med@Tito bilRtrkies compared
-wﬂhié%ﬁ%%ﬁﬁ%% -conf&%nlng gﬁgups are selected 30 from ‘
with th6haliyaddaemiyblegrobynpss.s Pedferablykbe ahémstang adhaueny gemoter 18 used
. esters, -COOH, koxyls haying,1l .to 5 carbon atons
with eneshalyl R PICPIRFEr sl SUERIoBPOERET A B Co-monomer
r | ; 18 4008440 Lan additive to the thermally
reactegd%{%ég«gé%}g’%%sdf@ﬁg% C%)g}%ﬁél (e)lprgonded_ to C-containing '
degra@ibiei pslyatee mediesiredEkampteslol yisefah adidsiop prpnmigrs . arEglisclosed in
sem conduct or applications, the

e.pr re

comnouh 655EER RAGEBSUS rapRlisaish Sl Nress ﬁ%@& glre&M&?’ @ 200
. . -al.ni ng groups; hydroxyl groups; and
IHCO‘?SO?%?H%‘IF%J%&%‘%%QW ated adhesi on pronoters may al so

c ri.se an organi c resin-base ter] :

f%ﬁ@?n QBW?tF%e%on %A%F@ c %gnngq & nloﬁ{ ﬂr@ééglong?‘mﬁ%v}glvglcg at Jeast
bifun&tRPalS, wBER tAs b%cti‘b@@lit?fm&j%e thE1Q4R drbtiffbrehit amd at least one of

Schenéctady International, Inc.), organic acrylate

said fastdfupeticabtyandrreid sespwd funcemdiey woRlesied irom Bifosrari copgjsting of
. conprise pol ydi nethyl sil oxa Lals hoxy . 1
oL 3 B0 AL ST RASL 0T B g o
sroup! ARANE ABTHIE BBAGL 18 C-Ydrdifkhe Srdupae The phmes Scompound hbyihg at least
hydri des. 10 An exanple of a contenplated adhesion,
bifungifapatity8ras hised hereidi meast ayriompoynd hpwing &t legst Kype Bingfional groups
he.Formyla |: (R14)Kk(RI5)1Si 7 [
capatley G fer s redeEretouRik Do St /3 AL Ea oups may
react A HRERPusNELOXMbIndihgs atiditiah efbactfonsAtuuciabsidlial &yd ,electrophilic
substituted of unsubstituted al kyl where the ,
substigutixgis | ardmingtionaniadwab reagip@ndy ctcs a¥1gfb§f aljeryative reactions may also
. ngat ur at ed al. koxyl nsat ur ag.e S d :
1nclucgeaﬁ)§ fott&onag# aoq-g%\liaéeéxl%l ’bo (?s, as;ﬁélkr ?as g{anl @ée%;\&@%lgmelg%tmﬁtf&? bonds,

jonic BdRs, RiPny@bsbnBbAdslS represent hydrogen, hydroxyl,
saturated or unsaturated al koxyl, unsaturated al kyl,

Oy some embodiments of the at least one adhesion promoter, preferably at least one of

the first functionality and the second functionality is selected from Si-containing groups; N-
containing groups; C bonded to O-containing groups; hydroxyl groups; and C double bonded
to C-containing groups. Preferably, the Si-containing groups are selected from Si-H, Si-O,
and Si-N; the N-containing groups are selected from such as C-NH; or other secondary and
tertiary amines, imines, amides, and imides; the C bonded to O-containing groups are selected
from =CO, carbonyl groups such as ketones and aldehydes, esters, -COOH, alkoxyls having 1

to 5 carbon atoms, ethers, glycidyl ethers; and epoxies; the hydroxyl group is phenol; and the
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unsat urated carboxylic acid radical; and k+l +mtn<_4.
Exanpl es i ncl ude vinyl silanes such as H2C=CHSI (CH3) 2H
wanwski@yCHSI (R18) 3 where R18 is CH3O, C2H50, ACDUS2003/041533
H2C=CH, or H2C=C(CH3)0-, @7 vinyl phenyl nethyl sil ane;
allylsilanes of the fornula H2C=CHCH2- Si (0OC2H5)3 and
H2C=CHCH2- Si (H) (OCH3) 2 ; gl yci doxypropyl sil anes such
C doulsle (dnded go @b@kﬂm)amgogph})smmhgdle;ﬁt@t fromy silylaanel wimpll groups. For
semquggil%;lé%r?%gd gé%,/t?grnggéqesl%&gﬁt egf: u %]ggglr&]plg)s include the Si-containing

groupg,fgi?bé%%) e Q&gﬁifﬁr?r&gﬂ?l@d%%‘ %f gg)as%ld;v?n}g g!reouﬁk kyl, |
LB i Pk RS %?eﬁg%i%ké“ ey psge materiol

that ﬂhﬁer&fogﬁﬁﬁ@mph@laﬁ&csmthmn%sleahe RR0THe redidd, IsyclayaCRa0é or HRJ-
fromGelest. 25 An _exanple of a pref erred adhesi on

1104 (et tleom ﬁg]wmgta@y hoaaetionad los-haiediin APy at@ a@c}j%a jstyrene resins.

Othergac%es_ﬂoxi{ I‘p{ognct %r% %%Qg%lﬁor s€ %j)lg/kif] mdif) 1 othé ﬁﬂtetrgls e hOﬁy or hydroxy-

contalMhE Bildns rﬁ&[ﬂi‘f%r@h&hﬁ%oﬂtﬂﬁhﬂxgﬂﬁla@e fmmﬂars @d@&ztted éilene monomers,
exanpl e of a preferred adhesion pronoter having C

or silyjdrydedest o O-containing groups is esters of
unsat urated carboxylic acids containing at |east one
caubexathple efci dogtempirted 3¢heBoanpbmster dwivingeSi-containing groups is

sitancg oty BB E - R RIS oo P TIBID 9o ES a0 98 Ror cach

1ndep%1(2dn«%]iﬁgr}¥ I‘Qée%soﬂﬁﬂggé& ¥ Ia'ilﬁs rethRE rag Bl 'aik% substituted or

[ate acrylate. The
unsulfsﬁfwegbalhg valieee dlel subsmumt ¢d ahﬂny oa‘e:po)t}a bateratadmnunsatuxated alkoxyl,
An npl f dh
nsa g SO1P G BOPYCGAAHL By BDEt 1551 i Hidtio 105 Ko, and Ry
or, r I 0
1epres%|>rl¢ %g)iaﬁ{g’%n,a rhgﬁn{agtx)r{'gtsg%?rmg ﬁfe trhéxts%grragéépa ta:llébng Hrﬁéatu?ated alkyl, or

unsatﬁfﬁéwaIFﬂaﬁﬁ)xiniG latideadiodl; agt kHiHmi+ngd. Eoardples ﬂyblumly mudylnhnes such as
and ﬁilpyrldlne comrercially available fr

HzC:ﬁé’ISl{CiHs i RoCorat3i6Ris)s alepre ,prs e&hE &aH@QH%ICQS H,C=CH, or
H,C gg?%]g)z%opgarbg nx&%ten#{ngl@ﬁﬂaﬁ Xlﬁ %/{Iaﬁy 'orf g%gggqnn\ﬁﬁd']ﬂﬂ =CHCH;-

Si(OGXBMP! gndof H@C@@H@Iﬁﬁ(ﬂ)@@ﬂ@wn pheitokepropywilangs such as  (3-
Si - contai ni n? %r oups Is the 10 polycarbosil an
glycidsapropybaethyldigheronilgneassi gt copehalvrig SRy emlringhoxysilane;

methegg%lg)% Ai%gsoﬂaﬁ%tggigt%ia nf(?gxﬁ\%%?l (l?lugﬁ% gcgglgéglf %g?dm@f] Sxéhere Rjois an

alkyl, t ﬁarei?fh‘bl}f etytethyhe qrol waai;bosinligspropydsilanat dorixamiven  including
For Il
HzN(CHz)3Sl(OCH2CH3)3, HQN(CHz)g,Sl(OH);; or HzN(CH2)3OC(CH3)2CH CHSI(OCH3)3

The aforementioned silanes are commercially available from Gelest.

An example of a preferred adhesion promoter having C bonded to O-containing
groups is glycidyl ethers including but not limited to 1,1,1-tris-(hydroxyphenyl)ethane tri-
glycidyl ether which is commercially available from TriQuest.

An example of a preferred adhesion promoter having C bonded to O-containing

groups is esters of unsaturated carboxylic acids containing at least one carboxylic acid group.

Examples include trifunctional methacrylate ester, trifunctional acrylate ester,
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HR2 R4 R27 --Si-R20---Si Si R6 Si -R29 I. | | |
R21 R23 R25 28 Pqr s 15 in which R20, R26, and R29
weagds/oiodependent |y represents substituted or PCT/US2003/041533

unsubstituted al kyl ene, cy®8l oal kyl ene, vinyl ene,

allylene, or arylene; R21, R22, R23, R24, R27, and R28

each i ndependently represents hydr ogen atom or organ
tnme@ilylin]]propmqtrma}y}age diﬂcyﬂa@ryﬁjrk@llmn’@acwlatw pnd glygléy]dgpﬂg%rylate The

a or ary ar _or branched; R25
foregP@ﬁ@?s@h?WF@@@ﬁvﬁ%&ﬁﬁo@|§§ﬂ’§l‘l€ 20 sil oxyI or

organo group; and and s satisfy

cohliexrople off 2 [Pll“ielﬁedr aépernorl Promotez 1155 m@oY}}W gqqapqql Wiyl cyclic

Id; d b
pwidleg e SgRLpE Pt EoRr el (b TEOE B s BriThe, skic, or
heter@ﬁﬂl@lﬁﬁé |y Uzefill aganfplemiridaist bit twot alhmmd ]:@ Zﬂnb’@'yndme and 4-

atons. Useful alkyl oups_i.ncl ude - -
vmylmme,tcsmmeeaﬁméwu 66l PR 108 7 Saics; ) g Hetsroaromaics
ydr.i d
L R T
oxaz@EOUp IS _a hydr ogen atom and there are no appendent
radicals in the pol ycarbosilane chain; that is,. q, r,
angl, $x8581eabt aZRERredNigh&Sdn pRingdtar hzﬁﬂng lSOU@nt@iﬁnng groups is the
pol ycar bosi | anes are those i n whi ch the R21, R22
polydaﬂﬁxsﬂﬁ%dlsdmdﬁﬁ&om@ﬂrammémp@@nwm U4 et Pwllcatlon

s 0SRS5S R My i

entir@c#rk?Hé’bol?ﬁé}bl&lﬂﬁéhstlﬁat%hmﬂiﬂ Forﬁfu@apﬁnyl al lyl, butenyl
any o unsat urated organic backbone radi cal

having up to 10 carbon atons. The al kenyl group may
be dienyl in nature and_includes unsaturated al kenyl-

adigal s apgpended % substitutgd on an{5 o rIQHvise

| k or unsat yr at €82or gani c| ptRyner backbong’
xanpl es of| these greferred |pgl ycarbogilanes include
eH-ER, I H--Si-PR) y-epFbegiSiane —
pol yd% Rydr i docjr bosi| ane zl 56 Ryt

ol yal | yl hydri di dogar bos| | an¢ and randpm copgl ymers ¢

ol Withydr i{docar boBp ane| and O0—Ry5 28

ol yal I yl hyigy i ne. LIn the me preferred -s
pol ycar bosi I anes, the R21 group of Fonnula Il is a

) h )
in WhYC(iIlr ?{%éf nRz(;, and Rjo each independently represents substituted or unsubstituted

7]
=

alkylene, cycloalkylene, vinylene, allylene, or arylene; Ry, Raz, Ros, Rag, Ry, and Ryg each
independently represents hydrogen atom or organo group comprising alkyl, alkylene, vinyl,
cycloalkyl, allyl, or aryl and may be linear or branched; Ros represents organosilicon, silanyl,
siloxyl, or organo group; and p, g, 1, and s satisfy the conditions of 4<p+q+r+s
<100,000], and q and r and s may collectively or independently be zero. The organo groups
may contain up to 18 carbon atoms but generally contain from about 1 to about 10 carbon

atoms. Useful alkyl groups include —CH,- and "—(CHz)t— where t>1.

Contemplated polycarbosilanes include dihydridopolycarbosilanes in which Rao is a
substituted or unsubstituted alkylene or phenyl, Ry; group is a hydrogen atom and there are no
appendent radicals in the polycarbosilane chain; that is, g, r, and s are all zero. Another

preferred group of polycarbosilanes are those in which the Rai, Raz, Ras, Ras, Ros, and Ryg
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10 atom and R21 is nethyl ene and the appendent
radicals q, r, and s are zero. Other preferred
woabospasdiosi | ane conpounds of the invention ar@CT/US2003/041533
pol ycar bosi | anes of Forrmul @911 in which R21 and R27
are hydrogen, R20 and R29 are nethylene, and R28 is an
al kenyl, and appendent radicals g and r are zero. The
gnuppbﬂﬁaﬁ@ﬂsulaﬂﬁsmmmmﬂknmmﬁphnEMﬁdmﬂwmybghuknbmmn@ﬁwur2to10
art processes or provided b nuf act ur e
carbqsp Iaﬁ%fé;r Hdsi #lkery] cBRY SR B%§ﬁlep tﬂﬁ%pﬁ?g]staﬁlﬁéq%’rt@fyé (F iy other
I f I
unsatur; éé{&: 81{&%8 ﬂa@ﬂ%&;} ﬁuﬂ@al F}%'_Elg 11‘13%8 1@, ca%nr%glﬂg r%hézazlfeglyg ggoup may
be dil@n 1S1nf1{a¢lﬁ‘b 2ndl anZﬁdes'ﬁmeamaMSzﬂkemyEf&lncraMappended or substituted on an
ycar bosi |l anes may be obtained from Starf]

otherwsq ehy] oun@nsatspeé@d Porganio RIS DeFkRomEs EXARR 5 of these preferred
d c S Fo
poby B A BUBRELAERES e’ b BTpot¥EbaaRr jsuch as
pol d@&(ﬁm&c%omg ht pM@th%yd@Mld)oczérNbéﬂan& 408- Traddin 2-02p61ymers of
330-500 2 330 1.14 320 (wWth 1096a||y| gr oups)
polydibydoipcatpositae sod HOli@IﬂIM]@dOQPﬂ?W f9£-75% al | 'yl groups)
2,400 3.7 410 20 As can be observed in Formula I
t hin thel mowr pro&irted modycarhosilanes theRoc @ of Equlrml% &lyis a hydrogen

he f f
sond L B3R AP SRR B 0, f, B ot

poly&rbSXithe c@h dp&fnﬁ@ BOtEAMAIBA R golyeatbosilines 9f FOrrﬁhﬁa II in which Ry;
appreci ated that the oxidized versions of the

and B@ﬂ w@ahﬂabsgdnarﬁas apd Rao Qe oyséyians, \a@d )Rzeﬂif ae talkeayly apd appendent

t
iR B 5o s TR R P e bS48, 58 3B ko pror
procés@éjse BENASRHLY 19 mﬁnuﬁetuﬁe?éj o$ ﬂo'[b%aﬂi@lsﬂanec&ﬂﬁ’pdsitﬁiﬁs In the most
being that the'radicals p, q, r, and s of the Fornul a

prefdntedgmll}scaﬂ)pbldmek dheBorgustp @%qumﬂkﬂ o 2doosygen e, Ragis —-CH-; g, 1,

PCT/ US2003/
and s|_ar§ égﬁbgq%gbo 3 ta ag‘n g(%]cseclgﬂsg (%fffig%%c} Pq}g%a{‘/bogﬁanes %ay He obtained

%ﬁ?@ ¥ mbe Ffkfic INenPQl ¥ RROThdsRRReBRYd PBlycarbosilanes
pr o ce rom st ar tll%ﬁg mat erq@al s that ar erbgr esen?l 3?/
:muouonner0|ally avai |l abl e from many nmanufacturers and by

usi ng conventional polynerization

Weight Average Polydispersity Peak Molecular
Polycarbosilane Molecular Weight Weight
(Mw) Mp)
1 400-1,400 2-2.5 330-500
2 330 1.14 ‘ 320
3 (with 10% allyl groups) 10,000-14,000 10.4-16 1160
4 (with 75% allyl groups) 2,400 3.7 410

As can be observed in Formula II, the polycarbosilanes utilized may contain oxidized radicals
in the form of siloxyl groups when r > 0. Accordingly, R,s represents organosilicon, silanyl,
siloxyl, or organo group when r > 0. It is to be appreciated that the oxidized versions of the
polycarbosilﬁanes (r > 0) operate very effectively in, and are well within the purview of the
present invention. As is equally apparent, r can be zero independently of p, g, and s the only

conditions being that the radicals p, g, r, and s of the Formula II polycarbosilanes must satisfy
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5 processes. As an exanple of synthesis of the
pol ycar bosi |l anes, the starting materials may be
wonoedwaedif r om common organo sil ane conmpounds ®CTMUSEB/041533
polysilane as a starting nmaderial by heating an
adm xture of polysilane wth pol yborosiloxane in an
i nert atnosphere to thereby produce the corresponding
the doalYiaRE oDIT4bYy -hgats Rg<BID,EN %bdigendt cpotylidctiadlg omiridependently
a low nolecular weight carbosilane in an inert
be zggonosphere to thereby produce the correspondi ng 10
pol ynmer or by heating an adm xture of polysilane with
a Ehwpmdﬂcarhwbﬁmecmabdmi prdacddn fram  sfartergt nmemialspﬂr@t @re presently

and | sence of a ata uch a
compiei bt Aoy arau gty & By Shpd dopentipeal polymerization
proc&REd. W&aﬂ%l@@f ¥iRlesis RENEASIDQSHIARRS, ﬂi%)étﬁﬂn?mla&nals may be
synt hesi zed by G’ignard Reaction reported
prodﬁ@ﬁtdeﬁmm Epmmgaﬂmlewcmmnp}mlaﬁ@d polysilafess arstastingimaterial by

heat1Bg &H[?%é\t | ﬁrﬁlg%lgggo]l i}@rﬁ% ﬁlingqj o§g1r elfélﬁagqlr 1%grt aagnqgs%her% to thereby
prodﬁ@é’ EH%' e Og_l)&lda&% 81§mféf opluygﬁeaﬁﬁg aff adtrﬁiﬁtul-:@ me@sﬂdde with a low

wheré R30 is substituted or
moleunls'tu tveti gt anémsﬂarieyllnsmemeﬁ yatogphksel @ntésreby pydducaltheyéqrresponding

polyl‘%;% P‘bﬁ}’@ an 5<$ ghea% kgllygpa;lia Wiﬁlh er}géli%ar carbosilane in an

1nertEé$ﬁ'fH§f)>}?e§e Qhd Lﬁﬁetfhgl prdei¥d o9 raol:'zﬁ§1 st' ﬁféhUﬁe})ol%grod@ﬁ%ylsﬂoxane to
(CH2) V- where v>1. A particul ar y usefu

therqbyqnocﬂudedhﬁmslodetppdémgqmlymﬁo Polyicgrbnslanbamay alwl be gjiathesized by

Gt o e PPORFL S Hav PaIRa) S e He oy asbrorueth BEFgrence in it
onoter is added in small, effective amounts in
contenpl ated enbodi nents from about 1% to about 10%
STt S S-S S5 R Al g R9V bkl 50 phonol.

formelaeRRE febia or SBgdMiIROGEMe FarfuROMt e MRaJGEL, @VHYRL MeNtvhere Rs is

porogen is added to the present conposition. The

subsfp@fﬁésor@msmﬁﬂa%edrﬁlgylw, exsiordieyiens, sinyl gliyls oigiyls Reje elkh alkylene,

Vlnyleﬁéjl dg &&éerlﬁéas ll:noesﬁr & 1”‘2\5{15 [;ll ?:10@" %ar@jﬁs[ o?u?a%glealﬁ{ll groups

includer eSHyr aNd®L@H,)A vilkee 391.meA @httibilarlgastiuh ghawtfeimalddhitie resin
create additional surface area in the coati ngqlor film
oligogir d1as \WONRl5oBAD FEERY oPETI Uszh B3aangsRlly yailitle ﬁr@frb&;henectady

Interﬁeﬁ Ong?ﬁlgs the etch selectivity and/or stripping
ivity of the material, coating

entir

The present adhesion promoter is added in small, effective amounts in contemplated
embodiments from about 1% to about 10% and more in contemplated embodiments from

about 2% to about 7% based on the weight of the present composition.

POROGEN:

In contemplated embodiments, porogen is added to the present composition. The
pores or voids may be formed as a result of structural rearrangement or loss of material such
that a pore or void or increase in free volume is left behind. The pores or voids in the

material, coating and/or film create additional surface area in the coating or film which
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and/or film The porosity of the fill material,
generally, is about the sane as the porosity of the
wdizeds@ava7ic material, and in both instances, tReT/US2003/041533

porosity is greater than tha porosity of the

photoresi st material. These dry etch selectivities are

soneti mes necessary to nmaintain proper 5 transfer of

ultirmehldy dnéreasea thedetoke sslectivifyr @ fmﬁmﬁm beléctivity tofithé Bhterial, coating

ough, etch. The porogen's nol ecul ar wei ght can al so

eyl e GomSIE ARG fraterel ESPEEN, 1 20 I & the PRKOsity of
the &191@0’&1@%295 1”&&3&"%‘%& ﬁs'ta%gesarﬂ?y 0}%%0%38@1‘5 )t/e%qgﬁ{)tﬁ%j) ?osfcy of the

mat rix erraterla quo
photo&:smeinateedl t Bhesé erysathubslddtityiticp afeadmiﬁh&:s (ﬁécdSMy to maintain proper
03|t|on and/ or coati ng

tfan%%%rf <?fr t?ll nglﬁg%?l 1mgBsiPn &8k Phofarcsist B@%@ﬁmga émpughwﬁtchh Theeporogen’s
mole%ﬁ ayhbél%ﬁtyc ah l?geéeegse‘af tol Héate%rﬁ %rqf lih X p§1%2£ﬁ Y ¥ compatible with the

fornul ati on ore bake, so when

absorh‘nh@ccnﬁlpml’mm gldfcs canting dongsind 3Rt thbendi@i C Thircompatibility
of the orogen can be determ ned by matchin

quoticyi s @git%?q the polibHBprsrstaRs oh thermbserbing sompmsition; qn%fa} coating

com g{gﬁ%ﬁ? ; gg){rtl gﬁ?ﬂ%gfﬁﬁ%gg’gf?% gl%%l?ﬁec[ @%ﬂttﬁ% éo\{ulglxty parameter of the

matrn(o n&ttmgt formelhtied dbfong bhlests®, thadeheg tfoxfnﬁlﬁﬂﬁﬁit m@[bcula:r weights are
t hrough m croscopes or scanning el ectron m croscop

knovgy, appropgipieglerdar Tsighis ey h@r@ﬁ@%ﬁ@o@ﬂlrb@o@@t%ﬁn@ﬁebh mohmg the
Gyl I co ew r
3G 95Ol NS OB B Wi
expeﬁﬁi(ahnahylbyt yeldpnstape ks theY filtWefeéts, di%lé’cth cbnstzﬁi’tl §&h efRBing tests,
27-239; James E. Mark Ed., 1996, American Institute
defecéfmmgq)rb ghroug}%gwgqcypeq\m scaAgmgsfé@ptqq)grlmcrpscgme qré:rynpalculatlon
g B0 oM S U0 Dl TS B Vi e
Physival Brapattics Hﬁ&’oﬂ}eﬁéﬁ; I—Dmﬂboold‘ﬂ@hagﬂeﬁQ6l‘1$@hﬂbdﬁ z1)'c11n'1aters Y. Du, Y.
differential in material density wherein t free
Xue, iy rFElsﬁla§Pb%%7n2$% oeBws &bl M%Eéuswﬁé,t an@ncam dnstipge rof Physics,
Wool .ed)_ Appropriate gases include relatively pure
as d m xt ures thereof Air, which is
ant.ly.a m xture, 0 02 | c.onmo

it P?%l Bins e e pQ%smC B V?}3§ angeel s IR 3 BRclal and any other
term PidahiRg e aceh&ich}%% b3 d®h th@%at@ﬁalco PleBrefh $Bore” may also include a
cont enpl at ed oreS are 25 typically spheri cal n% may
dlffer&n'fﬂ?érlh andterg! )dewtyamlmr@mdh@ﬁ‘eg volmoleute beerbiricemaged (“porous nature”
voi ds aV| ther shape

has bl Biielhocsl S BLirEefr e KBSl g speirpy tereof
Air, whies &bredBBinb&IYR MPALRITN, a%ﬁ 0&9@ GOﬁ‘ﬂoﬁlyrngfﬂBth@Yr?%l@ pores, but

vari ety of mechani sns avail a formthe pore
pure gasegehelr as niteogan,neelian, alrgonk IQQIz leGﬁ) atremimad;onltmmﬂetsd Pores are

' th
tYpIC%EZ nsp?xgl‘é?a[lgwg énatyoaltg gyeéy Jug aagllngmalgr 111@(1,18? am%a Ea}rn agﬁeél Z%itiscmdal
voidseiRah 8®BE shadls, drROEREKRatich &F ﬁll%%g&%ﬁﬁ@t% $&a§rﬁrh be open or

that 1s radiation, thermally, chemcall'y or noistu
closed. The term “porogen” as used herein may have a variety of mechanisms avallable to

form the pore but in general is a material which upon removal leaves behind either a “pore”
or a “void” or a material that can rearrange to create a “pore” or “void”. In one embodiment,

a porogen is a decomposable material that is radiation, thermally, chemically or moisture
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WD 2005/ 010071 PCT/ US2003/ 041533 32 deconposabl e, -
degr adabl e, depol yneri zabl e or otherw se capabl e of
wonreskiiogidown and includes solid, |liquid or gasASA®3/041533
material. In another aspect32of the subject matter
taught herein, the porogen may serve a dual purpose
or multi-stage purpose. The porogen may be
decostple)caﬁlﬁ,cé¢gr§dabbosbpolfymerlzabﬂmmt ithdravise Eapeldatdfnbreaking down and
1 g{ﬁ based on olarlty and/ or functiona
“w‘5¢g§§ 1 @rﬂﬁﬁmb% %@ﬁ is incorporated into the
conposi tion, either pre-bake (no significant

poledrabsrcrspecs of 61@% ﬁulb%ﬂ% anatiep grualy harigs therresegrn inay serve a dual

act effectivel
purpg% r%gﬁ %ﬁehé £r 05? ngthe Naror %?%ﬁl ﬁge%g?a gws?lb%o(rhaepartlcular
coatip@r @geroshionubaskil Zdm @oRriei bh&bL Fek:tioNalPSloapd. t YOR&! WREePorogen is
t he oro en or by utilizing the functional groups on
incogpggat 1. compositipny pisher ipserbafer @etsignjficant pgl@s/pgldgbelnpost-bake

VEer For .exa
(pore%%%gprg%%w%%ﬁ SSUTE O S gL sioing
and/drhetch)mg%ﬂmlohstol eopegeat By utilizgt £ QiMRERLINNPolarity between the
osition and/or coating material at room

Porogf‘élnﬁfe\?ﬁétmh@ng e Factenpl tgr_ouaﬁ ogxthe pamigemndhisyattactionreffect by the

pr 5 0 o B S50 o A it DS RASBRecion

that &lkso Ipbicél gvlfmmme SlokdRA i8 ﬁﬂéd?ﬁo@fé@tlhfbgth@aéﬁéﬂbﬁ{g E(;}ﬁf)osmon and/or
will "activate" the porogen. The porogen 15 may
coating maderiap at enclempeaivre.dherasnay hesanegxiterhalrendigyi aneuor dmat that needs

» di h
to beatﬂflgé t(‘gn%‘?%?{ev gl\{% or'olgct?ﬁe gr #hgge %Ha}(? \]?8 I%gérg ?uge égﬁe gall applied to the

absoﬂbh@ domiRiitidh an€oatbaig et rhdt ivim iR are heSporeLas The porogen
W ll create additional surface area in the coatl ng

may b¢ pdfedrip éhe cqmnqsﬁ@n@w hjerial a@@hﬁmen egah veéiost: ever |1mtynd1ng the
\Y} erl coa

It
poro o pedts PR YR ToRL Pk S SR P i fareRel contng

and/oZGiHnnthSQimesﬁ\QiMseﬁm alegd RTRRALINRMSe aﬁaaqﬁ Cﬂ%f@&&ﬁg or film which
porogen is renovable fromor can volatilize or

ultlmat,em U@Eea‘éeﬁrtbﬁl §tehascpativita pnd/onstripping yselectdgty- 0 thieedaterial, coating
and/o??iglﬁ' & cfeg%fﬁ{ ﬁaﬁ ﬁm age} e?lﬁgcﬁﬁjgpﬁbsequem l'y fully-cured

ix's dielectric

:}r‘gst ant nd enha the sacrificial properties.
andeHEF CeNEEa aFFng‘tm odifaers Al é?plmssﬂpowelal&ram@wté@ from or can
Volatf\IYBé R difReS 1o hd8 CRAPASS o ﬁitllyccﬁessbﬁﬂ(%{isrﬁcg&%S tﬁri%!rltgogores in a

the matrix | eaving behi
subsegndnkyi fuﬁmumﬂenanx @ge thus] Ipkiter k:ie matnigt sedielabiric vahstal@esd enhance
enough to dissipate at

til
the sEFciof PEOTE o B i) SFRVMES: SHOROREEH e OB OraGHE Which
does ﬁ&%@omp&ép&ft G 'bb GRsoIFBd Bt G ffie nBHGY le%§%1g%hlnqat¥e b;?ore In a

used to renove the porogen an deco
third embodiment the porogen might be a material that does not decompose but is volatile

enough to dissipate at specific elevated temperatures such as in the 250-350°C range.
Supercritical materials, such as CO,, may be used to remove the porogen and decomposed
porogen fragments. Preferably, for a thermally decomposable porogen, the porogen
comprises a material having a decomposition temperature greater than the minimum
crosslinking temperature of the material. Preferably, the present novel porogens have a

degradation or decomposition temperature of up to about 300°C, and in some cases greater
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porogen fragments. Preferably, for a thermally
deconposabl e porogen, the porogen conprises a
worbt@yaied71havi ng a deconposition tenperature gPeatUSR003/041533
than the m ni mum 30 crossli3dki ng tenperature of the
material. Preferably, the present novel porogens have
a degradation or deconposition tenperature of up t
thanafout JBOC, &mefeiahlys che degedsd giredecomppgsd @omgemowhatlhze at a
PCT/ US20Q3/ 33 t han 00 Pre
PCTRFERS o Ea(%%rrt g gﬁn‘%’é@&n’p‘%{%ﬁé‘ﬁ@% gﬁ“&’teﬁtﬁ‘r é’ yehaf ¥t whieh
the PRIREN BIddhiktieatBferdblaihd ASrAddal 6FLH9061h9§§d|ﬁdefgeﬂg volatilize at a
tenperature of the matérial with which the porogen is
tempepativierbetivecPrabersAb toyabouhé5W8€gr aded or deconposed
porogens vol atilize at a tenperature between about 50
t 0 Oatied UuithbIRCporogésheuitable tfablues [inr@pemsplaiod tanbeelitharts include

use in contenplated enbodi ments include poly ,
polypieess ereAtiRYLyttheseViRR CAEBINITE 9F BAE T6RCTIYS oS BicAS hydroxyl ot

amlrg)r 0 i Ydde A5enB M et Ak aagﬂlﬂlglené\gltyﬁfep J; A ngqeslo?orulslsee in the

eneral paraneters, ‘a suitable por
compdsitidie andcrmﬁthsdlsi d1@¢1656&r1¢refrﬁt1hcm§ aﬂpdiszzﬂbﬂada hﬁdé‘,i amospether of a
yal kyl ene oxi de nonoet her of

Pol.‘/ﬁ&%w regﬂdéné digthegeof aapqivakﬂé@e exide, ysqthes ckfyq Befyalkylene oxide, an

ahphgfi%: Sﬁoly?éé&gg{h wlc pBangcr y l %Q&allo?rrgﬁl}er Z]ipé!)g(g?prolactone), a

poly@@leymne) aa q&ily(ﬁ@&ﬂy@étﬁ@d@yl@t)s) 3} pom{lmﬂ‘bﬁiy@ﬂ)ith)’be)corr&mations
ol thlynethoacrylate) a poly(vinyl butyral) and/or
there@g +the aerogemisracksilya }qﬂ@}@ Q¥ide HeR , ong particular embodiment is

T R —

and GyegEn @kofikylaBhaia ©lsubstidibaubr Ghsabdsytlted;t by, piﬂlyeﬁh}‘ylene glycol
and wherein the alkyl chain is substituted or
mongiRgiissether palyethylege glygel disehyl ether, g pebpropylons wbyeet Appomethyl
otheSt her, polyethylene glycol dinethyl ether, or
polypropylene glycol nononet hyl et her. Porogens
PRk St ot oy B H ML Faf! PARIEHE' O e rused
aronﬁh!sying§ BRS b IeHﬁaneta'Pl%}l %ﬁ!i‘stfﬁ!ﬂéiﬁt ale@wﬁdmﬁxa 'é@m?d batiseRRvah at least
| east ~ two of the al Kyl substituents on adjacent

two efftheratkiyt su’qsh‘glgntﬁ@y agrcent @cbmatictrings praydenised nvidgpresant invention.

g A YT —
funoiﬁ’&laﬁ@&? nﬁﬂ?ié@ﬁiﬁlﬂ@l&@mﬁioﬁgﬁ’ﬁleﬂ hBe PRbIYALRRFRIGI S e%b%olymers

copol ymers”~ descri’bed bel ow, ~pol’y(2-vi nyl napht hal ene
descxalmdl halaw, pcﬂu{ﬂhmladmph‘;hamd) bheé mmgl aithdacengcimdoblbeds. with each other.

Othef Eﬁq r %ﬁge%gﬁﬁ?‘ﬁg%g%?%g&% %gna% & lgrgr?e a(rjléla ynor%ornene Each
of these porogens may be blended with each other or other porogen materials such as
polycaprolactone, polystyrene, and polyester. Useful blends include unfunctionalized
polyacenaphthylene homopolymer and polycaprolactone. The more contemplated porogens
are unfunctionalized polyacenaphthylene homopolymer, functionalized polyacenaphthylene

homopolymer, polyacenaphthylene copolymer, and polynorbornene.

Useful polyacenaphthylene homopolymers may have weight average molecular
weights ranging from in contemplated embodiments about 300 to about 20,000; more in

contemplated embodiments about 300 to about 10,000; and most in contemplated
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of these porogens may be bl ended with each other or
ot her porogen materials such as 25 pol ycaprol act one,
woabosgrignrene, and pol yester. Useful bl ends i nclPauais2003/041533
unfunctional i zed polyacenaght hyl ene honopol ynmer and
pol ycaprol actone. The nore contenpl ated porogens are
unfunctional i zed pol yacenapht hyl ene honopol yner,
embf)‘imwmscﬁballﬁ g tp cabyuatde@%tdhyh;eb\@pommmml fyorR acenaphthylene using

MR AR R SRl A e g——
d1—1s§1yr%¥)§119 ﬁzdﬂi’éa@@dﬂyﬁﬁe L g{gatdat‘iaﬁ%)%g a{&% %L‘t%g%yln%zo&f&rboxylate di-

conemﬂ&edeMmdumMs
phenyb ragodigarbexyiitenpil atzetiseryplodexmnt sbatiiild); 368z0yD pakaide (BPO); t-

. t | ated WO 2005/ 010071
bty s Bs) i u%gﬁg 5}1@3%@ cherts s oelasgnohtigloap bamopolymer
may _haQQ %rﬁsﬁ&ﬂl&)ﬁd%o Ztﬁglef BAHAL 3¢ ABHPRIREE O tiSIAh end or

ferent initiat OrS SU
Catlozlcabolmmaslps abertched miithrd ﬂ@lbd@%]ﬂh\l)ple Ibndt #¢dhob bilichl as allyl alcohol;

azodi.c a rop azodi car boxyl at e;
mDpﬁEYgﬁﬂap?g?é@ILZW%EQ&P&? TQHW}B@Hﬁywxﬁ%Eﬁlcarboxylate
- phenyl azodi car boxyl at e;

1 E.JSQf‘alz B%W%‘(e@?@t@ﬂ@i@aﬁ@mrb@mmw be)linetwe pelywicrsp stan xiodemers, or

I b AN T —

confasmmuhﬂ\ﬂmt fisipiadiia@ hathae o d @lﬁfﬁdéﬁ%}ﬁkﬁﬂaleqﬁ)lﬁdﬁoﬂ)}hﬁerhﬁ%rﬂﬁlky side
doubl e bonds to the chaln end or " cation
groupy ofhakeWil} ataselh  dueprebunai chnfrmatidl ethalr nsr dissigniliontb that of

oo RS R e SRTRL BNy S Dot v
pival@e] ¥RCRRAPAAYee @@re‘ﬁ@?&hﬁé‘fﬁ%ﬁy@% R&- ﬂdty'lﬁ?{) nQoﬁ-)(/fq%ﬁrﬁththalene

star polyners, 10 hyperbranched. The nonomnme

5- Vlnﬁh%@o@omﬁn}zy gingle gretexartvat visyl | cyodspehtané;n @Omla}nﬂ’ﬁﬁcene 4-
0 that

Wnﬂg%FfQQEn %ﬂ?ﬁ?ﬁ@ﬂ%dﬁ8§£55h§ﬂ%rt@?bawﬁgﬁﬁﬂﬁkym§ld@kme and in
contegpPated tehdlodihdnks, rAH! f)lvhﬁtecoﬁ'gld}’lﬂ%olgﬁﬁgégfl% b9 53ked as an

is dissimlar to that of polyacenapht

addltwgmomyn@mel CEepolymer somwlengwah kaud:ﬂaph&ykdﬂe gmcbalpleast one of the
yrene;

precedm c%’lo%?qn\élfr% San Ie\t/x%ln?) eoa{ %%é@fﬁﬁ%&dogg y)c/ell osﬂane has 10% or 75%
allyl %rdﬁF)gW G&ﬁbﬁ&iﬁér@ %Vln%5a Solbi s?dengﬂ'oggyffaﬂﬁ% Vi yacetati: methyl

hexane; vinyl cycl opentane; 9-vi ant
acrylﬁkﬁ%nmeﬂi}’b hieetipcryletet raphemyl Gherasic e ;costetnphde gmbodiments, vinyl
acetatel - butyl stil bene; and indene; and in contenpl ated
shbodi ment s, vi nyl pival ate. Hydridopol ycarbosil ane
addi ti onal co-nononer or copol ynmer

be us d as an_.
%BHT@WP et Roaedimspis: Ha eneuniref eamanemer rargss dfom bout 5 to

usef
aboutﬁfy(ﬁ?ﬁgéog%ﬁ %mgfc{ golgéﬁagﬁ%g%} gllgoq%g}s may UL made by free radical

polymerization using initiator. Useful initiators include in contemplated embodiments 2,2'-
azobisisobutyronitrile (AIBN); di-tert-butyl azodicarboxylate; di-isopropyl azodicarboxylate;
di-ethyl azodicarboxylate; di-benzyl azodicarboxylate; di-phenyl azodicarboxylate; 1,1'-
azobis(cyclohexanecarbonitrile); benzoyl peroxide (BPO); and t-butyl peroxide and more in
contemplated embodiments, AIBN. Copolymers may also be made by cationic polymerization
using initiator such as boron trifluoride diethyl etherate. In contemplated embodiments, the

copolymers have a molecular weight from about 500 to about 15,000.
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20 allyl groups. Conononers having a nonbul ky side

group include vinyl acetate; nethyl acrylate; nethyl
worbdsaaoyri at e; and vinyl ether and in contenpl aCeas2003/041533

enbodi nents, vinyl acetates In contenplated

enbodi nents, the anount of cononomer ranges from about

5 to about 50 nole percent of the copolyner. These

C oﬁbﬁm PEPREies o€ copdemiry of nesmaplzthiylead and2®monomers are set forth in

the fBﬁm?é r"fa%ﬁt Oﬂjt tﬂ:&? g’t %g Lewa%gq ﬁ)él& ggrgr ]E; Istgltl s for vinyl pivalate;

VA 8AlN ShrseRyt Yépdabt ATBR sftﬁl\é@for @'Z ! 5151s1@%5v)f%/romtnle BF; stands for
azodi car boxyl ate; di-isopropyl azodicar

borogj trlélph]yqie dzed;l@rlcqh@@bcy IDi?zféDCdstalhisnbyl digeodiuiyhranodiyiradeylate; W1

en azodi car boxyl at e;
Stancng?? S %é?%m@@ﬁ Bh g It@jlperﬁé??z"@y:ﬁop@r oWigands for weight

o cant e o
loss ﬁé&?&ﬁgﬁg&ﬂ?gé beb?ib n&ﬁ)ﬁt@? \ﬁg rs%ﬂ%sa R4% Sﬁe idhi %ogs R%ragr[g%;ﬁagrom 250°Cto
400°CatW b stamdsplot wekdht Zok b@ﬂ&ela@gdlﬁ'éﬁ@g%‘} Fort drRtRr; %@W@%tands for total
boron trifluoride diethyl etherate. In contenpl ated

weighiJgeti ments, the copol ymers have a nol ecul ar wei ght

from about 500 to about 15,000. WO 2005/010071

PCT/ US2003/ 041533 35 Ther malayde@perti es of copol yners

of acenapht hyl ene and conononers are set forth in the

following Table 2. In Table 2, BA stands for butyl

CacjiCyhod] &jt. VR ost lainid §f Sbiasnt [enipy Timp[ viaT falve | wYA] &G anEis [TMT | Mw
MoYinyl  @cet jpr@o- AMBN st arjdSC dim

Lo TP | =% tydonityiled B anddg for hdropn

eli £ Hi et Hyll X¥eM5ar 4 ¢: 24DEABR 1R4 AR [Bof4|79.23] 4797 [10552
B tar ANt yi0 Al ddil KMPNSdXIA ata; | W7 |5-98t] AeRs| 35.bit| 758 €78 | 5103
BR gss® petBbint Mgel f'r orfylPt5gmd % erddelat Ur &6 1 864850155 VgR04| 4638 | 7626
BAtlarfis | AR | vt ght! | Xdes |l ¢ et HBeT|R96230% [P5T|8/10] 3504 | 5489
Bivi|nuft esBFMB Wt ands | Kyenewe P ght 2 | {9683 (968 ¢ 6he6e|@ 33| #1caw| 1502 | 2421
VB30 t BM00EG: (W $Xdendg Tof 2hefilePa| Ol40$ S7.pdBeEnt%igE54at 10007
VR00C f @¥BNnelhaur; | afff \\We0st dadiss-32d10.66 G#ed5 | 29us|efintz| 1598 | 2422
VRdssd [Fdillle 22 |CA Ciyerey 10n| t24 |@ol5l|nist | 280 |\vieat 761 w57 | 8621
VAT e RN | 9017 17 XWehe \W70Nh 28N 141TQ 1069 | 33.47C39.5488)20 BB4E | 9303
VRAII B 1[AIBN | XyAO0ene 17 0 XRehe 147068 24, [563438.28 43843. [49135[B5.62 34612 | 7782
VRIT9T1 10880 BA |- 2 AKBNe20r01| XyTlene| 6032 P80 ch. [378608 13| 4037 | 6405
VE3T. 92 35355 175.|92 43¢3e8103] BA 0B4Al BN| 55113008V | 2008 | 3229
V24 13.48r3]. 6103G. 48| {yenbd FI| (M (5588 0.68 k7 .44 [28.93]78.69| 1786 | 2821
VP | 14 [BF3| 25 1 | Xylene| 5 [ 2 J047| 0 [36.99 [41.17|78.33] 2381 | 3549
VP | 15 |BF3| 25 Xylene | 5 | 2 |1.330.03]35.28 [41.08[77.72| 2108 | 3267
VP | 16 [BF3 | 40 Xylene | 5 [ 2 [0.23]0.04 |36.46 [42.17[78.90] 2659 | 3692
VP [ 17 |BF3| 40 Xylene | 5 | 2 [0.280.01 |40.23 |38.98[79.50[ 2270 | 3376
VA | 18 [ABN| 20 Xylene | 70 | 24 [16.93[1.346| 38.42 |21.43|78.13| 3404 | 7193
VA | 19 [AIBN[ 40 Xylene | 70 { 24 [15.45[1.631| 31.28 [31.64(80.00| 3109 | 6141

s ]
9]

o

NN Wl =] w
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BA 4 AIBN 50 1 Xyl ene 70 24 10.01 2.96 46.92 26.51
86.40 3504 5489 BA 5 BF3 10 3 Xylene 5 2 11.93 0. 58

wWoQ0@H 180133 81.90 1502 2421 VP 6 AIBN 10 1 XpCems2000/041533
24 16.22 0.41 37.8 34.72 8%615 5442 10007 VP 7 Al BN
16 1 THE 60 12 5.32 0.66 46.55 29.59 82.12 1598 2422
VP 8 AIBN 25 1 Xyl ene 70 24 4.15 0.37 24.98 47.4. 76.90
2667086 2MorogAns ogsush B Hoear pglymers, 3BT pplymers, efosﬁl@sd pplymeric

nano%p%fagé %%E%@%é@l 93%%d %@paE%%N#%?%rséﬁhg %@ Aﬂs%}\l%\é%] t]l_w novel

thermddeine chhpdhedidichiitd3BoR8. Qiitdlec Bfe &0 3k I h
° VPelngFS p%gle 1 Xyl ene 502 0. 814 oe 55651]%302%]&38 965%251@[5 S @8

polyROBEIg22xid®) 13n8F3 paly(Brogyleape mxmie}, 2eb@yasEylalps 44such  as

o B TodRa B0 AL b 8, MBSy e

ly@thiehd Subh 8lyéster98 pdlfsuld 19féne ViRci@inBF3i046m it
i, i, 8, PTGy e i

selected Bﬁﬁ o gentyd etyeens and myéwx&rsuuStm@ect stys®ep8pqly(cspiethylstyrene);

o280 200, Yo S0 B0ne 10,26 6 8RBt

1. 314 31 -phenyl
oS e, A, MBSy

poly(a)&yﬂerephﬁlalthixyfrﬂe#-@helgzﬂ@ﬁ) pol ymer goly@p(m]pqy}m@dl 6-hexamethylene);
her e bl oc

poly rr%: I%H%E‘ na%&gr’me ym 9, o&gtgg dﬁf?)ﬁ 1inﬁ & W8{f&11ar weight from
abouE B@(‘S PSRt D56, %ﬁ@BQEI@t‘ﬂEr ARRGS bOKhigheNs.- A@UJ %ﬁﬁio@ohydnn) having

| i near pol ymers are polyethers Such as poly(ethyl ene
a molktwle) vemightpfibs( pbapy Behdo catiode)s,5¢bl ySal@ta}leatcwslsrdf@ﬁ insoluble

IS RC i R RET e
poly@?%t%ﬁ{r}%r aC éarwgﬁfeer)lockp r%ﬁ%ﬁ&é Sre AV Se(%@%@nfe%eo‘é-methylstyrene)

| nc I Nng nono units écted f
poly(ra;eylr@@%htﬁemb st yoxéde), andoiyehevtacteshit | tpole(tswtc;ar@mef,es) and
-met hyl styrene); . po acti des; and
polyg%fgwlarggfi?)ne Paitahle éYyHPrbf%‘FJ}‘%]s P%Iymﬁgr %Zlﬁg)el?q; c&a«i po¥yester e.g.,
r hal a d
hype%}%n}{c ggy é@géa ga)\(c; g?sr esc&t?ﬁ al apBlyethylene oxide an
polyp@b)/l(eﬁ?e( ykide e plabthat Osdfﬁixp/ordgeh- B h&]mldar@ng)wol-poly(caprolactone) Useful
pol y( oxyadi poyl oxy-1, 6- hexanet hy IﬁndeI
polymer ~ blocks include ° polyvinylpyridines,” hydrogenated polyvinyl —aromatics,
polyacrylonitriles, polysiloxanes, polycaprolactams, polyurethanes, polydienes such as
polybutadienes and polyisoprenes, polyvinyl chlorides, polyacetals, and amine-capped
alkylene oxides. Other useful thermoplastic materials include polyisoprenes,

polytetrahydrofurans, and polyethyloxazolines.

When discussing pore generation, the term “degrade” refers to the breaking of
covalent bonds. Such breaking of bonds may occur in numerous ways including heterolytic
and homolytic breakage. The breaking of bonds need not be complete, i.e., not all breakable
bonds must be cleaved. Furthermore, the breaking of bonds may occur in some bonds faster
than in others. Ester bonds, for example, are generally less stable than amide bonds, and

therefore, are cleaved at a faster rate. Breakage of bonds may also result in the release of



10

15

20

25

pol ycar bonat e such as pol y(hexanet hyl ene car bonat e)
di ol having a nol ecul ar weight from about 500 to
weahoost01@500; and pol yet her such as pol y(bi spheprair/us2003/041533

A- co-epi chl orohydrin) havimg a nolecular weight from

about 300 to about 6,500. Suitable crosslinked,

i nsol ubl e nanospheres (prepared as nanoenul sions) are
fragmgepits Bfforieg finrm seng  aothes] yispgndénge oor theSchemical composition of the

I t hyl net hacryl ate). Suitable block copolyners

dqg%#g%%gﬁ§kstyrene-co-a-nethyIstyrene),

0 st yr ene- et hyl ene i de), poly(etherlactones),
Dokt Bidtarit pEbediess of Hiepors shipet ise Butsackr dehally degradabie
it rs I r e r 16d .
poroB, S KRECTEnERRE) RO TR GORRUIEEANERRCl) sbsaiaty

degragedom déopetpioss shes potogars iggol ijse ttayting ne@n@onefts tmonomers.  As used
t her usef ul en is

pol.ypropyl ene oxide. An oro

herelgt héﬁéﬁg@ﬁy 368’@ | QF_(SE%%&% B ﬁéﬂ@as{)sbwgl 40 ejghit ypgraent of the

. . Viny, r n .
P e O Gt AP IHES oo B RARTBE R about 50 weigh
percend by ticl poxegresicgpdey aafrcompcdeamd ipehosy pesidteddasnbodiments, at least
b g¢ dLﬁnes_such @% pol ybut adi enes and pol yi sopr enes,
a ouﬁ 5‘(?& \ IPEEoRP0PS e dorqesh fagiaten & despmpasesne v amess embodiment,
the pBtde¥h §N&isi 188 Sti. ri.als .

o sy G TaElr ¥ 38k PRSP i SRS St ot
stagepof yetchgsl suchzas dunig .th@phdtbiéthogleplotdsictPniRar 8r during the actual wet

.Igeneé tion, the term"degrade" refers to the breaking
StrippiRg ot 153G RPYOSEN FYNHESSNALe 4 eaki ng of bonds may occur

i n_nunmerous ways including heterolytic and honolytic
brios ke gentemplatdsh emkodigient, themud enengyl inctlschepmlimdploetalatilize the

] l,I br.eakabl e, bonds st. he cl eaved. )
subs‘[éﬁ?dy%e re%%ar(%,d Phd e%oflgé)ﬁ?c}] §b¥Bo 30%%? Jrogsanq qowgawnd matrix.
Prefetsdnd $hd @sieethernid) @Rere i0GRE 1S b HRS ddeREBon hAH Volatélization steps.

exanple, are generally |less stable than am de bonds,

As thengmgpntt pevelaglieed degraddde poogemtinaedsest the reatling porosity of the
e e of bonds may also result in the rel ease of WD
lnmmggﬁ%%ﬁ%%ag%okékq%Eﬁﬁ%%Y041533 37 fragnents differing

from one Epothg{, dependi ng on the chemi cal ‘ _

c S0 PP EnPIEed e Of fOPHEAR dBHPEi UsAd 19 Hemope OF et rleast partially
remoRI RO Gt MRS orf2f ok ek th ' g ‘ i

thermal |y cZJllegpr a!(i}%:g e go oggﬁsd Hsg%gérgm SQ‘Oz‘r/}eel{t%f r?fgremlal etching,
exposgyeploi rediation,t ¢lectporaggetic cdiutiahndueh availiedvidlbt, kOray, laser or infrared
d;tsubstagtLall 5 degrade or deconpose_ the porogen into
racdiatjqily mee W?ﬁ%é’%%fp% rASSSOBIcaligth ehihsicahgrassise repastigle radiation,
such asSeHARha RSy, Algny FAREIAdG. {od GRS

~ about 40 }}weiﬂg htﬁper cén%ut%%e%eﬁéla@p%?%g)gnrb%g%g?sa%@éﬂ5’ y commonly
assigngd c pafpuais gsbli¢ationo PETAUSIE086E endoURS mPatests 8{04®951 6,080,526;

ut 5 | ght . .
6,1773?9 ; and 6(,)23\@,6.4) 5%, which are incorporated herein by reference in their entireties.

In contemplated embodiments, for a thermally decomposable porogen, the porogen
comprises a material having a decomposition temperature less than the glass transition
temperature (Tg) of a material combined with it and greater than the curing temperature of the

material combined with it.
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percent of the porogen degrades or deconposes, and in

nost preferred enbodi nents, at |east about 80 wei ght
woeosanbo7of t he porogen degrades or deconposesPCTS2003/041533

anot her enbodi nent, 10 the 38orogen is dissolved out in

either a separate process stage or in conbination wth

ot her stages of process, such as during the

phbt anet bobodmeyt, deepapg@ntbonds doir thegthehBoRaingacomBénent. In
orogen containing material. For a

stripping of the ! r.
contergpig ﬁpﬂn%%@an@%d& Reteeens: e fplcgzariatigy of deegmppsition temperature
| i edt 0. i || iallyd d
or BEBLLEACL VAL S5y LI AL b LA oPbrompose

porogaisriofatilizé =t Fr efnpeably grdabe (bamhet dves PedhpeLRicddf ths material with
,gsed for both the degradation and volatilization
whicht 8 porogent isecomiinett aed 1| then Ithe &8 efetiraneigripor dyeantemplated

' SAS, esul ti rosity of .the nmaterial
e et el ek Rl ehy o A, BB of o
96°Carr geeapedi ti on may be used to renobve or at |east

partially renove the at |east one porogen, including

hepho &S0l ptirbQh HBn&Oly eRE StheRhEkBIENELBhorRkeNicBPers addition
20 exposure to radiation, electromagnétic radiation,
reactwnshnuedeophtlicaandodledtrophilic aybstitasenrs wrelimifatamedradical reactions, etc.

R T 5 SRR B o scn s

Van @30 Balt, AectrBbRAGb AR bR ®dndd) g ﬁﬁ?%&%%%, el ectron
beam as taught by commonly assighed patent

puhl i Lon /0 : us s 42 994 .
6. a0 005: Byl Aaeda > JRbAE Roddifse thsubstituted
polyrionsarnge; astubstithied epalydybaretiel eat®apidldctudi) uasibstitddepolystyrene,

25 I n contenpl ated enbodi nents, for a thermally
substifuted) wp‘z?g%rfénﬁ‘porm@@ﬁ?naph@ﬂ@m odeRoPelymst.i s&l apolyacenaphthylene

ri ' Pt . e re less.tha
o878 R RO ARG G5 i
embodandits)ehk pérofen hasauektghaiatrelpstsoRbtel MOnCtheighelp co\rl%sting of epoxy,

tenperature of the material conbined with it. .
hydroxgio 5981011 2P Ter OIS0 A1 133d3eth gl I eericraplotsdi erabrdiments, the

] ti t. |
porode oL S D i 08 SR RS bene have
328 e R P Pl S R OB b et DemsHo fen forbeiting component
throuSie i @t@?ﬂyl%bnﬁﬁﬁ%’%?ﬁ}?% oROEABEM MO kRt dihyBe cﬁ{tai?intgt%oup is first

tenperature gre han the cure tenperature o
reactedutveh ithd posoghn.5 Inai ohtepipdated embediniest, charbihyeyl @nthitiag Eroup is

than.th f the material. In contenplated . . :
fist SRS, Bomie UG8 ARBEOBR 0 A GORBYperigeing erowps include
fluoriM@)| ahiihd;Z @r ahydotye MRE afUlBniefnpBRAU embodiments, are acetylene; 4-
ethynylaniline; 3-hydroxyphenylacetylene; 4-fluorophenylacetylene; = and 1-

ethylcyclohexylamine. In contemplated embodiments, a covalent bond forms between the

porogen and the thermosetting component through the ethynyl containing group.

Useful polyacenaphthylene homopolymers may have weight average molecular

weights ranging from in contemplated embodiments about 300 to about 20,000; more in
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96C or greater. The phrase "porogen bonds to the

t hernosetti ng conponent™ covers addition reactions,
woucds@o@ltil i ¢ and el ectrophilic substitutions ®CT/US2003/041533

el i m nations, radical reactdons, etc. 10 Further

alternative reactions nmay also i nclude the formation

of non-coval ent bonds, such

d l's,. .
contesipdeied oembedizenisnaouti 34 ctop @h%l%t 19&8&%&2&% Bbn gentemplated
embo&HgalBg?l?@??bgwéb%ﬂl?g O@(gbOd' ments, porogens conprise

onnor or nene, substi t ut ed

po’iﬁl%}?z?r{}glg{ﬁn 1e§1aggelﬂ¥ ?o%%o%%%@tgsgg 1% %)Solfllp 86 't& ﬁgo%g 90 welght percent

wh1l@meya%9cﬁﬁﬁgbbg% &Pﬁseﬁqg‘aﬂ@itmmbaab@ﬁtdSOU%ﬁgﬁﬁpéta@ht hy kcememplated
5 copolyner. The nore contenpl ated porogen is

embcsintbsmts tant mﬂlepoh ypmrrmmrra@ rdescribad abeeeipsiddedtp the porogen bonded to
nbodi nent s, en has functional
the TGO GRE SRUIRERe TFGLE £ ORI B TsiaLg Rgsigp ggoter and
the pS #Qﬁ’ Y¥hdd t@cihéjthgﬁﬁ’éﬁéﬁmg%%%@nelﬁ%oﬁi 0y Ry bbodtNn5 weight percent of
t enpl at ed enbodi nent s porogen has a
adhehmm prémotat iguedpndrabatt § dagbown® wright perspriorggen bonded to the
cont enpl at ed enbodiments, the porogen is bonded to the
thermqsefting SATPPRYE &dtiidnent 20 t hrough an et hynyl
containing group. In one enbodi nent, the ethy ¥% hvsical
coTﬁlt oA %eqtst}@,gogqgenra@gctpg@qﬁﬁuﬁg {CREWPRBFE Jarm a physica
mlxtlére il Son%lggﬂ Al &th ﬂjﬁagé nfﬁ@ Dr ﬁa{\J%yd"XJ: £PIbAI R RBomposition
Fst reac ernosetting
tempERFIFe rtﬁnzibouUSSGf)clﬂ o€ tgnaanat| honblabmplagedg embqnhmemsl tiedegraded or

fluorine; am ne; _or hydroxy; and in conte
decogippendi PREAEYS ‘éﬂl?éﬂ]&ée"’ttﬂ @H@era&ure STyt 15?
0 | uar I
matefab ¥l RARLIRY oREGER (EREmbfel 4R RRERK BGSHYLFRAL BRGal. 1o
cont@RtlO@i REMbEimeats; healegnitledondtchmpomdipetageenvolhilize at a temperature
por ogen and the thernosetting conmponent through the
of abgp OE 8FPREI-ni ng group. Useful pol yacenapht hyl ene
honmopol ynmers may have wei ght average nol ecul ar
wei ghts ranging fromin contenpl ated enbodi nents about
300 to about 20,000; nore in WO 2005/ 010071
PorPCGENERROMHN:041533 39 cont enpl at ed enbodi nents about
300 to about 10,000; and nobst in contenpl ated
enRO ¢ dHRIBhSd, 3RO trm3RMRglade’aBPUied hed&R refthetoadip bidakiy of covalent
t her mosetti ng conponent used is about 50 to about_ 90
bondaei Finth b@ﬂb@ltOf lwmdrs en@;h eccalma nturwowoWé)gGeﬁml}&’@tg pgterolytic and

hormgl %{%ea]? 3"98 i)ﬁea B‘Jﬁ;e% m) tn(ce)r be CGH%J%E%, Ielbrgg dl?oétl eaqilvléreakable
bonds 86 @leta@ed. hﬁrﬂféfrﬁ&@ﬁth@ %P&Rﬁlgtcﬁf bonds may occur in some bonds faster

than in others. Ester bonds, for example, are generally less stable than amide bonds, and

fge temperature of the

therefore, are cleaved at a faster rate. Breakage of bonds may also result in the release of
fragments differing from one another, depending on the chemical composition of the

degraded portion.

In the pore generation process, for thérmally degradable porogens, thermal energy is
applied to the porogen containing material to substantially degrade or decompose the porogen

into its starting components or monomers. As used herein, “substantially degrade” in
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the thernosetti ng conponent. Based on a conposition
conprising the adhesion pronoter and the porogen
woaneadod7o the thernpsetting conponent, about ©CT/USE003/041533
about 15 wei ght percent of 40adhesi on pronoter is used
and about 5 to about 50 wei ght percent porogen bonded
to th t her nosetting conponent is used. 10 In another
Conteélﬁﬁla@n%ﬂ]?‘? INERES 385398 éh leastl SO Heeiglysiedrednn gf dberporogah degrades or
a ' ] . I n.cont enpl Bﬁg?enbpdlnents
decopioRRss FUMR, EibemfThetd Hchmal b ibs oo s B g and I dbove, the
Tg ig Fomerbatitd@°Ofto abaut58%06 tie ERAL Srogdnd wiHRH &R aAdeBthdation or
enbadi nents, the degraded or deconposed porogens ‘ .
decoppsifipy j tsRp&Rtuge 1of) AP qrregteater tanmpattivelaclyr eseful with this
t pterial, with whi t he porogen is ‘
e B iRl S0P e i tg b ackPa et G Romagsiymr or
copobyorer epgbgdre dwenhodi PRAESby tilehdeasgded @Ehrﬁlg&e@ %e ds Thermal
orogens volatilize at a tenperature of about C or
Desoggrt]@élt Ass JpepiroseERAThoRerogsn degredesndedpmpbies t@elepolymerizes into
t he breaking of

its stardRg Eﬁﬂ?gnegg ctf)’ Zaﬁeglsapﬁggligﬂe %]%fgg}rg%na&%&fm&aﬂ@gr. may occur

coval en _ _
[ rous wa i ncludi ng._ heterolytic and honolytic
br BARAge RS BPRARPHY B OloHas tirebbssially dogeris o dscomposed

poro géll} ?ﬁ] cé{]t(r%g ;Igé{rﬂn{)il{éﬁgé:@engk}iﬁ)ﬁaﬁgﬁggégggEo%%n@%%ﬁ%&?fﬁdlgbeﬁg, the same
thermg} grrrey ssstsed for heth the degrhdation dndtveiatidiantis stg@f As the amount of
enerall¥ | ess stable than am de bonds,
%

volat YA Bl R e Besete Aol P ras bt thaberm B ime agerponent
increa3ts. bPOiEighe MRYtetpERed %Hh&settﬂlgt %ﬁ%{oﬁéﬁ?%? F 81t1nu§ge & and T ghove, the

fragnents différing fromon dependrn

Tg is Gpanihoat 4e@Rposboutolf 00E st te pretegr abeEnioNtdegrided PotoBEas which
Qgrﬁ.geqeration rocess, for thermally degradable .

have SR zalon tempRairg GE Aggut 280", S sresipriee pECpern gesul with the

therm6&ird doniydnB@t eri al to substantially degrade or
decoﬁ%oéﬂﬁ}he porogen into its starting conmponents -or

' "substantial ly degrade" in .
R SRS, D S B L o
thermenebiog crentmeneailisaled subeRGtialBO0dMRIG e ?Efo%@ﬁ‘tan@ﬁ/ofaﬁgzee dit out of

rogen degrades or deconposes. For the contenpla ; .
the th%%%’rs%g‘%ﬂlﬁg% domsanene erpargnrpdndecandaiods Mill dealecribed in the

cThﬂﬁyhgmﬁggbgﬁV;ron1about 400C to about 450C so the

present por-ogens whi ch have a degragggkgn or t e
1t ) f about OC or greater _
dﬁgeofggﬁ]]%ﬁalé :P;%peﬁts‘lggg fg aﬁtl #{%{1}2 iog randomly dispersed throughout the matrix.

partic
In contemplated embodiments, the pores are uniformly dispersed throughout the matrix.

Alternatively, other procedures or conditions which at least partially remove the
porogen without adversely affecting the thermosetting component may be used. In
contemplated embodiments, the porogen is substantially removed. Typical removal methods
include, but are not limited to, exposure to radiation, such as but not limited to,
electromagnetic radiation such as ultraviolet, x-ray, laser, or infrared radiation; mechanical
energy such as sonication or physical pressure; or particle radiation such as gamma ray, alpha

particles, neutron beam, or electron beam.
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5 thernosetting conponent. For the contenpl ated
pol yacenapht hyl ene based honopol yner or copol yner
woao@agam7iwe have found by using anal ytical teeomiusams/ 041533

such as Thernmal DesorptiontlVass Spectroscopy that the

por ogen degrades, deconposes, or depolynerizes into

its starting conponents of acenaphthyl ene nononer and

conmonorrer. Thermal energy is also applied to

vol atilize the substantially degraded or deconposed
Urndffypor ogen out of the thernosetting conponent matri x.

I n contenpl ated enbodi nents, the sane thermal energy

| SENEREf R chridiitidne seletidaoye ANBe YRicBiskd iaa@tised as disclosed

steps. As the anpbunt of volatiliZed degraded porogen
belownEpedngbthe nresent ewnpasitivgs poryoalsa gorgprisetelditionnnegepanienty such as

conponen i ncreases. For the coptenpl ated . ..
adne QT HSERITT S D GRENT O RO Be FFLOLaatS) PIER (e, Plasticizers,
stabilib@s, shigation hé BB LAMsuARnts. 0 about 450C so the

present substantially degraded porogens which 15 have

a Ypé PhdsbihiZr it MSY Bk W t [ i

are pgr tsi 1c: ufgar}fyﬁl uscreqﬁl ?P{ Wi toﬁib;ﬁ Lega@?if’:é)}%% £ %ﬁ%%dﬁﬁl{vgg to obtain
specidisesuiesnt Repiraseatanive wf lsethe ol ditites direreret &-cotamingic@npounds such as
nm,t nperature_used for cross-Iinkjng the thernosetting

FIES-viT (SX&PRYG> SHBEP affTital 19T qEiicadBiRMEY pdr o gature with

cobaRNgk ¥bahbtal Z&htdibin Labtartf&ﬁes fhi'fsc! 1Hgﬁ S&d Heﬁﬁ H@EJai fredia, or other
Typi cal cure tenperature and conditions wl!l Dbe

recordepcmediegcdndudthve pairléslduch ag yectad ectdrbmm foeussvas ddrductive sealants,

resul ti .pores may, be uniformy or randonly dispersed .
condpgivg,, garﬁ]ggstw?sh eCPSPFtNe.  copingsenelesimAIsRglic n*é?g?i fesgnioe s (EMI)/radio

e i f : | A u i
v e, GRS LT 087 Sl OE QUERG d Wpsig, comacs
Whemhisilg thesd edditivgsartliid plekgnt roempositivhe nfagraegen arbinbewit The present
adversely affecting the thernpsetti ng conponent may be
COMPPSEIPNS |PAY 550 onerBNEY sk &% PEYESEON AeAIS! MaRkfapigFiBgeriofage, or use
: Ia ved: [ r : -
enBHAERESRACLL LSRG PGPl FIBNRl T MBI semiconcors
capadita, aidustors, soeducass, Bolar eells, glass dn€ldse fibers, quartz, and quartz fibers.
el ectromagnetic radiati on such as ultraviolet, x-ray,

| el pres¥int EathpaditRsh ik b abd BN aﬂﬁ%@lﬂ{g‘jﬁaﬁng@f S)¥h DBfets as boat
as sonication or physical pressure; or particle

partsy gifickidqabrvgigh henpdosyeasmbathiiyps andshowgraceidtinigess in meildevorresistant

coati%%%%%%%%%gsiggﬁc@ﬁgﬁe%%gsslét%é}{;gggr#oiﬁw‘ge resistance to an article.
Becagsséﬂg?gi&ef getshgg ofefemberalie 309UMBBY 8 RERHETERPoAAGNSUIBE present
compositions may be coated on cryogenic containers, autoclaves, and ovens, as well as heat
exchanges and other heated or cooled surfaces and on articles exposed to microwave

radiation.

The present composition is particularly useful as a dielectric material. The dielectric
material has a dielectric constant of in contemplated embodiments less than or equal to about
3.0 and more in contemplated embodiments from about 2.3 to 3.0. The dielectric material has

a glass transition temperature of in contemplated embodiments at least about 350°C.
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bel ow. Each of the present conpositions may al so

conpri se additional conponents such as 5 adhesion
wonresier’s, antifoam agents, detergents, flanePCT/US2003/041533

retardants, pignments, plast42cizers, stabilizers,

striation nodifiers, and surfactants. The present.

conposi tiqgn nmay be conbined with ot her specific o
ad @i (nieEerletsd gisthedrp! fanmng piceatgsalution co@priaase @) Araviding at least

itd . aly- i_ni C suGh ..
one S8 gL U3 O e M CORBURE 5 i
the dtleast oxd etanpaspiionomah the dt Neadt Shexdodivent W fodml the e61RAbLA., TrOidditional
ot her netal. containing particles for use in nmagnetic
methodsy; & leashpneethernwamnencyy sephasran adheeriPog atese b 20Togen, or another

'AY {] or rbon for,.use .
comf AL EIIE, 005 LS 880 R AR TP b L0 L SR HER wit e o
leastomp do@pbyitorc aal the gsleast bB€ 108 ENRIrnGhé iletder ence
(EM)/radio frequency interference (RFlI) shielding
COBhyeRd of $heAldstand b&ﬁb&@ﬁd&%a}ﬁ@g & b G8luti6R M @hldes such as
VWen using these additives, the present” conposition
sprayiag; kdingaslipping, ragey codfing, Plowserating5omccastiogi withrepimagyating being

con R R S S0 b BRI B A D preen

compd¥RBE FUthkasi@sdh@Sivhabh Alclhfe TRY Auftab1s GBS Q)F drﬁﬁ&l?)& Sof organic,
capaci tors, 1nductors, conductors, solar cells, glass

orgagyaetylioser Mtgenis, molgeules thaha pledized af b klesised Ehperature. Typical
resent. coppositjon is also eful in anti-fouling
solvey yaf'th GL9 o Oy @ﬂiv%ﬁs e@?fs g @ a{o sof¥ptE st © ERYRFIE g‘i‘nd polymers
contéxiplhel 1RAGHh OBUBE Tised Ak Nd4RRe ARBFhpBAVES aﬁ@%ﬁt@xigac’l's. | &onternplated
m1dew resistant 20 coatings; or to inpart flane
solvengss iinledec any wette rpure sirsnariue, o organics t arpaonesalit anrc morganic

ot Qe B R 3Bl S8 BPECaRL B ALYES o any

suitalS1e PRSI irhiRFe FRYolRCERN 159'3019128 nic containers,
aut ocl aves, and ovens, as well as heat exchanges and

! S8 heB £ SR0L A LGSR Y HgBld L BARY s st o

cyclopentposic} cyioliexaimaie] tyldiplayionts @hllcyalsodambin®! egdlici finides such as
terial. The dielectric nmaterial has a dielectric
N-alkybngiodidinoge Whereignthenplkyl bes dispdibaeint st dsearbpraratemns; and N-

: . i n.cont enpl at ed .
ol SR PR QRSB A L80ULRIPHELE, i sovens may
be usedtherciinsbfis as thegl ARStitdlR06itEd] ARe {REREY JF YRS rilting solution as a
.contenpl at ed enbodi ments at | east about 350C. WO
coating iR () Ao RCRFLISE e 3PeEusS suchsp shrmingnanginihesiéns may be used to

it g T uLBRTS, DR e OB POTRIBES Byt
methylsobuthlketohe pr @it nethad, leoakt @RRISHOKRNbxARE Dutyrolactone, -
butyrglgggherjlﬁgeptanone, ethyl 3-ethoxypropionate, polyethylene glycol [dilmethyl ether,
propylene glycol methyl ether acetate (PGMEA), anisole, and hydrocarbon solvents such as
mesitylene, xylenes, benzene, and toluene. A contemplated solvent is cyclohexanone.
Typically, layer thicknesses are between 0.1 to about 15 microns. As a dielectric interlayer for
microelectronics, the layer thickness is generally less than 2 microns. The amount of solvent

added to the composition is at least about 70 weight percent.
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the at | east one conposition with the at | east one
solvent to formthe solution. In additional nethods,
wabkods@ast7ione ot her conmponent, such as an adhe®COMS2003/041533
pronoter, a porogen, or anoBher 5 component such as
t hose previously described, nmay be provi ded and
conbined with the at |east-one conposition and the at
| eﬁstorﬂempbtmldv&mlﬁochmerﬁts;rtrhietﬂileseﬁ‘obcuh]_bc&[tlonLBy(BE@h@ﬂ inh®@lvent and
i nstant conpositions may be fo y solu
treatalhicHReg s RMaabousH}” §ytpﬁéoutr3épf¢ iffg abeﬂiltp%? mgabogbwhours
coating, flow coating, or casting, with spin coating
beﬁhg commsi@inm ali sstbstd rhendic rogy det apphied sto Buiduabdubstrates and/or
ts for..use in ch solutions of the esent 10
surtgr AT SHECHRT oo Sl S VUL AT SIS AgieEsegy semiconductor

proc&ddinaBl ayRHY €sc8'in rElé@tﬂéﬁr% QA Rne@8)] @epen(ﬁﬁg oL g&ﬁﬁ@ fabrication
or inorgani c nolecules that are volatized at a desired
proccsgnﬁmeallyr by dygyestidnal spinremntdepasitgomal tsdinidves,e vapdry depiosition or
h ﬂt are abl.e to solvate the nononers and pol yners
CGHES VAP P8 Mhr ein to be used as coating conpositions
and materials. Contenplated  solvents include any
suf PaUBFeECTLROBRIFIHIRT T0Rl Be gFedopyathierlaien dirdeiicalt p igerconnect
f [ S I t. e
typlcaﬂg hrgzeg o{i GI?TSD set{r}gatcg %:ﬁlﬁﬁah%)h 8k eI% élfo h% 1h térgt cgo(x)%%)sﬁlon andymultlple
layers wif tnadddlecoptticto®r Ttrmast sls@ 1mﬂudéqleglbn§6ﬂt}feq:ﬁc@ﬁ{ 8émposition between
onmpounds.. Suitable solvents include aprotic sol vents,
dlSCfFf&rmgﬁlawaldéctoaﬂﬂrP%lOR%%%éu@t%m the sapg dyepenieaplorfean integrated
gycl ohexanone, cycl oheptanone, and cycl ooct anone;
cycllc am des such as N-al kyl pyrrolidi none wherein

as _from bo lto arbo tons n
oy e Rt prbie HeREAS stiubesdlitta g a bR it e usefu
in th¥ %bl@éaﬁoﬂfof of k}&’ietg o %‘I‘éc@roﬁi@' YRN8, ARYo-cRBIrbiSE Qielih%@@'ﬁhmculaﬂy
insofar as they effectively control the viscosity oOf

semigdngugtes uintdgrased o¢1cctu|1t6> n alat eariond atdyengd s olatgriabn. fok/aﬂlﬁcil:m’llc and

i SR S S B PR MR v
buricB O4tMEREoD TaP&k. Udel“HE@é f&}zﬁﬁlﬂ@/ Hﬁ?eh‘a coating solutlons and films are quite
net hyl i sobutyl ket one, di butyl th cyclic

Comli@hhbt\’hlﬁi pfdiblymaiemh rikat mlghtt@ﬂwieécﬁbldamre@/rnﬁﬁnals and devices, such as

| agt one hept anone, eth 3- et hoxy i onat e,
ool BHF o AT Y P r P by BIOUG Sy Bhote. compounds,
orgarfi¢ ¥leRlctritB! MAl na@bhbuPEitleat®s.( E%(g@%nds Wt SA @onsﬂ@ﬁbly compatible

hydrocarbon sol vents such as ' ene, xyl enes
with Bengoating nutetialsolcogting. SOAltmntaednﬁhas edntsmlalalmlt herein are disclosed in

P L SIRErSBEy IR Yok Bhhl SHRESRER, Bt Appiaion

PCT/US0Er08VEE1EP DecthbE08 £86310 nﬂJ@ SApﬁH&%u&r@)S%ﬁalt Noc KjaRs3%276; US
is generally |less than 2 m érons. The anount

Applisatiare riterial3 Naa dgf 8445394t HéS chpplizsiion cﬂma}s N D%’é&’fSSﬂbdﬂS Patent
6,214, %6M%Sgpater{% %rlcﬁ n6t87 }GQ l;a(gen /601178(%% gg/attéﬁ’cz 8 9'5))6 gf'.’} 5(%3 Apphcatlon

Serial No. 60/350187 filed January 15, 2002; and US 60/347195 filed January 8, 2002, which

circu

are all incorporated herein by reference in their entirety.

The compounds, coatings, films, materials and the like described herein may be used
to become a part of, form part of or form an electronic component and/or semiconductor

component. As used herein, the term "electronic component" also means any device or part
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43 In contenpl ated enbodi nents, the present
conposition is dissolved in solvent and treated at a
woeopaeat7ur e from about 30C to about 350C for abows2@3541533
to about 60 hours. The conp@sitions disclosed herein
may be applied to various substrates and/or surfaces
to formsacrificial via fill |ayers, |ayered ]
that cemt sy iseklsn al @npeitdo wbtain fome derined sthglicel actBnpElsewarip ggmponents

or layers.used .in_.electronic c onents, .d ndi Qn . .
contqrwéla’@é j)gqu? @ap/g).& ?lesgﬁfegdnd?we@gfgreg B/!agsallpcgj& 1§/1g c?a%s&lcatlon mnto
activk Q:B?ﬁ?ﬁhérﬁ@ ahd PRRRNHBRAHE. t AeAvE BSHASRYRSare ERBRGNIC components

deposition or” chem cal vapor deposition. The present )
capablery osint idgmennia fulmtionsweidh as amplifieation) eppidlation.«ir stenel eonjrgl, which

n interconnect typically have its surface a_ . 3
usoafly graiNIED B T 1T RE T artt BBIBoLr (e agpsistors, field
effecithhdiRbR, anklinte@YRESciRhitsE PalsiveQoaipeh&tSarelelectBiticabiPonents that

include regions of the present conposition between
are sthitis ¢n eperatiet, ak., ewrddinadlysnepale gf anplifidation ae oscildatioppand usvally

the sanme | ayer .or.level. of an . integrated _circujt.. .
reqw&) ﬁ)pewegt %g tﬁg}étcfxﬂéctﬁlaitl& ?%elraéu,onc ol FHpRies &g, ?r%{}ﬁéfl%rha resistors,
capabitdrTBn&RRorD&Iidtds| dedi@bkrabifl fi8&f Ul in the fabrication

of a variety of electronic devices, mcro-electronic

devj ces,, particul arl 15 sem conduct or jnteqr.ated

ot Plstirouc Gennparis ohienpl el g rora 4 bF UReien o gonductors

i | . 0 | 36 loBfibBSerkR IAaREy ch i
Semlﬁggiél?@?g’ &?gﬁ%ﬁﬁtﬁsc C@%’e@ahgto {:Sh stcopbl ayers and ChArge Cartiers
(suclbus ldtreiss o tavp Witly eass .aningseormoat imgn pigtiici caitsnt. Examples of

coating solutions and filns are .quite .conpatj IPI e ]\ﬂ\” tlht
condyeiRe rc_ql?ﬁ%oélaliﬂél gt ﬁé‘iultmtrg"ﬁ‘is B u‘Q%’d CPEPIFRY e?]gtf‘ S. Inswiators are
com}g%teﬁ{s' hec’re %gg FHRHNER  subMaRliAS reBEAIMIRNSiR8SEHa material to be

onpounds, di anant ane-based conpounds, silicdn-core _

extrehiosdp eesidant t80comdgetitine ofi cedrartt sichsss anuatedal opoployes! to electrically

di el ectrics. Co unds that are considerably . . .
separEii BT BIBPOTGHISh TPHE SEBACNM (1A 6 FATRONCS Havifg @ function that s
il | { &1L i ' Hresistivi
s SRR RS R SN gty ok agaisisy
betw280 dondaCibrsAppl insdlbioon ERGTHSONIeb084@Auétior edmPaatsase transistors,
.31, 2001; US Application Serial No. 09/538276; US
diodggy g M cdliqrs thxgsorg an GAISOUS Appl i cation
Serial No. 09/587851; US Patent 25 6,214, 746; US
PaE&ptroic Léhpbhdhts tittEaplatet] 1Bl Aay28s0 hiSclPssifdatt as power sources
6, 156, 812, US Application Serial No. 60/% 0187 fil ed h
OF DYHiGH AFYPSUBErS0FRWANPURS SOPBATIHS 4G |1ERICH Y ysed, tg power other
lyC i n t h [ f :
comfi¥ig e B el ERRAEL S S bl 0368 Snsunin
comp@iearsiintladeamnsisiohe thhdgodemopidatcitvaite (ICs)ragnsoss, askie like.

Still further, electronic components contemplated herein may also be classified as
discreet or integrated. Discreet components are devices that offer one particular electrical
property concentrated at one place in a circuit. Examples are resistors, capacitors, diodes, and

transistors. Integrated components are combinations of components that that can provide

multiple electrical properties at one place in a circuit. Examples are integrated circuits in
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to becone a part of, formpart of or forman
el ectroni ¢ conponent and/or sem conductor 30
woanganenti. As used herein, the term "el ectr onPCT/US2003/041533
conmponent™ al so neans any dévice or part WO
2005/ 010071 PCT/ US2003/ 041533 44 that can be used in
acircuit to obtain sone desired el ectrical action. _
whickl wottipbmicempomquim end soneesHng iysces e prspkingd fypeplerm multiple or

| ass di fferent ways, including
“”m@Féigng%ﬁﬁ?gﬁgfﬁ¥o active conponents and passive

conponents. Active conponents are el ectronic
c ohpappéingtion afapeliristand polyowess idylfram solftiocef tha prqsgmwoa@osmon is

lificati oscjl | ation contr ol
appEd o ISy R A h e SOBLEY g FpE i peprs: or Brample,
spin BSR4 6feRlR1 RhORh %Baﬂrfgatecm&ﬁ Suchfds@behy @hfi@g flow coating, or dip
transistors, and integrated circuits. Passive
coating mrmyr’terdrmﬂ«ayed ip Ispz@llﬁtmscs é@rm@lﬂi@mason, mw010h¢>@ngn%ﬁq11@10n of the
I n operatijon,. i nar i able
presei PRRPELi oS o FPB SRR a6 4H 7 Ffiicely pgonducive
comptihehts i”é?)‘hcﬁt@@' thefeBrAQt Blel 86dt6d Q;ﬁBé'tﬁJté QQ théi( %ﬁbje@ﬁadafoe thermal
conventional resistors, capacitors, inductors,
procetisoge sTher eretdnt icempositie fay ds UsdD ISt éﬂf&@rﬁp@fﬁle%ﬁ aiummum
N R e W ———
exenﬁﬁﬁgufbm{lﬁméﬁ S CRABPAREML §0rﬁ1§lﬁ§t10@| {sOPtephial Ay aRESIVRESthe present
h as electrons) to nove with ease anong atons as
compasitem &l @ctahiesarone rselvent mWh@sm@fcomhbmﬁMttb rstrict adherence to a

O I T -
hawn'ygs a%%@tﬁflfcalllﬂlﬂ r?ﬁ@%&@ltlhg sbiv@oR Riohipki¥esObasad HAL BB itédal solution

be 15 extrenely resistant to conduction of current,
Welghu dlronasm @Hlmn}daﬂedlenﬁnﬁlhrwylachbbot ktoegtont 6@iweight sep@nfta)tf ghe present
ot her co onen sen1 onduct or
complidgal REECI b AFEF I05vohEBRAHL ST ABf SFER g ontemplated

emb&&lﬁleﬁ@'ﬂdrﬁ ﬁb&{t ?to@oﬁ{)?&@{vefg‘ﬁt gé}eéﬁf G ﬂ%&%ﬁ c¥hbbsiffon and about

natural resistivity et ween conductors and
70 td ateut 97 weght foreenpkelserdf seni conduct or conponents are
transi stors, diodes, sonme |lasers, rectifiers,

t hyhi igharsioand the abe $€ Msot@upodionl desdribad Cheiemrﬁﬂhﬁ\mt SA solvent
contenpl ated herein nmay also be classified as powe
solutipupEths prevenh eNEPOEMS fntpgidebynan ageyrcel @Wéﬁ? do about 10

WGI%%{ g?rg%(fﬁ (%iltbltaée(erd:'lozhgﬁile cgmg %ﬁ?%l}g B@%?altl‘af’?%g%%ei? 5‘19 ositions onto

plan&foye6p SQRSHICA] RErfaces P Siligshiates infky] bﬁi@.nrlﬁs ot oy Sslng any conventlonal
tranS|stors integrated circuits Cs), sensors,, and
appazies, [ Renteigplated errrﬁqoslﬁ@@nts éﬁl@@tcp%tﬁm @e%ﬁept%ﬁé:ﬁwosmons used herein
cont S cla
tb
have ! soél?rge {fﬁgosh( sﬁlltﬂalcy?f %}hségcrxpagetr coﬁ%}cl)%é ﬁ?aé)%ﬁtloﬂ%f the solvent by
any ﬂﬁﬁéblé&ﬁeetnb aducﬁ?fa§ im0 gir @ayidg Gurir spél ewtting st exposure to an ambient
environment, or by heating on a hot plate up to 350°C, may be employed. The substrate may

have on it at least one layer of the present composition.

The compositions disclosed herein may also be used as a dielectric substrate material
in microchips, multichip modules, laminated circuit boards, or printed wiring boards. The

circuit board made up of the present composition will have mounted on its surface patterns
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property concentrated at one place in a circuit.
Exanpl es are resistors, capacitors, diodes, and
wonersgiiet7or s. | ntegrated conponents are conbi NRCTAS000/041533
conmponents that that can prdovide nultiple electrical
properties at one place in a circuit. Exanples are
integrated circuits in W 2005/ 010071 ,
for petpls2dedyicd 1598ducks wirceiks. nithe i pirevicobpohentay amdude  various

. ' i f ltiple,
remt‘é%%%zl%fét%,' H%H%r i%goﬁ%n glralg-ﬁglg cjfngg gl?‘%g pﬁ egkﬁ% El?g]a"%p%}g g}éqemt? l{»f@rds may

be sihglgsrial, RolINBr&ubR sided, a sol ution of the present
conposition is applied to a sem conductor wafer using

co 1 . i . . exanmpl 5
Comver b G L SRS 5 i SR e
the caged prayjure datubiegted tb awakoaid age tHermaliRocoakt A Rfiperatures

) .errrc)t_lro gg i n %eci fic cases, As an il]ustration, a

Tangipg ‘Eﬁ a%%@ sHP (R Pht g Othdo pehensaiae the apasiist Tha coatemplated
S0 j | ectri cal o :

o EILTSERLER 210 RoR AT BTN ) BEHPER i g s o

out at derhpataturdssifi e dbeut BETCSwbieat edskn CGuiic@by be carried out in a

%Bocefsi ng. The present conposition may be used in
convenfiongl guing, harphed| suck s rana slegirigniumines.1 Dotapldte, and the like and is

AN t; C 1 yal _.danmascene (suc

sl LG8 B0 A5 DR PR R S S

In addhni tesfuanice cortpopidi¢ omriig the pRasE tobpositisso iy Nsd BE cured by
%%ﬁgse'ﬂt‘ .cl%n‘}posl tion in cycl ohexanone sol vent under

SXPOYHG fodra igtrhadiasion. Micrewaterpdiption Replesien hegmeradiation as taught by
nsdans i r - ce I )

o ) oh vy Brgdiol PETEERI0sI ST S LRyeniy qos2994

6,080¢926; 16t 78} 14B ¢ ahd 16,23G,3SThevhichs aretindgpsiatedt hedbin GRNRIGERS in their

ased on the total solution 15 weight, fromin

en“re?‘S%t S BT oK idiesaPHEding Bnespheres (e ugors (heliming hydrogen, and
. : . C -t and about 50 to
nltroééﬁ»ﬁﬁgcfc@%sg%%%sgﬁ tnp%goﬁeggﬁcil 1nstg€§§a§{1éeao h%rreéeq ﬁnventlon.

abou
cont: ed .. enbodi nents from about 3 to about 30
Rl e RO iR <Bahe o Ao o et o top of or
coverdd by @tlah @ahtiDs, WRIhOAY otR&Y &i_@l@&tri%gbi@ﬂtcoat@%ﬁ! KlS I iHed N eramic
.. of the use of the conpositions described herein
oxideflgyerspwHlicom cenfpindng coapdgs elligtn oarbor coiteinprges@tihgs, silicon nitrogen
: ition i.s provided i.n an ampbunt of from about 5
contalglg{ég %g%ﬁd#’o Sl%ga%?o%gfcéw (:%talﬁgge&o%tﬁlgtsh gliamond like carbon
coatin@§NHiRGink QiltridBPEdaiARS, | @RtaRim UB@ide NSIRAEs, Cﬁﬂg%éﬂ tn'lt?ﬁé coatings
.onto planar or topographical surfaces™or substrates ’
alumupﬁw Qoaliggss cPRRET owatihgs, twitzlgmacyatings) verpariosiiatanes coatings, organo
spi n_coater,

o el N coant enpl.ated enbodi nent s ( .
s111coxﬁ fc%gsfjgéalfﬁaﬁsé aéléing%cgfr{g})egn%ﬁwg a§550811p8s- haWdh multilayer coatings are
taughtdaNUIR IPag N/ 145835326y whithti @ RlcBrpboRlte FHGBinah oA &lce. An

CorTPI ete evaporation of the slg)plf venth!%'yn Ya6Rice. And, as amply
demonstrated, the present compositions prepared in the instant process may be readily formed
as interlined dielectric layers between adjacent conductor paths on fabricated electronic or

semiconductor substrates.

The present compositions are advantageous in that in contemplate(i embodiments,
they are capable of generating films having thicknesses as thin as 50 Angstroms or as thick as

2 1.0 micron (10,000 Angstroms) and even > 1.5 microns (15,000 Angstroms). Thus,
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25 any suitabl e neans, such as sinple air drying
during spin coating, by exposure to an anbi ent
wenvisroamment , or by heating on a hot plate up POTR506@3/041533
may be enpl oyed. The substrédte nay have on it at
| east one layer of the present conposition. The
conpositions disclosed herein may al so be used as a
conteihplagdtlnyars efithstpredeat com@isitidhs have arihickmeds yysto or greater than about
nmul tichip nodules, lam nated circuit boards, or
1.5 micreised wiring boards. The 30 circuit board made up
of the present conposition will have nounted on its _
sufhapecspait flarnmande 2006 110 400 HrnRSENESOD3s0ePEe3 prawssing and
s 5 B0 P, ORGP R Mt i
manW@¥ERFnS 0 The predetdonpoitiosy SaPbe BicdSE ol dlstopsWaRimask, air bridge,
circuit boards may be single sided, as well as double
or passiye ¢oatifa B eapgiPpisaeicompisted Welepr Ebepreserd ppowpsition ntay be used

in o FPoifeR b Sl SRR E B LR RR P Th RN Stacked
FilmB FOCESH ki DieRSirRE’S | Jold (84D FecHndI RS (Julf QG(blr)ginf;dS@Hiaﬁé@l%ein in its

. 50C up to about 450C to polynerize the coating. The o
entirelyrityerepirence d The presery laysrspmpnbensed i stacks satht othérdayers comprising

300C. Cener.al | i.t _1s _contenpl at t .curj IS .
orsaRFES S g PP LC DS S SO A0 e pending US
SeriAR@t1 0ARR619 Gud F&)rﬁ‘ﬁz 10e260" Hoedywelt Iteknational Inc.’s commercially

conventional curing chanber Such as an electric

availpbleNdAOSP ®oprophet eanaporbus eglidai feh aasdtaiight iy gemmoalyl gssigned US
d_in an inert (nonp-oxidizing) atnosphere

: f
Patel?terﬁaﬁ?; nHOEYW b Iierpatipgak gnb ermmerciplyaypatle NgNOGLASS ® B

r - r .
prodilt B8 Slse o B Sl bl JonkARIF I RABN ERTPARA 6372076, and
fluorbsithesfuii apestacglowg\comnadilyadssigned U6 Patadc 6 460,58@dntorporated herein
. . radiation as taught by comonly assigned patent
in thejy IR i on PCT/ US96/ 08678 and US Patents 6, 042, 994

6, 080, 526; 6,177,143; and 6, 235, 353, which are

i ncorporated herein by reference in their 15
entireties. Any non-oxidizing or reducing atnospheres
(eg. argon, helium hydrogen, and nitrogen.
processi ng gases) nay be used in the practice of the
present invention. As indicated earlier, the present
coating may act as an interlayer and be on top of or
covered by other coatings, such as other dielectric
(Si02) coatings, Si02 nodified ceramc oxide |ayers,
silicon containing coatings, silicon carbon containing
coatings, silicon nitrogen 20 contai ni ng coati ngs,
silicon-nitrogen-carbon containing coatings, dianond
i ke carbon coatings, titaniumnitride coatings,
tantalumnitride coatings, tungsten nitride coatings,
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al um num coati ngs, copper coatings, tantal um coati ngs,
or ganosi | oxanes coatings, organo silicon gl ass
woaadsimgeyl and fluorinated silicon glass coati RgE/USBWGH41533

mul tilayer coatings are taght in U S. Pat. No.
4,973,526, which is incorporated herein by reference.
And as anply 25 denpnstrated, the present

Examenposi tions prepared in the instant process may be
readily formed as interlined dielectric |ayers

ANARETIREMTBG MEtbpgonduct or paths on fabricated
el ectronic or sSem conductor substrates. The present

Gel P johi @S ntEa0KaEpeegys in that in contenpl ated
bl e of generating films

oo P58 1 R RS BB e 17

plus WuCisamp e, W aQ80inANGSIca¥e:) Wéféw $15 WRIZ0PEhH TWQitds 410 Differential
PCT/U82003/041533 47 contenpl ated | ayers of the

Refrw@wﬁt (Rbdpisern)i end triaveelunnshi EPh8 selupr tMDEED gp eatley analysis
dt an _about 1.5 mcrons. The present filns may be used

CONAHRTY AT danascene (such as copper) processing and

ciithet ract i va et a t ol /cur-h as al ||m ALHM-Or

Mpéﬁ?ﬁﬁﬁﬁﬁungsten) proceSS|ngTPG@hVﬁﬂggﬁﬁtéaﬂﬁhrCU|t
Golvamu fflacy dmilhiétersthenbr esent de@posi ti ons may be used
@sluamn etopesdtops (HGAr dmask, ai ACbOI dge, or passive
peaidiig for envel oping a CO”D'R%‘T:%@'[N)@fIﬁﬂex Tantepeative

gggg@ﬁghj my be used in a ,La Spi n-on
ked aught by M cé el Thorms " Spi n-On
I%sencﬁlp%,ﬂu@tlrgﬁsm—}« Ignuu I/Z‘F f %I ectrics in i dpst ate

Technol ogy (July 2001) |ncorporated herein in its
10 nﬁﬁfg,'rﬁrﬁg of bsY)hEl rgﬁlﬁéfc\g re T&%oWeﬁ %”Imé %ﬁq%ern&yte?ﬁhﬁgﬁran To
tacks ot her Tayers conp
calcudmg mte&m nesthsmhrd&&rda%,gﬁh& pba/k %Wﬁhgﬁn@&ﬁtl@ﬁﬁ@h&i&r or the
Pat ent 6,143, 855 and pending US Serial No. 10/078919
peak prqacklqngie gr e ebeomecy; poh@aréywmed it e riefe] @fhadl the peak areas in

‘ the chidfatergQmmercial ly avail able HOSP O product ;

nanop ous silica such as taught by commonly aSS|gned
US Patent 6,372,666; Honeywell International Inc.
commerci ally avail abl e NANOGLASS (r) E product;
gangsi | sesqui oxanes t aught by commonly assigned US
stmeation Chyomgtegraphy, ‘uor osi | sesqui oxanes t aught
connonly aSS|gned US Patent 6,440,550, incorporated
This g‘@ﬂ@dﬂnay be veedite peavider qgidytmnv@eggbgbc@li @gaﬂumer and trimer peaks. The

folloxg %E’o%%&ﬁ?g?fé a(.)ré %1? 3(1?> 48

Analysis Apparatus Shimadzu LC10

Separation Column Plgel 5 u pre-column

Plgel 5 1 1000A, 300x7.5nm

Plgel 5 p 500A, 300x7.5nm

Plgel 5 1 100A, 300x7.5nm

Mobile Phase Eluent A: toluene
Column Flow (milliliters/minute) 1.0
Column Temperature (°C) 40
Detection Refractive Index, Polarity Positive
Analysis Run Time (minutes) 32

Trial Solution 10 milligrams/milliliter toluene
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EXAVPLES ANALYTI CAL TEST METHODS: Gel Perneation

Chr omat ography (GPC 1): This anal ysis was done with
woav@ermod7i qui d chr omat ogr aphy syst em conposed PCDMIS2003/041533

Water 717 5 plus Autosanpl4r, Waters in-line

degasser, Waters 515 HPLC punp, Waters 410

Differential Refractoneter (Rl detector), and two

col unmjgctibl® Rlargll () M XED D] The anal ysi s 5€ondi ti ons

WEr e: NbbiTe Phase Tetrahydrofuran (THF) Col um fTow

| t 0 : 0.
7o I i SRB oy L U ABBER! LR 5l monomer o
the (AR |a39é&| teldnigthelth Me @fpoien of PoIgEiet Brreltednt itlieytotal pf B0 thkpeak areas
m|ligrams of solid product were dissolved in one
in thgichromategspmof tetrahydrofuran. To 10 calcul ate the
contents, in other words area-% the peak area
belonging to the nmononer or the peak area bel ongi ng
to the oligolner or polyner is related to the total of

Gel BbimédtRnpERfoniteasiphR (GIPICE3)ehr onat ogram  Cel
Per meat i on Chr omat ography (GPC 2): 15 This nmet hod may

Sep&id#S fds b@rf@rﬁﬁ%ﬂ' W8h aadWa&érg rz%bo dgpahttonaRiotile tvieh GV74¥Bis 996 diode
and trimer peaks. The follow ng conditions are used:

array\pred V@t@s Apd érféﬁtr@rglalsmfraa@mtez(d@mw& pahasdperitiop (vayrperformed on

two %L%@]{ 3 gxm %5&8%&8@?{ Eﬁ%ﬁ (ﬂgqnn%%(%%@g\gr%%gogm at 1 ml/min.
Inj 652439 vlo t ¥ /5%1 e E‘(Slslt('\bnstcﬁ A &]ﬂ g%lﬂl'&r(‘fﬂcéﬂtﬁﬁ‘bn zvge 1}118 in duplicate.

nut enperature
Gooweﬁﬁ@hmﬂnhﬁmmmaﬁmmvaiIndex Pol arity Positive

The column was calibrated witﬁ relatively monodisperse polystyrene standards between
20,000 and 500 molecular weight. With the lower molecular weight standards nine distinct
components could be resolved corresponding to butyl terminated styrene monomer through
oligomers with nine styrenes. The logs of the peak molecular weight of the standards were fit
with a third order polynomial of the elution time. The instrumental broadening was evaluated

from the ratio of the full width at half maximum to the mean elution time of toluene.

The absorbance for Preparations 1 and 2 below was a maximum at about 284nm. The
chromatograms had similar shapes at absorbance at wavelengths below about 300 nm. The
results presented here correspond to 254 nm absorbance. The peaks were identified by the
molecular weight of the polystyrene that would be eluting at the same time. These values
should not be considered as measurements of molecular weight of the Preparation 1 and 2
oligomers. The sequential elution of higher oligomers, trimers, dimers, oligomers, and

incomplete oligomers at increasing times can be quantitated.
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Analysis Run Tine (mnutes) 32 Trial Solution 10
mlligrams/mlliliter toluene WO 2005/010071

WOCHIsWsA0D3/ 041533 49 Injection Quantity () 58CT@S2003/041533
cal cul ate the contents, in3ther words area-% the
peak area belonging to the nononer or the peak area
bel on ng t polynmer is related to the

ol i goner_.or
Bachy Graotight s br E@&%ﬁ%&“élagh WoRld heeobs Ev BT Sgnaradisperse species.
|
ATV B0 DRI Bl S L 7
roughWtaecsund &G thié md’&umamtaldgtomdm‘éfltve eslcdiaeddi fferenti aI
refractometer detectors. The separation was perforned
on two PLgel 3 mMxed-E 300 x 7.5 min colums with
chloroformflowng at 1 m/mn. 10 Injection vol unes
of 25 | of s&Vidih gns.ofF Bbblib L. qag/ mwidtngeptratf on
were run in duplicate. Good reproducibility was
observed. The columm was calibrated with relatively

wher@%ﬁ@ﬂ SSBumeTsf?s BRl YkMeg NG dft @fqu‘i\feﬂé CIB%W@@% tﬁQ 280, ﬁﬁg: elution

500 nol ecular weight. Wth th ower nDIec [ ar wel
tlmes vhiidareds tnihae fai tetuienet Thd peakowltin ek convarted tbe molecular weight

e R T ST N
mole@\‘fdaut %l'?ﬁadafsstt h@%‘ﬂ?%‘h ?41%0 rtfd?ﬁ £ %‘ﬂedg{i&? \Qﬁr‘[ﬁelr size, the

rd o} o t he
relatltve rreolemtia msght umgtit adn rbe omleentaaig tonasre@tiab ugligether fsizzmvidth by

. .the ratio. of the full h | f maxinumto the
aividgiehy &1 ifisghotstiie SrombrCin e sbfrenes Rysolpicemigaration of the
egparations 1 and 2 bel ow was a nmaxi num at about
84nm The chromatograns had simlar shapes at
absor bance at wavel engt hs bel ow about 300 mm. The
results presented here correspond to 254 nm
Pnnabﬁgbgance. The peaks were identified by the
1ar weight of the polystyrene that woul d be
| uti ng at .the sane tine. These values should not be
A2 § SssaEteaf Qae rﬁéfégalrf@rla@rﬂr@%ﬁd e evuing am\éﬂ\éﬁttubﬁ Aheut 0.7 ml

deuteP{tﬁPéﬁlQlto %Q&heﬁ 2[%16 %15(919%&1? sha];el"? bg %gﬁ'(? Q)t (51ssolve the material.

ution o er ol i'goners,

The setiptpomnes then ﬁmidiyzed nsiagRaNaien QD@M@IZB\QMRM i nC f easi ng
times can be quantitated. WO 2005/010071

PCT/ US2003/ 041533
High Performance Liquid Chromatography (HPLC):

A HPLC with a Phenomenex luna Phenyl-Hexyl 250X4.6mm 5 micron column was used.
The column temperature was set at 40°C. Water and acetonitrile were used to improve peak

separation as the eluent.

TIME WATER ACETONITRILE
Initial 20% 80%

10 minutes 0% 100%

30 minutes 0% 100%

The following experimental conditions were used:
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50 Each conponent was broader than that which would be

observed for a nonodi sperse species. This width was
wanaisyaedifromthe full width in mnutes at halP€T1/US2003/041533

maxi nrum of the peak. To radughly account for the

i nstrument aI br oadeni ng, we calculated 5 width

corrected = [wdth observed2 - width instrunent 1 1/2

where wi dth |nstrurrent is the observed w dth of
v ratin nf fha aluflnn flneg

INJEGTTE 'i/.gliél\/ﬁlf‘ﬁgfyf?&'bf ol ubh@ MigkaliteESK width was
DETEGTNEM ed to a ol ecul ar_wei BV at2@0hn hr ough the

STORaTINEat i on curve and rati oed30anthgepeak nol ecul ar

POSW WiME_Si nce the 10 ol ecul af sWe|@REs OF STYT ene

ol'Tgoners was proportiomnal to the square of —thei
size, the relative nmolecular weight wdth can be
The sanplerwadpreparad e lfalldwse Toli GEFRS wa dasyiveld I I@éfrahydroﬁlran (THF)
i viding 2. This procedure accounted for th
Wlthg“Flfjé{iﬂéﬁéféiyﬁeﬁlm%ﬁﬂhéﬁa@Bﬁf| guration of the tvvo
species. 15 Proton NVR A 2-5 ng sanple of the
material to be anal yzed was put into an NVR tube.
About 0.7 ml deuterated chl orof ormwas added. The

Liquid €hroraatugsashakens Byediprdopyo(Idi-989): ve the material .
The sanpl e was then anal yzed using a Varian 400VHz

This MyRysi2 Qvddl g for@ed Qﬁl”@'?«"ﬁﬁn%dn%Aq“ FRO9H®S %%fl@%%xgdﬂp hm%pgle mass

A HPLC with a Phenonenex Tuna Phenyl -
spectpanggiemsysisu vithes Aimeshherid Reessok dmmzﬁt&mp@ﬁd&b iterfaw@unit, using a

Hewl%ﬁtpagkaré gen %;@F}ﬁ}? is%sﬁ enggsn hﬁ hg]rﬁa\é\ﬁérgph%s: ﬁygetl Reihrpyass spectral

ion o%ﬁEﬂIﬂ\dha' Rydrfabld Rin %lealwagge/ﬁ R%v1QaMi RS cﬁl%’eﬁoﬁ)(o - -intensity
m nutes 0% 100% 25 The foll owi ng experi ne
chrorpipgiPFons wer e used: WD 2005/ 010071 PCT/ US2003/ 041533

51 I NJECTION VOLUVE 10 microliters

Chromatography was conducted on a Phenomenex Luna 5-micron pheny-hexyl column
(250x4.6mm). Sample auto-injections were generally between 5 and 20 microliters of
concentrated solutions, both in tetrahydrofuran and without tetrahydrofuran. The
contemplated preparation of concentrated sample solutions for analysis was dissolution in
tetrahydrofuran, of about 5 milligrams solid product per milliliter, for 10 microliter injections.
The mobile phase flow through the column was 1.0 milliliter/minute of acetonitrile/water,
initially 70/30 for 1 minute then gradient programmed to 100% acetonitrile at 10 minutes and

held until 40 minutes.

Atmospheric Pressure Chemical Ionization (APCI) mass spectra were recorded in both
positive and negative ionization, in separate experiments. Positive APCI was more
informative of molecular structure for these final products, providing protonated
pseudomolecular ions including adducts with acetonitrile matrix. The APCI corona discharge

was 5 microamps, about 5kV for positive ionization, and about 4kV for negative ionization.
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DETECTI ON WV at 200nm STOP TIME 30 minutes POST TIME
5 mnutes The sanple was prepared as follows. The
weansioomas di ssol ved in tetrahydrofuran ( THF) PCWiusSk003/041533
m THF used per 1 ng of soli2d sanple. 5 Liquid
Chr omat ogr aphy- Mass Spectroscopy (LC-MS): This
anal ysis was perforned on a Fi nni gan/ MAT TSQ7000
The hedtpd eapsllagdingwedriginlatedas 300°spact the Fep@izes y&l &8400°C. The ion
with an Atnospheric Pressure | onization gAPI) _
detegtiomesysisan afifh Auadyanolg mass ppelbHs twapasek at doISérdoakersignolynode and
hr t Lc .inl t:h
1500 bl bR VBl IR EGRPVER, Mo eBSia A ER gpponassoan
fromAbodindz 9@ te2eamalin: € dof fdgativd®niZAtien) $hll Yrom about m/z 150 a.m.u. up
chromat ogr ans.. Chr onmat ogr aphy was conducted on a
for pppidiie HEWEIORY AR STNAFATR PORL ThieR \Xpayents dhepass range was scanned up
( . o LAl.ections . wer rally. ..
both 8 S8 LM, iy PP G0 A3 U503 ORI g in migh mase
tune/ealibihfi@nmoddot h i n tetrahydrof uran and without
tetrahydrofuran. The contenpl ated preparation of
concentrat ed sanple solutions for anal ysis was
di ssolution in tetrahydrofuran, of about 5 m|ligrans
Difrcihlifh A CRBHnB (scier . [T 10 maroliter
: ase flow through the col um
was 1.0 mlliliter/m nute of etonitril ter . .
DS RRpshindfis oy bR hing @ FRclSBinaons 702 Gisasnal Scanning
Calotifheld OV ecagahnt With @ RhtrdfferHnd Uk&R 1A so fdthrd € ladstiitakd DSC cell
40 m nutes. Atnospheric Pressure Chem cal |onization
with tenm@Iraturesresgesfean 240 vegree £eo dRAddgien Ch@ndrt atpmsphiera:es0 ml/min of

.and negatiyve i.onization, . in separate experinents.
NiodBgR) RS BroArr et iee LinhR R RRR BoL g degieue gas souree, A
smalB hindGhtUs Csdniile (1IR3 hi)hs BLORMG WeighldOMtA A Ruto DSC aluminum
prot onat ed 25 pseudondl ecul ar ions I'ncl udi ng adducts

sampig p4n Eeet?oAPAI0I rasing = MaHer PHiGio Aonlytical bakotawigk an accuracy
m cr oafips,, about 5kV far. positjve ionization,..

of = M0 G 4 VERe R ERALIn D GETSHE erPIBoBD Sgotd that vas

previbsly 030 04 1r3RnteP %o ARy 'fﬁadlﬁéquﬁl%pSllﬂlﬁl:éXVals' Iﬁgtgg’%ﬁ%%renitro gen

mai nt ai ned at 200C and the vaporizer ce at 4
fromi @ toddS@Et nom rstpsefeMACinminugU@sicla )] themamslednial §%3 at a rate of
as, set a} 15kV conversi on dynode and
100°C/minute. second cycle was run imimediately from 0°C to 450°C at a rate of
100°C/minute (repeat of cycle 1). The cross-linking temperature was determined from the

first cycle.

Dielectric Constant:

The dielectric constant was determined by coating a thin film of aluminum on the cured layer
and then doing a capacitance-voltage measurement at 1MHz and calculating the k value based

on the layer thickness.

Glass Transition Temperature (Tg):
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1500V el ectron multiplier voltage. Mass spectra were
typically recorded at 1.0 second/scan from about nifz
wbQoism1@000 a. mu. for negative ionization, an@8CTuse03/041533

about mz 150 a.mu. up 5 f&r positive ionization. In
separate positive ion experinents, the mass range was
scanned up both to 2000 a.mu. in | ow nmass

The tglese taasitibi adnyesratiROel @ ildn im0 detefinided b rdaglyid@&S thin film
tune/ calibration node. Differential Scanning

stresggp g fupetion; of fomeratury. Bbe thin oy @F@ﬁﬂ@aW?@elﬁeW#soﬁfﬁ@HmEd on a

KLACa%mFI%xgﬁﬁe@o% R ﬁ}eg%gme f {h% ru%mzit?a LPE ea r\}vre]ilﬁ &gnealed at 500°C

N conj unction W th a Con er a
for G@&ﬁﬁﬁlta%tte Avsidfdnwarers dhesth 3G6RrdalSorcial the widrhtself. The wafer was
tenperature ranges from 250 degree C to 725 degree C
then depresited stithhp Fafastal Boberiested md;procwsqdﬂagm)l allgrequiked gprocess steps.
The (V%fﬁ‘lr%% tﬁl&a}gl)ﬁg'ed h tﬁe uelssd ﬁ%tlﬁterg/ ﬁ?\l\&gllarlég g}?p\ff%fel?ﬁcaw S function of

gas' source.

temp&@)tuw?ﬁh@ Sis@limbhtycan@aBOREE 1hBts@ednyefits Qer%??a gFaTﬂU "ﬁr&@lded that
pan (Part # 990999-901) using | er

anpl e
the Wfﬁll hickogss il Bheddmwihidkness ae écnpwnyTh@fesum \mohsplayed in graphic

a t.ed b coverln
form\%lﬁ“? c{éf%m?%mg eTI%at \ATueS a% gl %rgala ota%gey 5 RS, thlgrnl % slkﬁ)g value of zero
on tieehkes v aenqiekmvefgeaph@ Utgaghd as waeeliee wash AePhe totP6IRA] tangent
nitrogen fromOC to 450C at a rate of 100C/ m nute
line ingsygack 1), then cooled to OC at a rate of
© 100C/ m nute. A second cycle was run imrediately from
OC to 450C at a rate of 20 100C/ m nute (repeat of
cycle 1). The cross-linking tenperature was determ ned
It shbtllmbt heportdd $ft tiey ThewadideleBsined Caftepribé amibt: tehijRrature cycle or a
di el ectric_constant. was determ ned by coating a thin
subsqquenh gcleawhere Mgnarimume teesiuie ayas used she measiement girpagss itself
ance-vol tage nmeasurenent at 1MHz and
mayﬁl U%O{é'ng the k value based on the |ayer thickness.
G ass Transition Tenperature (Tg): WO 2005/010071
PCT/ US2003/ 041533 53 The glass transition tenperature
of athin filmwas determned by measuring the thin
Shrigkase; stress as a function of tenperature. The thin
filmstress nmeasurenent was performed on a KLA 3220
Film phrandeage “Béfrmaeumﬁ é}’fdletennnmﬁhp éimrihickndse bqumat(ba:fter the process.
nut es

oi d
st b ERrr B8 % Boe ol N e, 1 PR oSt as positve i
the filthS@lcknessRcMBde@I MRSactual thickness measurements were performed optically

using a J.A. Woollam M-88 spectroscopic ellipsometer. A Cauchy model was used to
calculate the best fit for Psi and Delta (details on Ellipsometry can be found in e.g.
“Spectroscopic Ellipsometry and Reflectometry” by H.G. Thompkins and Williaﬁ A.
McGahan, John Wiley and Sons, Inc., 1999).

Refractive Index:

The refractive index measurements were performed together with the thickness measurements

using a J.A. Woollam M-88 spectroscopic ellipsometer. A Cauchy model was used to
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5 then deposited wth the material to be tested and
processed through all required process steps. The
woabero1ves t hen placed in the stress gauge, WhPCl/US2003/041533

nmeasures the wafer bow as fMnction of tenperature.

The instrunent can cal cul ate the stress versus

tenperature graph, provided that the wafer thickness
calcdatd thheeft ﬁtnfdzthsikamdsEelw dJMessvumtedl htherveise | the wefsactive index was

pl ayed r 0 det nlne t he Tg val ue, .

repofied a1 FoREAeR an?% nediial? rn llipsgTErgp e S dopd in e
z gr (spRYVeY
S EORoRS, SRR AR KR b RERT aﬂé/n?e‘ﬁ (2R DRKnb e Whlkiam A
McGahtug rJshic Wildytand ISoud, dlnda,e199eport ed if the Tg was

determ ned after the first tenperature cycle or a

subsequent cycl e where the maxi num tenperature was

used, the measurenent process itself 15 may influence

FTTﬁQna?%sLnkage Fi I m shri nkage was neasured by
ning the filmthickness before and after t he

‘ FTH@ I ?é:c? We¢3{3[<é4‘ lﬁ@igg naes co?%h v %ﬁ eg5 d @7’[‘?[% r {on?étell El E‘anmmswn

hi'c age was p

modé h@shlfstrlaw BaBkgls @b Sped s ves €sken 'B‘heurﬁféhﬂé&subdﬂtat‘dw B spectra were
measurenents were perfornmed optically wusing a J. A _
take\aging i wbgfgatg pebackgewagi ilra [speqhaorse dien analgaesk foy change in peak
loca %ﬂd1 ed to calculate the best fit for Psi and
Is on Ellipsonetry can be found in e.g.
"Spectroscoplc Ellipsonetry and Refl ectonetry” by H G
Thonpkins and WIlliam A MGhan, John Wl ey and
sons, . Inc., 1999). 25 Refractive Index: The refractive
Co 1t s were performed together with the
thi ckness neasurenents using a J. A Wol | am M 88
Comﬁptduhtyo%b pobyepls| wassdntermened by Tmashipgnioethickasssy seftrctive index,

05/ 10071 PCT/ 03/04153 5 l.cul at
FTIR P 4y GReBL ARGR RS a&ﬁﬁi@?ﬂ%ﬁﬂi‘&% {oF i £ 2 compatible
solvénfGol sgii A€dnk VigncP BRNIYBSobseRRAr ted at a wavel enth of
633nm (details on Ellipsonetry can be found in e.qg.

"Spectroscopic Ellipsonmetry and Refl ectonetry” by H G
Thonpkins and WIlliam A MGhan, John WIley and

Solu§ﬁﬂ$ Imlppgvfe‘me]fl%gg) -

In a first vessel, product was added to cyclohexanone until visual inspection revealed that
additional product would not be soluble in the cyclohexanone. The amount of solids added

was recorded.

COMPARATIVE EXAMPLE 1

Figures 1 and 2 show the preparation of the isomers discussed below, and the Roman
numerals in the text of this Example correspond with the Roman numerals in Figures 1 and 2.
As mentioned briefly in the Background section, Reichert’s goal was to prepare 1,3,5,7-
tetrakis[(4-phenylethynyl)phenyl)]adamantane of definite structure, namely, single p-isomer
of this compound - 1,3,5,7-tetrakis[4’-(phenylethynyl)phenyl]adamantane (8). This, and only
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FTIR anal ysis: FTIR spectra were taken using a N col et

Magna 550 FTIR spectroneter in transm ssion node.
weubssinet7e background spectra were taken on unegatuseo03/041533

substrates. Filmspectra wese taken using the

substrate as background. Film spectra were then

anal yzed for change in peak 10 |ocation and

this dompensed,t haviep lfilpﬁtnl“ffb istrigtyren(WiHCIS R it Sharesserpedi BY [the ymalytical
ent.s 1erm ned by neasuring film
’nmh¥# %ﬁ%@@gmgaéﬁﬁgg?Fﬁé‘wﬁéex FTIR spectra, and

di el ectric constant before and after sol vent

treatment. For a conpatible 15 solvent, no

significant change shoul d be observed. Solublllty

| Isichedisenian wasfogedlize she fplewg seqiedgtict was added to

cycl ohexanone until visual inspection reveal ed that

addi, 5,7-eetedbromomiasizntane (10 aat, 3,65 -tstwhlas(p eb]romql)henyl)adamantane 2)

cycl ohexanone. The ampunt of soli ds agg g ma

- Geisous, SO AFRFIOE RePLE ISR g aderiens Ehgyisomen)

the preparation of the isoners discussed bel ow, and

the Roman nunerals in the text of this Exanple

correspond with the Roman nunerals in Figures 1 and 2.
Reichdh fAﬂedTBﬂts'tdpn qd) bsi(@] liry than shéehddank gicooltdinsé dtd, Bfi;tetrakis(3°/4’-

Rei chert's goal was to prepare 1,3,5,7
bromephepdiddsmentapn en{det hynyla) pﬁ@ﬁ?}r?] a@hmaiOReEs of  of 1,357

tetral%sggrﬁc:;%'ohlgen% )acﬁja%tlalﬁ'iﬁle @gﬁgm}ﬁg ﬁl' n%n%lﬂatioﬁoﬁer - 9fd 'hﬁi)t%mophenyl

Agroup@ aﬁatﬁl,ea ¢ eddnadtileEord @EEBIO®], yd yho @hieidytciablapsaitodher work not

(8). This, and only WO 2005/010071 PCT/ US2003/ 041533
flﬂﬁﬂ% A @P@@ﬁpﬁ)& nﬂ}ls ﬁ%ﬁ/l"ﬁf@feﬁjemﬁ fask sefr iRaiQelechohi BRNgaffylation

dlSCOl{ eéf; o t elil er ?yfu}tﬁ& cffglreacr{r%LF 89%11;31%&&41 find lead to

eIC S vvor

furthef 8@&ldyZs thb lefivdtizombm of &%qsaeimﬁ GorrrEtd 1,3,5 7-tetraphenyladamantane” (6).
1, 3,5, 7-tetrabronpadamant ane

To prepae FINElq BHiFARITS( ha3,5b7i~8>ﬁéblﬁlé‘n&Pl)%lﬁﬂaé[ﬁﬂmnﬂibadamamane (7) she

S
demgl%%f éf)\[.}%[ré{orcg | s[ 5 fo(H|c())r‘1VesnyI et hynyl ) phenyl ) ] adamant ane

(8) (p-isomer) Reichert failed on step (1) -> (2) in
that she thought she obtained 1,3,5,7-tetrakis(3 /4'
brormf;henyl ) adamant ane &nﬁé a mxture of isaners

1]13,%/retiaphewsiadariantape o henyﬂl)%aaﬁﬁrﬁl%% -1oé@phe§y]ﬁ@q@§1antane
t Ia;;) 9?5% 9% a?{ls l?’f (pgeny?é%gynn’i)pﬁen%gga %tane (8)

Reichert successively realized this sequence, and isolated the single p-isomer (8), but the
solubility of this compound turned out to be so low, that she was not able to obtain Bc NMR
spectra of this compound. Reichert observes: “Compound 3 [(8)] was found to be soluble

enough in chloroform that a 'H NMR spectrum could be obtained. However, acquisition

" times were found impractical for obtaining a solution BC NMR spectrum. Solid-state NMR

was used to identify the product.” Reichert, Diss.(supra). And to confirm these results,
Reichert’s compound was tested with several standard organic solvents and was found to be

essentially insoluble in every one of the tested organic solvents.



10

15

20

25

groups attached to adamant ane core (see below), and

she considered the goal of her work not fulfilled. As
weueppaoo7ior this she wites: "The | ack of PCT/US2003/041533

regi osel ection during aryl asi on discouraged us from

attenpting further Friedel-Crafts reactions on

adamant ane and lead to further study of the

deRbyat bihet wondpRdidertepspdryd fadiatreice thought was 1,3,5,7-tetrakis(3°/4’-

1, 3,5, 7-tetraphenyl adapant ane” (6)... 215 To prepare, .
bromgphgpd)agamaaes (3), but did not continue in this direction, because this product was

o 30 LT U R o) g 1257
tetraltis@4’ Jodopheiiylpanamythed &Mprhdneansfoymed it into single isomer of 1,3,5,7-

1,3, 5, 7-tetrakis(4'-iodophenyl 5ﬁada_mant ane (7#;1- +

tetralfisil g phrenyiathax)hrileny ledmmanianet §nyhcBherad) adfatra e dRgeluble, and
' t successively realized this sequence,

becagggdpfﬁg%tﬁg#g%ﬁlhe single p-isoner (8), but the

solubility of this conmpound turned out to be so | ow,

that she was not able to obtain 13C NMR spectra of
t|s \? u d .:, CPrD G ber NT 110! 1]2 204 FILED
ocrbEeRYR ARget rum co_ul d be obt ai ned. ~However,
——acqgui sttron 25 * tinmes were found inpractical for

obtai ni ng a.sol utiaon, 13C pegt rum ~Sal 1,9- NMR -

vvay? s@eé)%%tgdi gféenti ﬁ?h?%e f%&lﬁctﬁ" Ei ’g ﬁgﬂrr %&O&BQ&E& e with

bromdbezdnt URlEdroudANEnéO ag@Nnbin Bhilhes eofr egUléastion product of 1,3,5,7-
Rei chert's conpound was tested with several standard

tetrabrogenadememhnee it breanokgezene iawed thet itewarenol 4)3,3,7-tetrakis(3/4°-

' | ybl.e i f th : o
oGS o BB RSl HSshEP" B8 YRR SETL e P
bforf‘{%g'?l);%hﬁﬁf% (3?’ RaRPAgReo el S&fal Baumahl ofeghen :1%—3,5,7—tris(3’/4’—

, b, 7-tetrakis(3 /4" - bronophenyl)adamant ane ),
brontapheridapantarni4).(les ¢anctusion wsrceafiinags byblele s studhiaad elemental
roduct was not a single isomer with definite
Yucture. Instead she prepared single isoner of

L B A SRS ShREP RSSO L A s o
: is[ 4. efay nyk] 1 e i A. h
s AR SR HE BT L ol (0 O
W..91DbIgyesi fRIE.A. DelR. COMYOSham ASE| BMEDAPENDIORIE: PATENT
APPLI CATI ON PCT/ USOL/ 22204 FILED OCTOBER 17, 2001: 10

V& repeated the Reipglerd phaactBQp of :
1, 3,5, 7-tetrabronpadamant ane with bronpbbenzen

Whegr < %é(i:’i{g %811[:1&%?%’1(%{]@}9@{%&% Widrdre Hord 36, §1@REHs @replace bromine in
(1) [or bromophenyl in (3)]; benzene proportion is so high, that fast established equilibria

LM 20 el JA A mn\ =

anal

leads to approx. equal quantities of (3) and (4).

Therefore, Reichert did not obtain (as she thought) 1,3,5,7-tetrakis(3°/4’-
bromophenyl)adamantane (3); instead, she had approx. 1:1 mixture of 1,3,5,7-tetrakis(3°/4’-
bromophenyl)adamantane (3) with 1-phenyl-3,5,7-tris(3’/4’-bromophenyl)adamantane (4).

To shift equilibria toward 1,3,5,7-tetrakis(3’/4’-bromophenyl)adamantane (3) side, we

treated the solid reaction product of 1,3,5,7-tetrabromoadamantane with bromobenzene [1:1
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t et r abr onoadai nant ane wi th bronobenzene showed that it
was not 1,3,5,7-tetrakis(3'/4'- bronophenyl)adanant ane
wO02yos(cas7Rei chert suggested), but a m xture of PCT/US2003/041533
1,3,5, 7-tetrakis(3' /4" - brdatophenyl)adamant ane (3)
wi th approxi mately equal quantity of
1-phenyl -3,5,7-tris(3' /4" 15 bronophenyl ) adamant ane
mixt() of TRiSs7-ttuakis(Bi40brovasphenyljadamentatny (1) GurlS] -phergy-3aiTHris(3°/4°-
elenental analysjs. W were able to find the cause of
bromap B IsARRRAA U D4 2 T ROHISR AL REOTED dAGHriNRaesence of aluminum
| . . .
bronfl1e PR SRS Pl gR8% PR Rintore i REui A LB pfian eroup in 1
phenill-ESA- D€’ /4’ -brorghen@helamantdide (344 1s3489 1rdA&2)ih: sdbtiéh in 30
nzene concentration in the

PhBr -,PlaH+Br20 Wen b centr
SCCORQELROP P PRI B HAOSb - (RIS 4 BroBehems adamantane (3).
s SAIRAE 0 obltod B BERTARNENAD ool AR, ater which
slowbginctdabing aonteadtion of dpprenk.le®quah ingraatidfi ©phafyl-63)7-tris(3°/4°-
an . Therefaore, Reichert did not obtain (as she.
bronpﬁggéﬁaslar&qrég@, 14} gonggpiigfian, and ips several hours equilibria was  re-
I e i . she chad PSP
estab?@ﬁ’é@_p%m %gﬁ%@??_é 1 c%ﬁ%e%ﬁ?ﬂmf’ &f ?,B%r,’m(e‘traklsﬁ /4’-

1 mxture trakis
bromopbenyphéamydntactaApntdaiehdn3)-3 )6, 1-1is(3°/4°-bromophenyl)adamantane (4).
1- phenyl - 3,5, 7-tris(3' /4" -bronophenyl )adamant ane (4).
ToTlsdtetbte, €0BIS,17itbtdkas(B Oavalr@mophenyl)adamantane (3) (that Reichert thought
1,3,5 7-tetrakis(3' /4" -bronophenyl ) adamant ane ( 3)
she sgntfesizage can peprepared he seond treatowot ¢fche polisd eattiorf product of 1,3,5,7-

7-1etrabromadamant ane wi th bromobenzene.[1:1 WO
ttrety R SR DRB S GS By eocack o Apgangomide
1, ~-tetrakis(3' /4 -bronophenyl)adamant ane (3) and. i
1-12%»3#-‘16%1? eéiﬁ-ﬁogt@hrwlladwm yiuPlgiereiat éﬁ%k regption with
t j f n i i f . 3 ?
Bl R8PS Ghato™ pRSREPRITEOP YRR BRRERE of' 13,5, 7-etral3 4
(pheriylasimplyBpieryd adamadiret 6)y(A epikacedipheayd »gr domers fdrmed. Five
. henyl -3, 5, 7-tris(3' /4" -bronopheny]| g)adarmnt ane (4), so '
1SOmery gO%}G&da@Pdlnﬂﬁ (Sbpares BH Rarsopsyasd@bRaS. 86k Pt dieta-; (3) para,
- oxlLpat - 95% . : )
para JRBEOHERR @) pank g metg, metacs and (5) met, meta peip greta-. Trace o
isoméfhinmys alsolalbd guessnis) ahde3-Fedrefght pBgEhOXIMRBMA-Yis B 130, 5tis[37/47-
t_ roogmtenperature, after which slowy increasing
henylefiae phaeyl BHaBATE R Bheepers (14 lsgmarm Sredioviieh was Confirmed by
LC-MS,pGP@y lNﬁR&aZﬁit H!Pﬁ&?" hhis nﬁ@tﬁﬁ@o %gr% %?ﬁb%ngr?qgluéée) xylenes,
concentratién, and I'n several hours equilibria was Teé-
cyclobstaabhd, shidleypiopylepp lyxélmdthylyetias dedtate Oonesilonal dyelvhekylacetate,
, 3,5, 7-tetrakjs(3' /4" 10 brol nophenyl)adanmant ane 1(1]%)
etc. ZRH XIBNENi/F -ssl,ug}hiy iR jcgplghgxanons Wip gPRIRY I HelH PaHe-aHes property

enablééHt-to be spin coated, which ensures practical use of this material, especially and in

contemplated embodiments, in the field of layered materials and semiconductors.

Although the nomenclature as used herein may not necessarily adhere to strict TUPAC

standards, it is widely used and understood by those skilled in the art.
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Ther ef or e,
1,3,5 7-tetrakis(3' /4" -bronophenyl )adamant ane (3)
woORbesto1Rgichert thought she synthesized) can BeT/US2003/041533

prepared by second treatnerm® of the solid reaction

product of 1,3,5,7- tetrabronoadanmantane with

br onbbenzene in presence of alun1nun1bron1de

INVENSIVE: ExeAVPikE & 3 YNTHESIS oird gh® RABROMOADA MANTANE (TBA)

subj ected to Heck reaction with 15 phenylacetylene

gave a novel m xture of 95-97 wei ght percent of

1,3,5,7-tetra[3' /4" - (phenyl ethynyl)phenyl ] adamant ane

(5),3(5"y-TedthitbBofdanPntARA sYhthb SO MBhSed OFGRI. cdthivbreially available

i soners fornmed including (1) para, para, para, para‘;
adan{edjanpaand, foPawed tiraswthatiet moged®p @a;ﬁacnbeéanaﬁ Preellott and E. E.

Gilb?nf:g,: Ja -O.Iﬁéégelg al 516%%—?4&)@2&%%?0)' geﬁé}artﬁgr{g aétg%lpﬂ]gl 3 Wendling, J. H.

Wen%ﬁ?ewt Helt@ngnnggN@tﬁhagﬁ% g@ﬁglgelmlyrﬁf Sci., 274, 911-919 (1996), or A. P.
-tri1s

Khal;dhe ﬂyAeryaing) pink By 8] Ratbehrenktoy Zh70rgy |Ghsan A S (1972). Quantities of
nf| rned b LC- M5, GPC,
up MR TR B rer RS e e Eoins very Yol ubl oot

tol uene, xylenes, cyclohexanone, anisole, propylene
gl ycol nethyl ether acetate, nesityl
cycl ohexyl acet at e,
i n cycl ohexanone

its solubility
Thi s property
guBes practical
use of this materia especi al | yzand 25

cont enpl at ed enbodlnents inthe field of | ayered
materials and sem conduct ors. Al t hough t he

nonmencl ature as used herein may not necessarily adhere
to strict 1UPAC standards, it is wdely used and
understood by those skilled in the art. WD 2005/ 010071

PORSARRE QA0 SO, INENTL VB JrEAVBLE s AR

1, 3rbMOPHENYBRIDAVRAAANRITBRA) SR SR At - BROSOPHESWL)-7-
conner0|ally avalla e 1)adarmntane_’/and follomed ths

V\éndorff, B%Ni’(ﬁ"ﬁENYL MANTNRY NZENE|(BTBPRAM)Y M
Sci., 274, , or A P. Khardin, |. A
Novakov, and,S. S. Radchenko, Zh. Og. Chem, 9, 435
(1972). Quantities of wup to 150g per batch were

F oyt g%ktystg’ﬁf nltlﬁlﬁsiir&ﬁ qnve%‘iive %?(&1%53168[ was reacted with bromobenzene to

yield supposedly 1,3,5,7-tetrakis(3/4-bromophenyl)adamantane (TBPA) as described in
Macromolecules, 27, 7015-7023 (1994) (supra). HPLC-MS analysis showed that of the total
reaction product the percentage of the desired TBPA present was approximately 50%,
accompanied by 40% of the tribrominated tetraphenyladamantane, and about 10% of the

dibrominated tetraphenyladamantane.
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Br | NVENTI VE EXAMPLE 2: SYNTHESI S OF M XTURE OF
1,3,5,7-TETRAKI S(3' / 4' - 15 BROMOPHENYL) ADAMANTANE

WO BBRAN0071, 3, 5- TRI S( 3" / 4' - BROMOPHENYL) - 7- PCT/US2003/041533
PHENYLADAMANTANE (;I'BPPA); 59
1, 3-Bis(3' /4" - BReMOPHENYL) -5, 7 DI B
(-BBPDPA) ; AND ATSEAST 1, 3/4-BI [ &

HENYL) ADAMANT- 7" - YLI BENZEN TBPAB) 20 In a
Br —S-t—ep’B' RA i |
5 h bronpbe y

1, 3,5, 7-tetrakifs$3/ 4- br onophen adamant ane ( TBP.
described in e ['onol ecul es, 7015- 7023 (199¢
(supra). HPLG MS analysis showed that of the total
reaction productstthe percentage ogythe desired TBRA%
present was approximately 50% acconpani ed by 40% of
the tribrom nated tetraphenyl adanant ane, and about 10%
of the 25 dibrom nated tetraphenyl adaman} arée. \é\D 5
/010071 PCT/ US2003/ 041533 59 Br_ Br r r Br -
SPGC?%%?‘EEBF ¢ grgeriinepfal prpcgdige IydteriHokovs faladvs:fical |y, the
experimental procedure for Step 2 above follows: A dry
A drgSI33meek 1o botkwn tlleak.f Watsk condenesr, meguktiossir;bar, heating mantle,

thernfREAL el sPREEIE HcRRonfhuldota PER ReTgplution were
assenkéletl. s @y tfiaek V\W@r}ﬁrgedsﬁﬁlmﬁqgr 10 hgnf bEskoNasy %]léggne aloxqcolume) of

wWth N2 for 10 mn. 2Ld££ %v/iv fromtotal v
bromepengersiistnm pewred vistoethp dlask dnil rthe stitvbarf Wwas lactivated heTBA. (160.00

i.r-ba s actiyated. TBA (.160. 0 0.30g) was added
2038, b et i el ey Pt J?Lsi%%/‘%wff%t?@i gplume) of
brom¥dn®) &h HPLC sample of starting material was taken and compared with standard

{ENYLADAVANTANE -~

HPLC chromatogram. Aluminum bromide (32.25:+0.30g) was added to the solution and the
funnel was rinsed with 220mL (7% v/v from total volume) of bromobenzene. Solution at this
point was dark purple with no precipitation visible. The reaction mixture was stirred for
lhour at room temperature. After 1 hour, the reaction mixture temperature was raised to
40°C. After temperature reached 40°C, the reaction mixture was stirred for 3hours. An
HPLC sample was taken at time 1+3.0, respectively, at 40°C. The reaction was over when no
traces of TBA were seen on HPLC chromatogram. When the reaction was over, the dark
reaction mixture was poured into a 20L reactor containing 7L (217% v/v relative to the total
volume of bromobenzene) deionized water, 2L (62% v/v relative to the total volume of
bromobenzene) ice, and 300mL (37%) HCl (9% v/v relative to the total volume of
bromobenzene). The reaction mixture was stirred vigorously using an overhead-stirrer for

1hr + 10min.
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15

br onrobenzene. An HPLC sanple of starting material was
taken and conpared with standard HPLC chromat ogram
wél200smnenmi br omi de (32. 250. 30g) was added to theCT/US2003/041533

solution and the funnel wa® rinsed with 220m. (7% v/ v

fromtotal volune) of bronobenzene. Solution at this

15 point was dark purple with no precipitation

vi §hbloeganihéayeeaast itansfoirzd tr @ sepsratty chaubdroamd wadheditwice with
700 (R E0SY gi%gvfeg% ol vofmeaf Pemoboiend) Rotiians bf de-ionized water.

r‘ - .

The o b R 1o f PG ARy ! S o slow stream,
to 14485 @, timespetkitvial yoluaie oflGomdbunzee) ahéthanolas a0¥@r reactor placed

when no traces of TBA were seen on HPLC chronato%ranm,
undepga o veread-giaEe rPTakiBtay @ solid Awingap Rnng- Pl 14 Bef the addition was

j d_i oL ining. 7
cor s YRR el Rl 67 T Vol e methane
suspBEIHPRARZEIRRId B9 QIdti&E dhroaiien, Bddhne 2l (185him).i VEhet Solid was

the total volune of bronobenzene) ice, and 300nL
wash(ed 790 il calke Wity threeaogtiang o f G80mBe(19%t Wi reletivmie tbe total volume of

b b . ti . xt ti d
bron SRR Lo R0 g T o SPh SRUSRS B R 1 0 1omin.

WO 2005/ 010071 .PCT/ US2003/ 041533 . 60 The.. ic.l

waglzl? FesHifg RiRsh Bow egéfﬁérea%paﬁi A SiFbeALifg Qjehfhing 7 patula and
plac%/dginﬁﬁgxﬂo -ov0BLarl 29mMhY af EhRhi Wil e Mogal The powder was

ronobenzene) portions of de-ioniZed water .
re-dri¢teinwas hediuar-gami for R agditions hoptsameid thenweightl chergrawat €1 o and re-
iR B oSk St i 3 VT e

0 I ti r, : :

The JRlcAFa o RE2ERRL AHNTRE SPrRiRkgRRa0R) TRERL 4RP wibrominated
tetraplakhiytadamamase, sehyllet elibrbménanel heraphergilsipeasiann wWake yield was
agitated vigorously for lh 10m n. The net hano
176-%%@‘@%31”‘%"‘[%@ H@qu%‘?fe%lelf%‘in?@n t hrough a Buchner

funnel (185mm). The solid was washed on filter cake

with three portions of 600nL (19% v/v relative to the

total volunme of bronobenzene) nethanol. The solid was

suctioned dry for 30 mn. 10 The resulting pinkish

powder was enptied into a crystallizer dish using a

spatula and placed in a vacuumoven to dry overni ght

and then wei ghed after drying. The powder was

re-dried in the vacuumoven for 2 additional hours

until the weight change was < | % and re- wei ghed.

After solid was dried, the final weight was recorded

and the yield was cal cul ated. The product was as

descri bed above of approxi mately 50% TBPA, 40%

tribrom nated
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15 tetraphenyl adamant ane, and 10% di br om nat ed

t et raphenyl adanmant ane. The yield was 176. 75grans. 3-5
word@hoger cent of BTBPAB formed. WO 2005/ 0100PAT/US2003/041533

PCT/ US2003/ 041533 61 | NVENTI VE EXAMPLE 3 - SYNTHESI S

OF M XTURE OF 1, 3,5, 7-TETRAIKI S(3' /4" -

BROMOPHENYL) ADAMANTANE ( TBPA) AND

1, BivANBNG] EXAMPLIES — BRINSABSIS 4FVIIXTURE OF 1,3,5.7-TETRAKIS(3’/4°-

BR(]VD:’HENYL /—\D/—\I\/ANT 7"-YLI BENZENE (BTBP/—\B) Br Br
Br B L, [ '*.l' A B -'_A ﬂ‘r B [ ’ "

in- i sorrerﬁ‘&f]o%&}ﬂ !P AD ‘{EIQEW 2“§:L§ém&5:%‘?ﬁ%i’¥@§)' ves)
U SX J, 7D, I-LEetTd

kis(3'/4'-bronophenyl )adamantane 5 (m xture of para
and neta isoners) Unexpectedly, however, when the
preceding product mxture fromlnventive Exanple 2
was subjeced to fresh reagentgand catal yst Br
(br omobepzene and Al C13, lw‘ﬂift 20C), the TBPA =
prioporti eg’of the m xture of e tetrabrom nat ed!
ed 10 nononers |ncr-;sed

tni bromnated, and di bron na
f 1 Bry s.o, ” W“r  95% 3-5 't
of 7 RIBPAB r enmi wéd B wWwef e sO sur 500 _hy

perc
r 62 confirm and tHY

this rgsglt that we repeat ¢d;
2005/ 0100g71 PCT/ US2003/ 04153

resul t in a novel processx»for converting theqgy
preceding mixture to a

(mixture of p-, m- isomers of four-, tri-, and di-bromoderivatives)

QoW

PhBr (AIBr)
1 min 20C

,Br

Br y \/Br

| A
XB
r
~90%

1,3,5,7-tetrakis(3'/4-bromophenyljadamantane
{mixture of para and meta isomers)

Unexpectedly, however, when the preceding product mixture from Inventive Example
2 was subjected to fresh reagent and catalyst (bromobenzene and AICls, 1min at 20°C), the
TBPA proportion of the mixture of the tetrabrominated, tribrominated, and dibrominated
monomers increased from about 50% to approximately 90-95%. 3-5 weight percent of

BTBPAB remained. We were so surprised by this result that we repeated it several times to
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t hernosetting conponent (a), as described bel ow and

set forth above. Specifically, the experinental
wonoesader7e for | nventive Exanpl e 3 above fol | oreT/USD®3/041533

equi pnent used was the sanw2as that of Inventive

Exanpl e 2 above. 5 The correspondi ng amounts of
m brom.de needed were

0 zene d. al um nu

Cmﬁ?%‘ Eﬁ? gﬁlédre%‘&gegdmoﬁ Uﬂ‘{gl DOSPSS ©F qonEerippAbe precsdine zaixture to a
therthOsek LGgRv ' i T, ppropri ate
b arrsoutm% (80% v/ 3Q)f rggsrlﬁstgﬁlzédt%%,a lecg%%ﬁ%%h %?V%r onobenzene

Wa g, ROt | | ask .and. the stir-bar S

act§ PVat eagl?’ %Etgg? eﬁw&g%g%ted%ﬁe% ,X\e’?t}vgrﬁxtaﬂjé’l%?ébo‘? follows. The
equigyantheed was tbewac wathaseiaderding Hxh@pleuniplevas rinsed

with appropriate amount (10% v/v fromthe total 10

VOoThéredrr&hohdiFMRRNZR Y- br@ﬂlotg%&%m ngfﬁ Iaglp‘g{lllgg trbg&ﬁg%gneeded were

material was taken and conpare
calcidped hated pmatite yithé of the TBRAyhthedizal innthe by i i@ synthesis.
ut i d the funnel was rinsed wth

The %g%gpidr}]a é; ?}nlgﬁ%@éﬁ%o%vgﬂ)ﬁ H}ﬁ ta]:a?\y@]um?é))f Bromobenzene was poured into
the fRE0BRDERZEABar WALatQhidl] TRe N Erﬁ%)gl?téb?i"lfﬁlPAV\@%m trelgé?*) 2 synthesis

purple with no precipitation vis e reac
abovegmas gddedmnd the fymnebiwaoringd witapsiroprzaeaarhemd €1 @b W€ froMthe total

L a e was t.a 5 after 5m.n and after 17m n.
V(?l e&r lzrgg{g)l gr}%e% s Aé]bﬁPL é]ﬁlpiq]%f sé%rggg) .n@[ter}@ém taken and compared
with stefid2s PP ¢fohsto gr-ﬁﬁﬁ ATNER NP uRRGE alhlﬂirltunﬁ‘t)lllégﬁcgeawﬁs added to the

chromat ogram When the reaction was over,

solutiopagnd dhe el r wasvamsgbuvidd rembiader 200% re@at M total volume) of
vol une

. 7L (217% v/ v | at i to the total
oGBS Sy fea T eLeiive o g Lotel e 0
168 ikt Lot . i Ge, 300nL
AR Ll Y RG] S 8 e
alrier

Brastdentiee héhin. &t rstdtionehs\ovgowhetsihy ghsipnd paks corresponding to
head- sti.r 10m n. The organi c |ayer was

| h
TBP@}@%S‘%@PP@H ngﬁé}f})@&aPlgtrOH’ta?gf%n eVhemhéhevggasiion wed oweer, the dark
reactivh blixtufDWB-p&12EYantd Y 2P r%& %r.t c%'h?alini%g %Rglr% ﬁ/év ?laﬁtvle (g dhe total

br onobenzene) portions o ionlze
volumg of bragehent@@Yudwionizeé veditry @1t (G20h e/t adlativevel thaetosd volume of
saturated NaCl sol ution.

ronpbenzene tions of
br"m%%z%&g He&d ﬁﬁdggﬁbl@ | érVe"/?) WEd (l%acel Tefetivesto dwpdotalt opjume of
b . tre o.th )
o R S8 93 e BB AR S g o
b R net hano i.n a 30L reactor placed under
agﬁgﬁgﬁgk S)Sf i etira}nskegeﬂr@ c? 6?3%‘[‘t8ryafun§6]|p Pefl Pesheb fvige with
700mBrR2R% A tte rthea ety o ' Bhi
) msgzpensi ;n tWas agi t at ggﬁ bs?g@reg%@le)yb%ro HFE?QQ%%B%W ater and 3
tmes FHEL FEPMENGR s ¥Spesiativentonths fotdl terede by woambb@izene) portions of
¢ . Bueghner funnel .(185 . .The solid was
saurel AR Sofiely T BF Sashell Waonic IPORMRIAeORS 47 soBowieLy fpmel and
added 2009/ §13Q05lealiCTio URE 0BF PR3 Zmount (5 x times to the total volume of

bromobenzene) methanol, in a 30L reactor placed under an overhead-stirrer, to precipitate a

solid for 25min + Smin. After addition was complete, the methanol suspension was agitated
vigorously for 1hr + 10min. The methanol suspension was filtered by suction through a

Buchner funnel (185mm). The solid was washed on filter cake with three portions of 600mL
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63 (19%v/v relative to the total anount of
br onbbenzene) nethanol. The solid was suctioned dry
woOaoosB@oarin. The resulting pinki sh powder was eapiisem3/041533

into a crystallizer dish usi3ng a spatula, placed in
an oven to dry overnight, weighed after drying, and
re-dried in the vacuumoven for 5 2 additional hours,

(19% wntdlitivehte the kaghit anxdvah & bueambenzne ametherclneihgolid westsgptioned
the solid was dried, the final weight was recorded

dry forgRdniphe yi el d was cal cul ated. The yiel d was 85%

| WVENTLVE EXAMBLE 4 - SYNTHESIS OF M XTLEE CF, wl
The, ssuttiTEPRARGhSP @Y det wasERRepEISHEIY B ) 1 Ppp A spatula,
1 3/4-BISL1 3! ] oven f

placed S EFFERVEY a%mﬁwr@@%@e?é&r&‘éﬁgw SFRR)D e oven for

2 add1tic§ﬁ§i{oﬂrs Skl $he Wefkht Bhaﬁ’@/ﬁﬂd@\l%) arfdl, 18- vBhgw{dS After the (splid was

"', B1"-TRIS (3""/4""-B
dried, thg ﬁnMLWGlQHBWE?m@MAhEYIAldWW CI“E&QC# %@ﬁ%{@g@ﬁ 8W4s
| oaded wi t h adamant ane (200 grains), bronobenzene
(1550 15 mlliliters), and alumnumtrichloride (50
grans). The reaction m xture was heated to 40C by a
e ek ExiebLwat-e8yirinsIs AW IRB/OF hmmmﬁﬁé_’_

grans) was added slowl y Qver a ;5 to
t heBRQME ENY LA RAYVIANTANRA A DpEA)s g 2% S &

BROM LW .gghf 1\_/ﬁBli§12W(ﬁ;%AB%%W&?%AW,S-BISS?M’

rogen
BROMOGYHINVE R 5(75868 38)/4°° e, 3’on5’e’nms¢3f”t/#ré”#umommbmmm-
vessel were gradually di scharged into the second
reacti on vessel reaction m xture
at 25-35C by an external ice bath. An organic phase
(dark brown | ower phase) was separated and washed with
water (1000 mlliliters). About 1700 mlliliters of
t A Eirargrtioe vessaseasleatidveth adanahiand (208agreme bxpgzbenzene (1550

_was loaded with 20.4 liters of petrol.eum.ether §Q%g91¥ 40°C
millilitgss),; agd beraimenirichloaion 679 Brigs)- 2 Fge gDy o
content s; of S€ RS r:@%@ 84N 1¥wly over a
]”'aﬂ5@38§m%§%FMK§@§?ﬁogggg1% 6g€(¥o t dareactlog
period V&S 58! houl¥ €o tBS 4bdckiBs mixtusé. UrHldA@@cﬁdﬂ Iimetﬂlré at 48tC was stirred
| east one hour. The precipitate was filtered off and
overnighie filter cake was washed twice with 300 milliliters
per wash of the aforenenti oned petrol eum ether. The WO
28 0L O 0ALHBCTekiS? 603/ 04d&3#ith6 U000 milliliters of aqueous hydrogen

chloride (5%w/w). The contents of the first reaction vessel were gradually discharged into

the second reaction vessel while maintaining the reaction mixture at 25-35°C by an external
ice bath. An organic phase (dark brown lower phase) was separated and washed with water

(1000 milliliters). About 1700 milliliters of the organic phase remained.

A third reaction vessel was loaded with 20.4 liters of petroleum ether (mainly

isooctane with a boiling range of 80°C-110°C). The contents of the second reaction vessel

* were slowly added over a period of one hour to the third reaction vessel. The resulting

mixture was stirred for at least one hour. The precipitate was filtered off and the filter cake

was washed twice with 300 milliliters per wash of the aforementioned petroleum ether. The
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washed filter cake was dried overnight at 45C at
40nbar. The product yield was 407 grains dry weight.
wénadsykiooral t echni ques including GPC, HPLC, an@CkiuR2003/041533
were used to identify the ¢roduct. GPC anal ysis
showed: 1,3,5,7-tetral cis(3' /4" -bronophenyl)adamant ane
had a peak 5 nol ecul ar wei ght of 430;
Washe]i Bretchbiesas died Glerightsy 339 4t-4dmsrmphbaptofactanedtwas 467 grams
%genzene had a peak nol ecul ar wei ght of 820;
dry weight. p; s{3 /4 -[1",3",5"-tris(3""/4"" -
-bis(3 "/4"

S A OROR S e e Fih Bl chend e Bireapscigientity the

] R LS 4t VU S i s e

moledd Hgﬁl\M_éf}'@AI\/HN/JBﬁFE LTBRAY(3 M’ 31’)14mﬁipﬁenyl)adamaﬂt-7’-yl]benzene
1, TRI' S 4" .
had [ kIEI\WLO %MWCrght YLC]fBE&%ENE 1 (3&18{3% 1 ’Ttl-ls(3 222720

e B U T g

peak bbb} wARRMINDANE 156 (dholildet reaction vessel was
| oaded with 1, 4-di bronobenzene (587.4 gr.ans) and
alumnumtrichloride (27.7 grans). This reaction
m xture was heated to 90C by a thernostatted water
DRKRNHE FRAMDAL 8 &\Aruk Bk DrM TR €3 5 9L TOREAEE 4 >-
WTImout ST rrl ng aliu 1O dll a rcromndar one nour w tn

st i BROMDPHENE LY AN (TBPAY: 1ast-esi’ 8tlsdoris(Y Y430C.

20 Adamant ane (113 1 rarrB) was added to the cool ed
RyreN ARAMANT-77 : BABRAB), AND ATLEAST 1,3-BIS(3°/4°-

for an addi ti onal 712vhieursyLiApgecondneeact i on vessel

was | oaded with HO (566 mlliliters, 10% aqueous
w w). The contents of the first reaction vessel at
50C were discharged into the second reaction

vassel Wakddn @@ésﬁlt W_FE' BanGid Kl l&ﬁl?roﬁltobgéelgé %ﬁ?y% ?%%S) and

external 1ce ba e reaction’nmass was a

alumn&ﬂﬁ peiiioside (PHE grae)i c Thisas@actias mixdas ki h\m‘ted ctwe90°C by a
se and separated fromthe reaction m xture.

thenn%%ﬁ‘aqda‘tf%téf Rty and mapyaing Ydkis jEapraduls foh oRgbr Wltf@sbstlmng and
foraxfhqdiie) 8P bt b Fepndh S 482 PeHan REBE 498 sonled a0 0°C.
Adamﬁ’l@IﬁéJ@ZQQ%@ﬂﬁﬁ%gs adfed to the cooled reaction mixture. Over a period of four
hours, t-butyl-bromobenzene (796.3 grams) was added to the reaction mixture. The reaction

mixture was stirred for an additional 12 hours.

A second reaction vessel was loaded with HCI (566 milliliters, 10% aqueous w/w).
The contents of the first reaction vessel at 50°C were discharged into the second reaction
vessel while maintaining the mixture at 25-35°C by an external ice bath. The reaction mass
was a light brown suspension. The organic phase was a dark brown lower phase and
separated from the reaction mixture. The separated organic phase was washed with water

(380 milliliters). After this washing, about 800 milliliters of organic phase remained.
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A third reaction vessel was | oaded with heptane (5600

milliliters). Slowy over a period of one hour, the
woanisandwi1of the second reaction vessel were asdeaskm3/041533

the third reaction vessel.65The suspension was stirred

for at least four hours and the precipitate was

filtered off. The filter cake was washed twice with

300 t173d fdattidre vesselewasimbed fvithelppame . (ST0k miktit@s)e pSloa)ly over a

perioc?@wpérfedfoiéwi%?#%w“t’??@%%2@%&8&%%“Et’ P08 815k BB s
Vesse?'@%%lsp?lé%)%gﬁf %’u 8?{)1' ?IM%%P%XI QEUGE tmFrbciphal Wak Siltered off.

cls ronophenyl ) adamant ane
The iR cﬂcepﬁﬁékwasmeﬂ ewidk avithvaioghillibiersageo wtasid 80heptane. The IE2 Step (a)
1,3/4-bis 3,5 -trlé%éS"M" bro henyl)adal nant-7' -
Produytt}’leldb@%ﬁz @ﬁa@sé‘”ﬁé ok BWIEr |ght of about 820;
1,3-bis{3 /4" -[1",3",5"-tris(3""'/4"" 10
bmmpmehwcmqumpmmngyf&}’ﬁh iﬁ«pq, ;d ANMRs ("‘@"@' psedpfooifsptify the

o AR S G R B gl e

moledfiaf B labduBlus63'1/ 344—b{s€;1 3 B’HEN‘G&-”/&"’r‘tﬁomophenyl)adamant =77 -yl1]

BI'S( 371/ 41" - ( PHENYLETHYNYL PHENYL) ADAVANT- 7" - YLI PHENYL . ..,
benzeE&'Hﬁéﬂl\ﬁ_meNEulag_ wRight ®f about 820; 1,3-bis{3°/4’-[17°,3"",5 -tr1s(3 /4

e b b B B R R+
peak ‘}‘%&%ﬁ@%ﬁéﬁ%ﬁ%ﬁ% (S}é"uldes) S{3121/4[21_ [3

[ 31- (314] /4141 (115], 3151, 5151- TR S(316] 7 416] -
( PHENYLETHYNYL) PHENYL) ADAVANT- 7151

Bls(3W"/§1h’ @PM\&%TEQWE)‘%%@&YL)&BAN&W&W&&d]ﬁIENIYLerHYWL}BENZENE, 1.3-
TRErmocoupl e, a nitfogen 1nlet- outlet and a heat|no

Ly N g : AT [, 3-, 20
(gHﬁﬁYI?ﬁm%glﬁgf)El\ﬁ{&]-g?/ ﬁﬂs {ﬁmﬁygsﬁh@ﬁ/hi“hg ‘51,@‘5115@2, sgggsl‘“m‘“‘-
Oof Ccopper 1 odl de, an ][5}9 mL of
triethyl am ne (PAENYUETKHYNYB)PHENYBDANGNTS oom

:ﬁrge[}ft)lf’%%u{’%mmuﬂm bﬁ(LﬁE&YﬁMRﬁmﬁﬁ%kngQ To

XKoot €CO— U051 ¢ TTO IIIIUI) Ol
m di et hynyl benzene in 5 nL of tr| et hyl am ne through
an additional funnel dropwi se. The reaction m xture
was heated at 80 C for 2 hours and then 21. 6106

( Aol a 579 SRty 3oreckadainyndbeitgm dlaek equigped with a terqcondenser an

overheg Sslcnonlep oaﬁheﬁn%éo%p %3A1\9‘4é3§13§116t outlet and a heating mantle were added

20.00 g (26.45 mmol) of TBPA from Inventive Bxample 2, 1.4850 g (2.1158 mmol) of
dichlorobis(triphenylphosphine)palladium ~ (I), 1.1099 g (4.2316 mmol) of
triphenylphosphine, 0.4029 g (2.1158 mmol) of copper () iodide, and 119 mL of

triethylamine. The mixture was stirred at room temperature for 5 minutes and then heated to
80 °C. To this mixture were added 0.8341 g (6.6118 mmol) of m-diethynylbenzene in 5 mL
of triethylamine through an additional funmel dropwise. The reaction mixture was heated at

80 °C for 2 hours and then 21.6106 g (211.579 mmol) of phenylacetylene in 5 mL of
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66 triethylam ne through an additional funnel were
added dropwi se. The reaction m xture was heated at 80
wQ20@vo1eddi ti onal 4 hours. The reaction m Xt ur eCTAS2003/041533
cooled to roomtenperature 66and transferred to a 1 L,
3 neck flask equi pped with a condenser, a nmechani cal
stirrer and a nitrogen inlet-outlet and 100 m of
tricthylahirenthrovgl aadddidionghémsel wete addedh drophess. AbeEpastipn @gixture was
with 5 6N . The resyl.ting water was remved. The
heated i e fe |SGAGHIOBN PRSIk "SRR GBS oS SV 1 Hpigigmperature
and t eﬁéc}]&pa €, %rnegg e ﬂg;gedn\‘fvﬁﬁ YrepdBRerd blb&nsslcal stirrer and a
through celite0. The aq%e s solution was then
nitroger ilvechtleT el HU meaf tohcht oas wdikdr Epestlatbnfwas thevwonentrabized with

tines. The toluene solution was then washed wi.th. 100"
6N . ¢ Teruilons WREF WERrEmOL - 4B° OMEeSBIGPT O RaES SStPf Patp 100 ml

iih 10 1 L. on e i |
of aN(Hicl R & B2 ey 5 AR iy R NERA AR, L aquoous
solutiv@grak (A ré:aovadeThe FidR ertpaobion avae xépeatet! ifartwoasore eimeat ‘Elk toluene

for five nore times. The toluene was then renoved by .
solutipm tregs yhesy, wadhiedtwith AP mihef Aeenized Nl dWiG: NAS Sefufigly Was stitred

it P PG bt (3880 8L 30 min e

aqueolyh %3 1da6n raslthén Berxdved/ 4'he (abamerda ,eRiractfon was repeated for five more
TRI S(3' "/ 41" - ( PHENYLETHYNYL) PHENYL) ADAMANT- 7" - YLI PHENY

times | EirHiokn: BRNZENEremoxmid bx Totapasypporator and the resulting solid was dried

1,3-BI S13111/4111-( NYL BT P 1-5,7-BI S{ 3121/
under g3 Syepikpftafaq 0 MG  EE S 7 & 2
[ 61/ 4] 6] - ( PHENYLETHYNYL) PHENYL) ADAMANT- 7] 5]
YL) PHENYLETHYNYL) PHENYLETHYLNYL] PHENYL} ADAMANTANE 20
Synthesis of this product is simlar-to that in
ENT I EE XAM PR B— S YNFHBESIS OF REIXTURB OF 1,31BI843°(47-1°,3°°,5"’-
Wi THYNYLIBENZENE;

i J’ﬁ-P ENS RETRYNYL)PRENYT )4

TRISE e Lol L o P AN A o A S35 g

AND NVENETMZ - BAPLE G penS YNFESSp REN M ST BEs { S84 [31P1 (3144141
I 3-BISTIT4-TIT 3" 5 S
TR SCE:343 7 prms@Y 45 o TSN Y L YRR A DAM AN T BLENY |
ETHYNYL } BENZENE: _ /4111 T
PHENYXK E“é,\%g‘ﬁo“ﬁ%‘i&ﬂ?i@P%F 3 ﬂ,ﬁﬁgﬁv : _b% [51

5151- TRI S(3161/4161- (PH ENYLETHYNYL)
PHENYL) ADAMANT- 7151 5

YL) PHENYLETHYNYL) PHENYLETHYLNYLI PHENYL} ADAMANTANE; AND
AByniegyof this product is similar to that in Inventive xample 6 except TBPA from

mven{%!iefgga%p@é%%@}ﬁ?&;ﬁ%ggf‘ﬁ?‘?{%ﬁi}%h& Haddptd 4121

( PHENYLETHYNYL) PHENYL) ADAMANT- 7131- YLI
PHENYL} - 7- { 3151/ 4151- [3161- (3171/ 4171
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(1181, 3181, 5181- TRI S( 3191/ 4191- ( PHENYLETHYNYL) PHENYL) A
DAMANT- 7181- YL) PHENYLETHYNYL)

wORkNLeTIHYLNYLI PHENYL} ADAMANTANE 10 Synt hesi 8Cofuskiuz®41533
product is simlar to that 4n Inventive Exanple 6,
except TBPA from Inventive Exanple 4 was used instead
of TBPA fromInventive Exanple 2. | NVENTI VE EXAMPLE 9

- INVYNTHESE Sk 6.8 3SBivefiiis oF MilkTURE 081 a1As .5k
HYNYLPHENYLI){ ADANBNT- 7 Y] P NYLETHYNYL | BENG i

‘il_ku_LylL X

N PN e TR R

NYCETHYNYL)

PHENYL) A L4749 iHENYLETHYNYL PHENYL)ADAMANT-7"-
YL) PHENYL HYNYL PHENYL ETHYL NYLlPHENYL ADAI\/N\lTANE AN

! I':.! N Y| il 1N [OY 8¢ '-.v.i.' A AN AAY 3 NN

ifm&h}mh{vﬂ h‘mﬁ&ﬁ DAfl\Ba]b&l’?” mémy -7- {3[51/4[51 [3[61 374"\
3191/ 4191- ( PHENYLET ';NYL) A

DAMAMT[- 5 -TRIS(SI /4P (PHENYLETHYNYL)PHENYL)A DAM NT-

YL P L RN ST A R ARBINTANG, W TH

EXAMPLE 8 25 To a dry 250 nL 3-necked round bott om
flask equi pped with a water condenser, over head

stirrer, a thernocouple anltrogenln et-o et an

hé&'@lilwglsméﬁtl$ Brogatds alé\atﬂa o et @dﬂ‘ée i¥g 529‘“&#‘04 FEEP teBA from

BPA fro ent 4 6 Mol )
Invenllfv &P%lﬁpor o% &]S \rﬁl%f) enyl cj}s% ; glﬁgg%%ﬂl?lng(él 1),

0.4735 g (1.8053 nmol ) of trlphenylphosphlne 0.1719

g (0.9026 mml ) of copper (1) iodide, and 50 nL of V\D
2005/ 010071 PCT/ U82003/ 041533 68

irl et hyl amn
étﬁ&lb%?ﬁl\% Lt
To this m xt Uf(ﬁHWL@mbﬁﬂLMQQLmDAMANm‘f‘5 6415 mml)
of m5 diet hynyTbenzene In 2 of tr| et hyI am neT
NN g‘ : A DAM A NiTjA 1 ¥4 |

dropw

(1[8‘ 3181 581 1R1s(3%)/4)- (PHENYLETHYNYL)PHENYL)ADAMANT-7"-

YL)PHENYLETHYNYL)PHENYLETHYLNYL]PHENYL}ADAMANTANE WITH REDUCED AMOUNT

OF OLIGOMER COMPARED TO INVENTIVE EXAMPLE 8

To a dry 250 mL 3-necked round bottom flask equipped with a water condenser, an
overhead stirrer, a thermocouple, a nitrogen inlet-outlet and a heating mantle were added
10.00 g (11.29 mmol) of TBPA from Inventive Example 4, 0.6335 g (0.9026 mmol) of
dichlorobis(triphenylphosphine)palladium (1), 0.4735 g  (1.8053 mmol) of
triphenylphosphine, 0.1719 g (0.9026 mmol) of copper (D) iodide, and 50 mL of
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The reaction m xture was heated at 80 C for additional
4 hours. The purification of the reaction mxture is
weizooslaeo7io | nventive Exanple 7. 10 | NVENTI VE Emm's’h(ﬁs/ousss
10 - SYNTHESI S OF 68
1,3-BIS{3/4 -11",3",5"-TRI S(3""'/4"" -
( PHENYLETHYNYL) PHENYL) ADAMANT- 7" - YLI PHENYLETHYNYL} BENZ
triethfEMaine]l TBe BliGiiBlWa¢ dirdett at room temperature for 5 minutes and then heated to
( PHENYLETHYNYL) PHENYL% 5, 7-Bl ${3121/4121-f 3131-
80 °C3 Lp1thismixiyre ware 3déal 53849 §HPSpan grmof) gh phenylacetylene in 2 mL of

e R R R e St s

°C fé}T4L§6\§I. o3this mixture were then added 0.7117 g (5.6415 mmol) of m-
Bl S(3111/4111- ( PHENYLETHYNYL) PHENYL) - 5- i 3121/ 4121-

diethynyii®nz3e3ih, 3181L- pRESRIamingdpough an addi ional funnel dropwise. The

reactl?g l/_p.lg'l%li\luzé %%%PH% L’(;f ﬁDr? Jyphours7 %111)’ t}}g%16 5 H%NYL(%7 6975 mmol) of

pheny&%é%x%k% ,ng\}l%%l'r%]f %ﬁ&hyﬁﬁfﬁ%%%ﬁ uh BN LT FNY Were added dropw1se

The r¥AQHBHENKHEE HYASYh)aRIdEMYRETEMoNYHABBENYE haDAMENT ANEYLDE of the
MORE REDUCED 20 AMOUNT OF (Jp% R COWPARED TO
reactipIYERFOS SERdaVID ExyeptivaNx dry 250 nL 3- necked
round bottom fl ask equi pped vvlth a wat er condenser, an
overhead stirrer, a thernocouple, a nitrogen
inlet-outlet and a heating mantl e were added 10.00 g

(le8vrixiAMref 10BRESYNTHESTS OR/IBBHBISS é’/aExam’QS’g-ng(g SN [ i
g (O 9026 mml) of 25 30400
HEP ; -

,_.,
T~
?_3?
*%

, ‘?ﬁ/NQ EBJI_)ENQ{]_ShréIQW}xﬂzlpﬁDBQm/@(e}._( 1(5l 5121_]59;] 9RIS(3[6]/4[6]

09U o) Ol COPpEeEr (1) roarde, and 4o
triethyl ani ne (PHENYLIITHYNY ©PHBSYBADAMASTE + 0om

terrperature for 5 mnutes and th n heated to 80 C. To
RHENYLEEH NN ENYI EAHN LYY BH ADAMAYAANE: 4 AND AT LEAST 1.3-

p g 'l‘%‘ﬂt ¥ Eﬁﬁ fh ANy @W“ WQ#“‘ Shtﬁu@ [yl
ction mxXx ure %[7]

eammrﬂmmL ERQD XDOOTIET'B £ /4

'xture vwere then aded O L& 9

( \
&%fgﬁ'&hﬂﬁﬂﬁﬁpﬁﬁ%%ﬁﬂy @Qh&&%fé@AMAmﬁh a’glrl‘ﬁmf%lﬁlflleDUCED

and Aheont ofQA3cgvER SoVPAREDTTOIINVENTILY)

in 6 mL of triethylam ne through an additional funnel
wer e added dropwi se. 5 The reaction m xture was heated
at 80 C for additional 4 hours. The purification of

thg 2 URASE0 At Bin¥tidiSolsd 56trh aslt BqBXAPKRL valer condenser, an
overhead stirrer, a thermocouple, a nitrogen inlet-outlet and a heating mantle were added
10.00 g (11.29 mmol) of TBPA from Inventive Example 4, 0.6335 g (0.9026 mmol) of
dichlorobis(triphenylphosphine)palladium (1), 0.4735 g (1.8053 ~mmol) of
triphenylphosphine, 0.1719 g (0.9026 mmol) of copper (I) iodide, and 48 mL of

triethylamine. The mixture was stirred at room temperature for 5 minutes and then heated to
80 °C. To this mixture were added 4.0335 g (39.490 mmol) of phenylacetylene in 2 mL of

triethylamine through an additional funnel dropwise. The reaction mixture was heated at 80
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| NVENTI VE EXAMPLE 11 - SYNTHESI S OF
1,3-BIS{3' /4" -[1",3",5"-TRIS(3"'/4"" -
WORHENYMET HYNYL) PHENYL) ADAVANT- 7" - YLI PHENYL ETH¥NYILSBEbE1533
ENE; 1,4-BIS{3'/4'- 10 [1 69
,3",5"-TRI S(3"" - ( PHENYLETHYNYL) PHENYL) ADAMANT- 7"
YLlPHENYLETHYNYL} BENZENE AND AT LEAST
°C for34phayrs’ To/ Hiis YW EPHIYL pdIeENG L 17 53 (3[6241F 4pmol) of m-

d1eth§1§¢[§]$7%§741/ %4%%\[%\%#1%[1%1 l[ﬁlif)u I S( 3&(9 él ona[l 61%.1‘11‘{ Fd“%opwwe The

reaciéTE D kld TN Lak IRSEMY L9l TdY Leb¥Yh. 1BGENYl thén {43406k %%Zﬁ.‘lfbﬁlﬁlmol) of
1-(3191/4191 (1110131101,511 ol1-TRI S(31111/41

phenylacetyeny ED HYINYE jriRdBRahina DT ary dddittenal funnel were added dropwise.
YL) PHENYLETHYNYL ) PHENYLET PHENYL} ADANMANTANE, To

The ge %5911 TR Vs h@a@g&tlﬁg %ﬂ ﬁ%ddwaﬂ dshowgyuf Birgedian of the

reac@ory\ﬁiﬁﬁrﬁ%‘iﬁﬁﬂﬁ%"% ?@le gverhead stirrer, a

thernocoupl e, a nitrogen inlet-outlet and a heating
mantl e were added 8.2040 g (9.2565 mml) of TBPA from
I nventive Exarrpl e 4 above, O. 5198 g (O 7405 m noI) 20

TToT

Pfﬁ@N@QE?ﬁQﬁ’Y i«:ﬂw BDRQIQR@IT’(-H; Phﬁ%ﬂﬁm ﬂéNﬂdNE ?l4-B1s{3°/4°-

rretnyl amne. e m Xture wa
t enpefBL.87 S’ FORISE’ THANH(PIENMIE THNS KL NE)ADaMAANT-T2- To
2

this m xtur vvere added 0291 g o
. NYLE'EHSLN LA 3.3=BIS £

Ny - TRE 4" _(p ) L)P. LJADA
g (rjglovw %e)szEm«F ﬁf?&@&hﬁ%iﬁ?ﬂﬁ?ﬁﬂ@é} pn%ggnam%w or
mxture is simlar to exanple in 7. WD 2005/ 010071
PCT/ US2003/ 041533 70 IN\/ENFI VE EXAMPLE 12 - SYNTHESI S

CPRERVEE AN RN A PR PARPP 7 e et vy enser, an

over@é@ stéleﬂ ﬁtl@ﬁﬁoécfhgte [almtro enLlél%'elzchﬁtYlﬁt eFL)nl_cIIERIYhE?tAIE% mantle were added

8. ZOMWuﬁmwu}mzﬁmammemmmabwe 0.5198 g (o 7405 mmol)

of Sefipidnptelophishl it (0o P30S (Lt o

tri h&n( HiIEN L] . dide, and 41 mL of
P \)’L) PRENYL ET%RK%) e e \Yjde g 41 mboo
trlethp ml [The-rfuxtur Wag 3figdd 4f©@om tehppb0ts fc{r]ﬂ)ﬂlmﬁltes and then heated to

80 ([f %%ﬁéﬁ@%ﬁp#@%&%%@%ﬂm@3 ]ftll@]mol) of m-diethynylbenzene and

0.2919 g (2.3141 mmol) of p-diethynylbenzene in 4 mL of triethylamine through an

additional funnel dropwise. The reaction mixture was heated at 80 °C for 8 hours and then
7.5637 g (74.0521 mmol) of phenylacetylene in 5 mL of triethylamine through an additional
funnel were added dropwise. The reaction mixture was heated at 80 °C for additional 4 hours.

The purification of the reaction mixture is similar to example in 7.
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20

Y ) PHENYLETHYNYL) PHENYLETHYLNYL{ PHENYL} ADAMANTANE W TH
REDUCED AMOUNT OF OLI GOMER COMPARED TO | NVENTI VE
wexddgeen7il 10 To a dry 250 nlL 3-necked round BOTHUS2003/041533
flask equi pped with a water7ocondenser, an overhead
stirrer, a thernocouple, a nitrogen inlet-outlet and a
heating mantle were added 11.72 g (13.22 mmol) of
TBRANTvnEXAMent 1Y e Syvanpsie of,1,BBid4P 5’ (11 B> QS TRIBI®P Y4°>’-

of di chI or ob| s(t ri phen I_Phoshl ne aI | adi um I I}g’
PTHINYGE L LADAMAN] » $BENZENE; 1.4-BIS{3°/4°-

0% 201&139334 ]5§ =0%ﬁl%g_@4a>’ @{Eﬁﬁp@ﬂ%ﬂgyﬂmtg@ B39

YLIMWEEmmu}fBENZIEVEnMAaSLmd 1ther[al' ey BORYI)PHENYL |-
| Sz, st Uk M\{erlgl qg 2. 796}3[69 (26 4472 rmol) of

FYIfo a4PiH NRE D L

a@}m %&%N§£5ﬂ§§YL§FM%L%%mIg§It'ijﬁfz‘ﬁ{ﬂ gop ;?W]?ﬂlezﬁsl /4P

addeu"‘msaubmqmas%’@ﬂgllmsymumzﬁmmmmwmnﬁhe
and 0. 4170 g. (3. 3059 nnol) of p-diethynyl benzene in 6

. d A A BHENNML | ABAMANEANE WITH REPUCED AMOUNT
dropvmse ngr ' '

8 hours and LE‘?P ctor

phenyl acet yl ene i n. 7 rrL of tr| et hyl am ne through an
addltl onal funnel were added dropwi se. The reaction

6 gty 130 2ol arnecked Frund gEpROHRiAERE Pt Wiiehpondgnser, an
overl?e%des)fﬁi%Pl £ thdtmbeonpfd %Ogiﬁlo%:ﬂ%‘%t X %{ LR Q036045 Additle {ere added

NTI'VE EXAMPLE 13 -
11. 721,g3€lBlB{ Bintel) of TBPRA fivin TiRleB(iB¢ Exdihple 4, 0.7425 g (1.0579 mmol) of

dlChléT@lSI?lY pﬁ-errgxg{ogb;ggglﬁ%ﬁ DAMN\W - OY.’%_5|4BHENgYL E-(FZH}(I%L} Br%mol) of

trlphenﬁph hl;ll-Bl §(2’%)15{l éE @EE'}%@TM&E&EWLM%% 58 mL of

YL I PHERVL ETHVNYL
triethy]aBaiBé. Sfl&]rﬂlﬂx/tukﬁ:mas(sﬁtﬂﬁﬁ\MLﬁﬁhNMﬂp)eﬁltﬁNYM}S nBnutes and then heated to
543[ 21/ 4[ 21-[3[31-(3[41/414]-(1151, 3[51, 5[ 51- TRI S( 3161
80 °G. 4"1{"(51]111 pqqgm\gql PIENVE ol) of phenylacetylene in 3 mL of

meth?ﬂ;ﬁ;ﬂ%( %E%ﬁ%@@%ﬁ%ﬁ%ﬁﬁ}oﬁ L fefgﬁ'c?rg% wrk Wi heated at 80

°C {pA OL-hbidtsS(Bd khil/ tixture were then added 04170 g (3.3059 mmol) of m-
[ 111- ( PHENYLETHYNYL) PHENYL ) ADAMANT- 7[ 10

diethyny)lreaesng ETEY QLY PHENA.FO5AY vl %wdlpmmm W SHmL of

trleth%l\%ﬁ?ﬁgé}% Dﬁk@%’onal unnq'(!lropwme ﬁ%\/r%%c llzol:l)l r-gg(tlllrlé'vv%\srr he\e/uEed at 80

°C for 8 hours and then 8.1039 g (79.3415 mmol) of phenylacetylene in 7 mlL of

triethylamine through an additional funnel were added dropwise. The reaction mixture was
heated at 80 °C for additional 4 hours. The purification of the reaction mixture is similar to

example in 7.
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10 To a dry 500 nL 3-necked round bottom fl ask
equi pped wth a water condenser, an overhead stirrer,
wa dsaeocoupl e, a nitrogen inlet-,outlet and acinaakiodg41533
mantl e were added 35.16 g 139.671nnol) of TBPA from
| nventive Exanple 4 above, 2.2276 g (3.1737 mml) of
d| chl or obi s(tri phenyl phosphi ne)pal l adium (11), 1.6648
g INENU YR EXANMBLE 13 SmTHEmSl@émﬂ-mwbﬁﬂh’éé”ai BORG(3]°/4°°-

uﬁﬁmmywmlmﬁ SRR RS, p2nd 170 it of

lTlCll T TIc.

t enpe IﬂPPBf’ ’f-@ms ’”74%11 ﬁﬁE%ﬁﬂ%@L ‘N%ﬂAJﬂM s TO

this mxture were a e Jd
YL REENNY, E BN XL BRNZENT; QNWLAMEAstrrILSeBma“é/ni‘h@mhmmhym)PHENYL]-

5. At i qpa 3l4f Yangls g6 ap S : ’ M
adHédL)bH%ﬁilﬂEﬂﬂ(l\ﬂ(LW}ﬁvﬁE‘i’hhl@ffughﬁl@yg' ?Qﬁ!ﬂﬂﬁﬂ" Pﬁﬂ %ﬁﬂﬁ@

and of p- af et nynyt Denzeme T 117
«6}]3 & 'H«IIRM“%M&” HWLMH&WL)PMN&L)AMMT 710
; olo ‘ C regctllzon myx ure was heat ed at 80 Cfor

----

D he UW@QJN?E (‘# @Bﬁ:dMEl?éoMPAlﬁfD T fﬂi\?ﬁl\ Wﬁﬂggﬁpﬁﬂ ggﬁ) v}

addi t1 ona unnel were a
m xture was heated at 80 C for additional 4 hours.
The purification of the reaction mxture is simlar to

2005 P T i TR G4 DR Sy wagbil yith ggwatay condenser, an

overlitatatikes] & eentodRpledm ditr B RAED Y BlTlthlﬁ’?}n%ﬂe were added

condenser, a nltrogen inlet- outlet a nmagnett c

35.1658 (3% @F mmpAo fAFBRA Irobninventisied xacpdeld 2bovg, 22276 g (3 1737 mmol) of

PR AT lSR, R HE L Bbls® S ot
tnphe’h@ﬁ;hﬁsﬁlmﬁe 16.66410411(3.178PShnfRl) WRCcoPHLENSS i9BTe, ! F&I?d‘ 179 mL of

moved by rotary evaporator ‘until "a 5 Viscous
trlethmlagn%t e ielturayas Bised &taskrn\ﬁamptrh‘em fod SedinLOR agdoﬁen heated to

I hexanone e sol yvent was
0 G d Rt B BYF Sers %ﬁééééggﬁ FEA R %fcr&lﬁgylmeaxlﬁlw in 9 mL of
triethy¥aineOtpt QM- adll r t I
e OB SIS s B PLARS o5 AR MR ept 50
°C f@yél bhexarionéhis Tinecteel weieotheraadddien 23i | ug e@. 9/147t7hmmol) of m-

ohexa e to make a 23% solid concentrati on
dletllyglérh?p 1&5 11 g (9.9177 mmol) of p-diethynylbenzene in 17 mL of

triethylamine through an additional funnel dropwise. The reaction mixture was heated at 80
°C for 8 hours and then 16.2079 g (158.6831 mmol) of phenylacetylene in 21 mlL of
triethylamine through an additional funnel were added dropwise. The reaction mixture was
heated at 80 °C for additional 4 hours. The purification of the reaction mixture is similar to

Inventive Example 7.

INVENTIVE EXAMPLE 14




FORMULATI ON Concentrati on POST BAKE CURE POST CURE

I nventive A3 Concentration Index Thickness Tenp Tine
wonodeo1ddTi ckness exanple (A) (A) 6 6.7 20% 1. e@TAED6/041533

400 60 1.607 12000 6 6.7 22% 1. 68 14600 400 60 1.622

14900 6 6.7 23% 1.679 16323 400 60 1.593 19637 7 6.7

22% 1. 695 13227 400 60 1.622 14030 8 0 8% 1.673 2336

400 $0ryl5ELMI2336cked PUBIDILEEFlazk zquippel Bithia pedr zeadenser, a

8 Q 8% 1,668 2094..400 60 1.636 / .
nitcoggp dnif-5U8gtas AHEERCH B0rroraath AR i ook o e 10 ) G Bl Tgventive
examﬁlg 6}1?@ & AXQTerBO9H0.6%- o%%@x%os@an@ ThS%utch M:@uid/~oes heated

anfanfa” 9 6.7 8% 0 2765 400 60 1.616 2824 10
at 14%°Q 89455 G608rs 20Dt dilibe &@leﬂleﬁwzs 225 Pemdvied by8otaty eveporator until a

v s 8 o 1 b AT S TSP, s
s S50 0 049 00560 B0 EBPRLCIB0 i v

obtain@dagthisc pruotds| Waeqepep&édwm tiorea timegriet dnsuist fhat R ghbatylenes was
wer e added 10. 30 onacenap hy] ene, 0. 30 of
exchaasﬂ/gaﬁmeﬁ%npéwaﬁae sedpller W3S é?eﬂx‘s}f%ﬁe fﬁﬂ{@"ﬁ%ﬁﬂﬁ?ﬁ“‘ow make 2
23%) coﬁm§&bﬁ&? 186od 0om tenperature for 24 hours. The
'on was then transferred to a 500 nL three neck
flask and 10.00 g of inventive exanple 6 and
addi tional 19.8 g of xyl ene mere added. The so

——'ﬁﬁﬁ?fﬂlmha S T o9R Rl S RS —ahe—he i?%BTbURE
TPy hEOEERGP S bRt OF the xﬁ%nes was| t hen
remved-bvl rotarv -evaporator—unti aH-seoaus—-aui-d _
Inventj S “A3 Concentration” “Mndex | Thickness | Temp ime ' | Index |Thickness
exam (A) (A)
6 6.7 20% 1.69 11500 400 60 1.607 12000
6 6.7 22% 1.68 14600 400 60 1.622 14900
6 6.7 23% 1.679 16323 400 60 1.593 19637
7 6.7 22% 1.695 13227 400 60 1.622 14030
8 0 8% 1.673 2336 400 60 1.612 2436
8 0 8% 1.660 2427 400 60 1.609 2446
8 0 8% 1.668 2094 400 60 1.636 2138
8 6.7 8% n/a n/a n/a n/a n/a n/a
8 6.7 8% n/a n/a n/a nfa n/a n/a
9 0 8% 1.672 2107 400 60 1.624 2159
9 6.7 8% n/a n/a n/a n/a n/a n/a
9 8.7 8% 1.680 2765 400 60 1.616 2824
10 6.7 8% 1.659 2271 400 60 1.617 2252
11 0 8% 1.673 2168 400 60 1.637 2206
11 6.7 8% 1.616 2402 400 60 1.553 2481
12 6.7 8% 1.654 2577 400 60 1.510 2742
13 6.7 12% 1.680 3045 400 60 1.620 3089
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15

20

obtained. To this flask was then added 150 g of
cycl ohexanone. Again nost of the solvent 10 was then
woenmad 7oy rotary evaporator until a viscous PCHmiSe003/041533
was obtai ned. This process Mas repeated two nore
times to ensure that all the xylenes was exchanged to
cycl ohexanone. The solution was then diluted with
cycl ohexanone to nmaHNVENDIS®EXAMBLEdSncent rati on
solution. The solution was filtered slowy at |ess
than 20 pounds per square inch through a 0.1 m teflon
filter. The preceding step was repeated. The fina
C O @ Sp1hdtiRNboas eaé’m‘g@&pmm% WhdgheBasdBingeh @ hieB eddde!10.30 g of
pol ycar bosi | ane, Yo wei ght per cent
polyapesiaphibelsaphid. B\Q/|ge@@pola¢m1bqsﬂener eihil %188 g qlaxylenes. The solution was

stirre Plte EPﬂmPliﬁ%hlté’g ’ ?on%%gt?uisdf i[?g salbmins g@@ gle ed@fyf”ecgtoge&% mL three
neck f@ﬁ@aﬂﬁ@o@% ok iaRMive efdnflel BR0addRidnbVIENT Ve EXédRkEre added.

Synt hesi's of acetylene functionalized porogen WO
The sp00®h0LBOTIShRCWitHSAO0S/0T 53@inutes ahd leaBOGH (#) °C feedR.5 hours.

flask e ed th a condens netic sti.rrer
Most gfihe SR Gntien 'srioG et OFY &V AMAA Onab3 o (egbalauid wes
obtaifHds %rtﬁis%sknvem tA&H 8didedl 150 g’"ﬁf STL1GHRK iR OAGSintRost &f e solvent
mmol ) of sodi um hydride, and 60 m of hexane. The

was thérxteuroa ehds rethiyr aveporator noidina visemp diqatduwes dhdaingd. fhs pradess was

M T
solutiBf Avak4fted dBhted Fhin a—ﬁfoh%%ﬂ&qb QH n‘{\ﬁé S539,188d *bncdn@8Hdn solution.

tenperature for 1 hour and 15.0 g of epoxy
The sbunohi waafiltared spotly noidso tireear20) pasida gete dquard echr thevstghen0.1 pm

1 xture was heated at 60 C for 2 hours, ., THE then .
teflory Gl Bt BFeadeatisp Wayeperet: Jhe fiial CREPPIEORTaS g Soltds with 3%

0 t ;
el o TR 0 B B B RS b st emainder
was thérinbsaticodemsent, a rrechani cal stirrer and a nitrogen

inlet-outlet were added 25.75 g (26.00 mol ) of

S-TBPA, 1.461 g (2.081 nmol) of

di chl orobi s(tri phenyl phosphi ne) pal | adi un(11), 1.092 ¢
(4.162 pi)of trigenyr pnosphimgz 0. 3963 g |( 2. 081
mmol ) of copper(l) |odi de, 160 nm of triethyl am ne and

80 m of L}Sinuscﬁégd hclckness RI Thickness |RI
1400 14113.09 1.6795 114649 1.350
1000 7758.98 1.6804 |7773.4 1.356
INVENTIVE EXAMPLE 16

Synthesis of acetylene functionalized porogen
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15 m xture was heated to 80 C and 0.82 g (6.5 innol)

of mdi et hynyl benzene was added to the reaction
woizpdsiner7dr opwi se. The reaction m xture was heaCeasaio3/041533

80 C for 4 hours and then tHe above solution A was

added to the reaction m xture dropwi se. The reaction

m xture was. heated at 80 C for 12 hours and then

211902 00208, 3 Baek| Hasktedqyinpay Vet ytadensahcr 3BeRftioptinter and a

T YT e T —
6.54upuddIe of @38diuirO Rydride] Whe 60am] GIMeREnd. OTHOMMMLRNTEE BHHE® at room

and transferred to a 1 L, 3 neck flask equipped with
termperBTed N s it AnferpRahhewne duyer rwaas degented.nTa ﬂlfg@bPVe mixture were

addé rt} oS %ﬁ§ b? Pnn?cﬂgﬂtl % %ﬂjsqi\allﬁrlngué% and ALAP % %%Tﬁ% qutlon was stirred at

roonfi @Shiddratie Rl EHounasd nsmgv@ﬂﬂe oﬁa EuricBibhged g@ifyﬂbib@ﬁle‘ﬂ@ﬁwas added.
then stirred with 100 of 6N HCO at 60
The ppagtior aix pirg tias dicaked at |6|0t°é} &a 2hhoug e Iwasgben irdmoved by rotary

ol uti.on was then.renove Th act
evar S B R M L R R b G e e Sl
was then washed with 100 nL of deionized water tw ce.
The solution was stirred with 100 nL of 0.1 M of
N-acetyl WD 2005/010071 PCT/ US2003/041533 75 cysteine
i nHegkweacsionol uti on at 60 C for 30 nmin. The aqueous
solution was then renoved. The ammpni a extracti on was
repeat é@IO -dy, ¥ neak fleskeeduipped. willhe donlersne anasclahénal stirrer and a

N L LB e IS FERAL WG A
dlchljo?&lghﬂgfegil%hgspgﬂk gJaﬁad’iﬁﬁx q%@ é" \glf' ?6ﬂ nﬁﬁ%ls IAE,% .t%@%g?{gposphme,

sol | . t ho- ac an
0. 39&@@@9&1 nifine) sfxtctppeuﬁ]) iadde, 5160 rrrl@cﬂ trédthylaoimetaad88 mataftaduene. The
for 1  hour. The sol ution vvasthenfllteredthrough

mixtgre;was heataddh 80;9G %l}d 0.8%¢g (§§ o b od g7-dietonylbenzene was added to the
reactio g}éﬂ%&%%ép%%g 3131‘16 rZactlg’L 1>Ié/§re V\gs hea?ed at 80 °C for 4 hours and then the

above solution A was added to the reaction mixture dropwise. The reaction mixture was
heated at 80 °C for 12 hours and then 21.30 g (208.1 mmol) of phenylacetylene and 30 ml of
toluene were added to the reaction mixture dropwise. The solution was heated at 80 °C for 4

hours.

Work up

The reaction mixture was cooled to room temperature and transferred to a 1 L, 3 neck
flask equipped with a condenser, a mechanical stirrer and a nitrogen inlet-outlet and 100 ml
of toluene was added. The solution was then neutralized with 6N HCL. The resulting water
was removed. The toluene solution was then stirred with 100 mL of 6N HCI at 60 °C for 30
min. The mixture was filtered through celite®. The aqueous solution was then removed. The
HCI extraction was repeated for two more times. The toluene solution was then washed with

100 mL of deionized water twice. The solution was stirred with 100 mL of 0.1 M of N-acetyl-
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1. A conposition conprising at |east one oligoner or
polymer of Formula | 5 Q QEII" QQQI I Q
w@2005/01000t~ E EE~- E1l QQ~A 1l A A A A Q Q HptTiUSR003/041533
LQW\EQ QQh J where E75s a cage conpound; Qis
the same or different and selected fromaryl, 10
branched aryl, and substituted aryl wherein said
cysteigg i e solivia aidd ?@/ﬁ)‘rd@enin Ahk agesops ablkiibn was ylhen removed.
The a%?;ﬁé’}euttreg’@g%s repeﬁﬁygr o2 %q W{ rgm%hjg} ycg}l%lekvsgsy tﬁfen removed by
rotar}f’é&ﬂ‘b&)&b@ laK@ el resuw&lﬁ}d%l’alé YIRKH undby St @Vé}?ﬁlgﬁ‘@r boxyl ;
I's substituted or unsubstituted aryl w't
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1. A composition comprising at least one oligomer or polymer of Formula I
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where E is a cage compound; Q is the same or different and selected from aryl,

10 branched aryl, and substituted aryl wherein said substituents include hydrogen,
halogen, alkyl, aryl, substituted aryl, heteroaryl, aryl ether, alkenyl, alkynyl, alkoxyl,
hydroxyalkyl, hydroxyaryl, hydroxyalkenyl, hydroxyalkynyl, hydroxyl, or carboxyl; A
is substituted or unsubstituted aryl with substituted or unsubstituted arylalkynyl group,
wherein substituents include hydrogen, halogen, alkyl, phenyl or substituted aryl; and

15 aryl includes phenyl, biphenyl, naphthyl, terphenyl, anthracenyl, polyphenylene,
polyphenylene ether, or substituted aryl; h is from 0 to 10; 1 is from 0 to 10; j is from 0
to 10; and wis O or 1.

2. The composition of claim 1 wherein said oligomer or polymer is adamantane of
20 Formula II
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where said h is from 0 to 10; said i is from O to 10; said j is from 0 fo 10; each of said

R is the same or different and selected from hydrogen, halogen, alkyl, aryl, substituted
aryl, heteroaryl, aryl ether, alkenyl, alkynyl, alkoxyl, hydroxyalkyl, hydroxyaryl,
hydroxyalkenyl, hydroxyalkynyl, hydroxyl, or carboxyl; each of said Y is same or

5 different and is selected from hydrogen, alkyl, aryl, substituted aryl, or halogen; and
each of said A is substituted or unsubstituted aryl with substituted or unsubstituted
arylalkynyl group, wherein substituents include hydrogen, halogen, alkyl, phenyl or
substituted aryl; and aryl includes phenyl, biphenyl, naphthyl, terphenyl, anthracenyl,
polyphenylene, polyphenylene ether, or substituted aryl.
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3. The composition of claim 2 wherein said R is phenyl.
4. The composition of claim 2 wherein said Y is hydrogen.
15 5. The composition of claim 2 wherein said adamantane oligomer or polymer is of

Formula V where his O or 1

20 or said diamantane oligomer or polymer is of Formula VI where his 0 or 1
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The composition of claim 5 wherein said adamantane oligomer or polymer is of
Formula VII

or said diamantane oligomer or polymer is of Formula VIII
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7. The composition of claim 5 wherein said adamantane oligomer or polymer is of
Formula IX

or said diamantane oligomer or polymer is of Formula X
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8. The composition of claim 2 wherein said adamantane oligomer or polymer is of
Formula XI

and said adamantane oligomer or polymer is of Formula XII
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and said diamantane oligomer or polymer is of Formula XIV
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21. A mcrochip conprising the substrate of claim 20.
22. A dielectric filmconprising an irregular organic
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wherein the thidkness is up tB about 10, 000R ,
Angstroms. WO 2(Qp5/ 010071 PCTJjuS2003/ 041533 |j 85 25.
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The composition of claim 1 wherein said oligomer or polymer is adamantane based.
The composition of claim 2 wherein said oligomer or polymer is adamantane based.

The composition of claim 2 wherein said A is Formula IV

Y Y

where B=(R;)m-(Ar),-(C=C)x wherem is 0, 1, 2, or 3; nis 0, 1, 2, 3, or greater; x is 2,
3,4, or 5; Ry is hydrogen, halogen, alkyl, t-butyl, phenyl, or substituted aryl; and Ar is
phenyl, biphenyl, naphthyl, terphenyl, anthracenyl, polyphenylene, polyphenylene
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ether, or substituted aryl; Y is the same Y as above and Z is hydrogen, phenylethynyl,

or the same as B above.

The composition of claim 11 wherein said B is (R)m-(Ar),-(C=C)x where m is 0, 1, 2,
or3;nis 0, 1,2, 3, or greater; x is 2, 3, 4, or 5; R, is hydrogen, halogen, alkyl, t-butyl,
phenyl, or substituted aryl; and Ar is phenyl, biphenyl, naphthyl, terphenyl,
anthracenyl, polyphenylene, polyphenylene ether, or substituted aryl.

The composition of claim 12 wherein said B is selected from the group consisting of
m-diethynyl benzene; p-diethynyl benzene; diethynyl naphthalene; diethynyl biphenyl;
and diethynyl phenylene oxide.

The composition of claim 11, further comprising adhesion promoter.

The composition of claim 11, further comprising porogen.

A spin-on composition comprising the composition of claim 2.

The spin-on composition of claim 16, further comprising at least one solvent.

A layer comprising the spin-on composition of claim 16.

The layer of claim 18, wherein the composition is cured.

A substrate having thereon the layer of claim 18.

A microchip comprising the substrate of claim 20.

A dielectric film comprising an irregular organic material having a thickness of up to

about 25,000 Angstroms.

The dielectric film of claim 22, wherein the thickness is up to about 16,000

Angstroms.

The dielectric film of claim 23, wherein the thickness is up to about 10,000

Angstroms.
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The dielectric film of claim 24, wherein the thickness is up to about 5,000

Angstroms.

The dielectric film of claim 25, wherein the thickness is up to about 1,000

Angstroms.

A method of forming a coating solution, comprising:
providing at least one of the compositions of claims 1 or 2;
providing at least one solvent; and

combining the at least one composition and the at least one solvent to form the coating

solution. *

The method of claim 27, further comprising providing at least one adhesion promoter
and combining the at least one adhesion promoter with the at least one composition

and the at least one solvent.

The method of claim 27, further comprising providing at least one porogen and
combining the at least one porogen with the at least one composition and the at least

one solvent.

The method of claim 28, further comprising providing at least one porogen and
combining the at least one porogen with the at least one composition, the at least one

adhesion promoter and the at least one solvent.



