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I NHI BI TORS OF SERI NE PROTEASES, PARTI CULARLY HCV NS3
- NS4A PROTEASE TECHNI CAL FI ELD OF THE | NVENTI ON [ 0001]

wab@spsdsent i nvention relates to conpounds t hBET/US2004/031995

inhibit serine protease activity, particularly the
activity of hepatitis C virus NS3-NS4A protease. A s
such, they act by interfering with the life cycle of
the hepatitis C virus and are al so useful as antiviral
agents. The invention also relates to processes for
preparing these conpounds. The invention further
relates to conpositions conprising these conpounds
either for ex vivo use or for admnistration to a
patient suffering fromHCV- infection. The invention
also relates to nethods of treating an HCV infection
i NREPAERING D AMAGHTOLOVEK DIFIECIRAEIFATERIAES MHING ng
a conmpound of this SIhYEATDNG AGARCKSROUND OF THE
I NVENTI ON [ 0002] Infection by hepatitis C virus
("HCV') is a conpelling human medical problem HCV is
recognl zed as the causatlve agent for rmst cases of

B d [CE TR TER APPLIGATION

ser o- preval ence of 3%g| obaIIy [ A Albert| et a .,
"Natural History of Hepatitis C," J . Hepatology ,
BHis ,appilﬁauqm claﬂx)s thppenefivef2d.S( m@@@bopal patdaaappyichtiur

ual s I, nf ec in the Un .
Qs LY et S Bl Eskoh e alsh fn
}éifgrg{cel—lepatltls in the United Stat es, Gastroenterol.
cin. North Am , 23, pp. 437-455 (1994) M. J .
Al ter "Hepatltls C Virus Infection in the United
States," (lﬁ\?@l?i pp. 88-91
(1999)] .- 2 '# D ORTHE Téﬁ?q)e to HCV only
about 20% of infected individuals devel op acute
clinical hepatitis while others appear to resolve the
inf ecél on sgont aneously. In al nost 70% of instances,
t} Homy s est abl i shes a chr oni ¢ infection
that persists for decades [S., son,. "The Nat ur al

Theiingention peri#phiod methest for negtomngﬂgd@nbpblﬁlabﬁ«)dh%w aces of
0,

b ais s Rt g R beenupie BB ging of
Yahigd trddapattiin such,a véay qspo re3fovd At l@:&@@)ﬁ]ﬂonﬂﬁ psevuxslsﬂal ly
results in recurrent ress eni,ng liver
PRI SrERanNt %ﬁ’%ﬂoﬁ?%f-ﬁo}‘@gé? 1 ﬁl%h%lvén%rg %?38 di sease
ﬁkﬂ&bﬁ%b%ﬂ@h TR8seFlik AR @ithubanainarahl il we noaifinens

Kew, "Hepatitis C and Hepatocellular Carci
smvsonduemb@meégb}chﬁéw%ed cirpyits (5" imorderdo eAsyL, Q)’W |

tion is

gsesﬁg{gfc%tmgs ant ﬁ?%st'fﬁﬁé_ﬁ%fgkﬂn{: gﬁ)r?eg'tr\[é fn4fesk gigr?% collul or
Carcinoma,"” Proc. Natl. Acad Sci . USA , 87, pp.
6547- 6549 (1990)]. Unfortunately, there are no broadl y

@egﬁ-krklioﬁ@ftﬂeqmmAﬁ for the debilitating pr ogr essi on
of chronic HCV. [0004] The HCV geno enc% es a

Pl fogvistsizen Inonteg ey cignitnarg HidHerdapiog S syith Infergpgnect RC
edsiifzl

aelag,tpo%P g@s@nﬁ &?éﬂdés@%dgp&o?s‘i‘@kmagg géioHCéI u?cfr sth% y 88

Fipfﬁcﬂﬂﬁ)]re@dﬁés I¢ s9eliyvedithat thednisgratiomof low clwpféw pepstant

C oni ng of the Human Hepatitis C Virus Genone From

Japanese Patients with Non-A, Non-B Hepatitis," Proc.

Natl. Acad. Sci. USA , 87, pp. 9524-9528 (1990); A .

Takam zawa e . a ., "Structure and Organi zation of the
Hepatitis C Virus Genone |sol ated From Human
Carriers," J . Virol ., 65, pp. 1105-1113 (1991)]. The

HCV nonstructural (NS) protéins are presuned to

provi de the essential catalytic machinery for viral
replication. The NS proteins are derived by

proteol ytic cl eavage of the polyprotein [R- 3 -
Bartenschlager e . a ., "Nonstructural Protein 3 of
the Hepatitis C Virus Encodes a Serine-Type Proteinase

-~ 9 e -~ " " T 1l A~ Al



"Characterization of the Hepatitis C Virus-Encoded
Serine Protei nase: Determ nati on of Proteinase
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10

15

20

25

67, pp. 2832-2843 (1993); A . Gakoui e . a .
"Expression and ldentification of Hepatitis C Virus
Pol yprotein Cl eavage Products,” J Virol. , 67, pp.
1385-1395 (1993); L . Tonei e . a ., "NS3 is a serine
prot ease required for processing of hepatitis C virus
pol yprotein"™ , J Virol ., 67, pp. 4017 -4026 (1993)].
[ 0005] The HCV NS protein 3 (NS3) contains a serine
phatedas eoranktistie &ielebtﬁb (ﬂ&))mﬁd terares dtelE&trm&]IMD')t y of

the viral enzynes essenti al
fappligations W.ﬂébfrlp eh%qlw %ﬁ@f@h%%%f%ﬁ? ﬁjbefq £ BegapyGHous

t iR B m@dl&er&c&@ QoNBdnk ﬁwtefrﬁ)é% intédrited H&%u@ rtﬁ&@ ase
decreases viral infectivit ers T.J

"Epiaihe adengstanding heedNin thesaridon rth@ommrﬁvamént\ﬂdnﬁqcamngr al

BB BA P Bl LU b TS0

t dfsubh materible) P@riad sehling in Putore 1Nagﬂatedkcrauits cBencly. redgﬁ;és the
181 ami no aci

87, . 8898-8902 (1990 The f

ofserblp fElaeanss PR 5 reret e HENB R hBLBIT)
fmsa dﬂﬁ&ﬂa@i‘f&%v& @iefé@t@fc%bﬁ‘stédﬂ haBePfalsTBr W Qh SdS EOCRR{TRI N
of NS3 that processes all four downstreamsites of the

l—memmy Kesare parb@rmontalmné&(b films’ fméthyteitber@\(lpmgpm@g
S8, P £ LRy LB 5 SIS B0

(ﬂlﬂﬁd’}sm’t rérﬁ&%hsﬂ@ﬁlakﬂﬁh/oﬂ\ﬁé} sﬁrq:rnnathoqin’ m’gmﬁsmtaﬂmﬂlag& @&curs

ass cofa NS4 | p rocess .all .th
R Sy e, fiat eisr Mool SR Bo g SuBintdeRletipp fom
Vihe 3wk tbrEAhljatknt ththe ctlRh ACRSBE th ARMEAS athistRPeffective
analogous to that carried- 4 - out by the hunan

i knthewssdtantstartyesare susceptiblerte ypldpfpm@@geoutmsﬁle& anpdsblister
a Y r

oA Re o7 St Betier b FRe B aR T Rl dufeRaP LERTEL
podlegts @ﬂtredumai indgeakdswh Noltapg, Tlilemieﬁat mmgltiohaibscribes a
interru hi s snf e af the i ral E e,
e o relics W deage Bn SRR bt U Wb i Eitent 1
' §11y‘l§nn?@gé}ﬁ§ aﬁ&ﬂﬂe@rﬂa@é gehude@r drug discovery. [0007]

Several potential HCV protease inhibitors have been

descri bed [PCT publication Nos . WO 02/18369, WO

o2 S nolihlg a8 s SRR ISP e (D

O hoEEcatboanidp ML DA MR Sdbihted froblents Sirethissedand, aad 1. Berry, A.

Hibates Qb C. vistohigl My beaRn] g OomprPbedfivg o
Ele@!r@é%ﬁwaf‘@&wt@l@”ﬁ@-%gbm andL), Méthdsha, 10 20043, KR -

Dunsdon et a . Bioor

1Bpkai7H. {2000 8; Sove, KLSmdwsKéMLﬁiga, Iéis/}atésunfot%ua%ﬁp Med.
CFSQAya&h?grbceed&@m@[@EﬁIﬁ%&aﬂgP%l %991%%12}16@9%&5%19%;@ Pl ante

(26@ﬁm$cezpm2087(ﬂhﬂje are not currently any
satisfactory anti- HCV agents or treatnents. The only
establ i shed therapy for HCV disease is interferon
treatnment. However, interferons have significant side

effects [M A . Waker et a ., "Hepatitis C Virus: An
Overvi ew of Current Approaches and Progress,” DDT , 4
, pp. 518-29 (1999); D . Moradpour et a ., "Current
and Evol ving Therapies for Hepatitis C " Eur. J .
Gastroenterol. Hepatol. , 11, pp. 1199-1202 (1999); H

. L. A. Janssen et a . "Su cide Associ ated mnth Al f
“Interferon Therapy for Chronic Viral Hepatitis," J .
Hepatol .; , 21, pp. 241-243 (1994); P . . Renault et a
., "Side Effects of Al pha Interferon,” Sem nars in
Liver Disease , 9, pp. 273-277. (1989)] and induce

| ong tern1ren133|on |n onIy a fractlon (~ 2596 o f- 5
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[0009] Thus, there is a need for conpounds useful in
anti -HCV therapies. Such conpounds woul d have

WO b@sapast i c potential as protease inhibitors,PCT/US2004/031995

particularly as serine protease inhibitors, and nore
particularly as HCV NS3 protease inhibitors. These
conpounds woul d be useful as antiviral agents,
particularly as anti-HCV agents. There is a particul ar
need for conpounds with inproved enzyne inhibition or
cellular activity. SUMVARY OF THE | NVENTI ON [ 0010] The
present invention addresses these needs by providing a
cfg‘ﬁ%%ws [yopost-atiyiagments thpt neplenish farbon ve o Ibeewhghosinrio

8o %&H@Bh(?ozc@fr AdiGwdthd BEARELS s@ant [ﬂ%?%%énngg%?qegg

i nventi on o’relates to conp OSI I'ons
tth@ refilenish @ohmpdamel slscabcbntshewm Eﬁrektbm}g)dfoph&biﬁllﬂy and lower

FRUIRER forBR. BTV Bt e YanTViSt g B bpo Pob- o™

mapbew Cheg8. a5 Yah,avd. ChE, 'WVFWuEIdM Mag WAl hO b}, §y1.
tient gjswdfor di rect admn|strat|ontoapat|ent

IYee.JapmakelsYachwa Scisnpodi Techrology B, BE)UESE Re02)rdudil. G.

r | d t he
B4 7 SO RS SO
6120083 Ao advantags o theflater appeqaalt isrthattitedloos Migonse @S wefl-

ED PTION OF THE INVENTION
(T iehe B N R T i P WP RS REPTofo
frepaindamage cabkedHola pérofis &GOHEbalsed/\fﬁﬁil@inﬁten@ir usir® Ppaie-adhO
ed aromatic ring having up to 4 heteroatons

i‘é’ﬁt@@% ?i‘F frggfmentcouldveslt ingeplenisiunesoof cafparte the lowtlo 3
;

Sﬂlﬂﬂggtthlé‘xiegjt?"gegt%&ﬁ% ﬁ?cirbﬁlﬂi%llél% g&‘geﬁ sgh%g@ﬁﬂgg%rn Wags § during a
et cleaning eperasioat Addltlomaﬂg ﬁlmplddgeaieewdbﬂ’fyﬂf {heQ'Epalred lowk

n‘Pa¥e? a?@? %ﬂX{i o Be I%éiqslélﬁ)v&dcfé agﬁlg,t( \Xl&lch generally occurs in

@ﬁﬁe&félﬂjor@fs}lbw(l@ﬁteﬁl&):l @ble@fiatdgions during copper annealing
S)CG Cl10) E&ter oaryl - EPCl Cl2) aliphatic- , wherein-up

fpegssey- | ifylating agetnGipugheng agantst) cammethylatwijic iserface of
5
Spol i S GPATLARSEI AL Wb o
Rithawilaama), spinrgeipegatdrstipgreritival GO%. |Nmaially, 008t based ed

bst i tuen ndependen eI ected from
Bbrolls Bk ok BN ARE stk GRbR (IRERG R SYLTS Biecit 1o
dhmqishatel [rocesding. @iffer amoughMdhOgRAt tréatAEt:] A8 Alsh¥ink @@ﬁc@&‘éd
wherein any term nal car bon at onv of

fssgl ciaBﬁgF‘IOfF 1giplant tp UP’élthWlatthsWthle’ﬁy]E b@ldﬂm‘spchn(ﬁxy
Seciid th&)rﬁbﬁﬁé‘éhaﬁ’l@m 1t e‘ﬁ@@é@’th%} pmﬁ{?%'aﬂlagea&%s&%%{%l

grou IS optlona substitute
%@mtlm&m@elcm(emmmmmg/&s@mema wﬁmcSmOH boratsRa and

t t 0.whi ch th nd
G o BEIE I biy DR B 5 i ey o ecs. B
thelpessted of ecppilMNtresdNsuctas afiSfCu Qﬁne@@la ARERI 91 éﬁ?rcfu 0g
has ug‘wa Ft(ﬁljlsubstltuents sel ected in ependent y J

canggan s capsing legdl sendiBention- Theyayelyénsrreaction products
éxﬁ%h@ét?&tc}ﬂﬁg mﬂé hbteculeSdidhMe I‘Pe\(xpfuﬂglfg%ed Sluses voids to

-cycl oal k
Q8L mg;he@y@tleb@ﬂ tkeyILQ GhcClDpglaninpwaeits prevent void formation
(C6-C10) - aryl -
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(C3-C10) - heterocycl yl -; or (C5-C10)-heteroaryl -;
wherein up to two aliphatic carbon atons in R4 and R4’

woragosioatipepl aced by a het eroat om sel ect ed fr onPOI/US2404/031995

S, SO or SO ; wherein each of R4 and R4' is
i ndependently and optionally substituted with up to 3
substituents independently selected fromJ ; Wis : or
B R wherein each R is independently: hydrogen- |,
(C1-C12)-aliphatic-, (C6-Cl0)-aryl-,
(CG ClO) aryl - (C1- C12) ali phatic - ,

cycl gal k or cycl oal kenyl - )
l{Y(r a‘%’s&@?w&ty’%%lvvkryis by - Q:§bR@bP1%én‘th°h aya@d c@idepsation
GhARBAS, There
(C3- 010)T%hef°é§ %*Z*Sf‘?@?a“?‘?‘i@ééq‘%¥8a| Fphat i c-
(C5 C10) heter oaryl , or

SRRt SO st ﬁl@@&ﬁéwﬂ pifydh Fegripn and

femhn‘ﬂgt angetiing staps ﬁ)atlﬁ&hrmht(iéﬂg@éh #dUAnage to the low-k
heterocyclic rin wherein Ris optionally

§%§rﬁ]f% )&Yébjls REERS: cnaldﬁ aregleterigd pad the dasencan withsterd mtesaalh
RBtrbssed Mﬁ‘é@d}%ﬂ&dl%g 'trgﬁmengrto m&“?né%alq{lﬁllé%ﬁﬁ LRAGLD gﬁq Wad
the boron atom 1s - menbe eteroc

r|n% having in addltlon to the boron up to 3
ddaiteueharing Heateewds ennsiueted by exnpsing o Wafer eface to®  and

?%él?t&; I ég_%gtrls} lq:l:!]klgiog o'an&I Jfgc(rfod(s%menp N corr%lleté the

r&sti@1 0)th eheatanaugyd }OW-K(Iéglon Optionally, a high ten\;}’?1 erature bake can
' erein each

C5-C10 t | i phat
TS L ki RIS, G

@pb&iaﬂl@ W&tso]eaﬂlrﬂg ﬁ&@{l&g@cﬁl be” p@r%rmed'\ﬂmedla% aftéPFhe
, 0X0, I 0OX0 2- et hyl enedi oxy;

t@_g@@lﬁgg g@g@@;@)@yatloﬂmrpafyer the ihekirg piep,-us(nR a c)ommerﬁﬁi'ly

ag(ﬁ%blce:(c‘h)%cgi co %@%Ho&?&fggc&c%g@fgyw a
delfyOraDiRn, bake3nay 6 wyrfoRned bﬁo(e&hélto@@l)dﬂn{gﬁgknt treaﬁ%(n@,)tb_{' ,

:mqea)se %{%cﬁvena:s( %tp%?)ugl}entﬁggexgt tma’tﬂi@n (O %QZ ll\lH,C S ﬁ) S

N(R'") CONNR1), -N(ROR"'" , -N(R" ) SO
(FRe efféctwbhe(sBoﬂihé tdu ﬁ@)n@gentt?éafrﬁ%r@c&@e Rrified umg ( (
R C oa R') N(R" ) C(S) N(
ungatterneﬂll((\t@ﬁleleo}rl s su _]G@Gd ta Wl(g:g qr)dFashmg@r cesN g\|(
}‘olro%@)o%?lmoﬁﬁlenmg agt(rs’f P%@z%:@ 5’& %&q@gi{lmu%h&nﬁg%en t i y’

g@qtt@@n@@swlqs mncmmd@gﬂnn coﬁ@ﬂtrﬁikﬂl)thatahm behméasured by FTIR,

P& SRt PR Wi Bpai SR pets nstesga speen,

avhichhiginostrates({KebhydidhhoBic Yibture &t@ﬁe ﬁgs@-}reﬁﬁﬁéht dufhe R
c- , (C3-C10)-heterocycl

| i ph
?O@‘gﬁ) al% %@tt@a@é@m S-O(SQQWE:& Q)WED& Idleﬂmﬁtq qenstant extracted
%&5‘ meﬁﬁkﬁ{eﬁérwmpﬁé&rt&ﬂ etchfd/asll]le ﬁlm that i ist not tr?aﬁedR -

0) - het er oar yl
wighiteigheniyg sgebt i pasteetkdwiafers,the eﬁﬁecﬁvehegsr @tupé;tougmlmﬁfgel n

aé’&t tReatmgr{t (’i’emons%'I g{ed B}(I) retd&:etlosn%r}%hmsn%{pon of voids in the low-k

DONZ

dielectric in narrow spaces between Cu trenches after a copper anneal treatment
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forma 3- to 10-nmenbered aromatic or non- aromatic
ring having up to 3 heteroatons i ndependently sel ected

wWoe@s0d1940 S, SO or SO, wherein said ring PGI/US2004/031995

optionally fused to a (C6-Cl0)aryl, (C5- O
het eroaryl, (C3-Cl0)cycloalkyl, or a (C3- O
het erocyclyl, wherein any ring has up to 3
substituents sel ected i ndependently fromJ . [0014]
These conpounds sol ve the above probl ens by providing
conpounds with inproved enzyne and/or cell activity.
conpounds of this invention, particularly
tfﬁﬁo rFTEF‘F%IHatB’@rPé SeRREs 284 Alsp by leyesr peafile plmpgein trenches or
vy alfﬂei EPRsid @d"reﬁaﬁle coRBgynds of WO 98/17679. The
conmpounds of this invention also have better cellular
data than other reported conpounds (see the docunents
cited herein) .- - % odinent, if Rl
i s cycl ohexyl, R3 is
n- propyl VV|s -CXC»CXC»NKFD- cyclopropyl and T is: ;
ui nazoline or 5-chlaoro-2 - pyridyl

4- :
6‘6 i%‘]emf‘lﬂgprﬁ?”g%%%meﬁhﬁ@ &rtdetsrring the fgymetionielsstrgsseindysdnd
Q’f)ldfs, ‘M ﬁﬂlb anoslli‘éﬁte:%lass Eﬂefgc’t;rl% ﬂﬁ% on'%{ sllglstragé V\Mic% o‘%g&osRiicaE'e

er eln
xmﬁ@ﬁbeﬁr@d‘ﬂmmﬁmm@ammgd tmatvrm gias pnd men@hémﬁmaams

l whe l1to3
?‘?‘ﬁ%‘cﬁg%ﬁfé gk gl(%pst el 1?%‘“8??@ Hhﬁf&@%%ﬁa@mbgﬁ%tee'd% at least
_sud{)’sbatmgmtefhwh tehcoi'es Cail géast al'?ortﬁﬁ%gf > préiBudifleki@lng carbon
i %g %%%)15% 56‘3‘5 Kgtpoes h@ér%pi@%q?lgrgf[@@ﬁwganosﬂ1cate glass
B{eg%tr@]iﬂ)rr ﬁ]‘.{d:{ivﬁﬁh IW&'S an(@frer‘nc?Mé:lll%? Bgﬁﬂ?%lle%ﬁ%r (fq‘i a Sl

allphatlc- (Co6 0)-ary
{‘@@J,@]}é)‘% léﬁt@lalflay thefibeerCh2deatidri spbiatted to-an, anm&m@ n up

b
e 0 SR TRl S B Be R Rcses

ﬁhn $l(ﬁer beiag Qlbgticdab biylesst kM @clnt ANGRIE %agerwhﬁft BefirEHEL
s.inde endently and optronally

%‘&B%’i‘q ?WE&%&W B%f‘@rﬁl dyath & metab Mathdenghiening agent - wi t h
R

B Rl DY shE P R

samanfihe @abemnmlmH&mlehysj‘toag@nrgamsdmaﬂe@ﬂmh Hisleceiel famed

eln t erm.na at om of R3
M e B PN AR T o bRt o Alectte Bt oxy
or R3 is phenyl or - CH phenyl, mhereln sai d phenyl
g%%g its optionally substltuted Wth upto 3
P8 A{S9 Proyadss e erdhad fpr fsméng smicrgedaeironic devicik@himhd
Ehpriseget her with the atomto which they are bound is
é) to 6-nmenbered ring having up to 2 heteroatons
@@pbldtlvg@nfo,rmpmlcatmpss@helem fiamdntS@ spbsefaes; ei n t he

0L S R A RS B P APRTSENL

gn@kukjt)ngahé Dﬂgaﬁdstlrcate (efa3s GEREoRYMMAs |akhé£st of¥ treatment
.o cl oal ke -ClO)--cycIoaIkyI-(

n
lzjen%ﬂvef)ﬁtg{?qsga pOl’(Zl% Qﬁnl'gyl.oaqr y Existing carbon containing
rﬁ@@tl&]&}i'r&ﬁk@sr IBYphYbicity OF said organosilicate glass dielectric film;
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(C5-C10)-heteroaryl -; wherein up to two aliphatic
carbon atons in R4 and R4' may be replaced by a

whedsiosadbom sel ected from, N, S, SO and SO PCWRZ004/031995

each of R4 and R4' is independently and optionally
substituted with up to 3 substituents independently
selected fromJ ; Wis:- 1 2 - Rwherein Yis -COH,
a derivative of -COH, or a bioisostere -CO H ; each
R is independently: hydrogen- , (Cl-Cl12)-aliphatic-,
(C6-C10)-aryl-, (C6-Cl0)-aryl-(C1-C12) aliphatic-
()C3 C10) - cycl oal kyl - or cycl oal keny| -

(coptacti) the 9@aa%ﬁﬂwte glasp d@%@mﬁﬁl@e‘ﬁw p iqualsming ageyt

?A&%gﬁ%;l %h % F%I%%§acgl%g l)an(? %% ?é@%}%&lﬁ? gﬁfg‘%tllVg to ln’crease the

fydvephibBicite bEthe arganesiliaite glass dielectric film;

het C12 | i phat t R
é?%ll @emﬁqsgqgiFéC}ﬁé gt?lg‘g{dgaﬁel ::u tr ggenV\gt om

é)%met:&@etha Rietald dh atnhédlm@ltﬂ'eﬁtﬁ@ﬁﬂ atom a (C3- ClO)
heterocycl ic ring; wherein Ris optionally

substituted with up to 3 J substituents; wherein each
t S der with

Thl Py RERREAARR ierdefeipo Bl g ﬁ"%&?@% R ocycl i c

canmgrishrgvi ng i n addltlontothe - boron upt03

dd| L onal het el f r om ,
P prggrostifgs St Al oRER ety ar
Eﬁ@rrﬁﬂa apattyhn-of Gles Gl trdrthéiR alid Grganosilicate glass dielectric ﬁlm
(C5 C1 het eroaryl -, or
ndsubipolineine oesapgilicatsisless djelegtricyfila foct leaghourteptinedhch T
I uent s
ﬁ%‘*é?‘%?ﬁ* e Follo o) ARih cafoch SbR R Lo
memltlas:mﬂ togucas hpdr ep}m)btcatmoﬁ silcéoltgembsﬂioam ghass leecter-ﬁlmS
arran r ovi ded
cpsptFtgine Srpel e Boss s MR ASEEE e i e
é’dm d&ﬁmn&@ﬁ k:bﬂdéﬁtuwlohfhnd for aVbirﬁé'ipehoB%!ﬂB@:we 18} ddse the
& C([O) R C( S) R’ -C(S) R,
hxé(f@m °1tyﬂét*©)°@@?m° ° slegsohidpniiy) - (O NR
O) N ((R' JR ", or
@%lﬁk%@% s anji % IN((l)tJK ea)metal fad TUON LCE L -ocF
¢) suBjectimxtbe rrtetal oxan an,nealngtttw‘dnmnedl oxy
2-ethyl enedioxy, =N(R) , =N(OR) , -N(R) , -SR,
-SOR, -SOR, -SONR) , -SOR, -C(OR,
- (O C( O ROETAGIED) O SORDPRON OB(IFIIRINVENC{GNOR
-OR, -OOR, -C(0)C(O)N(R) , -C(OR,
-O)N(R) , -0(O)N(R) , -C(S)N(R) , -(CH)

%}b%%ggt@tﬁf Qe;?'es(l\elg‘)t R%l)/\l:eg%n, (c)é&@%ml;\l ?fajc!n%%hﬁ%?g @Rv d)egctrlc
dorsinds, typichllRbgl () DERespecially( desTAOpdRaud they t)ypjcqls) a;klow

fgst(e 1@%1%%3%@@()0 rediy c(é( %&N(féffﬂ ﬁﬁ&ét}%%%aﬂ(@an( N(CR

cotdtof fes, arfl l@)v@ﬂ%ltagé@f to dHﬁ@n@éﬁe&@%d@uﬂts | Ohe ﬂmtéh@lgﬁiﬂl
(Cl1-C12)-aliphatic- C3-C10) - czcl oal kyl - or

ém ﬁ@&cﬁ@wpstant_ls silicp Wth}Q ez eapplied asy a fopragd diglectric
m%ye%af? 61*0% %{Eylolvest pggrblga@ecfrlcQJah@Eaaﬁﬂ i§ introduced into silica

dielectric materials. Air has a dielectric constant of 1, and when air is introduced
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(C6-C10)-aryl-, (C6-Cl10)-aryl-(Cl-C12) aliphatic-
(C3-C10) -heterocyclyl -

W@ @®5030Y4 het er ocycl yl -(bl- Cl2) aliphatic - , PCT/US2004/031995

(C5-C10) - heteroaryl -, or
(C5-C10) - heteroaryl - (Cl-Cl12)-aliphatic-; wherein R1
is optionally substituted with up to 3 J groups ;
wherein two groups bound to the sane atomforma 3- to
10- menbered aromatic or non-aromatic ring having up to
3 heteroatons i ndependently selected fromN, 0, S,
SO, or SO, wherein said ring is optionally fused to a
nESCHtya dielpetric (r@teral o) the fos GROPOTQUERT @T@}r@}%‘rsé%iia Ry1e

1 I g to 3
sl (e T FRiLE Y on ST TS MhiEIOS B R ©, 0
m{tﬁrﬁdﬁmﬁaﬂmwss thief" SR]Q"Ifsncd:lyndl (glmmy.t speﬂﬁca]ﬂ.y tbntioped R3'
is H, i s n-prop I, : C(O N
vhen (hpﬂqggty]sﬂxcan@ empjayed (g‘neN‘,e(m ’51{1 ¢eds As;ed,hgr%tfor example,
g%g?%@%@ ggro% a{fd 854 Bﬁrguszdlele%‘tﬁlg ﬁ)ﬂ)s 1%1[11{:23 é/%]r to rgfelr o
dietecticiiins preperctd \hnyltﬁe idventivel metfmdS)ﬁbm@na)lrgayud ardeargamc a

nbered .or a 6- or . heteroar rin
BEtIS PR e FrbR TR sarae Ty Shal BEEhRRahs of il
PYEdObRed SieletricPidmidotsltIeshoald dlsdebe-upastiobd lfhaWthTe fuse of
but is optionally fused to a 5-nenbered or

singtprpenneschesgiiy s nott infended fnbeygo limifeg, butavyhere ngm]latmlso
glﬁ,ggg)%seﬂm %ﬂlrﬁegg X edenh ﬂ rrg ?PGOCE%%%%I] Zt}]é MhveRRinedy be

ment I'n a nore
deerbdd a@pilymgl torend protlhmlsg 2 Mileritbiubi 1qanmdeibtbatanultlple

AR Previci O e SxemiE TP Pt aRoeesar

8&idef | Tlﬁ';‘ieﬂnﬂ "gRY" @fusédi@ranaad rdpefitts sﬂlezi @ieRctrik Makerials is
conmpound of formula A, Wis preferably: [0023], In

intendpio enperapass anyeathes anitabletforns py %lamwmqhoﬁqdp?l % des a
t
RIEROH AR/ S foplfy dmita) REnGRIRRUIL. RRudciRe
bbtmuseat eraplogs amelaa}sreciﬂﬁdrm énbhildinam‘gardt-smmeﬁ@@mldnmﬂgs
" n f
Al e ARV e i Ay 1 L
Hﬁ:r«ﬁkrantfsﬁé}ﬂ[ﬂo?ed@[}ﬂwglahdés p'sob}"ytmfd dheméaal quy disp@smon

aromatic ring system Phenyl is an exanp

KEndeYeilice SiPnnht peed hpsgy, ﬁg@é@r&ﬁ“vgﬂ 91&4 .wr%rramﬁ fgee
e SR RS G A e 0t
Ghe cahpdsiteont ofoha gas gsgansraﬁy ootedritical, andppprapeiatesgasas.include
[re atwely f;ll-lrl]‘ee getlsgsr gﬁd rg{x%ilrg'so t?lter%{)f Iilnc_lud%% alﬂ‘. And 1‘§’aen%pé)rr(])u£1 erein
polymer may comprise a plurality of pores. Pores are typically spherical, but may
alternatively or additionally have any suitable shape, including tubular, lameliar,
discoidal, or other shapes. The pores may be uniformly or randomly dispersed
within the porous polymer. It is also contemplated that the pores may have any

appropriate diameter. It is further contemplated that at least some pores may



refers to a chem cal noiety which may substitute for a
carboxylic acid group in a biologically active
worlososdies Exanpl es of such groups are di scl oseAI/UR2004/031995
Chri stopher A . Lipinski, "Bioisosteres in Drug
Desi gn" Annual Reports in Medicinal Chem stry , 21
pp. 286-88 (1986), and in C. W. Thornber,
"I sosterismand Ml ecular Mdification in Drug Design®
Chem cal Society Reviews , pp. 563-580 (1979).
Exanpl es of such groups include, but are not I|n1ted
to, -COCH OH, -CONHOH, SO NHR -SO H , -PQ
caQD@pGHENLh a.d@s@tmores.twqﬂg@ strp@x@qylth a s1g@aq} emul}t ‘of
EO}DG,W , -OPQ(OH) (OR), -OPQ(CH) (
, - (OR), -NHPQ(OH) ( 0O OHJI N NN
Il %N 17 - PHXNHOOHHNRRNNOHI[0026] The

t [ " I

Senasegce St hake andiouBiter FL el AL Soft et pitigs

Qﬁka%leos@ﬁ&mvagedgﬁ&@ﬂm@fﬁpmm and MeBadifor ifdtenise! ect ed
fromO , SO, or SOin a chemcally stable

aanoanr@éwh@a dlplﬁctalc @ilréqu deseidhed efop reampde. Oy e oevaig
?v plibats BRUEROLNCHSI812082101149108 75 666 S80s0:

con wr1sa d heter oat gm or et et oat om gr odps.” [0027]°

ER33PPES, @B 8|5§,t OIS, 6H42,0y,048B0d®090,448; 6 126,733;

-1 H 1 | - .2-0ne . .
611855101208 605 B o1 8134 6319855 perraergied fgrein
gy}e%re@gyl@feg{ uranyl, 2- tetrahydrothiophenyl,
3 tetrahydrothlophenyl , 2- norpholino, 3- nnrphollno,
phol i no, hi onpr phol.i no, 3-thi onor F
@ﬂteﬁ d%ﬁrw@ﬁd% dleiecwrm%fplilqﬁ Fppprisy m%gﬁnﬂ‘g 38 nyI
técg?%{&ﬁ?/é 1S3 the gxh&ﬁxt-lga%@d’ @iﬁ&%eﬂ% 8Gh¥hly adsigned Ipendlng

dropi perazinyl , 3-tetrahydropi perazi ny
Pi.$ gatedi appllpatmnpem Nod |16/W8913 ﬁ,dﬁi/)@frbrwm@, 2002; (for

gx%%glgﬁ%l\#(ﬂ%#‘ksg®p%fi %@gﬂ@? ﬁmdhctﬁc %grrzcogly ﬁxﬁulable from

ProRER&I THieRakiondt 1. P erteidl¥dtric ﬁTdtIBWQH&édtﬁé ﬁh)z(ﬂerlals may be
3-thiazolidinyl, 4-thiazolidinyl, 1-- 1 8 -

applwdwlspmucngfcmg thmiaterigboroioitias wﬁace 4ip qﬂaa% &Pian cpafing,
?ﬁ %l dse Jt)qsrl]%{gr? E) d\y@l? Ldlglye%] Z ot i?g%rgS ﬁ%§ Hltz}g(l f ? %@ alﬁ%,

amdnétema':l oflitdihd rsoefade] alaizal sp@admgthe[rﬁ)a@&&]l ofﬁbehd: sirface.

"het er.oar ed her.ei.n C.0
B %Tl?sel%ﬁ%ﬁpﬁhlgISWVF%OHS%‘P%??E?@ eﬁasﬂfgf%x et 838t orm
9£rb51?5§§e@%&% ﬂfr@uﬁﬁ?k NBRAEDidlond, alnestially Ava0able fionN
in a chemcally stable arrang@gent In such a

mppye,d Metesielsplar i, Eoral,rgmenestialisi avgilele FramtNoellus, Aurora,
heter r t Y. nd
P 8P OB R LN DR AL 7
hedipbRatanTgkeps . [ 0029] Exanpl es of heteroaryl
rings include 2- furanyl 3 furanyl N—|n1dazolyl
-imdazaly 4-i m.da v ke » &
ééﬁ‘ff’ "&%ﬁ?oﬁlh% phrases;"SY: 8?6’11%5?“2‘1 ?Pé‘b%%%\‘{‘ﬁ} o material”, “spin-
%n'c§ F@é@én\”'and Qs;ﬁ’%@f( %0&‘ amc’-‘co@ijo@glﬂbtﬂ maﬁb@mam yl, N -
yrro , rroly yrroly rid
mtplyhmyazble aunc%r feirémhosezsoswnwui %’WPOSI io atrﬁaa ibRypun-on
5-pyrimdinyl , pyridazinyl (e.g., 3-pyridazinyl)
2-thiazolyl, 4- thiazolyl, 5-thiazo|y|, tetrazol yl
(e.g., 5-tetrazolyl) , triazolyl (e.g., 2-triazolyl
and 5-triazolyl) , 2-thienyl, 3-thienyl, benzof uryl,
benzot hi ophenyl , indolyl (e.g., 2-

8
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i ndolyl) , pyrazolyl (e.g., 2-pyrazolyl) |,
i sothiazolyl, 1, ,3-oxadiazolyl , 1, ,5-oxadiazolyl
W0 2004/08Ma4li azol yl , 1,2,3-triazolyl, 1, PCT/US2004/031995

, 3-thiadiazolyl, 1, ,4-thiadiazolyl, 1,

, 5-thi adi azolyl , purinyl, pyrazinyl, 1

, b-triazinyl, quinolinyl (e.g., 2-quinolinyl,

3-quinolinyl, 4 - quinolinyl) , and isoquinolinyl
(e.g., 1l-isoquinolinyl, 3- isoquinolinyl, or
-isoquinolinyl) . [0030] The term "aliphatic" as used
herein neans a strai ght chai ned or branched al kyl,

talalsahsttatoor satflgenysing the spin soatingeprlicatien prieass.aExasmgles ofr

S EOBSTRLL REE B AR Y G

&y@&@aéds@nukane I $efylsiidxandg Fm@mmhumxm, fused or
bri dged blcyc i'c carboc

ic ring systemthat is.not
el 1p1§, SIW@}%W@WFH §1H5%1u]ﬁ)§gréc, algﬁpoﬁ;ﬁpgs lf‘ iAo
lgdlg'ffl hﬁﬂuregﬂﬁ;% Y R%oﬁﬁé@p%édﬁllaz&% QYRet RCl ude
opr opyl,

cyc , cyclopentyl, cycl ohexyl,
pqrhj'drhmazmel whick a9 a)‘rtwsgarent’éWVmwémwp whergor nbor ny|

?}Hgmegha %s%flcag n%t%.‘glg(? %pe{{;%g r%asg %%?e#als’%‘fsg%&?d%%ﬁ%%a@g

payﬁg@rana lBli)cHEMyhﬁfs?hy&@geﬂgldxaﬁ@@ﬂymerEof the gamqphlefprobitie
nber of carbon atons in a (Cl-C4)-al k is 1,

Q{O 10810162.0)x and hyglragnslspuinyars RY Y S»tVHha‘%/h ’E“ig(&lé&orm“la

Q‘?ﬁbg %at\bl%e L g%@atér&h%oﬁ%ﬁ} ANEHRIuded aRicepBlynbrstdre
Fi'ate gro or exanple, in a

bﬁdiegéh@l)sekmh@faocymd anl alkdxyhydsidabilaxanbetr of car bon at ons

A e R

oﬁﬁﬁ&hﬂﬂﬂbﬁbﬁ&ﬁ@b@mﬁﬁi@Mﬂeg@ﬁﬁdﬁﬁﬁmhﬁed herein refers
a _conpound structure that reﬂugrs t he, conpov

Qﬂgcf oSt 1snoIiRog 0PN 200 agfl pEgAnoydrAcsilsesarioxang polymers of
eHé[rﬁf foﬁh{xlﬁgblg@) ?%@ggg ﬂ,gthse’i't?rngQ glt%g%f‘gl\ég tzc‘:rB ah@ e
B\mmén atmh reis gfeatb0th@n ebout éaw and R is Akylkdyserc Some useful

noi st,ur.e .or. ot her . che al re
B n oG p S PopPRFLhS B anin FRBEU R Oy "
ap&ik 3600 RRBR® RRrT;-Of alkki @coummcg -G, arArgroup. ﬂmenyl
pyridyl, quinolinyl, pyrim or naphth
viganehydridasioxaecig or&anglmdrléﬂsa{;}f%ﬂuws'&l? aw th 1,
I f
flte Bttt d QU RBipeoniifer | o %%%ﬁ?"aﬁﬁ"ﬁﬁ‘@* kO
@RyHydridosilok8@85ficH av rethylhiridesitexdnasesthylbydridepitoxanes,
nve AT oS VLA A Wa : .
Earo otinds s Peingt Soubi gt onSibrepy R Rb g Hgfes; gnd
ﬂ%ﬁ&hnmﬂa@qmb%nee shedismethylajdridosidsebqui@aneéson, Ar s
a or a 10-nenbered arog tlc having 0, 1, or 2
ey HeygedosilaesgrignanspePro {fesq ioxangs, 3 ring atons
e lﬁgﬁfﬁéé%@ﬂﬁéﬁﬁ’%ﬁﬁﬁﬁigﬁ?i% JHOFL U Soihitiohs:
eleztof) ngemlmfdu: cAntenipdatéchepirpem mtmlays aGRlescridin then, F

folfovani e R PR e AV hie Ry Refbin .ﬁg b B

3@ ¥Bren&n theil SRBGY: N Sapterdd 6,60609H; reemssﬂasf 6,068,857;

|nvent|on each J group on Ar is preferably, and
|ndependently OR,- 21 - halogen, CN, CF, R, or COR
. More preferably, this J is hal ogen (particularly
chloro) . [0040] In another enbodi nents of this

i nvention, each J group on Ar is independently hal o,
trif |uoronethyl, 9
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methyl , or NO . [0041] According to any preferred
enbodinent, T is (C6-Cl0)-aryl- or (C5-Cl10)heteroaryl -

WO 20b@84pH each T is optionally substituted w pPem/LS2084/931995

or 3 J substituents . [0042] In a preferred

enbodi nent, T is a 6-nmenbered or a 10-nenbered aryl
group. In another preferred enbodinent, T is a

6- menbered heteroaryl group that is optionally fused
to another 5- or 6-nenbered aryl or heteroaryl group
[0043] More preferred enbodlnents are those mhereln T
: NN -NNNHHHHH rf£2044
6h77a19ﬁ9r633i&%i‘9er6r%1§0éﬁbééﬁh;§%‘@ 6%1$é97or6fa§ﬂr%9é% 143,855;

ég’gféh p:i%{eﬁq?g;{})lu‘éﬁ@%%gﬁ%smgo 1t1h§r§1édr1¥&%¥ﬂb9f‘1o ay1;T

EC’[VEIﬁD)eﬂémmﬁ}eki Jone $12000,ead PCTHINNN0SPB Gikisl] January 7, 1999.
Accordi ngly, one enbodi nent of this invention provides

%&ﬁ?&%%%r%ﬂ&(ﬁh@osﬁok%e ah&'o%ah&sﬂ'&x&ﬂe resif$ éanMe-ubilidedNot
wherein each T group is
fmnmgmagécysﬁou&mp(ﬂ)anq fdmsrhabare gepllrin éheefagmwen efiaaryl

h
PP i Rtls HVRED picePaftehmliC 808k R GRAS MR hauclor
Mtdpra@idiesues agd yrions lahate mmhyrls for ejeqm:on{cﬂﬁé 8¢miconductor
certai n enbodi ments

h
R R A R e W ot A A

Pliridach &Y Q& MyerST AhBser eﬁohﬁirﬂﬁﬁlld%ﬁﬁé Je)ﬁn%}@rs are compatible
I ndepende tligq sub stltu% , or gr.oups
wish ethee thafarigln thatpnight. breluerd for hiau:r@@ mterlatsemgl devicgsopugh as

e S s b confdpas, Ao
tapames obyante diekarion aimamepaotedielectoios. 0CCompoundditiat Se,

SO or SOiIn g chemcally stahle _arran nt. The
ﬁ@ts&ee&!wm@tlblﬁérlér% P‘jﬁan%‘ryg‘f@?“]m‘?nﬁﬁgsé‘? ¥¥Rat i ve

{ r ep with T
851?%%%19?8%1%91 AL URBBLddGN €RS. gﬁ i 632‘P4J Bi6! Spl7aesd;

I'n certain conpoun |s |nvent|on an

aJl7pMm28;i ¢,150.8Ub US Amlca@oﬁqur@I Nneéq/%iﬁé%@éqd Jgpuarn &5,
I t
E@%‘? ;g%rpghetn{]%ﬁﬁlggﬁoa}ll S‘mﬂg} ; Qﬁg%% é%@g?gétgnt abgllﬁ;% 121} ?eerléll
h@ (IQ(DSh IMSOITL@ SV\IitmdSrﬁ :alﬁpli&aﬂum serihlmoc OW‘ﬁ&TBﬁs?nﬂiéJSe()W%ﬂ 19§
this aliphatic |1 nker . pr as .po
Blsldrnes b TR REBABRTGioR BT Aus o8 Bkaciols 172001,
et OU&F;M 66@@/1}%*0@)‘5@3@%%@1 DREMSHeR 31, A 0RNRILE ateiank el\rN

According to a preferred enbodi nent ,
iEorpOf@d I bRrefeened er abl y, R i s phenyl, pyri dyI
(C3- C6)-al kyl, (C3-C6)-cycloal kyl, -
SQ’tib@éO@ﬁ({%’HK&éSlloxdﬂé %Slns(tﬁﬁz@ﬁeréiﬁ Bhasthls Ydilowity gdneral
%H)(CH )-(C6-C10) aryl , -N(H-C(H (CH)-
@BusE0) - heterocylyl, O -N(H)-C(H) (CH ) -

[H-Si; 5]n[R-Si01 5]m Formula (1)
[Hos-Si1s-1.8]n[Ros-1.0-Si015- 1.8]m Formula (2)

[Ho.1.0-Si1 5]n[R-SiO1 5]m Formula (3)
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(C5-C10) - heteroaryl , wherein each aryl, heterocyclyl
and heteroaryl is optionally substituted with

wha006921194 Pref erred enbodi nents are sel ected fPONMUIS2004/031995

i- H/- NS N\ Vi- N i" - F-JJ"' - J Mre
preferably, Ris isopropyl. [0053] According to one
enbodi nent, Wis -C(O-C(O- OR. In this enbodinent,
Ris preferably hydrogen, (O - Cl2)-aliphatic (nore
preferably, d-C6-alkyl) , (C6-C10) - aryl,

(C3-Ad O-cycl oal kyl or -cycl oal kenyl , (C3-C10)

- het erocycl yl Co- 0103 heteroaryl , or C3-C

b- cycll Ha%kg}#[R-Stl 1s1d81021: al kyl , wherksrmukat(é) cycl oal kyl
is preferably a cycl opropyl group. The aryl group is
opteradmal | y substituted with up to 3 J groups, wherein
J is halogen, preferably chloro or fluoro. Mre

medpconl o oa ot o O SSR bR
o8y hglsfiqg@dmpc}( Kﬁét- @ﬂ)onajofﬂﬁinmg c(oﬁktituéﬁg ar?: %)l‘eﬁéht'lm either an

a or,
R e S ey o Qe s S LSP) oy
atnosit gtrelatt@dhaﬂ d0outdD peRcedt k191§ orpsic CRdR L‘ﬁ’d)g}i“) R 15 S

or -cycl oal ken

ro%ﬁ (C3-C10) - cycl oa
ég"te o SH@F@F‘%@:M yrsubstipgtede nmal @@d lyranahaé alRylss(methyl

'a“hif PEST oL o6 By ARG Rep o BN ARt ) e
qu‘hﬁlbd} lelyGloglk3ryl @Ghpy atyisa(pharyt gm(u%beﬂz@t goasy! vl -

En%xt@%nygg%yps anti%c?lglﬁ:gé)fxpl ked}% léaé]gﬁgt;yl IZ‘\;giao(%llgs)Rarlldsmlxtures

(}ﬁileoﬁ&hd ai'Hé)z’dm the s }_Fmﬂnow%?ceﬁ’tr $le8ihak 'céfntamﬁl??ubﬁﬁ%ﬁ&s is

erre
% WIP@ 9%%1?9 §atwi’tth@araq>m ofamlrmrryatexgals ulpssome [1ORPs
t 0 nd he oar
eARn RS o109 00501 RROROAY B DA SR o
tpberf @m@lhlyg stitistituents beihf irothe yange df b@lﬁv@erpaﬂﬁéﬁﬁl 3 gdle)

RV AR 25 Bistappocht dbsen SRS Getodbmns, tpiommis reas
aﬁfb@ﬁhﬂéﬂ Wlﬁh tﬁfa mfold PRkt bf caww%onﬁln@g@ﬂﬁgtﬁhéﬁtii}?)ﬂ\ﬁe

is -NH allspatlc -

LaRge ofth n)abautyﬁ molememwmi@bquc:% moteegteecenar y1

wherein said aryl or said heteroaryl is opti onal | y
Nalrh:apbrdulgtsfhda meudmwpﬁm vﬁthhﬁél@cﬂﬁ@&ns{gRgQQZﬂglﬁ%fr@mébout AR

r% n‘ci1 nt of W, the NR is:-
%l ‘I"inﬁ 0 J a5 Qe Fhelllﬂ}[e(ﬁoé\@nowromﬁlhmféli@rar@kald
@dmpéjs' efrﬁmon%asé@ p&ﬂ@sdﬁ%@@d b (%ndeﬂé'ed m)tlﬁlg #)re‘gm{ce olf_lwwsf %%d]

- -N[O I n any nore pre?erre
lpqggr;t.sufﬁc@ngy 1o ieimgvhlsubstanfialgyr all dfth P68 dnd t@ fyrmA in

Rk ¢t TR sifil -gasng precursorvc\:/ohlposr,}‘gonNﬁ)mR;?rlses monomers or
prepolymers that have the formula: Ry-Si-Ly, wherein R is independently selected
from alkyl groups, aryl groups, hydrogen and combinations thereof, L is an
electronegative moiety, such as alkoxy, carboxy, amino, amido, halide, isocyanato

and combinations thereof, x is an integer ranging from 0 to about 2,andyis an
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-1-N [0061] According to one enbodinment, Rl is
selected from- 27 - QJVWJ [0062] According to a

w@e@bes4ied enbodi nent, Rl is selected from orP¢DOSBP4/031995

According to another enbodinment, RL is: L or [0064]
According t o another enmbodinent, RLi s : or [0065]
Most preferably, Rl is cyclohexyl . [0066] According
to one enbodinent, R2 is: [0067] According to another
enmbodinent, R2 is- 2 8 - r or [0068] According to any
preferred enbodi nents, is v [0069] According to any
nmore preferred enbodiments, S : or [0070] In any nost
phriege rangingfriro dbems 2tte AbdR2 4i Othdpmbydporous @6Mpdunds and di ng

t odi ment I S F.E. i rding to a
prﬁ%t?%fr%rcglgg% ﬁ%‘gg i‘%\g_nﬁ’ S @_‘U ’%78%1922”%{1%%%%7 re

6, 21368806 8 80,5%87; iaid B389 10, Hi@ 26 alebdporafedteddy in their
[0074] In any preferred enbodi ment of this invention,
REUres H - 2 9 - [0075] According to another

enbodi nent, R3 and R3' together with the atomto which
tHeyheases ‘agmndrubmret tdage molegulsy,aihé fizagh 0OMpdundcary di ng

. h di Ly R d R3 is; L JW
e B A Rk T b PeeeBlripatnaaniestt 1o
| aSorhy4HaAge sudR thabid: 1bdst ondbritfge ORIy cBnnéets t7 R hore

enbodi nents of this invention, R3' is hydrogen and R3
jatomspf a ring gygemoin abeivaidag qage srustuseitsagt meletyle oneagef

L . cordi to ot her
St omi el AL ARG o pring Rk 00 BN ob St
Adeosilirgtiicue, mokbele oe dorepdund idefis 2 vg_lﬁtmadj ?udﬂ‘l'l]l-ét al p‘bént

d .= 3 0 [0082] t 7 i rents or
S Do e TheRehe vima e pwm ShEsLE) thenc
gemes ﬁg%é, e merrbogd yWoloind) lipri%e ond¥r mort ﬁ%&%ﬁ?’f“&és
ang B1ep 6o Awmehes rertie R Bajuzates of wisatugated. ﬁhlﬁhtee icontémplated

' ' I w th N NH, .0 |
ST TR APLABE TN Mol hife
iFiod expenpde ah byarsantesiciok diaatintaht 3 cdnsidered a Cagd sGu@URSwhile a

wherein J is halogen, OH OR, NH NR) (and R' is,
W&tﬁarl%ftﬂ GPMPEER -Of%@)a-r%mm spiro C?‘@E‘Mp gt Eppsidlarechi page
SiFBAGHeTRBEThE L op@bPAR RERAPN Hecause a naphthalene compound or

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

Contemplated cage compounds need 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 compounds, 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 compound. It is
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Rl, R2, R3, and R4 are replaced with N, NH, 0 , or
I n other enbodi nents these groups have no J

wa@awss4iaent s . [ 0085] The conpounds of this | POEOE1004031995

may contain one or nore asymmretric carbon atons and
thus may occur as racemates and racem c m xtures,
single enantioners, diastereoneric m xtures and

i ndi vi dual diastereonmers . Al such isoneric forns of
t hese conpounds are expressly included in the present
i nvention. Each stereogenic carbon may be of the R or
S configuration. [0086] Preferably, the conpounds of
tiitleericantemplated thed appropréate substtuents may dlse iehedechemiobily

R e SR R S e

efatmidhAleyRdups infay thh et HExAMe tisRgd esmpoimd (def ioBcifigeul a |
i ndividually. or be conbined to produce a preferred
RSk eactions e vaticgtion eagiions, 5t588]  Abbr evi at i ons
22%0h re used in the schenes, preparations and the
Friftokeculen gt cqngnoupds, ay descripgd:in deteil Aerpins ean alspbersvpupsN

S R RSP PO g EEIYS, oB BR Bt

maEDE]s wher theicaps ¢opimind Gpme pu¢ Jype eBtoit intanbledilanyaake

oghl oride. N N- net hyl hol i ne NN\E: .
S gD bR BB RERi B e o snoter
backboheitanfolm Gothr typdi Ftvbid (itérh@lecB@S: Additional cage
tert-butyl oxycarbonyl BQC O : dl-tert-butyldlcaﬁ%onate

ipleculaseGags FmpRUaAn g Yariatiens of fhasemelophlgs §us qoamppymls are
. . i : | ; .

P o A O AR i

DECroraied by wlaerseti its entirety DCEntentiptatddqrobendiamey Bls&EA:

I | et hyl api CN: toni.tril, BrOP: tri
P! Bl et oD e v Gl G eb o b e Sruatle
3t andWelbliendted bidups Fahérhed) bfprdp¥dtd pdiymers:may have
tetramet hyl uroni umtetraf Iuorobora%e ER%%:

By FRR IR Taienh dpading sbompprymesydndd heteinpqlymest Mereoset, f
gﬁéﬁlﬁixje lynkted Hgfé%ﬂblﬁ Igﬁ{}%ﬁﬁ%% linear, branched, super-

, 2' -azobi'si so yronitr
banplead antbtaeydimenspingk Mhd imvydcolay wefgheef coatdinpidtdd pdlymers

T. rQomte rature O nj ght A det er m ned
bins 33080 LE Erial Boiceo TR e ihed by imares
Geiditiva caByaNoRlused MRhhaelop tparl RO&ar PRpeRRERRYNAS of
this invention may be prepared in general by nethods

RPIOiRRtiens Ly kBwn Biihe pelympnart, frechuging stshilizens flaine Tetprdpiw
' r : t ' 0 . S .
Bicaieals Phicoth i efipleChihie i (oo Ry
phlymetsecan batiiehgeddp pagiea b desiret! peopertgli Aditeyios prdnh@ets can
rgani c chem st, may alt tively be used to_.
a5 Pr s, A orES e WP ifed By hexantethvldislagmne. wbich can be
idddus irfteraadviltyavallebl ORYRE B! fiseNEmESy 6] @YY beAREsehh6h a
preparative exanples that follow - 3 3 -° Schene 1
surface, such as silicon dioxide, that was exposed to moisture or humidity.

Polymers for microelectronic applications desirably contain low levels (generally
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-NH Cu C HN neat, reflux distill Z = HQ HQ 10% Pd/ C
Et OH Z THF RT EDC/ HoBT Z- Tbg-OH H 10% Pd/ C 10% Pd/ C

WwEL@s0E1©H HHH EDC/ HoBT EDC/ HOBT Pyraz ne- 2- CQEEN/US2004/031995

Z- Chg- OH Tri phenyl phospne DEAD) THF ArOH O C ->
anmbient- 3 4 - 1 1 TFA-DCM Sat HCI Et OAc Boc- NA HH
NCd- H10 HBTU DIEA DVA C - H NW 10 11 Ar DWVP t BuCH
11 o DCM 12 [0090] Schene 1 above provides a general
synthetic route for the preparation of conpounds of
formula | with various Ar groups, wherein T is
yrazine, Rl is cyclohexyl, R2 is t-butyl, and Wis a
E@(@)ﬂ@ opm, pefrably:Ipsy bt pypb).of Moric inquikities partiedlegniared

ctitioners, conpounds of forrmula I with T
g hEARG

ot her than those depicted above may be
prepared by varying the synthetic route. [0091] For

, d mul.a | wh n T is other
s s S s s TR g EomEBLNEYSs,
@deﬁFnerdethy olvaed sBssEIval iy stthkle 901981‘?1%9 %}% Rfthe

formula T-C (O -OH under appropriate coupl
EsHting pdnidons cgrob@mph@ﬂ toi 8 subbtyate, ususfage; alwafag oahmfﬂér

ageena %écgﬁsgpwam%ﬁsé & seZsoTxpegtsqg%t e abi%onsg Ve ge on

oun 4 0r

nienmma’s [ 1vcenérmrm<iroﬁteg mikbhtek Bnd pely@ony Eoalefiplaadd %WEE@U nd
5 woul.d Eqr:ow de.conpounds with var

iéﬁltuaﬁ gr? ou{;]ls BBI§ or lnggta q qx;%a}ngp Oraporafic mojecules tha are
vidlitahea vt @H@ﬁ@d R fa%&géwgh%% cﬁf:’f’ et RhpRLan O WP kHaP San

conditions 7a 10 _ _
facilitate any of the above-mentioned design goals or needs. The solvent may

also comprise any suitable single polar and non-polar compounds or mixture
thereof. As used herein, the-term “polar’> means that characteristic of a molecule
or compound that creates an unequal charge, partial charge or spontaneous charge
distribution at one point of or along the molecule or compound. As used herein,
the term “non-polar” means that characteristic of a molecule or compound that
creates an equal charge, partial charge or spontaneous charge distribution at one
point of or along the molecule or compound. In some contemplated
embodiments, the solvent or solvent mixture (comprising at least two solvents)
comprises those solvents that are considered part of the hydrocarbon family of
solvents. Hydrocarbon solvents are those solvents that comprise carbon and
hydrogen. It should be understood that a majority of hydrocarbon solvents are
non-polar; however, there are a few hydrocarbon solvents that could be
considered polar. Hydrocarbon solvents are generally broken down into three
classes: aliphatic, cyclic and aromatic. Aliphatic hydrocarbon solvents may
comprise both straight-chain compounds and compounds that are branched and
possibly crosslinked, however, aliphatic hydrocarbon solvents are not considered

cyclic. Cyclic hydrocarbon solvents are those solvents that comprise at least three

14
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DCM 59 [0093] Schene 2 above provi des a genera
synthetic route for the preparation of conpound 59.

w®Eehwsei134 P p - Ar ArX 13 14 15 [0094] An al t er PEL/USH04/031995

approach to preparing conmpounds of this invention is
depicted in Schene . In this approach, a
4- hydroxyproline derivative 13 is reactedwith a
conmpound 14 to provide a conpound 1 . n Schene 3, Pl
i s hydrogen or an appropriate anine protecting group,
P2 is hydrogen or an appropriate carboxy protecting

is as defined herein, and X is an
&6‘8108 FFanas rienteghin p ging stowntire mthmn@eeumommrm alipdtatié or t h

k?ﬁlhl%%rba} sél%ex{ts b&x&%ﬁg ﬁg@w@ﬂ%ﬂn’ sol 8{5 %eos%ﬁv%ms & at’

loro -2-
rceal@tlsﬂdganﬁraﬂly ehrpﬂf asmm engfurbid %ds@lﬂﬁﬁ siagld rikklor multiple

b killed
PRR e oY oo g nGRE R e BnSnhediessta | ed on
ggmﬁﬁ%gﬂrgaé%ﬁh{s%ﬁ‘ts gnecméi\;cvrtlélﬁéﬂseg ylgﬁet qufgeng; %lene

S3EReny splventpaphtha Byokvenhsphtham, 25<aoes1 Sech’d periiSize, DBU,
SR SO, gt kot el el - noyhhe, S °°
hexadiean, Iﬂdecﬁﬁéjpdﬁﬁdéchh&ﬂc%ﬁntaﬁd(?n@tnﬁl@m ipentagkre C
cHe ﬁ HéEtINM\/}) HNPHNH23 >

5§ ‘flﬁ‘d}@éﬁ\l °8, fidheenated Bydrosabops. %ucla ay ﬁé@mwdawgma@nns,or

Pt h)ﬂ&)o@rb@ﬁm@%ﬂe qf2 Ehlﬂi g’l&\‘l%l pH 4(t§g1)eth5)(lmﬁfe§lg eps
used in schenme 5 coul

qungiyl pirfte.ersenss @a@éhlbgnzsne @mtthapgth’alsme teﬂryltbhaanﬁ,l ons

CH H \
B BREGay Sriintasnt aliyd Bl Rl il 6.
pentanm; bpane,igpEht, cyclohexane, benzene, toluene, xylene and mixtures or

combinations thereof,

In other contemplated embodiments, the solvent or solvent mixture may comprise
those solvents that are not considered part of the hydrocarbon solvent family of
compounds, such as ketones, such as acetone, 3-pentanone, diethyl ketone, methyl
ethyll ketone and the like, alcohols, ketones, esters, ethers and amines. In yet
other contemplated embodiments, the solvent or solvent mixture may comprise a

combination of any of the solvents mentioned herein.

In preferred embodiments, the solvent comprises water, ethanol, propanol,
acetone, ethylene oxide, benzene, toluene, ethers, cyclohexanone, butyrolactone,

methylethylketone, and anisole.

It is still further contemplated that alternative low dielectric constant material may
also comprise additional components. For example, where the low dielectric

constant material is exposed to mechanical stress, softeners or other protective
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conpound 28. In this enbodi nent, a conpound 27 is
converted to conpound 28 by renoval of the benzyl oxy

W@ 20050841b4 pr ot ecti ng group under hydrogenol ysi BCT/US2004/031995

conditions. This scheme 6 could be nodified using
techni ques known to skilled practitioners to arrive at
conpound 28. Schene 7 Tri phenyl phospi ne 1.

HCl (sat)/Et OAc, '- DEAD/ THF C 2. Boc-R -OH, ArOH EDC,
HOBt, NWP°, HBoc OC -> RT 27 2 8 R 29 1. NaCH, EtCOH
2. PyB(]:> DI EA, ArQ | | OHR . HC (sat)/EtOAc V, N 2

Boc-R-OH 3 0t, NW V R3 JJ H EDC, HCBRO\ R
altw@y begaddet & ofhericassoyhesethy Aislagis rmna lsspl@ce];l dd 2

'S@%Bth Qﬁg& a&egloﬁ'ggorﬂotgrs le;ﬁgr n%ous]r}lan ep dt B’Bﬁ@?tﬁﬁﬂ

erod
@BSqSlth ad‘dlboﬂ-biﬁlefér@ts[ @(aﬁﬁﬂoaﬁdgerme méy e degditablealin general,

BOEAPRL I B TORLACRS. 5 FioB A B BU o et ape o

hmre remox{aﬂlégeﬂveﬁ@ ciobshlRghya si3RateHna thdﬁﬁﬂ)‘lyn%‘rle@ hid
|nvent PYOVIdeS a process for preparing a conmpound

SHbipgF ent tgmoyglfin ﬁ‘&h\ 3 Wayasyo Frmgdicleettio dilmmsamgrising

hﬁﬁ@h&myﬁﬁgﬁbhglng the step of: reacting a conpound of
formula Il in the- 4 1 - presence of a conpound of

formula Il to provide a conpound of formula IV: p-Ar
Rithen| forming swoil nenepaous ﬁll%]sDe £. swhﬂemnhmﬁemrsﬁhr&sliﬂph@d toa
P R TSN e S MR
QJESH @&&}&t hrithwixkt ©rcads® @Wl&ﬁﬁﬁ/é@%l@h Magi @b d’ﬁ’?i%ﬁ &h N

and the P4-P3 residues are tiona pr ot ect ed
t“HBalama%ﬁE $iep- - therfitinria thes apisrrge-ob Jecmthc sﬁha te anem;Xy
I 0
PO BlehnmplratiR, Rl Rlps B ShEL ML ey wABNEE®, |
@pltvmimad cympletsttbe p@yhnwmahompmedsmsyleé@dmmbér curing

S as i ne in any of
RN S bisle S e s s it pnsggy S lpoleb AR
Qe michsvane ehélgenad kel at ed by skilled
practltloners an appropriate |l eaving group nay be

enerated in situ. [0100] In an alternative
&9&%‘! S.’ pagengs 6,3 nga}nd 6,413,882, incorporated by reference

herein, provide silicon-based precursor compositions and methods for forming
nanoporous silica dielectric films by degrading or vaporizing one or more
polymers or oligomers present in the precursor composition. Co-owned U.S.
patent 6,495,479, provides silicon-based precursor compositions and methods for
forming nanoporous silica dielectric films by degrading or vaporizing one or more
compounds or polymers present in the precursor composition. U.S. patent
5,895,263 describes forming a nanoporous silica dielectric film on a substrate,
e.g., a wafer, by applying a composition comprising decomposable polymer and

organic polysilica i.e., including condensed or polymerized silicon polymer,
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group in formula Il may be converted to a | eaving
group. In such an enbodinent, X is a nucl eophilic

wo@00gesH1vhi ch reacts with Il to provide |1V. [OROL/PSAS4/031995

used herein, Pl, P, P4 refer to the residues of an
HCV protease inhibitor as .defined in the art and as
are well known to skilled practitioners. [0102] The
compound of forrmula IV may be carried on to a compound
of formula | according to the nethods descri bed
herein. [0103] Although certain exenplary enbodi nents
are ggglcted and described below, it will be
acempaskiion te Sirfhsn peixlente thepdysilinaeand deqormpesingsthe
cribed generally
62@2150‘32“%‘38@%‘4# Doiohf p pORoyTBlRER IR CC R e ol s
general ly avallable to one of ordinary skill in the
d?rbcesie@ Iq@4pplativh ef preciredtitoe Bibsahte] &guﬁg, CivieY) blaﬁﬁhzatlon

Pl e 5 STRON sl s AT e Go-ovmed

t[bl SI 8dnts ASSNEY A9 6372 78! ShéH! Rkkr€ REHIIR %d walfs

ngound of formula I is present i n an anount
ePpisapajes hewmwygamerwmy@amablq sgbtaritiallp selhpateridr i n

PPl £l gtdem%f‘ers%b&ra?%fra%r% WOHI% C%P’l%?g 3ill yéll?lés Qfg‘ﬁlalc

prot ease necessar e vira

pﬂlatlmsm@altqr cadtéd metae ot atrhposita rrategial. Ih@iﬁ’&fred dmbodiments,

E utlcallg IFtable salts of the conpounds of
‘éﬁ?f%r}?e 7 aligen p1 SFLmapm @FrsRide disAs Seerisrace, a

tﬂa@l&‘a@m‘g%hif&e%ﬁ@h & RLsT A dopp& diMed nfdk@lrﬁr'gﬁﬁﬁﬂé’t@&i c or
argani ¢ aci ds and bases. |ncl uded anong such acid

é%adfr§maf9ecqpﬁ%r usfpecowchgs forpding ercuidoprdtos packiage nat e,
Eﬁt@ﬁf)ﬁ@etc?tracgeap%g %zﬁl’ or%ﬁ g‘tjfz!cfe ij‘}%gﬁer”% ﬁ; le,; ate,
or a

butyrate, citrate, nat e,
@ymh«bqwm nEbare oqup(en attcbl;t S dxglbs)pmpxﬂymer-bhaeﬂapacksgjhg at e,

t hanesul f onat rat t ano

DRI Fe ot iy SoRp emaRess: leadarpibre.

hﬂéﬂil@ﬂbﬂf i ®all Bygce bgl@ﬁ‘aﬂ@ po ?M@fs%h&ﬁésqﬁ)’lylmlde The
droxyethanesulfonate ate, nual eat’e

‘ﬁ‘aﬁé ey eyrathe deﬁn%wﬁ@%méﬁmrfcbmw@en wpesddringt e,
QB sRlc Gt RATD. afnemor%?%f’eﬂaf eﬁnbo‘ﬁ%éﬂé gt s%b?ra‘@ce&%( rises
- propi onate, picrat ate I ona nat e,
umﬁ@v@t@nmbmunmy@mamgngmm¢y&mMﬂmdenmmd&samﬂameﬂwoﬁase
sal Q§ h ﬁ qgnonlun1salts al kali netal salts, such
IR a(fﬁ’l% GYBYRON N sal ts, alkaline earth netal
salts, such as cal ci um and nagnesiun1salts salts with
or%gﬁlc bases,  such as_di cycl ohexyl am ne salts,

At SW@PW&W anufayriag progessFs chars deposiipmief eanch
FmByPEHS techﬁﬁghé%eandaﬂg atPerdrih %’rmahg%g)ﬁgat bi ngans
basi ¢ nitrogen-contal ning groups nay ua er%l €
wif elehinged ashong nd so teowse cablty tontaihing emijetied which aseich

A i R RS i
dhedit With sildtiobgloMps. G(Uhﬁiegﬂrélﬂﬁ/ﬂ)roféﬁlésakﬁﬁt whédfle 67p@hdbilicate

hal i des such as decyl, | aur myristyl and stearyl
elsbiiplgetsic ingpeaa shanel g@@psa e%lanalus,aanraylue aiet hekthexseash
I r
RO E A MY i BT I BIcBPE e R Pt P
obt ai ned. [0107] The conpounds utilized in the
conpositions and nethods of this invention may al so be
nodi fi ed by appendi ng appropriate functionalities to
enhance sel ective biol ogical properties. Such
nodi fications are known in the art and include those
whi ch increase biological pénetration into a given
bi ol ogi cal system (e.g., blood, |ynphatic system
central nervous system, increase oral availability,
increase solubility to allow adm ni stration by
injection, alter nmetabolismand alter rate of
excretlon [0108] PharnaceutlcaIA acceptable carrlers

o, o o "
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buf fer substan
acid, potassiu
W@ an0anatied vege
el ectrol ytes,
hydr ogen phosp
sodiumchlorid
magnesi umtris
cel I ul ose-base
sodi um car boxy

ces such as phosphates, gly

table fatty acids, water, saltsPOF/US2004/031995

such as protam ne sulfate,

hat e, potassi um hydrogen ph
e, zinc salts, colloidal si
ilicate, polyvinyl pyrrolid
d substances, polyethylene

cine, sorbic
m sor bate, partial glyceride m xtures of

di sodi um
osphat e,
lica, \
one,

gl ycol ,

met hyl cel | ul ose, polya ryl ates, waxes,

bF Tmceridowill lower refisamyglio wetdeating t o

[T ANIR o NGRS R A R BT

ThehRiresLed 111%@3@%?&% evdlitfonC %RP%\}htah ﬁ'[%r Sredbnds I%& V}as

i nvention are

formul ated for-

maceut | C

are

d8ler yyitht & metploandtsobigctadtoranl annpﬂlmgeneahieyt anekeli sininkagé ng.

SR S oD AEA R ET r TRR By MR BRsRy o

iimicd the dcetecemrmgtemﬂ bpiveah the, vidseat &ehghes.nasal | y,
buccaIIy, vaginaIIy or via an inplanted reservoir.

term "parenter

al" as used herein includes

ent

The

I BENE ReRAESy thisPrbBMENAY %r%ah&tll'icﬁf@'g% ld?erlectﬁdqﬁlﬁﬁ are made

-articular, in

tra- synovi a I ntrast er nal

|Shlfﬁwamﬁléb fipe of silapals embwa@r byl trratmeéns svithretbugheding agent to
e
P2 PABRh Bngrng Sl Bh nblod S ORI BT R bt 1
organogilicareglesssliglectiOfilii.] TISk arakésethé fijne edsibineto sBresdes 6/
e .conposi s of this inyentiqgn may be aqueous or
SROAE ARD L yelR Srtuie indured b5 Sria) Swamiees ey apbeaiing,
beesflont ederafigledttll RYerk %nﬁ%ﬁr@é@'cﬁﬁﬁé pMQM 'tﬁhstdeg rart
dlsper3| or wettlrng agefits an

usi ng suitabl e

ndgsEplle weida femt ferming én

feYcralso be a sterile injectable solution or
suspension in a non-toxic parenterally acceptable
vent, for exanple as a solution in

diol . cce t.abl e vehlcles and
%{)}gﬁ{l aﬁ‘&? rWAED rg‘ﬁttﬂ 53@’&“’“8 3 ghpuper Dapggeder ' s

diluent or sol

Sﬁgaﬁ@sﬂmwgwbs IdseddcBit BlnEQeiik

addj tion, ster

ile, fixed ?i are convent

b Rah s rﬁﬁiu%tm

I onal

h¢ diglecticomterhal betpreepthe aidsand

e gkﬁesses

sepltotien thesaplisasion ek @g$¢55§/9§>|1ﬁémé$ pitgl/oreettihing reggsnistib iewh
&Hﬁ(@l@? £nd AYinR) (ﬁ@lgctflb ?ﬁﬁgs %:Jémg?é(re EFS{) QIR Q% doxlren(:l udi

nthetic nono

or di- ty ac

i such

i ng
as

p aprssigchilchsaindng fa@ngdt;ome]ﬂsdmcm@ducmﬂewm. a\he pI:hS@faSJ\hsedn
g ectables ﬂas ar% at ur a

Aol e Eotyep: igtiag, hydrogsn, Garbe.

a@sh,dielioil or nBERES |(ﬂ1| thy for dfiTRk ratom,l YpoRhd s @fd/or

B REARGE oA

versions. These oi

Bdifein a | ong-
such as car box

chai n al cohol diluent or di

I sper sant,

or

sol utions or suspensions may al so

ynmet hyl cellul ose or simlar dispersing

' { f L
DR S MM o SRATERRN MR b1AcThol O e it R
m&hotmesmu cbnmmba?ca sawllyslegtﬁliehiecrr da@nﬁg’ﬁalnPNrou§@1€1ecmc

ns and oth

t ant T
@ ‘%CFaPﬁéf ébmr@?%?re%’g@%me ?11e|pﬁstwéhﬂzaﬁelér~‘r§bmpch

Blasm&QIRRBS. YinyRattuld, 1R vasaui@edie ﬁm%f W
phar maceutically acceptable solid, liqu

dosage forns may al so be used for the purposes of
formul ati on. [0112] Dosage | evels of between about
0.01 and about 100 ng/ kg body wei ght per day,

ween about . and about 75 ng/ kg body
wei ght ‘per day of the protease i nhi bi tor conpounds
described herein are usefuldin a nonotherapy for the

pref erably bet

prevention and

treatnment of antiviral, particularly

anti-HCV nedi ated di sease. Typically, the

phar maceut i cal

conpositions of this inven

tion will

hich have organic
J or ot%er

be

adm ni stered fromabout 1 to about 5 tines per day or

alternatlvely,

o,

as a conti nuous i nfusion.

Such

ey



preparation will contain from about 5% to about 95%
active conpound (wWw). Preferably, such preparations

W@ os@as4194 r om about 20%t o about 80% acti ve coPEDURZNN4/031995
As recogni zed by skilled practitioners, dosages of
interferon are typically neasured in IU (e.g., about 4
mllion U to about 12 mllion U . [0113] Wen the
conmpositions of this invention conprise a conbination
of a conpound of formula I and one or nore additiona
t herapeutic or prophylactic agents, both the conmpound
and the additional agent should be present at dosage

|Icepients(segh asanciind groxpd bended te ¥ atepskarercadibr degpaded by abl y
f

SR aReLi R RO B A0S Aot rsion

marprmmems oo e didegins sirfase s/hetfe thdorganiogwap |f@m1en1§yeslix&d

|y, d I le d
R SRR TR 3CrehTEn n e it 5F R ciHtuey D E6TEn

thdﬁ)@hﬁbls UBE$ S tHRMNGd@bhStatitit hmaIRS thel dielbdific Gﬁﬁ%nplflse (the
abI s for oral use, carriers that are comonly used

?1‘& ticeansent of acholns isthg ken desited propaity aisushent s,
gMﬁgugg_nagne5|un1stearate are also typically added.
For oral admnistration in a capsule form useful

di l uents include |actose and dried cornstarch. \Wen
é)&ﬁe]:@h@micahtsmnmts)m abp esedeiq U pestiutdon for e puﬁﬁ)se vhe

t] ' t i d w lsify d
bt St ofor 08 peta SebeclTr Srmlebirbire
folftei 84 hgesSive Eiftly Q¥ill AfackGR tréiné%%rédn@gr@@psﬂﬂ dfida based

Alternatively, the pharnmaceuticCal conpositions

éfejf?qtrﬂ% filmsy espesially prEQussilicadiimai Agadt, slis demagsevilloansedhe
| al t e e

gﬂg&gggﬁgw{hkﬁ% ghcfb?rﬁté/ Wé?%?én\%c?lheﬁ(gﬁh@ r&}chﬁ% BF BRI

aovideisy suich as Nﬁgetb)dp}’rmlEﬁlﬂonﬁlﬂlmbthykfom{ﬂmldb dimefth)yimetamlde

r at idat re tur
IR 1t cPithoen Ssofhel: ARl FEb Rish eeBeftlimaen
Sthires ﬁﬁélﬁz[sltﬂbtﬁ?rlhﬂﬁﬁieuﬁiﬁm%@ 9@chlid et lenc@BMEANRd ANJ-
poly erne gl ycols. [0116] The pharnaceutica
i 1’ lensangpe; drignainespieh oy Gathirgpetpminepdiamine acids such
@9 9&1?] ﬁécﬁirﬁiﬁeﬁe&&ﬂeﬁ@h&& f‘Eﬁ?Recérgérllé’ a&&e%'m{l BeadeAt 984 61%
treatment includes areas or organs readi |y accessi
yrntioadid;dhe appllonmm: dabm of orgaiciakidgsudh se‘a&msethﬁzlamhﬁ)nﬂme

t L, t t
hXGerd S Bl b o R USSR S8, PEPspc it Riserpcis
floegde ltesschass apbrdbansn fludriel £1d D8 ®ioh adfiPhbsatd on for
gggﬁlomer intestinal tract nmay be effected in a rectal

Bide pad (ptramethyl ammenpe dyd %ts\?eand&rydrqubalnmﬁ,t abl e
eRaRRrdiA rf'(g?rﬂl@&tio%‘dev-gﬁ%b& ! ngtte cl%%& %fe%h BAhGHR %@%5,
al so be used or topical applicafions, e
pRAIBCHSt ZZQaIandc &ﬁa(ﬁi@ Corps, HegyvalzbCAp ramdl AdTeGMI and

t t
BR8P BRSO T B 5 A58 b, EFTRODENS
Ehariter Asiing agemsmmhdeqmmﬂab QeI fin BYdré e, GepRaunds
ﬁ; this invention includ but are not limted to,

ihan, SE2Q8% PXYZERGRI ipaTes épla'feairfherﬁfwmealﬁém Breat um
propyl ene gl ycol, pol yoxyethyl ene, pol yoxypropyl ene
conpound, enulsifying wax and water. Alternatively,
t he pharnmaceutical conpositions may be fornulated in a
suitable lotion or cream containing the active
conponent s suspended or dissolved in one or nore
phar maceutically acceptable carriers. Suitable
carriers include, but are not limted to, mneral oil
sorbi tan nonostearate, pol y3orbate 60, cetyl esters
wax, cetearyl alcohol, 2-octyldodecanol , benzyl
al cohol and water. [0119] For ophthal m c use, the
phar maceuti cal conpositions nmay be fornul ated as
m croni zed suspensions in isotonic, pH adjusted
sterlle sallne _or, preferably, as solutions in

. o, o, o o o I I T o
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in an oi ntnment such as petrolatum [0120] The
phar maceuti cal conpositions of this invention may al so

wheooadsdind st ered by nasal aerosol or inhal ati oPCT/B82004/031995

conpositions are prepared according to techni ques well
known in the art of pharmaceutical fornulation and may
be prepared as solutions in saline, enploying benzyl

al cohol or other suitable preservatives, absorption
pronoters to enhance bioavailability,- 4 8 -
Iuorocarbons and/ or ot her conventional solubilizing

% ents [0121% Most preferred are
3 ha fveglgﬂ a g&%‘%@w%wg le@s theliayasdion proviseamethods of
A phahgs hycﬁ'bbﬁ%lc ;%Igﬂe%g&s th Br H@stlllft%f O@m%%léﬁ?pé filnfs] ?esent
cohpositions of this |nven lon adc ln?

SR GtsHbytratmdyringjtheproease of fabrivating p ad:rhy:omducmtor I(Hﬂh»(uce
agent. Such anti-viral agents t include, but are not

I nodu such as -, ,.bh-,
Bl ds Br e TRARTR IS i 0 P bhtachbe Phetoesmasibite

cgmspdmredmc fimglafidrbem isibje@édrat BRI oY efcBhnt 38 ﬁﬂﬁﬁg such
as ribavir amant adi ne, and tel bi vudi ne; ot her

8P P8 §%°6‘F s st hasdeen pibicicdde gn emuszhmseatment with a
.t

O e i S f (P B B for B g ofeltive o

Kestqre alsleash pemeef therearherecdntemibg trofesies torthe btghm‘sﬁlcﬁfe glass

[ r.Qa ectrum.vi ral
R A RORERR T oo R o B grge@osgwatemounds
dieldotrict fileh; Shd(t) srefat @B una&8y toﬁ%&nn&o osition

6, 344, 46 6, 054, 472, WD 97/ 400 98/40 81, WO

Ef‘@?%‘é‘s%‘j?g Ueihand R Egprehererle Theitereharing agany eampastion
irleRIdeoht, L

gmmol et Subl e bkl SN
HisEpé suitelde firsemyying Nhtnkll ragigtiastfraan the damiaged sﬂﬁ@kmabctﬁc

ﬁﬂ%‘enk {1%&%1% gg{gﬁgr\t&g%gged[rﬁgg%mlﬁsr@ g’%qq?ﬁ}h)l% s then

sldbjéctedttb oves cleaingistesl herein (with trademarks referring
to products available as of this application's filing
date).- 4 9 - [0124] "Peg-Intron" neans PEG Intron (r)
In @RENVodinedn®ihédoh it &b

Cor por at i on, KenlO gqe ag llng!%@?f ililiglnt ‘F%gﬁn?éaht\re}glﬁ
!Oﬁgl?e@ﬁlg&g@m)Comnohm(bhﬂfvmgcmfoahnﬂaaszbllavval | abl e from

K | th )
5 R RARESH -2 S0 SR BT nmyponns
) BeSidiRin o(§szSIENH’>z, (69 Rslmmml (e? B; Si@ry,b @&%Q@H)M@)

t
%éa bé@@a?ﬂ@ﬁ@ n@ﬁm )y,eHQP 3 %@55(13)Twe| fth
ESiIOCR )=R"3Q, aﬁu@blhaﬁht%r@&‘the?@&et ol (r) from Schering

Corporation, Kenilworth, NJ, or as Cbpegus (r) from
ffnann La Roche,  Nut Iey NJ; [0127] "Pagasys" neans
g8l AR yntegep EpEing diome B3, al is an Méegavmngiapiftom 1 to 3
3 feron: mean
4“8’? e Dty e RS an M ene el opd b 0 0 3
lavlmnhabllce)rganmmbiefyf |’fme fR drauRacdyerefeNbly @depedent fyQaRetkd
qﬁans .Ber e 4%9 erferon a 2 avail able
es%g‘r‘ﬂ? ey Wﬁlfflﬁse‘f %#&i‘a&wﬂ&p d corppinations
Rldgefleld CT; [0130] Sum feron (r) , a purlfled
bl end of natural al pha interferons such as Sum feron
avai | abl e from Sum tono, Japan; [0131] Wellferon (r) ,
interferon al pha n avail able from d axo_Wel | cone LTd.
Great Britain; [0132] Alferon (r) , a mxture of
natural al pha interferons nade by Interferon Sciences,
and avail abl e from Purdue #¥rederick Co., CT; [0133]
The term "interferon” as used herein means a menber of
a famly of highly honol ogous speci es-specif c
proteins that inhibit viral replication and cellul ar
proliferation, and nodul ate i rmune response, such as
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interferon al pha, interferon beta, or interferon
gamma. The Merck I ndex, entry 5015, Twelfth

wdiosionr19§ 0134] Accordi ng to one enbodi ment of P€TYES2004/031995

present invention, the interferon is -interf eron.

According to another enbodi ment, a therapeutic

conbi nation of the present invention utilizes natura

al pha interferon 2a. O, the therapeutic conbination

of the present invention utilizes natural al pha

interferon 2b. In another enbodi nent, the therapeutic

conbi nation of the present invention utilizes

oo Hiert @Epymay E@ By @l&ylowyl;z ar earbany! such ag EOR, HANRY
| ” | t

%Z{?fjg?% n21a}h§? al leorr es?lolg%g%dalﬁt a@ﬁ mRt he

present invention |nclude : (a) Intron

gﬁ Qﬁ(ﬁfl{ aﬁﬂzu% C,)F%H%toaggey?cgha%%t% Pl o%(ﬁj )nelél)iéngé Il@ﬁ’roqne o( f)

:ﬂnmfoﬂewmg tofghenivé labdre bpdshm;{ohhdsc BB EHetA) BiNAe,
|nterf%ron avail abl e fromArrg I nc. I\Iev\/ouri;Park,
NAC) ar{er

@agetoxysylang. diaggfoxysjlgne friagst Jiagaigxypimahye ne,r)
A R Bl B AU RCH b LT
areaipyliyiethoxysilane :d@nethsldnﬁmxysylpne; ahmythﬂdmbmysslam ed

I
L A A AT KRN
sptipiltticklorisHage dingsti@diolilofositingBtrimEtHyfch] R 5ifiie GAGRANBRE,
ccording to this invention may be

gﬂ?ﬁ@%h&%&ﬂ’d@é@% hexanetyldisilazanegr i n any
GeramdiRlidyR bR ARl blS({d%@laI{'lﬂO etﬁ?@i@ nent, the

grotease i nhi bi tor  and |nterferon are a ninl stered in

@baethylémmfag@tffymhsed trls(ﬂlmn@lybnbmdnwﬂuydsﬂamy f
1 -
B e R AR P I BB BB et i Lor o ae a

dfnpmh}dmbfldifmmgmldeodllfﬁetlﬁ(lsilyldiuc&amme?&ffmsﬂ{yls1]91(@1152#@/%@
%H}I;%hﬂ ivlon of conpounds, . t.he specific anounts of each
NG RSP atfe seHAE ISHPIXXPFI’@ %B‘?c‘i"PP% Namount s of
@tﬁﬁfétt@ﬂéﬂ?l)adéﬁ&ﬁﬂ@é“@d(tﬂnﬂethﬂﬁ aﬁ%@ﬁ@@& . A's recogni zed
|l ed practitioners, dosages o interferon are
{tg)meg}g(isplyl)mgmﬂee@rlmﬁhyle)ly(lmoglolateabrumth)qlsml{tﬂlmeﬁhy]sﬂbx}()-

?&EEH% ﬁéﬁarﬁétHd’tr%ﬂaia% hexgrgéltﬁ%l%@ﬁag% ”"eti‘ébgﬁa‘%gm S

W
otettedsilasel) trtphattylsmyolbebmtﬁlaﬁnetlﬁylﬁmﬁbll diphéisiMhédiold
ﬁng%%ﬁund of this |@ent| n i ncl ude, but, are not

! Silagie, trigthoxysilags ttighiprosiane, apd peyrbinationsdhrspating
B odghiyd emB&hﬁn%ﬁmtﬁeSiﬁ pha 2B
+ Ribavirin) ; pegyl at ggﬁl:oﬁf%gr%ggr!%%nglag‘fﬂn%?&gﬂg%g
dmﬂh}’éfilacefqzb’ﬁlll%lacy and Safety of Pegyl ated (40-kd)

i nterferon al pha-2a conpared with interferon al pha-2a
in noncirrhotic patients with chronic hepatitis C
Oblé@rwﬂlw they tqugherﬁﬁg agept coAipdsifids idcﬁfgf@sflé solmsgm%&
terf.eron icacy o nsensus
TQRYeé]ltstEFIBﬂe’ (f?lr etxﬁ'@p}ﬁ Eﬁ?l&%ﬁ%er%ﬁsta%rwgca%atamﬂu s" J .
EonsihaRnt eegdof, Hepatol . 15, pp. 1418-1423 (2000) ,
interf eron-al pha 2A (Roferon A ; Roche) ,
| ynphobl astoid or "natural” interferon; interferon tau
(Clayette, P. et a ., "IFNtau, A New Interferon Type
I with Antiretroviral activity" Pathol. Biol. (Paris)
47, pp. 553-559 (1999) ; interleukin 2 (Davis, G.
et a ., "Future Options for the Managenent of
Hepatitis C." Seminars in Liver Disease , 19, pp.
103-112 (1999); Interleuki# 6 (Davis et a . "Future
Options for the Managenent of Hepatitis C. " Sem nars
in Liver D sease 19, pp. 103-112 (1999); interleukin
12 (Davis, G. . et a ., "Future Options for the
Managenment of Hepatitis C " Sem nars in Liver Disease
, 19, pp. 103-112 (1999); Ribavirin, and conpounds
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wokmwagament of Hepatitis C "

t hat enhance the devel opnent of type 1 'helper T
cellresponse (Davis et a ., "Future Options for the

, 19, pp. 103-112 (1999) . Interferons may aneliorate
viral infections by exerting direct antiviral effects
and/ or by nodifying the i nmune response to infection.
The antiviral effects of interferons are often
medi at ed through inhibition of viral penetration or
uncoating, synthesis of viral RNA translation of
viral proteins, and/or viral assenbly and rel ease.
[Hedeyehening sgans somprsttioniconiapta the damaged silicredielectst film as a
| Z RUssi
IR VAR bl SRV QU ML RAREKEn of apihiactae plaphl S 6
Alspivetiomarsilade dﬂmp@hnd ratf@dlfoearbnn Iancildehydk anlester, an ether,
|nclud but

| t.erf 7
PR GFnBRRSIET Tt Sl e rere heipgoubibe
mﬂbdeﬁ*&i fo®d sydnPmb @K AnE | 'tdﬂms a'%égélﬁm &WedaBEht BMIess

Pharnaceut|cals Sauder, D.N. "I nmunonodul atory and
d&aﬁé Propertles of I'm quinod” J Am Acad.
Dermatol . , 43 pp. S6-11 (2000) . [0139] O her

non- i mmunonodul atory or i mmunonodul atory conpounds nay
bhe sujtsble thwehening agent compasition 1acludnspne| ndmofe tbinghening agents

n c in but . not
BB RSt 2P 38 Sk ] & TP RREY ner i
bygarneﬁlﬁcaem glass(csaecme filn thaPR@Ldedifed tolrbiiREh o@n:d HRge
274, |]ine page 276, line_ 11) . [0140
ﬁ’f@'@ﬂ 1 %Wu&lwl%l agght; ing 6PROUAd ﬂ?ﬁwng@ écpmwé;a %IO@WJ&W thee
YO FRAAACRARRId V1 Di3h011) [ SHENINNRRIHA 274 Ry be
I n increasing |ve ftrations and

|CN@1FQ%(§) RgSINRo%&,I 6y RSialf; et)rmsms GhRLSIANR’),; (6)

HIR S A7 gg)?é@%h@ﬂ&%&dféﬂ%ﬂ%%ﬁ#&t@ﬂ>

msmocmn Oy €32} RSN A INERCOHOTER NER”1Qf atd @nitehadthereof,
NS3/ 4A protease may be used in a nethod of this

vention. se CYP nhlbltors i ncl ude, but _ are not
|Wq1ﬁfet‘%é’| Rk ‘“Feg?faﬁ%&ﬁ’% reijpch 19 44 M@:@G&teg%é%%zﬂwfé%ﬂéo 3

tstie @aneany Ghdh R 196 1Hb{épeﬁd’ernﬁ? A 18ote£HEh ‘Pn%’l%?érpand a

clonethlazole ci netidine raconazol e uconazol e,
Y EioRboti¢ ergatip npdstant bR eraupe ﬁ@mrﬁerablwem@pommy selected

SR or AL e DB BB 4 PR SO ppions
_ehqrd;dg'r o"ﬁ;edl’rgro?p)fn%ble I{Iaaildyl\/@ﬁyl4gr7c;arlﬂfn9f ﬁlblli asiCORPCONR,

| it or ncl ude rito e nazol e,
(REF B ShyPree TOh oG oo & OBt OSBoFMR and

cl onet hi azol e. For preferred dosage forms of

I’I'hE ka@l’ﬁlfnetysﬁ %Héﬂbﬁﬁﬁecﬁ&ﬁ{oﬁsfuﬁ)&foﬁgﬁ egaf?@?s se%g’tzd 3 Fhe

docunents cited therein: Unit { at es al ent
Ermwxoas)s.tmgtgfsftr@ah@la’d duansher dlksyls cmhc asymma c6@1®1na'amd;

nat,i . |4 cations WO 95/.0
S ARy S8 BB TR <6 % PTG 1Tty
afyl motayrisaubditited onirisbbstingyd ot 1IP§Q: A Ty TR EG,
%#ﬂ;vwg are known (see US 6,037,157 and Yun, et a

apfrthiiorehemng agend ivay aceigxysilageor, forexample, 3 gmnampr
(1993) . [0143] Upon inprovenent of a patient's
condi tion, a mai ntenance dose of a compound,
conposition or conbination of this invention may be
adm ni stered, if necessary. Subsequently, the dosage
or frequency of adm nistration, or both, may be
reduced, as a function of the synptons, to a | evel at
whi ch the inproved conditi A is retained when the
synptons have been alleviated to the desired | evel,
treatnment should cease. Patients may, however, require
intermttent treatnent on a | ong-term basis upon any
recurrence of disease synptons. [0144] It should al so
be understood that a speC|f|c dosage and treatnent

Sem nars i n Li verPCI/E8z94€031995
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descri bed conpound and the presence or absence and the
nature of the additional ant -viral agent in the

W@ 03414 on. [ 0145] According to anot her enmboPCTERL004/031995

the invention provides a nethod for treating a patient
infected with a virus characterized by a virally
encoded serine protease that is necessary for the life
cycle of the virus by admnistering to said patient a
pharmaceutically acceptabl e conposition of this
invention. Preferably, the nmethods of this invention
are used to treat a patient suffering froma HCV
i Serwerchch g agetaxy simatiprsilanaacetonysilance Hipcetoxsilanet e t he
£t reof. More
\F’)tpé&lg}ﬁ F 4n€; dlﬁd@to‘%&&llﬁ%ﬂ#ﬁs‘ﬂn aﬁ@ﬁhﬁﬁr\gﬁa e&é’xggltﬂa 0146] In an
aihteeyltmtc@omsﬂmh, dlphd:nyldldmtaxymaﬁd,s nm‘chyﬂﬂmesloxywlanﬁ,i on

t, t t
e oy B R e e BB sty St -
hﬁhieﬂiglelﬂheth(&yﬁﬂhn@nﬁlmeﬂiyﬂrﬂéth@@@ﬂirfe fneﬁlwﬁmm@maner e not
m , I.mmunonodul at ory agents, Such as -, b-,
;iiﬁla é}yldiqlﬂ%?qﬂé% trametplghloestlane, mwiivisiane; dimethylsilane,
ARy RIS H%ﬂfépﬁghsﬁ%et M?ﬁ%fngﬁycgéﬂ?ﬁﬁaz@ﬁ% i -viral

agents, such avirin and ‘her

|hnﬁdlmeﬂuﬂ=3n10®)dh‘aep1hylsltams, tB(Pietty bades)dind8243N83e,
[ bi t -, A.inhi ; hi bit f
SRR Su B bt PR e B ng ©

hetb(ineskylanidoRabreiase 15 hiifthante, dlﬁéthplsnﬂaﬁcaﬁmlde
kﬁﬁﬁ%naj ri.bosone entry broad-spectrun1V|ra

Yistyldiisogyqate, gt T ROP TS %—tr(mﬁbylslmwnt-’l ene-
[ b
4U<BHe hgmn%t%ﬁ%’gﬁ%ﬁ%lfig 2;{21:"3&2%%&}1%%35 \fes t her eof)
(tr@metmdﬁbal)matdamis tahethplgildproplodate homethyfsDgldrineSytsiloxy)-

T SO N

Gﬁéfb}dbﬁﬂrdlol}fcrlﬁﬂahﬁsﬂdﬁm? ﬂbht?’lﬁuﬂ&ﬂyl@il‘an@ﬂ dighieAN@lanadibi,
vi.ral agent. Alternative t he additional agent na¥ be
n

Simethoxysdpns tricdioxysitage. ;;rwlrlawsxdamé, adrpambinations thereef.
oY 8 re
e B e B O AR M
erferresbgmbgidithens theftolghening ggent tsatimethyidiaoetorysiipne. Si ng a
compound of this invention. [0148] In yet another
enbodi nent the present invention provides a nethod of
pre-treating a biological substance intended for

adiditivnal toaghes gtagen@s naluti® ffultFeREoh Sl sBFadefo i fi&RioR bgents
contacting sai ol ogi cal substance with a

ghaeseebelinideiil iy Usp @é‘iﬁﬂfaﬁams ¢ldninssippragad hyorfsranse hepeia,
hd

M

tahldreéoﬁ cithey ajas' op llqmdﬁomp loptiedadly syithsow byihpud c@t-sJom:ﬁtsof

d t : h ki dn
S SR oot RS e dCtoopt A atomE Jitmesmmikelass 2
ﬂeﬁamﬂaﬁélﬁ)né hﬁﬂ ffers, Q@&’es@ﬂiﬁk@ﬁn Bétil ﬁ?’cot-@wl% U Rf used

atient such as saline, dextrose, etc. [ 0149]

Aefeﬁtr@@ Moths disclosire ofpbishristrcompratadrbyaeferanoe lfmrgmn es
[ [ a | |

R e Y
virally encoded serine protease necessary for its life
cycle. This nethod conprises the step of contacting
said material wth a conmpound according to the
i nvention. Such materials include, but are not limted
to, surgical instrunents and garnments (e.g. clothes,
gl oves, aprons, gowns, nmsk$, eyegl asses, footwear,
etc.); laboratory instrunments and garnents (e.qg.
cl ot hes, gl oves, aprons, gowns, nmasks, eyegl asses,
footwear, etc.); blood collection apparatuses and
materi als; and invasive devices, such as shunts,
stents etc [0150] I n anot her enbodinent, the

o Y

o e
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serine protease under conditions that cause said
protease to bind to said solid support; and el uting

W@ 200d/0349p4 ne protease from said solid support.PCT/US2004/031995

Preferably, the viral serine protease isolated by this
met hod i's HCV NS3- NS4A protease . [0151] In order that
this invention be nore fully understood, the follow ng
preparative and testing exanples are set forth. These
exanpl es are for the purpose of illustration only and
are not to be construed as Iimting the scope of the
invention in any way. EXAMPLES [0152] H NMR spectra
vigdifigagion pgknds witll 1506 twHar msnerfgncmoﬁmtgmps AMKreaB0vith

RN 2P SRTP Bt e mat et M oo

|struesturag frembﬁoﬂmﬁ ﬂte\/ﬁltrh alﬁi melude s ayirfa@Vilaadls Ay condense
| es, were Pntroduced into the nass spectroneter

HRblSSIRSIER & (FI A) or chromat ogr aphy. Mobile

phase for I s spec analy i sted of
acetonitri?%§%5?§ Xm xtures Wi Q?nﬁg %formic acid as a
nodi fier. [0153] A s used herein, the termR (nin)" or
"WREtein & bBsartdeatihR ié—lﬁtiéiaeh&érﬁllytsbl@&ed Ioisties, Buch 43U 8&d/or
associ ated wt the ?p %nd The HPLC retentlon tinmes
2P St %aalcvt}@?lgty(fﬂt’ FSfed l?y Gy 1oR derpyptivessofdbesga Whep R igan ng
tahg 1, ftid zhl dndl ett
ngk ar d e g@i @I n nanBﬁﬁut@d br unshBﬁ&ﬁtHﬂr%HH magl%\é’{
eiralahte Aranched émllcnam*aorefmblyor%g@wmsr@@& é¢ algmt Cis, or

SR s AE PO TRk gbnt G IRRR b llhe iy

@tﬁet‘aablalconmm ofp sflmg’le s@hadt eidg dmmmpndﬁalllyenbsumtwa&
C hed u3|n t.he. na rantprOV|de by
ﬂ’g’n?t&tfgsﬁﬂd r@fﬁeﬁ Sq o T@ﬁg ﬁ%“é&luof ,ggat(e]:,)an MPEF si on
prdferhbly BROMIDL & abolf GP & 2fur@Br QtioR KB aHNFhorDy i isa heteroaryl.
- Hydr oxy- pyrrolldlne- , 2-di carboxylic aC|d - benzyl
;@ter 2- tert but ester (3) [0155 Commercial ly
anqthgsembediment Aoy sifanpongy be pyediap thetoyghewge agent, e.g.
42D IAIRG:S) s MRS setaﬁa%ol ved 901 s of THF

(tetrahydrofuran) and was cooled to O Cwith an ice
wat er bat thSﬂCQR’r)i)s was added previ ously pr epar ed

YIS, idenena bl RGN il SRS ke { e

awisty swoh dshe alkoh kiyd r RaivhLivVe Sf HHREE) R Graideeh@ent 9 361k 4tON
9@qured at .anbient temerature for 24 hours.

The
Preargrmeigiies, MheniRept Ruds an allfyle B allyhmoteshis @ptenaly
i d sodi um
SRSl @RI B nfy NETAA bR SRR Sl oo
aredierablpi aaniggs inisize from Geto about @rsg!a‘rgrcatéraq:ﬂnn@m@recﬂeral_dy

g A N A PR S S

®1fnngI a@nﬁi‘dﬂnfgl thiteédoptlonhllaieitifader h@&@ﬁﬁﬁte& Gind 'rM%es in
Fggyo§¥ rrolldlne- , di car boxylic aci d z

&igg Hpm. fefPta P Gyp» Q@ greptergnggnage etﬂf@alpl@ Fromyty tophoutggys In
Q%%@er B%{l%rﬂ @Qc%ﬁ nzd?@cg}% agheZergé'e/f nTtH? Rhe lzlsglgltpg 'E}c%b‘;@ndently

1elesed1fr@5 H mastlypestlsy ], propss, (diehyl, md(c&deﬂvzcﬁyet thhewf| - 2-
[ (pyrazi ne-2-carbonyl) -amno] - acetylamno} - ,

-di nmet hyl -butyryl) - -hydroxy -pyrr

ol i di ne-2-carboxylic acid tert-butyl ester (6) [0156]
M xed (3) in EtOH, and added catal ytic anmount of 10%
Pd on carbon, then stirred under 1 atnosphere

of hydrogen using a balloon. After 12 hours the
reacti on was shown to be céfiplete by tic, and the
catal yst was filtered and washed with EtOH The
filtrate was concentrated and dried under hi gh vacuum
to give the amne as a yellow solid, which was carried
on into the next step. Z-Tbg-OH (8.3g, 31.1mmols) was
di ssol ved in
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NMP and to it was added EDC (6. CQg, 31.1nmols), HOBT
(4.29, 31.1mmols), DVAP (340ngs, 2.8mmols), and cool ed

WO 2008/083186i ng and i ce-water bath. To this m xtRPCEUSES4/031995

added the am ne as a solution in NWP, and the reaction
was stirred for 2 days. The reaction was poured over
ice and acidified with . N hydrochloric acid to pH 5,
and then extracted with Et OAc. The organic extracts
were washed with saturated sodi um bi carbonate, then
water, and finally with brine. The organic | ayer was
dried with sodiumsulfate and concentrated in vacuo to
roded thaipt dasicongdieisipagaaic dn onpembadiment; bath Regsouparard ed
%éthﬂsérﬂga GRERERGA0 C%u?ﬁbé’ m8 skt g\#t rntnethsg Biane.
OAc” - Hexanes . ncentratlon oFf aous
fractl ons yielded 10.5 grans of 4 as a coI orI ess f oam
(I8 E%thamﬂnhmlﬁdem,sa sustabla sildne ac@xding teethe ifv@AHot hak Ghed
m xt u 14 (10.5g, 24.16mol) in EtOH, was added a
c,gSP%{F‘ Freuﬁr?igunt of 10% Pd on carbon, then stirred
under 1 atnosph ydr ogen usi oon. After
12 hours the re%f@i‘z s shown ton%emélgﬁyl ete by tic,
and the catalyst was filtered and washed wi th Et CH.
Thieerdin X cheRmsindnpmﬁbntly Hi alilyleand/odl afrye dWha@er anyiRydre

c et m ne .as eII so i d S
a"‘i)k ? Y Oroaﬁg ﬁ? Brﬁril?YEE% 83%0‘1%?%‘% r‘(“? Eﬁ]‘{ 8 5»
Zlﬁd ﬂmfﬁﬂ R) achfotldCEE 0')““Mf§drllfﬁnd(w35’alak&§jg2htgﬁ’igg bgéﬂ@s)smélq@@ dg,

g ND

dﬂa%ﬁF‘%eﬂeﬁamm@ru%thﬂglaaﬁdnfs(é@nmlenmgmhnnylsmne,hmé/or

t [ r a
TSt RRi AR, 1h AR (BBl SRRLP P Bl e i
dvayanetlﬂfieyql@asﬂazm, biadinpthytaatnodmethylsdmer andce and
tfn d1e%l’1 1an thee\&]gi ract ed wwth Et OAc. The organic

&%mWB%’“ He¥with . N hydrochl ori c aci d,

sat ur ated sodi um bi carbonate, water, and finally with
lan P&Qinofﬁ@ﬁerﬁb(ﬁﬁ&ﬂblﬁ @éiﬁtraﬁl‘étsﬂéﬁﬁsacgc;rﬂﬁg t(\l"[h'éhnv%ﬁgbrpﬁﬁs the

fate and concentrated in vacuo to give 15.31g of 5
ﬁn%ﬁlf@@mﬁﬁpferl al, which was used as is in the next
st ep. [OlSi%_&)a solution of 5 }q 976mno|) in
Et OH, was addé T&"@%ﬂ&k%ﬁ@%&ﬂﬂo 2-Formgled Von

carbon, then stirred under 1 atnosphere of hydrogen
WiticPgin &=had AraiQRe RAS S atind@ieh8erdtly e, 288/ hADS: A SRSBQW
to_be conpl ete by tic, and the cafalyst was filtere
26 &L alerh ey lvalkoxyrr exyloxyphandiR] mmab@almspr cahowh r ?ﬁhlesd

S g RS Oy By B BN 2

mmghyl@ymmem@-@aec%nhmeypacnvdw d (1.45g, 11.7mmol s)
was di ssolved in NMP and to it was added EDC (2. 24qg,
11. 7mmol s), HOBT (1.34g, 11.7mmols), and cooled to 0 C
B$ Y&t Gnather b dRAEM; a sidtablBksBanlavdéoiifie (Rthe REELH NG the
preV|oust prepared am ne as a sol uglon in NWP, and
ereeraldaeylaaf was stirred for 2 days. The reaction was
pour ed ove ri hen extracted wth

Et OAC. The@b$g§ﬁ$ﬁg ﬁppgﬁlgmﬁgié washed with . N
hydrochl ori c acid, saturated sodi um bi carbonat e,

wat er, and finaIIy with brine. The organic extract was
dried with sodium sulfate and concentrated in vacuo to
give 5.3g9 (99% of 6 as a colorless foam which was
used as is in the next step. Pyrazine - 2c-arboxylic
acid ( - [4-(5-chloro-pyridin-2 -

yl oxy) - 2-(1-cycl opropyl am nooxal yl - but yl car bam

oyl )-pyrrolidine-1 c-arbonyl]-2, -dinethyl - propyl

car banoyl } - cycl ohexyl - met hyf) -ami de (59) To a sol ution
of 6 (0.15g, 0.28mmls) in anhydrous THF was added

tri phenyl phosphi ne (0.131g, 0.5mmols), 2- hydroxy-
-chloro -pyridine (65ngs, 0.5mvls), and | ast was
added the diethyl azodicarboxylate (0.100r,

1. 85nnDIs) The reactlon was stlrred ‘at room

N Y T L I Y 1
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w@eood/084194li chl or onet hane for 3 hours.

The tert -butyl ester group was hydrolyzed to the
carboxylic acid by treatnment with 50% trifl uoroacetic

renoved under vacuum and then the residue was taken
up with 0.1N NaCH, and washed with Et OAc. The aqueous
phase was acidified with 5% citric acid, and then
extracted with Et QAc. The resul tant organi c phase was
washed with water and then brine, and then the organic
extract was dried with sodium sul fate and concentr at ed
in vacuo to give )
Mf(ese@ifdr%-lggrqum aredndependgntly H( akylzndipc buyh eRiyds-sBeface
[ dne- 2- |)-am no] -acetyl am no} -
%@nﬁ%‘?ﬁgg&%%@)%ﬁgg% jyrrolidine-2-carboxylic acid 7a
akmethylsilydifersmnfide dimethylsilyldiastansids) davethfsilydiisbeyan@xt
sh;.eﬁg1 Tg ?..sol ution of 7a in 2m s of dinethyl
FOPSESHY YA ed TBTU (0. 159, 0. 47nmol s), DI EA
(0.15nm., |.Immols), and the reaction was stirred for
]I'5 hours, and then the am ne 10 [U. Schoel | kogf et a
In yefpfputher embedigrenp frsvitaesHane ascordipg torBinyemionled die
gerdl formnBfe et a ., Org. Letts. , 2, pp. 2769-2772
%SOOO) was added to the mi xture foll owed by
4- met hyl nogpRati,ne (0.2nL, 1. 82l v The reaction
was sti rregggat afbi ent terrperatureiafgr 12 hours, and

tllgn,wag, poured over water and extracted EtOAc . The
SFGEHR ¥ &5 riaiEh aliggsordryledn wine pregusier smbedinteat, & iafi:.

aeng ﬁﬂﬁ{n_@ﬁ&ﬁl !:él!}fa]\é? %‘aiﬁcgti(g{ﬁlgﬁl}vg Eégiﬁaogé(lg? ’Eoglf o%?x&lg% lelcilucde,

acid [(1-{4-( or O- pyr
eeyenadimylsishlosesilbamoy | - hydr oxy- et hyl ) - butyl car banoyl ]
- pyrrolidine-1-carbonyl }- , -dinethyl-propyl

car banoyl) -cycl ohexyl -nethyl]-amde 11la (40ngs) as a
Gioh erorepisfcted embudintht, WRapisifEredgert hdlulet Bk A8%dre St €p-
To a solution of 1la (40tn I n di chl oronet hane (4m)
REANCACHIOYYHleResHUhigh Brvedhs Wﬂpwmcgewglsfowamla,i n

peri odi nan 086mmmol ), and _then stirred at

0 :
anbi ent teﬁ%}gﬁé@f@&or 6 hourf®mylg Ylhe reaction was

added InL of a 1:1 m xture of N sodiumthiosulfate and
Patferblyd isadintsgeDiagind BNALR. frodh 1 €6 2,1 d e tyesn bBehe

reacti was extracted with Et OAc and then the sol vent
HEC PHHGER! A 2y HEeashiangige fomeabopbhtombsuichor ersatenut
usi ng chromat ography on Si 2, eluting with 50% Et OAc -
Hexanes . Concentration of the honbgeneous fractions

WsefuHergamnaogexysilanes, inéludiog amiltfundionsl aligdackoaysilade Hid/or

8@%8%§9 i ﬁezg)mmﬂ%ld@dﬁgfl_ﬁc@dg, %'%%y&y%?dcg _e:)éqlgﬁ@anéj without
(ithithttbn] ARG HEhcBoB8 gmel (MITAS" dinidﬂiyldiééé%&xgsila?le
. 69(s | H), 7.47-7.40 (m2H) ,”. (d,IH J=8 .75Hz) ,
QSMSQ@,); IPJi)e,nylg.l&@etozy%l@{wnd@lphﬁnyld(aﬁ?tpws,ﬂam and(cembMgations
thedebf(d, 1 H, J=I1.6Hz) , . (mIH) , . (mIH) . (mIH ,
25 (mlIlH) , .. (m . 90-1 . (mIH , .25-0 . (m18H) ,
(0.73 (m2H) ; LC/MS : RT = 3.61mn, 4.15m n (10-90%

] oM = 767 .3 . M.- .= 765. 5. anmple 2
g:ﬁlﬁ é%}yr%lg{?lhg )éouﬁp%nﬁgg %epgr?reo@x@ﬂ %@&?H‘%@e f(g‘?%]su%&é 2pro
Reptdone, applddoto Gherydnoforoussitiddl suifide in e fokR dF a B0 By P- OH
(130 g, 562.16 mmol ) was dissol ved i n anhydrous DMSO
(1.6 L ) and to this solution was added M potassi um
tert- butoxide in THF (1.4 L , 140 rmmol ) maintaining
the internal tenperature under 25 C . After stirring
the solution for 1.5 h at RT, ,5-Dichloropyridine
(90. g, 608.15 mmol ) was added and the reaction
m xture was stirred for 182h at RT. The mi xture was
poured into water (2.5 L ) and extracted wi th Ethyl
Ether (1 L ) to renove excess ,5-Dichloro-pyridine .
The aqueous | ayer was then acidified with N HCL (0.8
L) andextracted two tinmes with Ethyl Acetate (2.5 L)
. The organic |ayers were conbi ned and washed wth

— —— T A a2 oa

The sol VRCIL/USZ94/031995
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acetonitrile (1.5L1L) , , ,
1, 0- Cct ahydro-pyrimdo [1, 2 a] azepl ne (DBU) (0.13 L ,

W(S&Q)Sﬂ&lmml) and allyl brom de (81.5g, 673. 66PCMDE)004/031995

wer e added successively and the reaction m xture was
stirred for 18 h at RT. The m xture was concentr at ed,
the resulting oil was diluted with Ethyl Acetate (2 L
) and washed successively with water two tinmes 500 L
and Brine 500 nL. The Ethyl Acetate |ayer was dried
wi th magnesium sul fate, filtered and concentrated
under reduced q§Jressure to give a brown oil which was

alispyid, @ad then drig Iinceepodiltﬂmmmed/\?mbpdn‘em’ﬁyd whurelof 66%de and

el D) o35 7 ool ARG TGyl Copim

Frcote( 40 R) 2 S F408) sobirapyar wifer Zhy beateouefhdeys (ATRKCA )

SRFEPRiey o U oo C-Aisking s {heg FIcied B PR B 4 Gipeo
ef;éﬁ@oﬂmﬁ arf¥fhick Qoxﬁéhﬂaﬁ:ﬁre%‘é@?ﬂeﬁt aghidurdit hyl ene

oride. The mxture was allowed to come to RT and
stimpthgdiacefpxsilane (DYIDS) 3n¢13-muamerwsa@\ﬁ@mlchld dpid
tDadelln B X bitRe ARl dr SHEE: &Oﬁﬁee&f afAlsGda Y Ben rbglge s
pressure to yl €ld the cru ouroacets ¢ acra salt
dfaké piAles at \Boto 423G -ThiobakigR)ep is followed by PVD barrier and Cu-
s Ca;ﬂorot r| di n-2-yloxy)-allyl ester (18) [0162] Pro
Ef POEIH or o- pyridin-2-yloxy)-allyl ester (17)
(187g, theor .), the crude triflouroacetic- 63 - acid

dalytt anathecanipddddledtpa alemé)in&ﬁm@ cherfiichld shch s X P3BG Gor d111|1te
410 TMo

11 5. 56 155
Tf?%ﬁ@erfé%e%g@fs iﬁi’am%re in tmﬁ%ove*rl%ngonedmoégnm Thein
AR clehn Matsbl @Nemehe ot a’ a8st rg_shtﬁleg}éfﬁah'ﬁ WRS Rl hgved to
come to RT and stirre xture was
dariteatet dew-&dlieledidc metstipls |aﬁ.gr a¢H andaish aielppdredo witadi Htthey |

n shed succes el i t.h . N HCL
N8 SR adehir phe MBI HERER et ontly Bt The
Eedlstdmcé\@étlml@wlkayeléctﬂaﬁo ditacleby Wet dlediiignesi um sul f at e,
filtered and concentrat ed under reduced pressure to

a? (ﬁggrowg w@ i ch was lied to a srllca c%luwn
PR rré“&rﬁ P ORR DA e dRAY e PSS stipg the
a@@haﬂhﬁg bgbnhﬁéai!ﬁ@ntt @sp)éd:@l'l}datahdg&itt%my&{ Vi ARB#Rdn H80 g .
362.83 nmml, 77% Tbg Pro é

seropying atpigroxiferiom GorpRySurtare, yhe e ctean Carpylsq BIBSE any

[ al lyl
Z0dR ol bbfsSh oy STMPARAPH {f B kol B buacB of o
(Spé}:iﬁ%ly arW):t Qéhn]l&m'grAm%cwn clagrei cc&ppalcdod an)h&ﬁlhlylle @ieRal or
tq g % m.xture s ‘ﬁﬂwad tqycone to RT and
Jpqtal adyy fssrfacf that iS pyeyigpsly opp Oerfeughspme desnt saimeatied
tueing MAVIDIAKt ure and it was concentrat ed under reduced
pressure to yield a yellowoil to V\,hi ch net hyl ene

| orjde (200 nL) et hyl et he 1.5 L) were added
?@er:e Lo 95 atdenfheeruebo s Syt merab el e e
h
e Rl G el A L D e Bl Bt
\ﬂmh el¢mgits ithat atedn d’ld"ry-bloelt et f-Block dfahePeriodicl@iZarbef, the

Rl BB vt oS Hereatlyne B Ot romsios pbas

Thg- Pro (4(R)- 5-Chloro-pyridin-2 -yloxy)-allyl ester
(19) (142.5g, 323.86 nmol) was coupled to a cooled 0 C
sol ution of Boc-Chg-CH (94g, 365.29 mmol ), NWM (109

m., 994.18 nmol ), EDC (69g, 361.26 mmol), HOBt (48.77
g, 361.26 mmol) in 400 nL Met hyl ene Chloride. The

m xturewas allowed to conme2fo RT and stirred for 18 h

. The m xture was concentrated, the resulting oil was
diluted with Ethyl Acetate (2 L ) and washed
successively with . N HCL two tines 500 nL, and water
500 niL, Brine 500 nL. The Ethyl Acetate |ayer was
drled vvlth rragnesrumsulfate flltered and

o T e 1 o o o o
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Chg- Tbg-Pro (4(R) - 5-Chloro-pyridin-2-yloxy)-allyl
ester (21) [0165] Boc-Chg-Tbg-Pro (4(R) -

WG20@KI0a11e4 pyri di n-2- yloxy)-allyl ester (20) (BSI/S2004/031995

102.33 mmol ) was treated with cold 0 C (250 niL) 90:10
Triflouroacetic acid, Methylene Chloride. The m xture
was allowed to cone to RT and stirred for 3 h . After
3 h Toluene (200 nmL) was added to the mixture and it
was concentrated under reduced pressure to yield a
yellow oil to which nmethylene chloride (200 nL) was
added the m xture was stirred and, ethyl ether (1.5 L)
vidliconzad eermanivee sA$ vsstiersin therphrase { d—éldpl:’Amteansgb(pﬂm de

S irlE Rl ST EDSH S G PR G

r(m@uibgthé’leken(em( R\s usbd Gidetnr, thephrade 1~ blacly’lrmeam thakd yI

eyt BRUyv P BeRto g e o id Yorbipsgpmpunding g gucteus

161 thSdem®m) ihclutling 116 [HalBanilA apakiic WARIEH URERHd Mefhls
cool ed 0 C sol ution of Pyrazi ne-2- carboxylic acid

(ingludgyindivgyg sdeergappyr; allvrnuny dinpbismyiogal burpaad 3lloyspc

9 #
S50t Sy Py Boter, Hitver daftd ofloyind 8O 1RO ety %lao
ciocled¢sallByfs, awchl/stetai cmdpésmes htdl ceraifhrecomp(smafserrmi;
concentrated, the resulti uted with, Eth
AR fySites. Mo put leleuurBley aniding ate
tbﬂﬁﬁtlﬁé)& témper@0fés VBB DO 150 .°CES bt 380°ATor 20MEC to 250

Et h Acetate | ayer was dried with magnesi um sul f at e,

f9 éﬁlwt 4% seceniice aboui o8 dnipyige rTheé%IU@é%al}Slrté@ﬁﬂﬁ@fﬁts@fe
|
S BB ol b O RERL 50 Do Shbl et bR

adeanake be petiexad ebefom the bhlck proqmd; m th@ﬁtst)vmfmwtate64 66 g

99% b
eéi%ti%%lm%nt edy@bggpmaqaﬁx g%lsgepﬁ p rn(ng %%te[réli%\%t ckfgan AR
Ry ath geeof2his ﬁﬁﬂﬁ@ﬁ:}dﬂl be ﬁH&chEb@t Blegh o (rEBhovedexcess toughening
Chl or o- pyrldln -yloxy)-allyl ester (22) (64.66q,

13sentgmd ﬁﬁisre)actvwraql%cg Wb@ay P¥POssf coRRSramEface, heforelit is

e

(the Big] ecmca@atcma:b lad avabalm depzpef sxlrfwwdibtlbyarpymﬁuhladl ne

e actlon ur e, was
Pt Tone e BT fp anoffef adr RGPS EbAIGE b s
eaaanmhalt@ﬂydﬂm kb ab¥@em Ab&waly &Tltd dbofr 400! o%cﬁﬁ atnem to
and extracted with 10%citric acid (250 nL) two

t M%gm igperfsmed Beforp the toughgning aggnt (AAg frsptmentayf é? was
Wen Gkatibrt BakERGRGRE Y Hist%é Sdsoftlell irBhE daRBgbd low-k
contentrated under re uce ressure to give a pa e
y&hblbctvwdtdm@aw 1Bgstug 73R thm:bd:le@ﬁ@/@rx@r tétaugbening agent

-2 d ] | anide (24
G TR BT Pt BARSP Ty o oy et hy) -

butyl]-carbam c acid benzyl ester (48g, 149.82 nmol)
was di ssolved in Methanol (IL) and degassed with
ninapslemativsrembodiment, {he togghening agantisampesntion is pugaded by

I hen
Aae B8 SRinfeo el WO IR el DA TRAT0 s fiSnt
awmiich Fealerized fromnnyatthd egasgrehtinhe¢dtongitenmgeagersnia a typical
filtered the resulting filtrate was evaporated and
dri ed under high vacuumto give a white solid 26.9 g ,
144. 42 mol 97% Pyrazi ne-2- carbonyl -Chg-Tbg-Pro
(4(R) - 5-Chloropyridin- 2-yloxy)-Nva-hydoxy
cycl opropyl am de (25)[0169] 3- Am no-2- hydroxy-hexanoi c
acid cycl opropyl anmi de (24) #0g, 107.37 mol, was
coupl ed to Pyrazine-2-carbonyl -Chg-Thg Pr-o (4(R)-
5-Chloro p-yridin - 2-yloxy)-0H (23) 58.5g, 97.32
mrol, NWM (11.76 mL, 106.96 nmol ), EDC (20.45g, 107.07
mmol ), HOBt (14.45 g , 107.07 mmol) in 250 nL
l\/bthyl ene. ChI orlde The mxture was stlrred for 18 h .

o o T T
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applied to a silica colum with nethylene chloride and
eluted with 2% Methanol in Ethyl Acetate to yield a

w@ados/oyabd ow foam 61.5 g, 79.94 mol, 74%  PCT/US2004/031995

Pyrazi ne- 2-carboxylic acid ({I- [4-(5-chloro

-pyridin-2-

yl oxy) - 2-(1-cycl opropyl am nooxal yl - but yl car bam

oyl )-pyrrolidine-1-carbonyl] - d,imethyl -

propyl car bamoyl -}cycl ohexyl- nethyl)-am de (59)

[0170] To a 4L round bottom equi pped with an overhead

stirrer a thernocouple and an active nitrogen inlet

\mgceddwethe EREnpAiGiOgass thde®de filmis)plackdin ayeldsrirygenerating

rous,Eth Acet [rin r .

g (S:I%Ch as ta ﬁag&la efltga?l?édz %f%l({g}ljlv%p%tr d%pos%%ezﬁﬁﬁC§b? s§s?e%,

Eﬁw azpolg:helf Qtdilghéim[g/ddgeﬁﬂg@mpﬂihgm?ﬁrﬁi drgon vapor are passed through
or o-pyrjdin

c‘ﬁ%l’]@ﬂfl% §9‘?e§"rﬁ%6 éh?@?f than encygy @’&‘rﬁ%ﬁ"t‘v&eg o frgag a

Eﬂlﬁb‘lﬂa ﬁféeatrgé Eoab BfcIldad th 'B@l@ ﬁ&ﬁéft@ HRUR YRR Jf $RSmALThe
ded. A cool i ng bat a ied to bring the

|m@5e§1ma comperse pﬁmmefragﬁlemscderlve&{) rgm thedorghenisg |ag‘tnit on

ACELPABRIEh B T B3 limdt GRS BB

tmapﬁsﬂﬂmr(@fl‘g\&ﬁg)m"hmfmgmrﬂt batswih siliobgrdu@io @rm Th e
ennved e thin slurry S stlrr

SO o e e N R S

V@)%ﬁié@lﬁ%ﬂ@éhn\’ﬂetuged\fol’@ts plasr3didell sWdThde@reBMidAt. @i Ni N

the tenperature between 15 and 25 C . The organic

| ayer was separated and washed with water (200 ni)

tQmelesmuahlegqughmmgagezt)@rmng)smonsrfee a@dasylla indneedsustacay er

was..dri.e mes t

coﬁ%lgln 1roglttre g un glglr%ﬂlr%é%(? ed aﬁ(glsazl 4 ra]é altt%v\/:?' ?W%ﬁg% % fhe

tieoR @reftrvddehydfocaibon ﬁmnahﬁﬂma@tmare@géms ok plsi@a hidoved oi |

whi ch was applied. .to a um wit yl en
dRrgientie agei c@lnﬂ?sé‘é"f\ﬁnuﬂi ME@Y‘?@ esiié%taﬁ‘gé’gﬁ’ﬁlgﬁse% e

t

N Gl BB nplite lgaieithds ol by ek Bikatle St
| mleldqu etByloBetiate(apyl methyk Perizpiitii-fuitatie 46d chlprides3aclndy adepy]

£ h%r 4 ﬁ%ngl Igénzl?%}égrcc%j )md s,%.lt%é(a nspers Afgﬂﬁ&% cg_r%%ylzélé% %1(1%@15013

ZA S\Hdé V@rletﬂof&ﬁlg(ldmafeﬂoﬁﬁulhme wafer&Bat(:liD)plasﬁma?s@st&né 89n be

2ﬁe f(ne pi?@f@%ss ﬁy@yﬁﬂﬁf@egy féﬂpﬁﬂo 5 12H3?S,15u‘?f2as

and G%ﬂon?@é Y6 pﬁ@c@f&s@f%ﬁélf FE‘CVEQﬁ&l@&Flb aéﬂoiéltﬁﬁ systems such
descri bed herein. Analytical data hese conhpounds

vasrthe AppliddyiatatialoP 00 hlerealcptsfcu@s@tdi é“BﬂE’dtsmt@ms oBrodddy,

C sel [ LC
UREBOH Bribt PomE BB Sl RN (S RE I St e
Meinipedt3BC+o B30T, RFiboﬁreﬁ GoWsth 1006W; %aﬁmb&@ﬁregs'ﬁré, 088 t3
A800511774A750§ 85A,8003 1506&_
st tan; plagma treapmengdimer 5 feapgdgio miswtes;an Syefesepoqieation
MbeRw rafe, 1002008 sébnB 16erbis oR/ratbQt Kﬁ Zﬁﬁa%@nz}ll&ﬂ Zb@Osecm
868. 27 2.18 12 A 800.26 2.16 13 800. 1 03 14 A
816.14 2.07 15 A 808.16 2.17 16 A 816.12 2.25 17 A
808.41 2.0 9 18 A 750.39 1.97 19 A 808.40 2.17 20 A
766.34 1.99
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W@ hosia3dp824. 58 1.48 28 A (MrNa )/832. 65

21 A 762.43 1.94 22 A 800.38 2.08 23 A 792.30 1.87 24
A 792.30 1.97 25 A 767.67 1.43 26 A 778.00 1.48 27 A

(MrNa )/824.61 1.52 30 A (M+Na )/824.61 1.51 31 A
(MtNa )/856.67 1.58 32 A (M+Na )/774.63 1.39 33 A
(MrNa )/800.62 1.48 34 B 734.10 3.73 52 B 790.30 3. 86
53 B 800.10 4.48 54 B 768.20 4.13 55 B 768.90 4.51 56
B 766.80 4.61 57 B 778.40 3.98Cmpd Method MASS + RT
no. 58 B 733.40 3.71 59 B 767.30 4.02 60 B 852.90 4.70
61 B 818.40 4.21 62 B 767.22 1,68 63 B 767.29 4.21 66
dhegitisan will appreciatp thgw the daveptianisgdsogoneaptedtto LocBEpasy

S0 Bt R B 203 o

786/08 Borfod@isRWhetherelamagddan not, b appliatiodoAhe atdypalesdribed

B C18 I 5 2..1x50 | ow r 1.0 M/mn Run
AR SriEG Hm e aBhd Ry [ isipciiraising
Al enethodg akd alsd\ppart%ﬂtwﬁrgiegm’verﬁfoh!mt ure \ \ H\\ r H

/ W<No. Structure7 3 -- -- S - No. Structure 15

16 17- ¥6 - No. Structure 18 19 20REPAI RI NG DAMAGE TO
UG BRI AE LA R L A

apitatile electomictamiposenth Eldogrnt icompéneotsSas qontewipddtehiadrein,

AR e et
lcomPbRdieE that BRI G elddtrohiDIVENEpediuii. %&tﬁglgﬁg

I nvention The invention pertains to a method |
eleStraRic SEMRORANESRBIBT IS ¢itRul boprds.cbiiy paskagite, dielectric
RoapoR HHfi 832 pHhBUSALiY fodkdd, 1 YRLTIBN G DG
subjected to an etching or ashing freatnent rn Such a
wérguisboards, seahms eapcitdreasductorpantl resist@t. pr evi ousl y

exi sting carbon containing noieties, resulting in a

B A Pl TR Bl B

sieed indndlisay of byletibrc@asifn) BanplésadTilished Eorisamerd Sroducts
" CSE? .in orderto e Eure | ow dielectric constant and
SV é&?@?l&efpﬁsg PRAng <3 pReeh @ dalm-ypgreanizer, a

leRSB1E Pidie)d Bf stbBE aREL3dRste Bbdtrol. Also contemplated are

"intermediate" products such as circuit boards, chip packaging, and keyboards

ci

that are potentially utilized in finished products.

Electronic products may also comprise a prototype component, at any stage of
development from conceptual model to final scale-up mock-up. A prototype may
or may not contain all of the actual components intended in a finished product,
and a prototype may have some components that are constructed out of composite
material in order to negate their initial effects on other components while being
initially tested. Electronic products and components may comprise layered
materials, layered components, and components that are laminated in preparation

for use in the component or product.
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As feature sizes in integrated circuits are reduced,
problens with interconnect RC del ay, power consunption

difficult to resolve. It is believed that the

integration of |low dielectric constantmaterials for

interlevel dielectric (ILD) and internetal dielectric

(I VD) applications will help to solve these probl ens.

Wil e there have been previous efforts to apply | ow

di el ectric constant materials to integrated circuits,

there remains a | ongstanding need in the art for

further inprovenents in processing nethods and in the
f .bot N el ectiri.c d. nechani ca

pr oper@hé i3 ot ?lgutélhg eﬁ%{nglr%is gefrg? %ﬂg\lﬁt@@ea@% HVER S n future

integrated circuits clearly requires the use of | ow

di el ectric constant nat a part of the

i nterconnect structure. ﬁk@@biégididates for | ow

dielectric constant materials for use in sub-100nm

9ELR1eIbT AIVARANCILASPL Ra kbl 8118 fifthd WBmbRIMR bY

ei ther CVD or spin-on mnet Dur i ng subsequen

preisdlesiiveny Honepagll kltﬁ@tatlalsalpllnasﬁﬁumﬁe,r@ldmdla Were coated

SR A PRl R B B PR R » K] SR8

tblami aslapsesssiih o MBLITBRMICRS dtiten Brstypey &ngﬂneﬂhgbgém
Eg_ %£@D$% k mat |aI adj acent to the etched

dhiprly e el oThe tAvgheBing apmit werg @pprliedit the

gt trPd btaRlabHGIiRLOR aleperc%cs(g@% RbatlY, End Be WS yere hot .

fornatlon OUt gassi ng and [1Ster fornatlon e void
ipfate baked Bhi2 3061209 Gran r3’é®°€af9e 1 irinte akchgBilmo dhicloress atd

B L\ B &Eﬁ?@’%ﬁ%p&ﬁwpw&
dﬂﬁtﬁ@d ulam;g F{IéRuIDield@@ltclcSﬁﬁaﬁ way ﬁieéfjiﬁtéd &tfart HE pisdk eg 8.1 "

| at | n arter € aanpnge i S cause e
V&“@é ﬁ H%?H S&Qﬂ&b Pﬂ@ S WRbGHalaked, bY§bFéwab%eSﬁr@§% Baps
sFiRB0 Nﬁ L@iﬁglg ?ervg’lq{ietgle@dl &{rflé%@elfér&@{u@tﬁﬁag We?é ﬁgpa(tfd

problens isre see |. Berry,

Mith, 30@0A\MAHﬂGle°eSS 11r®e¢6| t@@ﬂlﬂ anca30A te@s)pmdaa cap

TAE R PP ey FERARAREAPC RO hiay gt Toigiae
SthiGon eﬁocul{ed iBudeam sdénnihl sRvtEon ﬂnlcrcbﬁbﬁdldm-@EMbﬂﬁasted to
TR R B
G?que?%vaﬂr%?é‘ae&tﬁ@ilw ted?é&ﬁfsm%%ﬂ abifo E&hg‘fomb%r t hat

repl eni sh carbon have al so been shown"to restore
JECPRRGARS B bl BRANARIUT ARE FRSIE Bl @I TN & o

been shown to restore hydrophob|C|ty and | owner

die constant.. In.this reqard, S. Mr, T.
. ﬁng, feralpropprijes qf asygured Niy %’ %AWS(&E@&% s. T.

Yan, parmu;, W . 1 M¥iniqe- M Pan AM Lur] and S. M

Sze, Jourr o)} gpcuugkp0|ence & Tec ogy, B, 2 (4),
1334 ( 200dg0 Semete Crark—B: B &thwab] and 3 . W

But t er baudhe i A hati dA4l 26 (9), 46
(2003). AmDﬁﬁvﬁﬁwﬁgé MM @ ez at e ap@?oachlis that it
al | ows t hgElsgevigiliuswel [Nesihdatnbtbs hed ewuslepang and ashi ng
processes.|ud@edshi s enfancihdeniie! d beOQ@§;rable to
repair da d ous| 9GO d | owk
mat eri al Lﬁgﬁsﬁggﬁgal%gfﬁw??%LL# E Jﬂﬂﬁ—%1eatnent
could result in replenishnent of carbon to the | owk
film thereby restoring hydrophobicity and resistance
to further damage during a3wet cleaning operation.
Additionally, it would be desirable if the repaired

| ow-k material was found to be resistant to void
formati on, which generally occurs in untreated porous
lowk inter-level dielectric regions during copper
anneallng processes. Sllylatlng agents ( toughenlng

o oy . o Y 4 o

cross-tal k have becone i ncreasi ngl BCT/US2004/031995
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The effectiveness of the toughening agent treatnent
can be verified using unpatterned | owk dielectric

wo 2dosm3Hebj ected to etching and ashi ng pr ocessPEUS2004/031995

foll owed by the toughening agent treatnment. A
successful toughening agent treatnment results in

i ncreased carbon concentration that can be neasured by
FTIR, EDX, or XPS techniques. Additionally, a water
contact angle increase is seen, which denonstrates the
hydr ophobi ¢ nature of the post-treatnent surface. The
t ougheni ng agent treated film al so shows a | ower
dielectric constant extracted from CV neasurenents,
oA dheBT RospasiraeORaNOSE HES B itlinolshved ilmt thetetdhrand e

i In. d f , the .
‘é[ﬂr%&ssteg EQJ&@H‘ b @6-4%?@2:8?%1'09 I%rp ézﬁ gnd! -% pgqtgrg%pﬂémegn}fgzam

ffectiveness of ughening a
dresim Si-OFl and HOH bahds tompared toedni agicoadifim. The tbﬁ%gaiiﬂgn

e el B0 g e oo el mabri oAb A
gllec TAophas mogk éffecﬁ@iﬂ%plerﬁﬂl;ﬂlgaéa%nm(nd Igm%é)ﬁig(f)ﬁlaﬁd H-

change in trenches or vias after exposure to reactive
ol berdssharsDMMARYOF THE | NVENTI ON The i nvent i on
provides a nethod for deterring the formation of

Stte @fedtiCltiREAnY®) BBthE Ty ! S
dielectric fil rrln((g?} a s&@?@?gsﬁggkCE'%géigeg%g@iaI%flggi e
drepsesesli Blivisexpestedith tre Hastolthemoisatre atsogioh by fier Shoi as

r h therein nd which grganosilicate gl ass
e R e dPEarpue B Caijcaniaons IGe
| east one treatnent which renoves at |east a portion
Glablerle shavussthyt @fick stechngd sy NANGODASS Bi flgh W Bidi§shilanthd
re@uggﬁ h%grqfhob|0|%%mo% sajd organosilicate glass
didipdueh piehtpien mast Wekrloan ghemistaify meking: fem wrsytiatthe for
e e Rad. tRA- 1 ftichin®ght maﬁé‘th@_ﬂ"ﬁ‘ﬁt}ggrolpﬁMC whEf agﬁg%{anpt%ssome

t hen been thereafter subject o0 an annealin

of Bgtwab glean ehgmigals.nod conpri si ng contacting the
organosilicate glass dielectric film after being
subjected to at | east one etchant or ashing reagent,

but Dafon e Sk 8n WAASOANASS FHGRET eitie R §idus Web Hean
Wt rbh@m‘fﬁ%tic%l a*ftei"’étglb—gﬁl GO GePY -ésfh?a%ﬁﬁpﬁ-g I!tegtrﬁae%? (’Ie}\-l)

concentration an or atine perio ectiv
restor gvg?.{:l‘; east sSonyg Ofitck A& (@AKRHON m%fe@-'b(ﬂlitz{&_gangle_(degree)

noi et i a?ﬂ@*ﬁ?barogmhmgateTghass EELEFtTIC L
andj&HLRCFbC tre—hydcrrophobtetty—ef—he crganﬁs+++é§ﬁ4+—
gl ags > dP'&P8btric film The ilnvention al 9 pravi de?a

met WP HF) or mi ng a |ni>d#Wellect Ponilc dess ce whi chii2
CONB (R&oius @Micpppl yi g ap.organ@si!icateuglass 118
di e|_@€§eﬁﬁ_£ﬁg&}‘u§ﬁ;ﬁb@g}0 a sybstratg; ! A pa<t1t0c1

of ‘éﬁf afo—ttrefchesHhr—thetorganesgi-cate ghass
di elRELERHE) m and lsufPectli ngg3t hd or galfosi Lli cat &7

glass dielectric filmto at |east one treatnent which
es at ast ,a portion of previously existin
TERRY e bRty i w408 raShattnasayolyion opnobie « y
fecRAIIT AL URRRSH AlhtidkBnidl ASe ﬁhﬁ 5&&1{5&{3 nfd'a'smﬂ-g treated
contacting the organosilicate gl ass felectric film
{ilm phoyvstaosigghi Beantly Imprsmied hompd siabilignwith lew edaidlent r at i on
and for a tine period effective to increase the
hydr ophobi city of the organosilicate glass dielectric
film d) filling the vias and trenches with a netal;
and e) subjecting the netal to an annealing treatnent.
The i nvention provides a mcroel ectronic device
produced by a process conprising: a) applying an
organosilicate glass dieledric filmonto a substrate;
b) formng a pattern of vias and trenches in the
organosilicate glass dielectric film and subjecting
the organosilicate glass dielectric filmto at |east
on treatnment which renoves at |east a portion of
previously existing carbon containing noieties and

o o o
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films can be produced by the described, exenplified
and cl ai ned processes, as desired. The term "filnf as

wais@d/okapein wWith regardto silica dielectric nBCEUBEN$E031995

is intended to enconpass any other suitable formor
shape in which such silica dielectric materials are
optionally enpl oyed. Nanoporous silica is attractive
because it enploys simlar precursors, including
organic-substituted silanes, e.g., tetranethoxysilane
("TM3S") and/or tetraethoxysilane ("TECS"), as are
used for the currently enpl oyed spin-on-gl asses
(Indrxontiahepse ientvishout veygbening age08, significant GVDY 9anshet seermin
%e HSS a@? Eﬁérrbu Véﬁﬁgﬂ gﬁg Vo1d9 Wgre 0 egrveci3 S%Drttﬂ ri% aérggallg’g.

ree v nmass aced
V\Shmnler dasmammmhase beenesired prthﬁleWfthqﬁirdidsQGwQJ mhtBEals.

1350 SMAPRE Lo kel 1305, UG Rt

| kel TNBa@lifmoto] Bl RAROPSLDN PrRQbY B! omEEQQt@Hfatlﬁr?al
pIurallty of pores. Pore$ are tﬁﬂlca heri ca but

ntproannest heghingloigy Confesangt 208 A1l (2003 %and dstIun,t&b‘L e
shapen | i t [\ar C
SR Rt OAHE AR SR T 0 YRR . TS P Biamdlion
d‘Ld.Maeceslé‘dem]htzhlmm (Edsrﬁ‘erpmem@m,mm(m» | TerisHe 8k®® from the

nte | at ed t hat the res an pro r|ate
AR Rfigent & sp oD e Sk BBl foniaid BPmpBi he
S\@éﬁ@fs PRAIES Wt YT R Tl - %ﬁohve@%%ﬁi@'évﬁpa{f%% tHeCiFarfRhIe @
structure W th a significant amount of connected or

n'rensd ngs itheyC-drplaiégrodanease &inrpyea to b aw effentize way to
I
BRI USRS OMRGE o R s
nmet hods for form ng nanoporous silica dielectric

fliihgve-lirer leakdgs Crl‘ri'elhedfas hatraffestedpy the thlshédigg ﬁgﬂnt Q¥dtient,

co- owned_ U. ten 48, 804, 6, 022, 812; 410, 149;
Corpol aetrs Bouble wads digiibaty smmerpentmsesses@ceé“mgms
Gefdinc@ Ut wh 1%6§d St du@ t@grg”ec‘téﬁtch B1jds @é Bor (% Jl‘?’ ?n(iz54
6, 204, 202; 6, 208, 041; 318, 124 ané ,8% a
inWeiog phichtveate Hisely pwswby mbertemt@mé nredamag@u Heb region.
dfo%kﬁe%ﬁﬁéca%gas e e(a%aq%rg rs}l? C(}\'/;ed t1 h rez1 gta?che dS %tpﬁlilt{gogns%% &ed
dmssthmdapmem @mtrmbgtaraé sﬁeaed/emeemduﬁtgewvﬁnlepﬂécﬁm
appl icati on se 10/078919 f|Ied Febr uary 19,
ltalrcrearraserza#ﬁqcedr@x it (it yhedraatrdomb
%ﬁﬁﬁ&ﬁbﬁétﬁlctuYeséh\éa lalp3dHeRyiblaQe r@re%étﬂgtttngl/ﬁlts?et Heﬁet@ nal
The dielectric and low dielectric nmaterials my
be applled by spin coating the nmaterial on to the
surface, dip coating, spray coating, chenrcal vapor
d&p@ﬁb@thﬁ pquWD)Iduqedi Idhma@ A NEXGEIA $8® Fomtdoothdraimilar Si-

ur f dri ppin on he surface
T PR ol AP Trealiat i Rigfpiipgadens TA-
O @|TeCL hag abld$@fddtord propérfibsof aﬂ\ﬁﬁfﬂahﬁged tﬁﬁﬂeHQeAW&essful
deposited materials, such as carbon doped oxid for

@Rplisstien toneheninesesnis irSLIMcretess avas slemonsitetes] whlfch it
| I T | abl e

@?%}#.&%@%ﬁiﬂﬁ%&nﬁ%%%ﬁﬁ on 1ﬁt91 M ﬁe%t %H %rugtégesl abl e
from ASM and Orion, which is connerC|aIIy avai |l abl e
from Trikon. As used herei n, the phrases "spin-on
material"”, "spin-on organic material", "spinon
conposition” and "spin-on inorgani c conposition” may
be used interchangeable and refer to those sol utions
and conpositions that can be spun-onto a substrate or
surface using the spin coat3ng application process.
Exanpl es of silicon-based conpounds conprise sil oxane
conpounds, such as nethyl sil oxane,
nmet hyl si | sesqui oxane, phenyl sil oxane,
phenyl si | sesqui oxane, methyl phenyl sil oxane,
nethylphenylsrlsesquroxane srlazane polyners

- o " o N T T Y 1
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6,512,071, U.S. patent application serial no.
10/ 001143 filed Novenber 10, 2001; PCT/US00/ 15772
wo pios@3denhe 8, 2000, and PCT/ USOQ 00523 fil ed Beruszog4/031995
7, 1999. Sol utions of organohydri dosil oxane and
or ganosi | oxane resins can be utilized for formng
caged sil oxane polyner filnms that are useful in the
fabrication of a variety of electronic devices,
m cro-el ectronic devices, particularly sem conductor
integrated circuits and various |ayered materials for
el ectronic and sem conduct or conponents, including
hardmask | ayers, dielectric |ayers, etch stop | ayers
and buried etch stop |ayers. These
or ganohydri dosi | oxane r EXAMPIdy2rs are conpatible with
other materials that m ght be used for |ayered
08 AIHPSP siticond@viscewnmenaigly axnilablarftom Heeeywed doternational
RERPLNAR V2l AIRBLANG; ??érﬁq%d %8'!%%@%% by 3 slah &9 5" ©
conpounds, of ganr ¢ dirarectrics, tan na%oporous
dioatigrimethod . Thedilpe swectscuirddain Nyraed@Oidsi der abl y
conpati ble with the organohydridosil oxane resin |ayers
CRiadnenganaize ovab mdaced iatoahelfiknd yssequdntially ibjgothgethiem to the
6, 214, 746; 6,171,687; 6,172,128; 6,156,812, US
AfBéPWElgtPFQfﬁSSS%r ial No. 60/350187 filed January 15,
2002; U:S. patent application serial no. 09/538276;
U S. patent application serial no. 09/544504; U.S.
t ent ' L on ri.al . no. 87851; and U .S
05 54 poBB AT 035  r g0 eSS QR cienlay 40°c
%%%#fm1/32569 filed Cctober 17, 2001; PCT Application
PCT/ US01/ 508 2 filed Decenber 31, 2001, which are al
| RGP UOPWAISRET/ Ne0REA B, 40&f eXoaRee. Suitable
or ganohydri dosi | oxane resins utilized herein have the
followi ng general formulas: [HSi,.5]nRS Q. ]
Formula (1) 1 [Ho.5-Si . . . . ] Formula (2) [H
-&‘t&lgherﬁﬂl%&é%hﬁ‘réatmeﬂt Wk pBMbrnedIbing 27% DMDAS in 3-pentanone.
10[H'Si 1. 5] c[ R-Si 01. 5] fSlO ] Fornmula (4) wherein: the
stifieropinroatins the spughening agenmatgrialythg fidmg weee bakeshfoa b gip.
8ea§:€ataﬁ(3ub ?&%aﬁ%d‘b‘l{m% i's sel ected Suc.h th_at
carbon containing constituénts are present in either
an anount of |ess than about 40 percent (Low Organic

g@@%@ﬂ%@ﬁfgﬁ?ﬁ%}w%”“an anount greater than about 40

ganic Content = HOSP); R is selected

fram cithetitiitad and rncnihet 1 + 11t
1 O ou —Cuouc oo L

Pa nakoml And
br anchMfasgreang (netkylfmaﬁgy&; buPgB-Etel &y | Post- toughening
pentyl) _al kenyl grogps (\//3*15 yl —ally] Ash sopr qpagq‘,g)‘qtreatment
cy cDisddckig Gonstape(kdal Kenyl 2gf oups| aryBd (phehyl 281

7

gr oupdR (BESiQIrage)oupd, ndpBBhal enyl d@xMdps, 0.020

ant Hr@Coniekt Angle 3 and phdfént hr enyl @6oups) | and 85

M Xt Bfeglkddwitsteagth and whepgiin the speaiffic mple 512
per cent (0ffv/gdAy bon contai ning subtituents is|a

function of the ratio of the anounts of starting

0 Materials. In some LOSP enbodi ments, particularly
favorabl e results are obtained with the nol e percent
of carbon containing substituents being in the range
of between about nole percent to about 25 nole
percent. In sonme HOSP enbodi nents, favorable results
are obtained with the nol e percent of carbon

contai ning substituents are in the range of between
about 55 nole percent to about 75 nole percent.
Nanoporous silica dielectric filnms with dielectric
constants ranging fromabout 1.5 to about 4 can al so
be used as one of the layer3 Nanoporous silica filns
are laid dowmn as a silicon-based precursor, aged or
condensed in the presence of water and heated
sufficiently to renove substantially all of the
porogen and to formvoids in the film The
silicon-based precursor conposition conprises nononers

I | o I e ' T I ~
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an aromatic spiro conpound do not have one, or nore
than one bridge. Contenpl ated cage conpounds need not

wWoewss3ardi |y be limted to being conprised sol RCHUSL004/031995

carbon atons, but may al so include heteroatons such as
N, S, , P, etc. Heteroatons nmay advantageously
i ntroduce non-tetragonal bond angl e configurations.
Wth respect to substituents and derivatizations of
cont enpl at ed cage conpounds, it should be recogni zed
that many substituents and derivatizations are
appropriate. For exanple, where the cage conpounds are
relatively hydrophobic, ERAMBIGBBI i ¢ substituents may
be introduced to increase solubility in hydrophilic
00 ANNANQGLASS &. 9\fﬂms,acom%hdraalrlwﬁvmdaﬂy fromHeg sl Wher e
arity . is desired, p r side ou dded to
PRttt 5 56 S ite e R e dp e i B £
ma@@rspmt@aﬁmaﬂhw FilnSs WY c@bd th N{wclm ect her rml abil e
3ﬂoup nucl eophilic and el ectrophilic groups.

atlamage wae mdpeﬁdeaﬁoah@ﬁlmwseﬂwa@lﬂsbwwcgnmpm terdlye
q§ng®P% dskf) the cage conmpound (e.g., to facilitate
Cross ﬁ Ing reactions, derivatization reactions,

etc.) Cage nol ecul.es or conpounds, as described in

t.ail [ an r t hat attac to
5 R Bl i TP PP PR iRt g0 s

nadRej.al s where the cage conpound fornms one type of
v0|d (i ntranol ecul ar) and where the crosslinking of at
| east one part of the backbone with itself or another
bagk f g, of void
(&?ilt g?‘ﬁ@ 4§§ﬁ/é§§£&ﬁgg)‘ tl|8o(%é\zl)él%gf‘;?ge nol ecul es, cage
conmpounds and vari ati ons of these nol ecul es and

FTBRABHE ebrisaiman s DBt e PLTOVIDAS 1o 3-Pentanone.

| ARQIPR b thé’ tdu@flé%ﬁ Rt rﬂatbltlfﬁ B Eilh&h¥re baked for 1 min.
Cont enpl at e yIers may al so conprise a W de range

dﬁdfﬁﬂéﬁlﬁdam 6km§ﬁ69c€um§k moi eti es, including

aromati c systens, and hal ogenated groups. Furthernore,

aﬂl%rt&g(gwﬁ&?esﬁﬂs YORLS yjpy have many configurations,

i‘'ncl udi ng®a“honop 511 yrmer, and a heteropol yner.

Moreov-er al-tert naf RV nnl vers nmev—have various—for o
such aNlefsupRmgnt branchgaeigﬁb%rbraﬁ%ﬁéﬁdl%r Post- toughening
three-dinensional __The no ul arl wei ngh of agent treatment

conPielstristCansignt Girer s spah83a wide rah@f, typi cal 14

bet WE&R (BEiOaitign and 400000 Daj t on0.6027or e 0.0054

AddiBredelbwaaneadtso be¢ useglsto enhancel.z i npprt 376
parti culdMN/gaoperties, as is conventionally known in

the polynmer art, including stabilizers, flTane
retardants, pignents, plasticizers, surfactants, and
the |ike. Conpatible or non-conpatible polyners can be
bl ended in to give a degif pr pperty. Adhesi on
pronoters can al so be uggéik%%% pronoters are
typified by hexanethyldisilazane whi ch can be used to

ract with avail able drox onal ity that
Brifiege v Misd B rosero prostC U Tpe bl deos dim
tfyakqAtalB*RBRBENS Pellb %ﬁe%ﬁo@hg Regekgdibd:y. Polymers for
n1croe|ectron|c applications deSirably contain | ow
| evel s (generally 13less than 1 ppm preferably |ess
than ppb) of ionic inpurities, particularly for
dielectric interlayers. The materials, precursors and
| ayers described herein can be and in many ways are
designed to be solvated or dissolved in any suitable
solvent, so long as the resiilting solutions can be
applied to a substrate, a surface, a wafer or |ayered
material. Typical solvents are also those solvents
that are able to solvate the nononers, isoneric
nmonomer m xtures and pol yners. Contenpl ated sol vents
|nclude any SU|tabIe pure or n1xture of organlc or

o " o, N 1
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nmesityl ene, solvent naphtha H, solvent naphtha A,
al kanes, such as pentane, hexane, isohexane, heptane,

woemwanailvopct ane, dodecane, 2-nethyl but ane, hexBdBpUS2084/031995

tri decane, pentadecane, cycl opentane,

2,2,4-trinmethyl pentane, petrol eum ethers, hal ogenated
hydr ocar bons, such as chl ori nat ed hydrocar bons,
nitrated trydrocarbons, benzene, 1, 2-dinethyl benzene,
1,2,4-trinethyl benzene, mneral spirits, kerosene,

i sobutyl benzene, net hyl napht hal ene, et hyltol uene,
ligroine. Particularly contenplated sol vents incl ude,
but are not limted to, pentane, hexane, heptane,

R AORT, SRoWRIPEDR il TG0t RN 20 7"

A dOTWNISE T/ 1 bBsc&AlOsea0°CqBo Se)vent m xture may
conpri se those solvents that are not considered part

of the hydrocarbon solvent famly of conpounds, such
a0 A Rt

TR pec B o AP P imed YRR FATIAD A & Kyntanone.

kiftarspin, coesttghs toughmgagmtdnamlateti;e films yere bakedefor 1 min,

cont e aje odi IR BLS he sol vent or sol vent

rﬁ%ﬁfﬁjgsnéyﬂ%gﬁgygégsa&&% i nati on of any of the

sol vents nentioned herein. In preferred enbodi nents,

t1iR o RbWRBkesaRYRElcSREdVAt er, et hanol, propanol,
acet one, ethylene oxi de, benzene, toluene, ethers,

cyctof putyTr ol n T et p )
anisopgé%%%%ﬁgtstlll faﬁ%ggfrconteﬁg éﬁg%&th Eg?ﬂ%ﬂggﬁ;?

] 4

AR5 AT Nl AR Al D T AL
o LR (CHRID a0 e s Lot T CONATS, o) qorag” 0

sed fa)

A4

necH@ﬁ@@EWW§¥$%§§“U‘%ften%pé or other3gt6tEC ive 477
15agent $MYd§mbe added. ln other cases where the

dielectric material is pl aced on a snooth surface,
adhesi on pronoters may advant ageously enployed. In
still other cases, the BRAMPIIh5of detergents or
anti foam agents nay be desirable. In general, a
precursor in the formof, e.g., a spin-on-glass
CEUTR S NIANUIGE RS ﬁlrﬁ§ Lcy&lex%rc%n@ a9hildPR Borh SIHRYARIE
solvents, is a to a substrate, and then
d@teymvélpn&lémc ah gummﬁle&@tfom@, wete\mmarqdetmgaﬂ conpersigad a
ﬁgocgs% off% @ Z%beb ét\tﬂhﬁ ngﬂegd)m é ai'vé}glonal furnace
ter-scafl e ’pores’ orm ng such nanopor ous
fddrdSTEt 428.°G.(60 mﬁtﬁr €UV mbeatplaé éd r(S nrnn)l veasaysl. | lgsntandamage
substrate Spi n- . oat |
Y et BhaeaRoais St e thafh ot OGS IEgecR S and
wat er to cause polynerlzatlon/gelatlon ("agi ng")
during an initial heatin The filmis then
R D0BRGHOM B OssemiaEY Py mEOBODseEmATB ARSCER N C
Wgﬁgei tenperature heating steps to, inter alia,
any remai ni ng solvent and conplete the
PALH ABOWZ4B U1 0p4co@EesS 40 &6 (3teedpd. Ot her curing
nmet hods :i ncl ude subjecting the filmto radi ant energy,
e,g., ultraviolet, electron beam m crowave energy,
and the like. Co-owned U S. patents 6, 204, 202 and
6,413,882, incorporated by reference herein, provide
silicon-based precursor conpositions and net hods for
form ng nanoporous silica dielectric filnms by
degradi ng or vaporizing one or nore polyners or
ol i goners present in the precursor conposition.
Co-owned U.S. patent 6,495,479, provides silicon-based
precursor conpositions and #&et hods for form ng
nanoporous silica dielectric filnms by degrading or
vapori zi ng one or nore conpounds or polynmers present
in the precursor conposition. U S. patent 5, 895, 263
descri bes form ng a nanoporous silica dielectric film
on a substrate e.g., a mafer by applylng a

o " o . ________ll_ N |



hydr ophobi ¢ groups fromthe organosilicate gl ass
dielectric filnms and replace themw th silanol groups.

wohasss4iabl e properties result when the or ganoBCT/USZN€031995
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glass dielectric filnms contain silanol groups.
Silanols, and the water that they can adsorb fromthe
air are highly polarizable in an electric field, and
thus will raise 17the dielectric constant of the film
and will |ower resistance to wet cleaning chem stries
and i ncrease volatile evolution. Al so, when the
trenches and vias are filled with a netal and

szﬁ bgueberdng agmnamemm avais pgrf@mwdﬂm’mgm%@hv@A&m -pérdayene.

uces a on the vi t a ause
PEHSPP Relid B T PetfiSpatn R’ b 2 BPistpiRLfr 3R
rmt:le b B5 °0eLoEENaddB50VCas I\ar(doﬁpéﬁsﬁﬁileaamdsﬁerw Iﬁﬁcérn%@
remedy this problem .the organosilicat

(PR RS IREe PRHAR VPG 06 SO SRR LABS of i diedgetric
Sthh@ff 1 Rin@REnViRtiElal BYprbdcBiiebBibed W Ethndbid @qgnﬁraa ng

agent to restore carbon containing noieties and

i m@talérast@nt(ﬁé’myecum@@hé Giugseed dapbsitipeamt gapleetrdnlagesome of
I h S|

e SBELSLERHRL Ty oS BB B p L bR 550

| Afferaactaltiyatioas 1l saﬁi’]ilesnmg enrdulet agzmn’me 80 g, FeduseRksion

from ot her qlelectrlc | ayers, % stress durln? )

PRERRSRGHINE PPN JUIFRISLOP] Nre SsscipeteypinaBressrso ¥oidfng

inside the dielectric material between the vias and

trenches. Etching and plasnma renove hydrophobic

f Theciollowinle republsip'ste mdtadage t o or ganosi | i cate gl ass

dielectric films during sem conductor manufacturing

processes results fromthe application of aggressive
pl asmas andladkeetvafeisng reagents to etch trenches and

Vias | Me@sutdrdneCt ri C | I PrgRiciP&as na@ogtrmcl«_a&so P36 tdughening
renove photoresist fill s dyping fabriggiion ofgagentireatment

senbﬁmggygéaﬁgﬂp@$ce<. Te plasnps Usggsare [ypl caljy

CUII H:I/Slbll‘g CSI emgt 50%§§Ell I UHIO 4‘156, l_/Ul USfU:‘Ob75

|| A H-urpor—at L oge—(1 re—f-ofmof €
atoﬁg ?ﬁgﬁ?ﬁﬁ E i ons an§P8r radlcalé‘? Di electnﬁgfj

f il s\ )’a avpr\ ed to these nl acmes rhlr'ng

trench, via, etch and/or photoreS|st renoval are
easi |y dBgrdddaatéamedanaged. Porous diel ectric films
have a very high surface area and are therefore
particularly vul nerable to plasmas damage. In
particular, silica base@XdiMPEEbric filns which have
organi ¢ 18content (such as nethyl groups bonded to S

A ehigesyge i BLAROA fpoce il NRNDRGASs B o

%&Hﬁer&ﬁﬂ?hﬂﬁla@l@ fﬁoﬂ?HQﬁe%f%HtIﬁtbﬁlaﬁéﬂai BleCotipnPvald)e
or gani c grou formerly resided. Porous silica films

d@@iefﬂwa; y seauhntilly anbjectngdigss tq tha flomengproeessess) to
remai n hydrophobi c. Loss of the hydrophobicity makes
the dielectric constant rise (the low dielectric

cBuck1 B000 W34 0rs Tvd Oscbinl CyF 3/ 280stdmC RSP 0stemiArA G0szembiy 40/°Of
such materials). Wet chemi cal treatnents are al so used
i 30$29)-pr oduction for the purpose of renoving residues
| eftover after trench or via etching. The chem cal s
used are often so aggressive they will attack and
renove organic groups in silica based dielectric
films, especially porous silica filnms. Again, this
damage w Il cause the filns to | ose their

hydr ophobi city. Wt chem cal etchants include, for
exanpl e, am des, such as N8t hyl pyrrolidinone,

di met hyl f ormam de, di net hyl acet am de; al cohols such as
et hanol and 2-propanol ; al cohol am nes such as

et hanol am ne; am nes such as triethylam ne; di am nes
such as et hyl enedi am ne and N, Ndi et hyl et hyl enedi am ne;
trlan1nes such as dlethylenetrlan1ne dlan1ne aC|ds

o, ..y 11 P~ A 1 -



film Optionally, the etchant-damaged nanopor ous
silica dielectric filmis then subjected to wet

w@b@ans4gs step. I n one enbodi ment, the toughenpP@myUse#031995
conposition includes at |east one tougheni ng agent
conpound having a fornmula as follows: (1) [-STRNR -]n
where n >2 and may be cyclic; (2) RSINRS R, (3) (R
Si) NN (4 RSINR (5 RSI(NR) ; (6) RS (NR) ; (7)
RSdA , (8 RS (OH) , (99 RSOOSR , (10) RS (OR)
, () RSI(OCOR ), (12) RS H,; (13) R
SI[OC(R)=R'] 4- and conbi nations thereof, wherein x
is an integer ranging from1l to 3, y is an integer

r such that y=4-x; each Ris an
&%’gﬂﬁ@‘%@%ﬁ? E‘b&) é%l%f?%e&sqs} om hydrogen and a hydr ophobi c
organic noiety. The R groups are preferably
|nd@£endently sel ect ed g]oup of organic
@W&ﬁ@%l@%g‘%p%ﬂ‘kﬂ @OSa‘Pry 0sAnd conbi nati ons
20t hergof. The R group nay be H, alkyl, aryl, or
carbonyl such as COR, CONR, COR The R' may be al kyl
OX/Haasho fAWAGnA/ 860s0GRN,CORFccIGRIZRI0°R (AhoohEFS s)

PRt ol B DS B R Tl SRR s

CARGYIDatiRERE eotghédin®iddil Bbtedslethe fikas GxieHakedfor 1 min.
di acet oxysi | ane, triacetoxysil ane,

cRask at 12y 6 AR oyt 3 Qn@m thyl tri acet oxysil ane,

10 Phenyltriacetoxysilane, diphenyldiacetoxysilane,

$%pé@%%&ﬂﬁﬁy§k%gﬁ%ﬁ_dlnethyldlethoxy3|lane

xyS| ane nethyltrlrrlethoxy5|lane
dl meth et e | ||r: hox
et y rrrr i orxﬁtﬁ A yrz 1’&% EhSTTRY b R¥fiction &
trine OFE Frmept) Ageat replmen silane—
tring Sil a7a2r36 20.8
hexd&eﬁﬁwlcyclotrlsﬁﬂb&ane 2.42 22.2
bi s(|@i,mdtshyl aimi no) di3n&k hyl si llane, 2.63 25.5
bi s (i/et hykanj no) di syl si al|ne, 2.5 17.8
tri GgaresHyT|am no) meinyT siTgne, 2.7 16.4
tri sCdrmethytam no)phenyt st iane,

tris(dinmethyl am no)silane, dinmethylsilyldiformam de,
di met hyl si |l yl di acet am de, di nethylsilyldiisocyante,
trimethylsilyltriisocya ,
2-trimethylsil oxypent - 2E§§§ﬂﬁg%%e, n-
(trimethyl silyl)acetam de, i met hyl si |

s sanage ok gL, 000 Bupse gured NANOSLASS Hims By

tre% g%{t{%ﬁ* ﬂﬂé’cltlsl %'npﬂozﬁl followm processes:

rimet hyl si | oxy acetate,
20 nonanethyltrrsrlazane hexanethyldrsrloxane

R T R e S Y

t plosgy.hoxysi | ane, triethoxysilane, trrchlorosilane,
and combi nations thereof. In a desired enbodi nent of
t Ash (ano ehthedpllawiag progefseni ng agent conpri ses

di met hyl di acet oxysi |l ane. Optionally, the toughening
agent conposition includes a solvent. Suitable

sol vents include, for exanple, ketones, ethers,
esters, hydrocarbons, and conbi nations thereof. 21The
t ougheni ng agent conposition contacts the damaged
silica dielectric filmas a liquid, vapor or gas,
and/or plasma. If in the formof a plasm, the plasma
can be derived froma silane conpound, a hydrocarbon,
an al dehyde, an ester, an ether, and/or conbinations
thereof. The terns, "agent"3®r "agents"” herein should
be considered to be synonynous with the ternms,
"reagent"” or "reagents," unless otherw se indicated. A
sui t abl e tougheni ng agent conposition includes one or
nor e tougheni ng agents able to renove silanol groups
fronrthe surface of an etched and/or ashed

- o . 1. i " -
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whe@§as4ret hyl am no) di met hyl si | ane,
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trimethyl silane, hexanethyl di sil azane,
hexanet hyl cycl otri si |l azane,

bi s(di et hyl am no) di et hyl si al ne,

tris(di methyl am no) net hyl si | ane,
tris(dimet hyl am no) phenyl si | ane,
tris(di methyl am no)sil ane, dinethyl silyldiformam de,

di met hyl si | yl di acet am de, dinethylsilyldiisocyante,
trimethylsilyltriisocyanate,
2~trinmet hyl si | oxypent - 2- ene- 4-one,

AFd testitheeéffioct of queliy dme baforaienglieninizragers tifeytnsint, yhe) saapdtsi C

?\?érg&?lﬁﬁ %ﬁ{;fqgogé#t%b%%é%&n@s garymg Ftom 1 hr to 360 hr, after which
tihé fmgmﬁhrsg alg)éht(twatrﬁ@ﬁWérs Elaﬁé{r}ﬁed acet at e,

nonanet hyltri sil azane, examet hyl di si | oxane

t Fqughering agentirstment pyas pprferier 4pBE 2506 PYHSA it 2-hgpignone.

tAR&t %ﬁln ddogﬁﬁéjt le%ddgﬁ&ﬂlll% ?&hﬂﬂﬁ ehst,'hle ﬁﬂﬁgh@lle’bake for 1 min.
oxysiiane, “tri et Hoxysi ane trichlorosi|ane,

aﬂadh a:to]n’ﬂ5|°@a2®(b‘i&artdrﬁéﬂé6fm Nen one notewort hy

enbodi nent, the toughening agent is

methyl triacetoxysilane. In a preferred enbodi nent the

t B REWING ré&@ B tvetenotddaet hyl di acet oxysi | ane.

Addi ti onal toughening agents i nclude multifunctiona

surface nodifica%ﬁgg ROETE described in detail in

U S. patent 6, 2D 5 @%ated by reference

herei n, as descfi bed abov h mul tifunctiona

surface nodific Liur &t uai be applied in either

vapor or |iqui dHe+m—-e 2"ﬂ"y with or wthout

co-sol vents. Su fahip C 443& ts include, e.g.,

ket ones, such ap_acdét one, 4l sdpropyl ket one, 2-

hept anone, 3-pept af@ne, [ ark2%t hers, as described in

detail in co-ownhed240 S.| part.®t |6, 395, 651, the

di scl osure of whichgg s | ncpsporjated by reference

herein. For exanple, as described in detail in U S

6, 208,014, certain preferred surface 23nodification

agents will have two orEgglg%ﬂggctlonal groups and

react wth surface sila i onal groups while

PR s e o S 4 hifashaeA NANOL A s

SédnﬁﬁakfauywalrasrédﬁmHoﬁwy&mlsﬁw&aﬁb@l Bicl efSUnayedlgh as R
Formula Il wherein x=l-3 and each Ris

i ﬂ@lefpmw briseqpentiglycubigeting tham xsthe SelloviBgpiocesi® or  an

t
gg&ﬁﬂfe oWRAGY/1 %hh é%g/ép&seghdbﬁo@&%ebf}% gggcrecm;«gi zé()b@s
o@bkmmally substltuted or unsubstltuted and may be
st rai ght apched or CX§|IC’ and preferably ranges in

sA?k“WFBﬁﬂFé JyH08 PEcesFdat er, and nore preferably
Eﬁ’in?g it trCmeY Wdl%efﬁrn?édydsm 1188, BMDA SR @hé’ptanone
pre erably consists of 'a single aronatlc ring that is
opfterspén ¢opting Bettpugherids egentimsiehisk thediled wemw@a?cp@ﬁgésmnn
size fron1to bout r

e b e b oy ik CR sr BRI aF pREGLALANY
aaieint bOedrydn added an Qiulgbém@‘dg@ﬁh treatihent asd & pewerﬁagealﬁ GE
may be used as the toughening agent, e.g. suitable

al koxy silanes such as R Si(OR) -x wherein R are

i ndependent|ly sel ected noieties, such as H and/or an
organi c noi ety such as an al kyl, aryl or derivatives
of these; R are independently selected al kyl or aryl
noieties. When Ror R is an alkyl, the alkyl noiety
is optionally substituted oB9unsubstituted, and may be
straight, branched or cyclic, and preferably ranges in
size fromto about or greater, and nore preferably
fromto about Wien Ror R is aryl, the aryl noiety
preferably consists of a single aromatic ring that is
optlonally substltuted or unsubstltuted and ranges in

s - g 4 e

PCT/US2004/031995



25wherein x= 1-3, R groups are independently H, alkyl

and/ or aryl. Thus surface nodification agents incl ude,
we 2@5/03dpset hyl si |l yl di f or mam de, PCT/US2004/031995

di met hyl si | yl di acet am de, dinethylsilyldiisocyante,

trimethylsilyltriisocyante. In yet a further

enbodi nent, a suitable silane according to the

i nvention has the general fornmula of RS . Fornmula

V wherein x= 1-3, is H, alkyl or aryl . In one

preferred enbodinent, Ris CH. Thus tri-functiona

surface nodification agents according to Fornula V

i ameduntief caghagp. lpstmiting plasma ddnage sThecanmunt of carbonrveas

Pl S R RSl i T (S35 2RI ek S
general formula, (R/) SI(OCOR ) Fornmula VI Preferably,

XTheSfoBowinB r&HRE weRtdtddg i n value from1l to 2, and x
5 and y can be the sane or different and y is an integer

rangi ng f (¥ EHOHh et O]R TOREsiotati KR €F - Usef ul
Olr Ealnoac:el nyb:»fsdclteb, ,4|/ TC1 uug g ot 2'93:“ tional g
a acet gxysttapsantdtpr—aryacet-gxfgitane conpounds,
inc?/udei ‘iﬁp!J8%§:may O eignp!ﬂ 'ngiaéthout "
[imtation, rml{l25/|¢ri acetoxysilane ('ZI\’M’A‘;") ,

di met hyl dilacet d29€ 1| ane| ( DVDAS) 2.72
phenyl tri acet oX¥§Cane and di3shenyl|di2afetoxysi | ane and
conbi nati gns tReo&of. Optiondl7ly, t/he.34olgheni ng
agents are m xedsegth ajsuitghl e sdl vent |[such as 2-
hept anone, apphkge-T0 tne naﬁgporOLsngrTca surface in

ot

the formaf—=a or 26t —and>then dried. In a
cont enpl atred c%ﬁb? ¢|"‘|“"”‘|t & ﬁi "7?ure 0.2'1;}0 0
hexanet hyllei-s4 “pent anone i s
used. The liquid is spin coated on to a surface,
substrate or wafer. The coated surface is then baked

: 425 . ' j : owed
ol CHSR R Bhi v ol Rt efl vy CoraliPNolh ot it Qi
ceferancp toaprefrredomtodiments, inwill bxd ieadilyodppreciated by those of

di net hyl dj .acet oxysj | ane (.DVMDAS) .and. 3- pent anone
o gl S AAHRLv R b BB ARt o,
OWitisotlp 8épadtirf: froth EheGpRitRAd Sdopé BEMe lifvehtic) 1oakf@ndyd thake
plates at up to 425 C. This baklnq)step is foll owed by

- pheclimny hedptegprgtedinevgr e gisslossdombodimepstthess aitpraptives
' . ' j such as AP395

ggmggbﬂﬁgkﬂﬁapgﬁ%%ftg?ﬁ% é??%ﬁggﬁgq@gég'step in the
above-nenti oned enbodi nents. The wet clean is useful
to renove any resist residues renmaining after the ash.
Untreated lowk dielectric materials after etch and
ash are prone to attack by the wet clean agents. The
t ougheni ng agent treatnent significantly inproves
resi stance of the lowk dielectric to attack by wet
cl ean. Dependi ng on the process flow, a copper surface
may be exposed during the toughening agent treatnent,
especially at the bottomof via. In addition to
renmovi ng native oxide from copper surface, the wet
cl ean can al so renove any reaction product between
t ougheni ng agent and an exposed copper surface.
Specifically, a wet clean using AP395 can clean a
copper (or any suitable nmetal or netal alloy) surface
that is previously exposed to a tougheni ng agent
treatment using DVDAS. Thereafter the vias and
trenches may be filled with a netal; and the netal
subjected to an annealing treatment. As used herein,
the term"netal"” neans thos#® el enments that are in the
d- bl ock and f-block of the Periodic Chart of the
El enents, along with those el enents that have
netal -1ike properties, such as 27silicon and
germani um As used herein, the phrase "d-bl ock" neans
those el enents that have electrons filling the 3d, 4d,

-1 I Y. N | I T I L I '
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120 mn is performed before the tougheni ng agent (TA)
treatnent. The dehydration bake renoves any noi sture

wa@dmsobags i n t he danaged | ow k dielectric. Renp@HUSN4/031995
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noi sture fromthe dielectric prior to tougheni ng agent
treatnment renders the treatnment nore effective. In an
al ternative enbodi nent, the toughening agent
conposition is provided by exposing the

et chant - damaged organosilicate glass dielectric film
to a plasma which is derived fromany of the above
nmenti oned toughening agent. In a typical 28procedure,
tWhatds glaimeesliiki cate gl ass dielectric filmis placed in
a plasma generating chanber such as a pl asnma enhanced

che cal vap r depasi tion ( D stem,  the vapor of
Hﬁﬂm fRydedgreine thedmisendion iogﬂr %&I%F@OW%B@P are

Rﬁggﬁl%glh%ité 1L RErR AR TR a38PRaR] bvﬁﬁ:h%?g”'dﬁ’@é’ifwaté hgg an

RF energﬁnsource Is activated to create pl asna; the

ahigjeeirig &itm hes bmlpaderdecttg forsn wamméhqsﬁbereicr artwigeh of

dA gﬁl@l c-Eh glag% x%% i Yl DS Gt Qhe?%aﬂ!ep gubiect 139 gPl@%s? one
Ved FF oug enlng agent conp STLi0RA: For

enc@ndne whidheremonesfat &gseiortich (praiaisexistiagcarbon

nmet hyl sil ane This frag t acts_w, th silanol oups
tONfHHPE Wtﬁtlsbwdﬁ@u%ﬂg{;m@%ﬁy %i‘r‘& piganoshisole gllss
NROEAR €t { HAGREN Bids ARG KR TRASdh %eea%pﬁn@d waed
for this plasma i nduced surface treatnent. O her

smgtakbihdw m‘hghféfd ihagythay bern theseafiss butijesites! th an annssling ma
trc% a?ng,r;g %ﬁ B'thﬁih% & RRnb Eh%%)é‘%ﬁ%%i&%% {glg%,ediéle&hgyl
hiylel, attexr Hﬁn’g SuB_] eortl hﬁﬂ&easﬁﬂ&&feafnmga’htch rémovep Ipmsly

i nduced tou henln ent co sitjons inclu

aixRting gabon %‘%"%‘P agst{pS Y B?fgaeséld WaAnd disarhes have been
%Jméd%l&ea Aldle Wqﬁastohgfénugeaga&%abéﬁwa aaceﬂcentratmn and
benzal dehyde;” suitab esters include ethyl acetate
aleda trmerpyrlmb eﬁqc@ac &0 resfafetad Iast squie @f iglcarbod eégntpingigude

acet or i de LY,
Sl B aatate gRREHiFink M s cBRs Y- bR g oty
V(&Tth«ebrgamfsﬂ&ategglﬁs diefeetricdiimirul ti pl e waf er (bat ch)
pl asma systens can be used for this process; these
systens include so called downstream ashers, such as
IR IST cladm HOvIRRGhR a{eqﬁéaﬁﬁen@m%,rerﬁg@m réhela%h;dnc
deposition systens such as the Applied Materials

jousty exastingicedbon gpntaining nioigiesand wyyeas iy drophadueityyof
% gllleq gr%erl]nddsh 081% afsg Eheha cFHh% Ee)lée%faglseast%r %ﬁf\ﬁr{ %@&{ he
pipsshe QN ashih@ @&Wnedb anﬂme stnppleg sigitment) aQlzaiiag h@ﬁrrieﬁtr armd
pl?éé% treatnment tine, 5 seconds to 5 mi nutes; and

D H¢1tcati on flow rate, 100 - 2000 seem inert
gas flowrate (typically argon), 100- 2000sccm 29The
artisan will appreciate that the invention is also

chrithe mpsitiaadeaf oda»melnwhﬁmasl@ mm@bsat@glambalp@trlﬁ djlm has been
%)dr °cf °b' 2 ?ngcarfé Bass lﬁé%ﬁr%a of &ae% gél %SlSJr'd;épé b RrateRBf, OUS
appllcatlon of the above- descrlbed pl asma surface
treatnments. Sem conductor devices or | Cs manufactured
usi ng these nethods are also a part of the present
invention. Treated dielectric layers and materials nay
be utilized or incorporated into any suitable

el ectroni c conponent. Electronic conmponents, as
contenpl ated herein, are generally thought to conprise
any dielectric conmponent or |ayered dielectric
conponent that can be utilized in an el ectronic-based
product. Contenpl ated el ectroni c conponents conpri se
circuit boards, chip packaging, dielectric conponents
of circuit boards, printed-wring boards, and other
conponents of circuit boards, such as capacitors,
inductors and reS|stors Electronlc based products

o o o T T o
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wo poos®3416 eval uat ed by thermal

anal yzed using FTIR D electric constant was neasured
on an Hg probe at 0. MHz. Thermal stability of the

spectroscopy (TDVMS). Single level netal Cu danmascene

structures were prepared with 3000A NANOGLASS E fil s
as the ILD and 2000A TECS oxide a cap layer. Cu

anneal i ng was perfornmed at 200 C for 1 r in a anbient,
foll owi ng which, a focused i on beam scanni ng el ectron
m croscope (FIB-SEM was used to inspect for voids in
the ILD. After Cu chem cal nechanical polishing (CW),
25 The enghend offain lwehegeie Hedoughesing ygdnt strepositiingnprises a

' t. The properties.of as-cured ASS
RO SRR e of B B R oL 5 icties B iR dlebhe
porgpesilicats ghiks disleCudic €nNANOGLASS(r) E fil ns Par anet er
Techni que Result Pore Di aneter BET 20A Refractive
Index Ellipsonmetry 1.24 Dielectric Constant MM @ 1MHz
25, ThEhasddorvRey! ' i S
Nanoi ndent ati on &ﬁﬂggeﬂ%ggrﬁﬂéalﬁkétgghgﬁﬁi% % ‘? (s)glt%ﬁ%?ﬁgl
Tureagtedstouahghing hervs c@usision: leectionipRodptsend aixtires thereof.
NANOGLASS E it is observed that the etch and ash
processes caused a 30-40%reduction in CGHand Si-C
doThe ntettadcbfaladin g rfufthes @oimprisis@the BulSieqéant stapl ofhetihpmads

conpar 0 .as-cured, fil The, t ougheni ng agent
tlp‘grg?sﬁgﬂY‘impﬁéi’b‘mye%‘g?‘}?S@-cﬁe%S delegtricdient cl ose to
that of an as-cured film TA-2 was nore effective in
repl eni shing carbon, and reducing Si-CH and HOH bonds
thakherpethod qfdainl bwbereinithe erganmisiicate @ghdss dieleptrie fllmvis k
f.ahgﬂdréushi gh (> 3.0) after etch and ash processes.

IS 1S expected to be due to the noisture adsorption
by the Si-OH groups. The tougheni ng agent treatnent

r ced.the k to_a near post-cuyre level , Tahle Il
S HE R SE PR 1 A ShamoNfaet SRS RTY imhas
hypstanhily nen-podubad a high etch rate in nost wet clean

chem stries, nmaking themunsuitable for wet clean.
TA-1 treatnent made the film hydrophobic as well as

rge St n chemcals. Table
18 BBkl 8¢ SRR Mgl Fhuehi AP SRR AR o LBb e
w;ateastloaa nﬁmpa:]ridshagingi flanfrrtl.&z{ seﬂﬁoﬁdﬁl—f&?i_?_ K(efg;ﬂmg @Jlrr]léistai bf :
Ler -ash a -1 _treat ment . - tch.rate
s iy a2 deod ma e e UGRSI-BeStiNsan
BENR’L0 e g TA &; : n.<10
(FzngNA %,ﬁ;ﬁ?ﬂkﬁ%@?ﬁ%&%fﬁégmllﬁzﬁéélé%&g%%s?dﬁ?{d%,C) 5
R2(PB )1 BRSHHBR: Jyaduddlys RBIUGELIRIGTR A5« antl contbinationd
%&Qfganoam’ ne) 70 23 < 10 47 TDWVS spectra of the
ielectric filmat 400 C show that evol ution of

vol atile species in TA-|l treated filmis simlar to

the filmafter etch apd ash.. TA-2 treated fil mshows a
STyt ?‘ésa?ﬂ‘i“&gf"hrﬁ%%gom dPdal stability with | ow

WAk ad int@%r radding foAe1 ﬁpﬁ§ﬁcﬂltha@?§4ﬁxgi . €. W thout

toughening agent), significant voids can be seen in
At R iusipdensndgntlyselegiedfiomdlydrogen ausl alyiddephabicerganic
gcg,.ved prior to the annealing. Simlar observations
have’been reported previously with porous |owk
Ratiehydadgen, (iSmeorganidddistysind a, N. Chashi, K. | nukai,
H J. Shin, S. Sone, K Sudou, K Msawa, |I.
Mat sunot o, and N. Kobayashi, Proceedi ngs of |EEE
International |Interconnect Technol ogy Conference,
2003, 147 (2003); and J. C. Lin, R A Augur, B J.
Daniels, S. L. Shue, C.H Yu, andM S. Liang,
Proceedi ngs of Advanced Met4al | i zati on Conference 2002,
637 (2002)). Tensile stress fromthe Cu anneal
treatnment is expected to be the driving force for void
formation. The wafers treated with TA-1 or TA-2 showed
no voids even after the Cu anneal. Thus, "repairing"
the C-depletion damage is proven to be an effective

. - I T Y B
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33EXAMPLE 2 6000A HOSP silicon filnms, commercially
avai | abl e from Honeywel | International Inc. of
w@eawsabe, California, was formed on a Si waf PCT/D$2084/031995
standard spin coating nmethod. The filnms were cured in
at 400 C. Plasnma damage was induced into the filnms by
sequentially subjecting themto the follow ng
processes: Etch: 1000W 40ml/ 10sccm
CAF8/ 200sccnCO 300sccmAr/ 100scenN2, 0 C (20sec) Ash:
400W 45mrl/ | OCsccm 02, 40 C (20 sec) A toughening
agent treatnent was perforned using 27% DVDAS in
R’pean atkyher. cadfohdr gropp.n coati ng t he tougheni ng agent
material, the filnm were baked for 1 mn. each at 125
C, 200 Cand 350 Cin N. The followng results were
not ed: Measurenent Pre-Etch & Post-Etch & Post-
t ougheni ng Ash Ash agent treatnent Dielectric Constant
(1€) The method opclgim Fwhrrendhy tjuehening agpniconmesition amprises

G 028 1 AR B e

RANOGISASE:, diagetbxysitane, ctmm’@myslkahé yimemixydimethyfsilams,

O R SRR BeetoRTeiiaRE YRyl g

ﬁﬁdtﬂibdﬁhetﬂﬂxbﬁﬁn&ﬁlﬁlﬁetﬁjdﬂﬁmok?s1lahe 42k ethyleloapdimnganmage
was, i nduced into the filnms by sequentially subjecting

R Enethexysidane inpyldipetheysdancy teimethylmethoxysilane,

T

@@n?thylﬁm;gh‘emmqﬂgfla@am thexaneahyldiilazawes 2g g mety sdoxypsntrdy

27%,DIVDAS., i i. L th
EAGARIR R st TDARRR e, SrBho R CRR B or 1
irimetRasityahidh2de, Gim2B 01y 1pi@iode), timiethyNilfi(EinfetHylspokg
results were noted: Measurenent Pre-Etch & Post-Etch &
pepte, @%@@ﬁ@aﬂtﬂalaﬁéﬁ hexpmgthyidisiloxangs wamathytsieneet ri ¢

SR gl iy e MR B g 007
(tmmhmsmwm@myﬁlaas,rmcfdam@@emammm@dﬁimazane,

J filmb
R L P AT T
Wﬁﬂdmlﬁ}ﬂamiiEEhﬁlhylsﬂ%ﬁEﬁms(aMﬁﬂl SpheBsikelrdt /20 O
s Ash: 400W 45ni/ | O0sccnD

400, 1400w 2
e l.mem(f@n@ﬁzsamgdwgmlsﬂty}défafrn@mdem@ewmwmamgeng
?Zfﬁ%thwe%m O RS oS paf R phetfrcor. |
each at 125 C, 200 C and 350 Cin N The foIIovvl ng
te Meas nent .Pre- ch&Pos-Etc &
953y SRR LarP iR e GRRBeniE Becpl fomsRB spmpftes
Gﬂﬁ&hﬁatacétbgysaar% 2.76 2.39 FTIR (CH SiO ratio)
0.02473 0.0149 0.013 Breakdown strength 5.06 3.07 4.77
(MV/ cm) EXAMPLE 5 6000 A NANOG.ASS filnms, commercially
Q‘Qa’ﬂhélﬂ e@hd(drd? 'a FQ@Q}VH@?&A tHe'th h@fﬂl? 9%9& cérﬁﬁositﬁ)ﬁl comprises
Sunnyval e, ornia, were epared using a
eonlventt setm‘@ki ftmk@e grcmp@eusmmgl)fket@eszelﬁer@, eswrl 350 C.
Inatogargo 9 ergl al gur nace cure at 425 C (60
e W‘&qﬁ a\‘?alifﬁ%hﬁref’ mn) was used. Plasma
damage was inparted by sequentially subjecting themto
the foll owi ng processes: Etch: 1000W 40nif/ 10sccm C F
/ 200sccmCO' 300sccmAr/ 100sccmNo, 40 C (20sec) Ash:
400W 45ml/ 1 O0sccnD , 40 C (30 sec) 36A toughening
agent treatnent was perforned using 27% DVDAS in
3-pentanone. After spin coating the toughening agent
material, the filnm were baked for 1 mn. each at 125
C, 200 C and 350 Cin N . Copper single damascene
patterned structures were created using the UV cured
NANOGLASS as the dielectric material using
conventional approach described in Exanple 2. Prior to
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metal i zation (PVD barrier and Cu seed deposition and
Cu el ectroplating) sone of the wafers were coated with

wo ougloanipng agent foll owed by a bake up to 350PCx/USEon€031995

netal lization, all sanples were annealed at 200 C, 50
m n. Focused ion beam scanning el ectron m croscope was
used to determ ne presence of voids. The foll ow ng
results were noted: a. Blanket wafers Measurenent
Pre-Etch & Post-Etch & Post- toughening Ash Ash agent
treatnment Dielectric Constant (k) 2.1 2.85 2.25 FTIR
(CH SiOratio) 0.0082 0.0045 0.0075 Breakdown strength
5.308he ngerhot] oma(mvmmem the. tOl&anpgtagm nerdpositfoarcentacts

cure &kﬁ&ﬁkﬂ_,&%g fhie Eﬁg%{‘}lgﬁﬂ@ s Ealg aﬁefeg‘?teg& Olgg ”];plrJ om

Honsiytigl df liqoidevapat,igag)ahd pRsma.of Sunnyval e, Californi a,
by sequentially subjecting themto the follow ng
processes: Etch: 1000W 40ml/ 10sccm C

42 RQs&arodFer %W&Jﬁ@&%ﬁi@ﬂe@lw &ﬂlcﬁ c(n%gﬁ% 37Ash
(one of the foll owm ng processes) O as 45mr/
|apapRlyifng o orgagosilkats giass A@lesjricofilnNontefa autistra§OOW 45mil/

0555 OBl ol B A,

2nt euiijemmgehe Abiresilisfit glasoditletgic fida tb AuUgdIeohdgabgant

maﬁrlal ?fllrrsvver baked fqor 1 m n. each at 125
“@sza PSR ROTFIRR K] PYRBORY PHYNgFares GPRiaining: e

'h%@ﬁjes ahe Ped-ﬁlé%"h o&;l%ﬂl&%“&f sﬁﬁt&gﬁl@hlﬂgaté‘ %lé?sf iflkctric ﬁlm

t ougheni ng % Re ion in agent treat agent

1 émtn%mg)the@rgar@@hgatg ghss diclgerig (ilig vdth a t@@g@n@glagqmz 42

PPoion 4 fndmic g BPe tbgpllbdand e flndaget ° ©

inydrophebitint ef tE@&@aﬂbsﬂhﬁtﬁ@%s di&feeﬂlcmmASS films by

&S ent gua quﬁtrénf%omﬁut hem!lgé)1 Err:]e fol |l owi ng

%E@?&Qgﬂ%ﬁ@%ﬁ%ﬁé@@é&&w 40 C (20sec). Ash

(one"of tThe follow ng processes): 38To test the effect
of queue tinme before toughening agent treatment, the
n n ns _for tines
\5/13?:5%1%1316 ﬁgf QS 14{ &h%g% ﬁ {rea(%ﬁg | Eoyes at leasta
tpougimempr@mg@rmmtmg mrhanécsltaAahg nrmea*tfe@ ae@duckougheni ng
%9&@ t.reat nt was Fr or med 4. 5% DIVDAS i n
BhofigiReor s osgengifieate glays di ije‘{tﬂﬂéﬁ 1 GRfRRiSCh 8t lagre Are
'mtaﬁ’ BicRint tlehtgehi, ARSI 1RoalRRh d&strdp g’lreaﬁﬁéﬂ Dlleahfmy
C, 200 C and 35(’)C|n Thefollovvln result’s were
rﬁ@@@@ntﬂydiiBBCYBrtyeakne(llpost t ougheni ng agent) 1 2.24 3
2.28 27 2.31 72 2.29 240 2.38 360 2.32 EXAWVPLE 8
Pl asma damage was i nduced into 6000 A furnace cured
I‘IIAI\ICKEJA&Boﬁ bf ¢tsim Dowh@eigithd ioytglmn&igl agbit@ompodhidioasypists
Internatl unn , California, by

n 0
2SQmRRSTS 5 I%Yi?éangef m@ﬂp& bofimofeges it sibylatieg of the
REQREARESS gﬁsqme&n@@ﬁw 40ni/ 10sccm C F
Oscc 300sccmAr/ 100sccnN , 40 C (20sec). Ash (one
of the foll owi ng processes). Toughenl ng agent

i ng.. %..DVD
A7 et PR PR iR EinE b S St PP AR
funteastetvughdmkesbehiaonibokition, rédctiva biodusts hikhpédt@tsithefeofn
hot plates. Carbon restorati on was neasured as the
anount of carbon added by tougheni ng agent treatnent

as a percentage of the 39anmount of carbon | ost during
pl asma danmage. The anount of carbon was

44



measured by FTIR as the ratio of CH (2975 cm 1) peak
to Si O peak (1055 cm1). The followng results were
wmoeasa341Bake Tenperature % C Restorati on K-val PET/@52004/031995
66 2.95 100 C 2.82 125 C 2.74 150 C 65 2.72 175 C 136
2.5 200 C 127 2.34 225 C 127 2.3 250 C 121 2.19 300 C
127 2.17 350 C 103 2.2 Wile the present invention has
been particularly shown and described with reference
to preferred enbodinents, it will be readily
appreci ated by those of ordinary skill in the art that
vari ous changes and nodifications may be nade w thout
departing fromthe spirit and scope of the invention.

i ntended that the claips be interpreted to cover

It i

t i T Biethod o clatp b fintbst conmitsing the subssrientada qffeating the
hautae ﬁ?dr@#lﬁ%‘i’o‘%@%an%QQM&t@QIstQiiéle&Hélﬁ}ﬁ"ﬁ' ents thereto.
40What 1S clained is: . A nethod for deterring the
formati on of stress-induced voids in an organosilicate
gf &Sﬁie%ﬁhoed:éfr Jlai f1|4lvm(§>?eﬁ? ﬂlesotﬂgeﬁl%%iﬂf,ﬁe ﬁl\Q@s' (ﬁg‘ectric film is
organcsiTicate glass dielectrtrc TilmHBAas been
panbesroed to formvias and trenches therein, and which
organosilicate glass dielectric film has been
thereafter subjected to at | east one treatnent which
FRTIUE fefilod|of 8RIm 34 RPEfeirPiRe 8fgaRbSlidaRUSASY dRNdcEd filth
carbon containing noieties and reduces hydrophobicity
cfubsiantipllymgaporsiusi cat e gl ass dielectric film and

whi ch vias and trenches have been thereafter filled
with a nmetal, and which netal has then been thereafter
S2ibj h¢ mdthibd oficlaimn heahem the eapiwnnig agbitecompbliton

conprj sing contacting t.he, organosilicat | ass
CHOBIREISES oot iy OmPP g oty B SIS BN 28 one
LIRSS PRIRCNR GARMER P EMidaHS) e ﬁéiiét ROSGINGES QN
contai ning noietiés, but before 'said vias and trenches

hRs8)Dbe s BINR 5 dRyFIEVR Xo; RIIANR )vii ReSIELs oRh&liDng agent
C »1,0 »GO ,an 0 i 0
SRRt RS RS A R B B RO C I 35 0,
camibdnationgtheroft i es to t he organosilicate gl ass
dielectric filmand increase the hydrophobicity of the
organosilicate glass dielectric film 2. The method of
ClvRdrBink WA [REdRr tBink 1iRAf MM, Which renpves at |east a
portion of previously existing carbon containing
nbisenjietegamanginediaed thy gudghgbidizy of said
0 osi_| i &l [ il ' .
20 PRERS A PGB BRI B R ol £ RN ST hanic
tmemtyyent, a wet stripping treatnent, a cleaning
t gakggnt and a PECVD treatnent. 3. The method of

aliS Ay 4rORFT PBFTHOREARIC BIOFh A8 | i cat e gl ass diel ectric

fiRP 9 haskpeetbdyMBsbubl Om a spin-on glass material or
I .

a chenical vapor "deposited nmaterial. 414. The met hod
of claim 1l wherein the tougheni ng agent conposition

C LSe I Ny l.at i .
s PR AR T IRTS Dhel B PRSP R oAb P
Odtdast slc@hgind seledted from She grbep omisiztink of ackadytrintethylsilane,
further, conprising the subsequent step qf renmqving
Al AT SRS e B RO DN figseo dneiisiigne.
PRy lisoeRRYsiTh tHER Strib 86,8 flaneBdip TSI diREhRKiRhe,Cl @i M
1 fufther conpri'sing the subsequent Step of” heati ng
the increased hydrophobicity organosilicate gl ass
dielectric film 7. The nmethod of claim 1l wherein the
organosilicate glass dielectric filmis nanoporous. 8.
The nmethod of claim 1 wherein the organosilicate glass
dielectric filmsubstantial b non-porous. 9. The
met hod of claim 1 wherein the tougheni ng agent
conposition conprises at | east one conpound having a
formul a selected fromthe group consisting o : [-SIR
NR -]n where n >2 and may be cyclic; RSINR SR, (R
Si) NN RSINR ; RSI(NR) ; RSi(NR) ; RSO , R

~ N N N NN N - O~ 1



met hyl tri acet oxysi | ane, phenyltriacetoxysil ane,
di phenyl di acet oxysi | ane, nethyltriethoxysil ane,
walovsiobuib4li et hoxysi | ane, tri et hyl et hoxysi | anepPCT/US2004/031995

met hyl tri nmet hoxysi | ane, di net hyl di met hoxysi |l ane, ,
trimet hyl net hoxysil ane, nethyltrichlorosilane,
di nmet hyl di chl orosil ane, trinethylchlorsil ane,
nmet hyl si |l ane, dinethylsilane, trinethylsilane,
hexanet hyl di si | azane, 2-trinmethyl sil oxypent - 2-
ene-4-one, n-(trinmethylsilyl)acetam de,
2-(trimethylsilyl) acetic acid, n-
(me_sthyt&:]dﬂ?dx_sfilayé,)dimtﬂglﬁtdﬂm_xyiirah&&hﬁythsiettmb(pdmﬂé ol at e,
tri iyl (tri.me .Si | ox acet at

Rt R e R B Reiliiea; G bmghosysilane
trhétARtrehlovbdighe) |d1métﬁ}bl&i§:ﬂhﬁto%il£&nﬁimetﬁﬁ&m&@f%esﬂnleﬁi?@,ilane
t- butyldlnethyIS|IanoI dlphenyl i I anedi ol

tddmﬁ@vh&wstrmﬁlévls&am,étemgtbyldlant@anq, Rrighethybpxyneat-2-
Eé?lé a%frﬁ{g? lﬁ;ls{jlbrﬁeée %{ﬂg%l étrémethylsﬂyl) acetic acid, n-
k(trﬂdctbyllsljz}ﬂhtmdazxde rtmnb‘ghlyksilylgrt@,iolate, trimethylsilyl(trimethylsiloxy)-

HCIFE gﬁltqnpg%rﬁ%ygfrﬁt%g% e %l 2 h:ygﬁgfoxane trimethylsilanol,
teFibthilaml, hﬂ]{)l@ﬂylﬁﬂ&rﬁal |t-%ﬂ@f1d1ﬂ1'eﬂi?lsh¥ﬂd$|dl el Ik MneBL, de,
di.met hyl si |yl di acet am de, di net hyl S|Iy d||socyante

ttFIFWﬁtOHW@W 3‘/111ftt‘FQ&Y§IJ?@9atﬁﬁltlér°&H@ecmmﬁ%’l%ﬂ@trtsﬂéﬂaé@f
Nl ng agent

cbéér?pgg |§§g)ggﬁn%ﬁ1§lggé lw@%@tng@gt&wlp a’meg 1%. The

rtes(HUnbtb}ﬂamina)mthylmc etrls(dtrhmhylarngbgﬂwm}gsm;;ant

3?%@%5’% on Cfﬂg{ éklyé%&p[ E)nt St?igeé:l ?hg]isil?l%acetamﬂe

Wﬂé@?@ﬂﬁ@f@cya@t@ ttﬁﬁ&ﬁyl@l%ﬂirﬁ%yénﬁfér aff confb¥edions thereof.
nmet hod of clalim1 wherein the toughening agent

conposi tion contacts the organosilicate glass -

izel fodfd
et pitfod drffih 1 Rl S aREA R ofchE bl Fhories
ridnbibgldfacetokyilanaag a mi croel ectronic deV|ce whi ch
conprises: a) applying an organosilicate gl ass
dielectric filmonto a substrate; b) formng a pattern

@4 VItha Snethvd dflcRiE e Svhiefeid the t@fgqarnﬂg hgent@nSo3itRE Tomprises
dielectric film and subjectlgggt e organosilicate

I sebeenigelscied iome the igrquptcgnsistingod ketopgseetheraasieesat  whi ch
@HR)\&%o@st ah PARbiftRAL o3, Of Previously existing

rbon contal ning noi et.ies and reduces hydrophobicity
of said organ05|llcate glass dielectric film c)

cti t ate gl ass dlelectrjc fil
S ettt 120k e iy SuefeiBhaden Lotk bn cpabies

ah@oxfg%osﬂmhﬂe@ﬁs@&%le@@tc&ﬁﬁﬁﬁta'sté& defecled GoRPHE Pdﬁ?
hydr.ophobicity of the organosilicate glass 5 ectric
feonsigting)of figyidj vagor, igas, gndiBlesm@ trenches with a netal ;
and e) subjecting the netal to an annealing treatnent.
15. The method of claim 14 wherein the treatnent which
rénmdhe $rledtod| of akim a4 p\dleteiimthe efchpatéya p]tashzy canprisingegoms,
carbo t ai ni es _and reduce drophobi city
it B aGeRReTBoR §F lPapbie o e benahOtier 1 sos
atydtoga@tmwgen ehd emighsidanthetdoeat ment, an ashing
treatnent, a wet stripping treatnment, a cl eaning
treatnment and a PECVD treatnment. 16. The net hod of
cl ai m 14 wherein the tougheni ng agent conposition
conprises a conponent for al kylating or arylating
silanol noieties via silylation of the organosilicate
glass dielectric film 17. 46he nethod of claim 14
further conprising the subsequent step of renoving
unr eact ed tougheni ng agent conposition, reaction
products and m xtures thereof. 4418. The met hod of
claim 14 further conprising the subsequent step of
heatlng the |ncreased hydrophob|C|ty organ03|llcate

o . A~
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wm2qos084met hyl si |l yl ) acet am de,

di met hyl sil ane, trinethylsilane, hexanethyl disilazane,
2-trinethyl sil oxypent-2- ene-4-one,

acid, n- (trinmethylsilyl)imdazol e,

trimethylsilyl propiolate,

trimethylsilyl (trinethylsiloxy)- acetate,
nonanet hyl tri sil azane, hexanet hyl di sil oxane,
trinmethylsilanol, triethylsilanol, triphenylsilanol,
t - butyl di met hyl si | anol, di phenyl sil anedi ol ,

trinmet hoxysil ane, triethoxysilane, trichlorosilane,
hexamnet hyl cycl otri si | azane,

bi_sdi met hyl am nodi net hyl si | ane,

bt s dhi h@tnpﬁ; %ﬁfﬁ@dmr}é't‘ﬂ}ﬂr@i‘ therpéchant is a wet etchant that comprises at
e . . i . . _

tlréi%lsz %lgél dr%%%}eg?ﬁh nlﬁ%}do) plﬁg %(1 iclbﬁgr;ng of: an amide, an alcohol, an
tal¢ahotiming, Ay paitienolrsiniies en adil rechdsy hisd dopibdndtionsrtheredé,

di met hyl si |l yl di acet am de, dinethylsilyldiisocyante,
trimethylsilyltriisocyanate and conbi nati ons thereof.
28, THeenevedduidladh 1alvetienid thewham@inbwhith réRo\gk anichd a
agent conposition conprises dinethyl di acetoxysil ane.
AWTUORQF RS GHSUEE &7bPR goiHBINGmPIGte8 aRDIFgHESI ng
ARARIphABIRPSInkrRBs FOMREN St A 1SO HE Aer? SLEGEE R oh M
the group consisting of ketones, ethérs, esters,
rerouroesasisiongsof ethradoloomins, ethylensanine tgethyla@ine, N nmet hod

of: j 4..wher ej.n, the tougheni.n nt ..conposi ti.on
Qs FuShPpiRE el PR PRGNS sPIRBRFPERRRRREN o
sdcit; ergagicearbreladid, ointib @cig) letiEmeBylsiaiohigh ketakd, Gulfitic
vagfr %Es, aqg glaﬁna% 26, The method of claim 14
viTsh BRasPhorle acie adiellparicacid: aamoniuhdporidengmmeBiE i ons
HYdfoide! RmahS! %hEGhRhyHfRMe! ﬁ‘}%r&ﬁ/@&%ﬂi EARE L&hbnakis
oxygen, fluorine, hydrogen, ni t roge ang‘conblnatlons
tthereefoproviglgd that thesombinationsaire ef agems thit diveotgientralive one
el.5hant is a wet etchant that conprises at |east one
agent 'sel ected fromthe group consisting of: an am de,
an al cohol, an al cohol am ne, an amne, a triam ne, an
g%;d a base and conbingtions t hereof. 28. The nethod

- chaiRfoglectpy divicemeduced by ARIRCeSMSPERTIFBRDVes at
I @?ﬁlyiﬁg B bEdaRobiRatd1 £ RS hiYe ﬁlﬁL@ﬁéb RYutssftadaon
contai nifng moi eties and reduces hy rop%o Icity
dufprnisges patieemefidar angi trenches in thastgapodlictreglasssidlettiefim,
g#ﬁﬁlégcggg é}?ﬁucﬁégn%nlr 1:0%% :g{}?sa ﬁﬁglﬁgttrilg r(r)xltc‘;Jl 27185t one treatment
Noehiielt feytlostdwtll@isedpa@tivmes previetdy &xastiiolcafioh REatamigne,
eth%¢ene [ ninz{g%%gcetic acj d; organic, acetic acid,
BPIRTES a8¢ refucesen Feopae HynrhraNd QisAngtibieals glassdieleefrip ilm;

" . . - |
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tepthposdticteat appdeaniaptiomaridnier atithe pority efficiivnt intreasedlic

rovided .t h the conbinations, are of agents that do
ﬁlg? %ﬁgu l?lzg?'l (?}If}ée %rlg%nogﬂ;g:ﬁgggss g’ﬁl.ecg&lcrﬁ?%’r oel ectronic
dB il the oidsimerirdighes witlog aeeal;cadpr i si ng: a) appl yi ng
gﬁ onganosilica&e glass . dielectric filmonto a
perircing thegyetaldp gl agneglipgirealventosr vi as and trenches
in the organosilicate glass dielectric film and
subjecting the organosilicate glass dielectric filmto
at | east one treatnent which renoves at |east a
portion. of previously existing carbon containing
noi eti es and reduces hydrophobicity of said
organosilicate glass dielectric film c¢) contacting
the organosilicate glass diglectric filmwth a
t ougheni ng agent conposition at a concentrati on and
for a tinme period effective to increase the
hydr ophobi city of the organosilicate glass dielectric
film d) filling the vias and trenches with a netal;
and e) subjecting the netal to an annealing treatnent.
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